Frontespiece. Activated blood eosinophils.
1. Preface.
This book is a designed to provide a comprehensive overview of eosinophils in man, and animals. It
includes a review of over 2 000 selected scientific, and medical references in this area, published up
to the end of 1987. The book covers the cell biology of eosinophils, and the clinical disorders in
which eosinophils are important. The source database of 5 298 references, which was derived from
4 125 Medline entries, listed between January 1977, and January 1988, and an additional 1 173
references from other sources, is available as a supplement to the book.
Some of the significant advances in our knowledge of eosinophils during the past decade have come
from the development of reproducible methods for purifying, and culturing them, the cloning of the
eosinopoietic factors, the discovery of eosinophil activation, and the isolation, and characterization
of many of the molecules synthesized, and secreted by eosinophils. Their role as effector cells in
disease is now accepted, and they are now seen as specialized cells, with several unique constituents,
which give them a distinctive range of effector functions in disease. The applications of this knowledge in human diseases is already showing promise,in our study, and treatment of several
haematological, cardiac, respiratory, dermatological, parasitic, and other diseases. Current research
is aimed at finding out what induces eosinophils to become activated, and degranulate, and the
effects their secretion products have on cells, and tissues.
This book has been written as a guide to the literature on eosinophils, and the diseases where
eosinophils may have a role. I hope that it will stimulate new approaches to this field, the questioning of dogmas about how eosinophils localize in vivo, and interact with other cells, parasites, and
allergens, so that more can be learnt about how eosinophils contribute to the beneficial, or harmful
effects of allergic reactions. I also hope that it will enable newcomers to the field to obtain an
overview of eosinophils, and provide specialists at the bench, or in the clinic, with a ready source of
information to help them in their work.
I owe my apprenticeship, what success I may have had in this field, to Professor Paul Beeson, and to
my clinical, and scientific colleagues in Oxford, and London. The book could not have been written
without the help of Dr. Po-Chun Tai, Peter Ison, Kathy Maguire, and the librarians in the Wellcome
Library at the Royal Postgraduate Medical School, St. Georges Hospital Medical School Library,
and the library of the Royal Society of Medicine, London. I am also very grateful to Julia Maidment,
and the staff at Oxford University Press, and many others who have contributed to the preparation of
this volume.
London, 15 January 1988.
1. Chapter A 01. Introduction, and history.
Eosinophils are cells which are produced in the bone marrow, and migrate through the blood to the
tissues, where they carry out a wide range of different functions. They are a well defined, and
distinct cell type which are prominent in histological sections, as they stain strongly with eosin,
which is used with haematoxylin, to define cytoplasmic structures, and nuclei in cells. They have
been found in all vertebrates species which have so far been examined, and they are usually classified
as polymorphonuclear leukocytes because the nucleus in the blood form of the cell has two, or three
lobes, similar to neutrophils. Like neutrophils, they possess characteristic granules, which suggests
that the two cell types have much in common. However, this apparent relationship is misleading, as
eosinophils are derived from a different progenitor cell than neutrophils, and they should be considered as distinct from neutrophils as they are from macrophages.

The complex life history of eosinophils is only beginning to be unravelled with the availability of
special techniques for studying them in vivo. They develop from primitive stem cells which are
present in the bone marrow, and blood. These stem cells divide, and differentiate, acquiring the
distinct granules which are the special feature of eosinophils. After a few hours maturing further in
the bone marrow, they enter the blood stream, and are distributed throughout the body, where they
first attach to vascular endothelium, and then migrate into perivascular sites. This is their normal
place of residence in tissues, although in many diseases they migrate further into areas of inflammation. There are normally very few eosinophils in the blood (less than 0.6 x 109/L), and tissues, but in
certain diseases they can be produced in enormous numbers. The highest reported blood eosinophil
count in man is 326.4 x 109/L in a Nigerian patient with eosinophilic leukaemia described in 1970 208.
Eosinophils are stimulated by one, or more of a range of signals from adjacent cells, including
reticular cells, endothelial cells, lymphocytes, macrophages, and other cells, which induce them to
differentiate further, and to become activated. Further stimulation with complexed IgG, IgE and/or
C3b, and other products of inflammation, causes them to secrete their stored granule contents, and
to synthesize, and secrete membrane-associated components, especially lipid mediators. These events
take place over several hours, and can continue for as long as they remain alive, which may be for
only a few hours in some settings, or many days, or weeks in others.
The principal function of eosinophils is to synthesize, and deposit their stored, and newly formed
molecules, in areas of acute, and chronic inflammation. They are also able to ingest particles, such
as bacteria, after they have become activated, although this function is more often carried out by
neutrophils, and other phagocytic cells.
A comparison of eosinophils, and neutrophils in general terms is as follows: eosinophils are mainly
perivascular (tissue) cells, whereas neutrophils defend intravascular sites; eosinophils respond to
IgG, IgE and complement components, whereas neutrophils do not respond to IgE stimulation;
eosinophils secrete whereas neutrophils ingest; eosinophils mostly take part in acute, and chronic
hypersensitivity reactions, and are often found close to other intact cells, whereas neutrophils are
most commonly present in areas of acute necrosis, where they are the main component of pus.
Eosinophils are mainly associated with allergic, parasitic, and chronic inflammatory responses, whereas
neutrophils are primarily found in acute bacterial infections, ischaemic lesions, and reactions to
damaged cells, and tissues.
1.1. Discovery, and description of eosinophils.
At the beginning of the 19th century, compound microscopes were used to examine many different
tissues, including blood samples. In 1846 Wharton-Jones, an anatomist at Charing Cross Hospital,
London, U.K., was able to distinguish granulated cells from red cells in the blood of several species,
including the frog, the elephant, and man. He added water, or acids to the preparations to make the
cells swell, so that he could see the nuclei 1921. With these simple microscopes, and without a staining
method, it is unlikely that early microscopists could have distinguished eosinophils from other granulated cells. However eosinophils may have been seen in the blood of two patients with eosinophilic
leukaemia in 1861, and 1876, and in bone marrow samples in 1862, and 1869, according to T.R.
Brown (1898) 219.
It was not until the classical studies of Paul Erhlich in 1879, when he was a young doctor in Leipzig,
that the best known characteristic of eosinophils was discovered: its capacity to be stained with
negatively charged chemicals, especially eosin. His paper on this subject Ueber die specifischen
Granulationen des Blutes, was presented to the Berlin Physiological Society on 17 January 1879 498.
The history of Paul Ehrlichs discovery of the staining properties of eosinophils was described by the
Hirschs in 1979, 100 years after their discovery 801. His technique was to make a blood smear, and
to fix it by heating at 110o for 60 to 90 minutes. Then the smear was stained with a mixture of orange
G, acid fuchsin, and methyl green (Ehrlichs triple stain). Tissue sections were stained with haematoxylin, and eosin.
Eosin is a bromeinated fluorescein derivative, and not an aniline dye. Its general use, with haema-

toxylin, as the standard stain for tissue sections, was one the main reasons why eosinophils were so
easily noticed in disease, as there are few cells, and structures which stain as prominently. We now
know that eosin stains eosinophils because they possess granules which contain markedly cationic
proteins which preferentially bind eosin, and other negatively charged stains.
In 1879 Ehrlich suggested that the bone marrow was the site of origin for eosinophils 497. He
published a number of papers in German, and later wrote a monograph in English 499, which shows
the high quality of his work, and the remarkable insight he had into the nature, and importance of
eosinophils. For example in 1900, he suggested that eosinophils exert their functions in tissues 499.
Initially, there was opposition from many physicians to his proposal that it was useful to stain blood
cells. However, his methods soon became widely recognized as of great benefit in general medicine,
and this led to the discovery of many eosinophil-disease associations. These findings dominated
much of the literature on eosinophils during the subsequent thirty years.
The standard methods for studying eosinophils at the turn of the century was to stain either tissue
sections, or blood smears. Differential blood counts were then carried out, and the results were
given as a percentage of the total white cell count. Absolute counts were often provided as well, but
many doctors thought that percentage data was more useful, than absolute counts. We now know
that percentage data on its own, is of no clinical value.
In 1910, hypotonic solutions were introduced to lyse red cells in blood samples, so that eosin could
be used to count the number of eosinophils directly 475. From this grew the standard methods used
today, in which an acetone/water/eosin solution, or a comparable mixture, is used to count eosinophils
in suspension.
An important technical difficulty in this field is that eosinophils are predominantly tissue cells, and
large numbers can be present in the tissues, when there are only a few in the blood. Blood counts
reflect a complex relationship between cells leaving the marrow, marginating, and leaving the blood.
There is no significant recirculation of eosinophils back from the tissues to blood. For this reason,
blood eosinophil counts are of most value when there is a steady state. Single blood counts cannot
be used either as a measure of the number which are being produced by the marrow, or the number
being deposited in tissues.
The presence, and importance of eosinophils in different diseases soon began to be recognized.
These included descriptions of them in asthma in 1889 693, ankylostomiasis in 1891 372, skin diseases
including prurigo, urticaria, psoriasis, and pemphigus in 1892 266, 1272, malignant diseases in 1893 1485,
and trichinosis in 1898 219.
1.2. The structure, cell biology, and effector functions of eosinophils.
Present day knowledge of eosinophils began with the research programmes set up in the early 1960s
by James Hirsch at the Rockefeller Institute, New York, U.S.A.,in which he, and G.T. Archer isolated horse blood eosinophils, and studied their granule enzymes, their capacity to phagocytose, and
to degranulate in vitro 55. Cine films were made, and high quality photomicrographs were taken of
this process. It was noted that cells often degranulated, releasing lysosomal enzymes, and large
amounts of a peroxidase 56. This work was followed by high resolution electronmicrographs of the
crystalloid structures inside human, and rat eosinophils, and changes within the cell undergoing
phagocytosis. On his return to Australia, G.T. Archer began to look at the interactions between
eosinophils,and parasites, and demonstrated that this induced eosinophil degranulation. He postulated that eosinophils might be involved in parasite killing, and possibly in other disease processes,
such as mucus production in the bronchial epithelium in asthma.
During the early 1960s it was thought that one of the main roles for eosinophils was to ingest, and
remove foreign proteins 1536. This concept was supported by experiments in rodents, which showed
that, within five minutes of injecting immune complexes into the foot pad of rats, eosinophils appeared in the medulla of draining lymph nodes 1085, 1086. Another hypothesis was that eosinophils
processed antigens, and presented them to lymphocytes. Unfortunately these experiments did not
throw light on the functions of human eosinophils, which seemed to have a much more limited

phagocytic capacity than rodent eosinophils.
It was also thought that one of the major functions of eosinophils was to inactivate histamine. In
1968, R.K. Archer published a review of what was then known about eosinophils, their biochemistry, numbers in tissues, methods for isolation, and their possible roles in antigen-antibody reactions
60
.
The discovery that basophils, and mast cells, but not eosinophils, contain histamine, then led to the
suggestion that eosinophils might inhibit the functions of mast cells, by degrading mast cell-derived
mediators in tissues 684. Experiments in Prof. K. Frank Austens laboratory in Boston, U.S.A., using
the latest techniques of protein chemistry began to define the constituents, and properties of eosinophils
in acute hypersensitivity responses, especially their capacity to interact with, and inhibit mast cell
products. Their initial findings supported the concept that eosinophils could inhibit several mediators from mast cells, especially histamine, the slow reacting substance of anaphylaxis (SRS-A),
which had not then been characterized, platelet activating factor (PAF-acether), and heparin.
In the mid 1960s two research projects, one in Oxford, and the other in Cambridge, looked at
eosinophils in animal models of disease. In Cambridge, Dr. A. Barry Kay, and his colleagues, started
to work on the hypothesis that eosinophil localization in guinea pig tissues was due to the production of specific chemotactic factors. He continued this work in Prof. Austens laboratory, and reported in 1971 the discovery of an eosinophil chemotactic factor of anaphylaxis (ECF-A) 933.
Since then, with ECF-A as a model system, many chemotactic factors have been extracted in various
degrees of purity from cells, tissues, and parasites, and shown to affect eosinophil directional movement in vitro.
In Oxford, Prof. Paul Beeson, and a small group, myself among them, studied the mechanisms of
eosinophilia in rats. By 1968 Dr. Tony Basten, and Beeson had shown that T lymphocytes regulated
eosinophil production in rats injected intravenously with Trichinella spiralis larvae. They concluded
that the eosinophilia was an integral part of an immunological response, which was T cell dependent
136
. Subsequent work has expanded, and built on this, and the T-lymphocyte dependency of the
response to many molecules which stimulate, and affect eosinophil function has become an area of
increasing importance.
In the early seventies, Dr. Sheldon Wolff, and colleagues at the National Institutes of Health, Bethesda,
U.S.A., who were interested in studying vasculitic diseases, began to be referred patients with a
marked eosinophilia. They were found to have distinct clinical features which set them apart from
patients with other vasculitic disorders, such as polyarteritis nodosa. No cause for their eosinophilia
was found, so they were classified under the general term of the idiopathic hypereosinophilic syndrome (HES). Their findings in 14 patients with HES were published in 1975 325. This group of
patients increased in number over the subsequent decade, and it is now the largest group of patients
with this disease.
In 1972 Dr. Inge Olsson, and colleagues in Lund, Sweden, who were interested in the biochemistry
of granulocytes in patients with leukaemia, first isolated eosinophil cationic protein (ECP) from the
blood cells of a patient with chronic myeloid leukaemia 1328. By the end of the 1970s it became
apparent that ECP was one of the principal mediators of eosinophil-dependent effects on tissues,
and cells.
In 1973 Dr. Gerry Gleich, and colleagues at the Mayo Clinic, Rochester, U.S.A., isolated the eosinophil major basic protein (MBP) from guinea pig eosinophils 664. In 1976 his group showed that
MBP was also present in human eosinophils 665. The main thrust of this work, during the late 1970s,
and early 1980s, was to determine the importance of MBP in immunobiology, including its capacity
to injure parasites, and other cells.
In 1971 it first became possible to grow human eosinophils, as colonies in vitro 312, 844. The finding
that they were distinct from neutrophil, and mixed neutrophil/macrophage colonies showed that
they belonged to a different lineage. It soon became clear that eosinophils were also different from
neutrophils in many other respects. Subsequent work on eosinophil production in vitro was slow,

due to the difficulties in preparing pure eosinopoietic factors. However by 1987, three of the principal eosinophil colony stimulating factors, IL-3, GM-CSF, and IL-5, had been cloned, and studied
as recombinant molecules.
In the mid 1970s I became interested in looking after, and studying patients with a marked eosinophilia, and I began to collect together patients with HES, and eosinophilic leukaemia. As many of
these patients had endomyocardial fibrosis, I then began to work on the association between
eosinophils, and heart damage. With colleagues in the clinic and laboratory, we were able to show
that eosinophils were responsible for causing this serious cardiomyopathy. At this time experiments
also began to be done which have led to the concept that eosinophils are predominantly secretory
cells. This was shown using a variety of immunological stimuli, and assays for each of the granule
constituents, which had then become available.
Although several people in the late 1960s, and early 1970s had raised the possibility that eosinophils
might be involved in parasite immunity, it was not until a paper was published by Butterworth, and
colleagues in 1975 on eosinophil-dependent killing of the schistosomula of Schistosoma mansoni 255,
that major studies began in this area. This assay was then adapted to study how eosinophils might
function. By 1977 it became clear that eosinophils were pro-inflammatory cells, and the concept of
mast cell downregulation by eosinophils had become less attractive. Although there was some
evidence that enzymes in eosinophils could degrade basophil, and mast cell products in vitro, it was
found that neutrophils contained larger amounts of histaminase than eosinophils, that eosinophil
arysulphatase could not break down SRS-A, and that eosinophils themselves produce large amounts
of PAF-acether, and leukotriene C4.
1.3. The roles of eosinophils in disease.
Most of the hypotheses about the roles of eosinophils in disease have been based on particular
properties which they were thought to possess at the time, which made them distinct from other cell
types. At the turn of the century, it was thought that they had a protective role in removing debris,
and detoxifying components of tissue reactions in allergic, and granulomatous diseases 1580. This
view persisted, with minor variations, and was adapted in the 1960s, to include roles in histamine
effects, and antigen presentation for antibody synthesis 1669.
In the mid 1970s most work on the roles of eosinophils in disease was based on the hypothesis that
eosinophils down regulated mast cell mediated responses 80. Other possible roles for eosinophils
have also been proposed over the last one hundred years. These include the remodelling of tissues,
for example by stimulating connective tissue catabolism in the uterus of animals undergoing oestrus
133
, acceleration of repair mechanisms following trauma 101, 135, and the stimulation of mucus production in glandular epithelium 52.
By the mid 1970s, the modern view of eosinophils, and their functions had come to the fore: that
they are pro-inflammatory cells involved in defence against large potentially harmful organisms,
such as nematodes. They are also known to have a marked capacity to secrete their stored granule
components, and newly formed lipid mediators, and products of oxygen metabolism, which affect
adjacent cells, and tissues in inflammation. These effects may be reversible. For example, they may
induce a permeability change in rat uterine blood vessels 1761, and produce angioedema in man 919).
Occasionally eosinophils can damage, and even kill adjacent cells.
My own approach to the issue of the functions of eosinophils, which has support of others 124, is to
assess the roles of eosinophils in each setting in which they are found, in an unprejudiced way. There
is no good reason for thinking that they have only one function. Just as it is no longer possible to
provide a unifying concept of the role of macrophages in disease, I feel that eosinophils also have
no single function. They affect cells, and tissues in many different ways, according to the settings in
which they find themselves, and the range of stimuli which act on them. For these reasons I suggest
that no unifying hypothesis is possible, or even necessary, when one considers the remarkable variety
of diseases in which eosinophils are present.

2. Chapter A 02. Eosinopoiesis.
The morphological features of human eosinophil differentiation in the marrow have been known for
many years. This involves their development from the promyelocyte stage, through the myelocyte
stage, to the metamyelocyte stage, when eosinophils can no longer divide, although they continue to
mature. Light microscopy, and ultrastructural studies have shown the changes which occur in the
crystalloid granules as the cells mature. The granule proteins are synthesized on the rough endoplasmic reticulum, and are transported to the Golgi apparatus, where they undergo several changes
which have yet to be defined, but presumably involve glycosylation, and changes in tertiary structure. Then they are transported to the crystalloid granules, which gradually take on the characteristics found in peripheral blood eosinophils.
The microenvironment in which eosinophils develop in the marrow is important determining the
rate, and the number of cell divisions that they undergo. Reticulum cells, which may have a nurse
function have been seen in electronmicrographs of rat bone marrow 1541, but the way in which these
cells might interact with eosinophil precursors is not known. Present day work on eosinopoiesis,
and eosinopoietic factors is limited to studies on the effects of cloned stable molecules. The possible
effects of factors with a short half-life, and direct stimulation by cell-cell contact remains to be
explored.
Eosinopoiesis only occurs outside the human bone marrow in disease. However in rodents, eosinophil colonies containing dividing eosinophils are occasionally found in the spleen, and this is also
the site in which rodent eosinophils mature after leaving the bone marrow, before they re-enter the
blood.
2.1. Ontogeny of eosinophils.
In man, eosinophils, and basophils appear together in the early fetus, and increase in number in the
blood during the first, and second trimester. This was documented in 1985, in blood samples from
99 normal fetuses which had undergone direct vision fetoscopy 1211. Unlike other species, myelopoiesis does not take place in the human liver, and it is confined to the marrow at birth.
The ontogeny of blood cells in cats has been studied in detail. Myelopoiesis occurs in the yolk sac
longer than in other mammals, and in this site recognizable eosinophils appear after neutrophils,
concomitantly with the first production of lymphocytes. The proportions of leukocytes which are
eosinophils remain unchanged during embryogenesis. In cats, eosinophils are produced in the liver
during the second half of embryogenesis, but this changes to the bone marrow. Some eosinopoiesis
can be found in cat lymphoid tissues at birth 1782. This sequence of events is also seen in the horse,
where eosinopoiesis also occurs in the thymus for some time after birth.
2.2. The eosinophil lineage.
There are a number of reasons for believing that eosinophils, basophils, and occasionally erythrocytes, and lymphocytes, can develop from a common precursor cell. The relationship of these cells
to neutrophils, monocytes, and megakaryocytes is more distant. Lineage pathways have been proposed for progenitor cell differentiation into mature blood cells. However, it is more likely that
progenitor cells are susceptible to the differential effects of lineage-directing growth factors for
much longer in their life history than lineage pathways suggest. This was shown in 1985 when the
two progeny of single progenitor cells were able to develop into two different colonies, including
eosinophil colonies 1044. Single progenitor cells from umbilical cord blood were also found to be able
to develop into mixed colonies 1263.
2.2.1. Common origins with basophils.
Clinical evidence to link the differentiation of eosinophils, with basophils, and not neutrophils has
come from several sources:
1. Defects in both eosinophils, and basophils have been seen 899, 1793,
2. In patients with chronic myeloid leukaemia, a variable proportion of the immature, and more

mature leukaemic cells contain both eosinophilic, and basophilic granules 1947, 1896. In a study from
Essen, West Germany published in 1986, leukaemic cells with both types of granule were detected in
all 13 patients studied, when care was taken to look for them with special staining techniques 1227.
Doubly granulated cells have also been seen in patients with myelofibrosis, and in cultured cord
blood cells 433.
3. A patient was described in 1983, who had cyclical depression of neutrophil, and monocyte production in the marrow, with normal eosinopoiesis 16. Neutrophil promyelocytes disappeared from
the marrow during these episodes.
4. A patient was described in 1980 with transformation of chronic myeloid leukaemia to a disease in
which blood basophil counts rose to more than 100 x 109/L, with large of eosinophils in the tissues
1281
.
Biochemical studies on eosinophils, and basophils are equally convincing. Both cell types contain
MBP, and the Charcot-Leyden crystal (CLC) protein, although eosinophils do not contain histamine. However MBP, and histamine are present together in eosinophil-type, or type II colonies
grown from human blood, which contain basophils 432. In 1984 it was shown that basophils, and
eosinophils can develop in agar cultures from a common progenitor cell 1042. In 1985 the plating
efficiency, and the glucose 6 phosphate dehydrogenase isoenzyme content of type II colonies also
showed that they were clonally derived 433.
2.2.2. Common origins with some lymphocytes.
There is clinical evidence that lymphocytes, and eosinophils can develop from a common precursor
cell. In 1977, a 41 year-old man in Copenhagen, Denmark, was reported with a T cell lymphoma,
and hypereosinophilia with atypical eosinophil granules, which suggested that both cell types were
involved in the malignant process 1151. In 1979, a two and a half year-old boy was seen in London,
U.K., who had a lymphocytic leukaemia with increased numbers of eosinophils, and basophils 1360,
and we have seen several patients who had lymphomatoid papulosis (a paraneoplastic disease affecting T cells), and the idiopathic hypereosinophilic syndrome (HES) 1926. I have also seen two patients
with eosinophilic leukaemia, who had bony deposits of undifferentiated leukaemic cells which had
several phenotypic features of lymphoid cells. Several patients with a biclonal leukaemia, involving
lymphocytes, and eosinophils were described between 1984, and 1987 154, 1923, 943, 995.
2.3. Morphology of eosinophil differentiation.
There is little information on the nature of the cellular interactions that occur in the bone marrow at
the sites of eosinophil differentiation, although it is probable that short range interactions are important 332. Weiss has shown that reticulum cells are often present in the bone marrow of rodents,
adjacent to developing eosinophils 1541. These may be sources of eosinopoietic factors.
A number of electronmicroscope (EM) studies have been carried out on the development of eosinophil granules in human bone marrow. EM studies in 1970 showed that condensation of the early
granule contents transformed them into typical mature crystalloid granules 1584. This was confirmed
in 1976 204. In 1977, EMs of bone marrow from a patient with a marked eosinophilia led to the
suggestion that granule formation begins in the endoplasmic reticulum. The granules appeared to
become progressively more dense, possibly due to interaction with the Golgi vesicles, producing
dense immature granules. Some granules were found within large vacuoles, and as the vacuole
membranes were seen to fuse with the plasma membrane, it was suggested that some of the granule
material was being secreted during their development 42. The work of Zucker-Franklin on developing eosinophils in agar cultures suggested that there was continued transport of new granule material from the Golgi vesicles to the crystalloid granules during the promyelocyte stage 2007.
In 1987, morphometric EM studies in Israel on normal rat bone marrow, and peritoneal eosinophils
showed that the volumes of eosinophil granules in both sites were multiples of the smallest sized
granules. This suggested that larger granules were formed by the fusion of smaller ones, and not by
continuous growth in size of each granule 508. This has not yet been studied in human eosinophil
development.

There is ultrastructural evidence that eosinophil granules, and their protein contents, are secreted
during eosinophil differentiation. Some newly synthesized lysosomal granule enzymes, which have
been phosphorylated, but which fail to bind to mannose 6-phosphate receptors for transport, and
packaging in granules, are known to be secreted 999. However it is not known if the basic proteins in
eosinophils are treated as lysozomal enzymes, or whether there is some other way in which they are
packaged in the granules. Scott, and Horn first reported in 1970 that immature normal human bone
marrow eosinophils sometimes contained tubular sinusoids filled with dense material, which often
communicated with the extracellular space. Electron dense material, which resembled sinusoidal
contents, was found on adjacent cell surfaces 1584.
This process could account for the reduced number of granules which can be seen in blood eosinophils
from some patients with a marked eosinophilia, such as HES. In one patient with eosinophilic
leukaemia, eosinophil granules were shown to be secreted at the promyelocyte stage of differentiation 42.
This topic was studied further at the Mayo Clinic in 1984 242. Serial samples of blood were collected
from bone marrow biopsy needles put in the posterior iliac crest of 15 normal individuals. Measurements of the concentrations of MBP, and CLC protein showed that initially high MBP levels decreased until they were the same as in the peripheral blood. On the other hand, although CLC
protein levels also fell, they remained at over twice the serum level. Supernatants from their marrow
cultures contained both MBP, and CLC in quantities which were related to the amount of eosinophil
colony growth that had occurred. Electromicrographs of the colonies also suggested that there was
some release of eosinophil granule constituents from immature eosinophils.
2.4. Kinetics of eosinophil production.
Normal adult human bone marrow contains 3 to 3.5 per cent eosinophils, of which 37 per cent are
myelocytes, 26 per cent metamyelocytes, and 37 per cent granulocytes. Sixteen per cent of the
myelocytes are undergoing DNA synthesis at any one time, and can be flash labelled with radioactive nucleotides. The emergence time of eosinophils (the time from the end of the last cell division
until they appear in the blood) in normal people is 2.5 days. In 1979 two studies were reported from
Germany on the kinetics of eosinophil production, which was assessed using 3H-thymidine labelling.
Flash labelling in three normal subjects showed a mean turnover of eosinophils of 0.22 x 109 cell/kg
per day, and a mean post-mitotic eosinophil reserve capacity of the bone marrow of 0.14 x 109 cells/
kg 1871. The large reserve capacity could contribute to the rapid rise in blood eosinophil counts
which occurs in some circumstances. Labelling by continuous infusions for three to 10 days in two
patients with normal blood eosinophil counts, and six with chronic lymphocytic leukaemia showed
that the mean eosinophil intramedullary maturation, and storage time was 103 hours 1707.
In 1971 I published details of the kinetics of eosinophil production in normal rats, and rats which
were induced to produce an eosinophilia 1676, 1677. The percentage of labelled eosinophil metaphases
was assayed at intervals after a single injection of 3H thymidine into each animal. I noted that large
sized eosinophils were cells which were about to undergo cell division, but that size alone did not
define their stage of maturation. The cell cycle time for stimulated eosinophils was much shorter
than that for unstimulated eosinophils. In rats with an eosinophilia, the number of cell divisions
which took place before definable eosinophils entered the blood increased from three to five.
In inflammatory diseases with an eosinophilia, there is usually an increase in neutrophil as well as
eosinophil counts in the blood, but there seems to be no competition for a precursor cell, i.e.
eosinopoietic factors do not appear to divert cells from neutrophil synthesis. On the other hand,
there is some evidence, from studies on neutropoenic patients with an eosinophilia, that mature
eosinophils may suppress the formation of neutrophils, by releasing prostaglandins 1764.
2.5. Assays for eosinopoietic factors.
A number of assay systems have been developed to study eosinophil development in vivo. These
include assays with peritoneal chambers, and assays for the number of eosinophil colonies which
develop in rodent spleens after intravenous injection of marrow cells. Alterations in eosinophil

labelling index have also been used to study the effects of eosinopoietic factors in vivo. None of
these techniques have been very satisfactory, reflecting our ignorance of in vivo events in eosinopoiesis.
All of the reproducible, and sensitive assays for human eosinopoiesis involve the culture of eosinophil progenitor cells in semi-solid, or liquid culture systems. The semi-solid agar technique was
developed in the late 1960s, to assay marrow myeloid progenitor cells. Most of the in vitro colonies
were derived from granulocyte-macrophage (GM) progenitor cells. The colony stimulating factor
(CSF), which increased the number, and the size of these colonies is now known as GM-CSF.
Four types of colonies can be formed by progenitor cells (CFUc) in double layer agar cultures:
eosinophil, granulocyte, macrophage, and mixed granulocyte-macrophage. In 1980, a comparison
of the numbers of colonies which grew from 5 x 105 normal human bone marrow cells, and an equal
numbers of lymphocyte-enriched blood cells, and cord blood cells, showed that there were a total of
89, 39, and 65 colonies respectively, of which 72 per cent, 48 per cent, and 23 per cent were
eosinophil colonies 972.
2.5.1. Agar colony cultures.
The first descriptions of the in vitro growth of eosinophil colonies from human peripheral blood 312,
and bone marrow 844 were published in 1971. Eosinophil colonies were separate from GM colonies,and
grew more slowly. This was the first decisive evidence that eosinophils have a different origin in
marrow from neutrophils. It was soon noted that eosinophil progenitor cells were present in surprisingly large numbers in human blood, and that they could be induced to form distinct colonies in agar
cultures stimulated with certain types of conditioned media. Under optimal conditions, one third of
the agar colonies which grow from human blood in conditioned medium were eosinophil colonies.
These colonies were small, and they were usually distinguished by their special staining properties
with dyes such as Biebrich scarlet, or Luxol fast blue 879, 569. A peroxidase-based method for distinguishing eosinophil colonies was described in 1985 472.
Eosinophil colonies were usually pure, although they occasionally contained small numbers of
neutrophils, or macrophages 1043. Details of this technique for growing eosinophil colonies in agar
are now well described, eg: 175.
The EM appearances of eosinophils in soft agar colonies were reviewed in 1980, and it was noted
that they did not form the characteristic granule crystalloid 2007. It would be interesting to know if
they would stain with anti-MBP antibodies.
The progenitor cells for eosinophil agar colonies have been shown to possess membrane HLA-DR
antigens, and they did not have other membrane markers found on blood T, or B lymphocytes 244.
Bone marrow eosinophils are heavier than other cells. In a comparative study on the density of
marrow cells in Percoll gradients, eosinophils had the highest density: 1.0904 g/ml 1312.
In patients with an eosinophilia the number of circulating eosinophil progenitor cells may increase.
This was seen in a study of eosinophil progenitor cells in 12 Egyptians with schistosomiasis, and an
eosinophilia, and eight healthy controls. The total number of colonies was doubled in the patients
blood samples, although there was no increase in the proportion which were eosinophilic 903. The
number of marrow-derived eosinophil progenitor cells may also increase. This was reported in a
study on eosinophil colony development in bone marrow cultures, done in patients with the graftversus-host disease 1280. However, as another study in 1984 on 17 patients with an eosinophilia,
found no increase in eosinophil progenitor cells in the blood, or marrow 952, this topic remains
unsettled.
Several studies have been carried out on the possible effects of drugs, and different disease processes on eosinophil development in agar cultures. It was found that eosinophil colony growth could
be inhibited by cytotoxic drugs, and that steroids inhibited eosinophil progenitor cells directly, rather
than through an effect on T lymphocyte-derived colony stimulating factors 177.
2.5.2. Bone marrow liquid cultures.
Liquid culture systems were introduced in 1976 for the study of bone marrow eosinophil development 1530. Initially they were used to study mouse marrow eosinophil development, and because they

only maintained dividing eosinophils for a few days, they were most useful for defining factors which
had a rapid effect on eosinophil proliferation, such as eosinophil growth stimulating factor (eosinophil-GSF) 118, and eosinophilopoietin (EPP) 1138, 1140.
Longer term liquid culture systems were then developed. These contained 0.9 per cent methylcellulose,
and 30 per cent serum, and maintained marrow eosinophil growth for up to three weeks, providing
that they were also stimulated with conditioned medium from lymphocytes, or certain cell lines, such
as the EL-4 murine thymoma cell line 1820. In 1985, it was shown that eosinophils in mouse (but not
human) cultures could be assessed conveniently by assaying eosinophil peroxidase 1715.
In 1986 a two step culture system was developed which enabled eosinophil progenitor cells to grow
from human bone marrow into large colonies containing up to 3 000 cells, after three weeks culture.
In the first step, Percoll separated interface cells, which were nonadherent, were cultured for four
days with EL-4 conditioned medium. Then the cells were separated on a Percoll gradient again, and
cultured in 0.9 per cent methylcellulose with 30 per cent serum, and 10 per cent EL-4 conditioned
medium 247.
2.5.3. Assays in vivo.
The search for eosinophil specific growth factors which act in vivo has been a long one, and several
groups have claimed success. In 1953, Samter showed that extracts from the lungs of guinea pigs,
which had previously been injected intraperitoneally with antigen-antibody complexes, when injected into normal guinea pigs, would produce an eosinophilia, suggesting that the lungs could be a
site of formation of eosinopoietic substances 1549. The main difficulty with this type of experiment
has been to produce a reliable assay system.
In a series of papers, between 1977, and 1980, Mahmoud, and colleagues defined a low molecular
weight pronase-sensitive substance called eosinophilopoietin (EPP), from mice, which increased the
number of dividing marrow eosinophils in vivo, and raised the blood eosinophil counts of normal,
and nu/nu mice 1139, 1138, 1133. Mouse bone marrow cells in liquid culture were also stimulated by EPP
to develop into eosinophils, and similar effects were produced with products from antigenically
stimulated spleen cells, with the maximal response occurring at two days 119. Some activity was
found in mice infected with S. mansoni or T. spiralis 1140, but none was seen in sera from patients with
HES 1135.
2.6. Eosinopoietic factors.
Three different ways have been tried to find, and characterize the factors which might stimulate the
production of bone marrow eosinophils. The first was based on the knowledge that T lymphocytes
were required for animals to develop an eosinophilia. In these studies, eosinophil growth-promoting factors were purified from supernatants of stimulated, or cloned lymphocytes. The second
approach, which has only been used in one centre, was to deplete circulating eosinophils with specific antibodies, and to examine the sera from these animals, to see if an eosinopoietin was produced,
by analogy with the production of erythropoietin following acute anaemia. The third method, which
has been outstandingly successful, was to screen purified, and recombinant colony stimulating factors (CSFs) for possible eosinopoietic activity.
The results of this work are now providing a comprehensive picture of how eosinophil production
may be increased in disease. Two stages in eosinopoiesis can now be postulated: (1) an early event
in which several CSFs, from adjacent cells in the marrow, stimulate eosinophil precursor cells to
divide, and (2) a later process in which helper T lymphocytes, which are taking part in immunological responses, produce interleukin 5 (IL-5), which amplifies this proliferative response specifically.
The relative roles of the different CSFs, and interleukins should soon become clearer, now that they
have been isolated as recombinant proteins, although they may not have the full biological activity of
the native molecule.
All of the purified factors which regulate eosinophil production are CSFs. Others, which remain to
be defined have been described in cultures of tumour cells, in the complement system, and in parasites. No common basis for this wide range of stimuli has yet been defined, and it is not known

whether they act directly on eosinophil precursors, or via another cell type in the culture vessel.
Little is known about the factors which induce the production of CSFs in vivo. Unstimulated cultured human vascular endothelial cells, which produced several molecules which could induced
erythrocyte, and macrophage/granulocyte colony formation in vitro, did not stimulate eosinophil
development 71.
It has been known since 1976 that stimulated lymphocytes produce soluble factors, which increase
the proliferation of eosinophils,in several assay systems. They were called (a) eosinophil-growth
stimulating activity (GSF) 1530, (b) eosinophil stimulation promoter (ESP) 342, 866, and (c)
eosinophilopoietin (EPP) 118, 1138, 1140.
It was later found that the eosinophil-GSF, and EPP were probably identical: they were both of low
molecular weight, and had rapid effects on eosinophil proliferation 119. This suggested that they
were acting on a more differentiated eosinophil precursor than the CSFs 124, which take several days
to produce a noticeable change in the number of eosinophils in culture.
2.6.1. Factors from T lymphocytes.
By 1970 it had been shown that T lymphocytes were involved in the regulation of eosinophil production, at least in rats 136, 147. In 1976, Ruscetti and colleagues found that primed mouse lymphocytes
stimulated with T. spiralis extracts produced a supernatant, which increased the proportion of eosinophilic colonies in methycellulose cultures of femoral bone marrow cells, and a three to four fold
increase in the number of eosinophils formed in liquid cultures. This response was antigen specific,
as supernatants from BCG primed cells, which had been stimulated with the parasite antigens, were
inactive 1530. In 1976 Miller, and McGarry also reported finding a soluble eosinopoietic factor released by mouse lymphocytes 1212. Subsequent work confirmed that antigen-stimulated human T
cells produce an eosinopoietic activity, and aspergillus-sensitized human T lymphocytes produced
an eosinopoietic activity 518. This stimulated the growth of eosinophils in both agar, and liquid
cultures 519.
The types of lymphocytes involved in the induction of eosinopoiesis have been presumed to be
helper T cells, but experiments in mice suggest that suppressor T cells may also be involved. It may
not be limited to any one T cell subset, as human cortical thymocytes may have this property, see: 945.
2.6.1.1. Interleukin 5, IL-5, EDF.
In 1985 Sanderson, and colleagues in London reported that a hybrid clone (NIMP-TH1) of a mouse
thymoma cell line BW5147, and spleen cells from mice infected with Mesocestoides corti, produced
an eosinophil-specific growth factor, after stimulation with phorbol myristate acetate (PMA) 1879.
They also found that a high proportion of primary alloreactive T cell clones from mice with an
eosinophilia produce this eosinopoietic factor 1555, 1553. This activity was called eosinophil differentiation factor (EDF). In 1986 EDF was found to be able to stimulate human eosinophil differentiation 1101. The hybrid clone was grown in bulk, and used for further characterization of the molecule,
including its capacity to act as a B cell growth factor 1552. It was suggested that EDF should be called
IL-4, but as the IL terminology is restricted to cloned molecules,this name was not generally accepted.
Mouse EDF had several properties which suggested that it could be a close analogue of the putative
human eosinophil-specific CSF, as it was a selective stimulus for the clonal proliferation, and differentiation of human bone marrow eosinophils 1823.
In 1986, work by Honjo, and colleagues in Japan led to the cloning of a murine T cell factor which
stimulated B cell growth: B cell growth factor II, which was given the internationally recognized
name of IL-5 966. It soon became clear that EDF, and IL-5 were identical molecules. In 1987, the
Japanese workers cloned the human gene for IL-5 85. In 1987 a group in Australia, and the U.K. 264
cloned, sequenced, and developed expression vectors for the gene for human IL-5. rHuIL-5 was
found to be a unique molecule, specific for human eosinophil differentiation. Studies are now under
way, to see how IL-5 affects human eosinophil differentiation, and whether IL-5 can be assayed in
human samples, especially from patients with an eosinophilia. Preliminary studies have shown that

it may stimulate human eosinophil colony formation in agar cultures (Fukuda T, 1987, personal
communication). Although recombinant IL-5 stimulated murine B cells to express IL-2 receptors
1108
, it did not appear to affect human B cells (Sanderson 1987, personal communication).
2.6.1.2. Interleukin 2, IL-2.
It has been found that injections of purified recombinant interleukin 2 (IL-2) into patients with
malignant diseases, can give rise to a marked eosinophilia 586. However, it is not known yet whether
this is a direct, or indirect effect of IL-2 itself on eosinophil production, or a secondary effect of
some contaminant, or even a hypersensitivity reaction to a component in the injected material. It
was not prevented by injections of dexamethasone 1857. As IL-2 induced murine T cell clones to
secrete GM-CSF (CSF alpha) 950, the effects of IL-2 on eosinopoiesis may be indirect. This possibility is supported by a study on 11 patients with an eosinophilia, due to many different causes, in
whom five had a raised blood helper/suppressor T cells ratio. In all eleven patients, culture of
purified blood T lymphocytes with IL-2 increased the amount of eosinophil, and monocyte-macrophage CSF which was secreted into the medium during a five day culture. Surprisingly, this capacity
persisted after the eosinophilia had disappeared in three of the patients 517.
2.6.2. Colony stimulating factors.
The properties of CSFs from cultures of placental, and other cells, have been studied for nearly two
decades by Metcalf, Nicola, and their colleagues in Australia, and other centres 1192. A summary of
the principal CSFs affecting eosinophil colony growth is shown in Figure A02-1. CSFs, with predominant effects on eosinophil colony growth in agar culture were described in several centres in the
early 1970s. In 1974 Metcalf, and colleagues showed that supernatants, from pokeweed mitogen
stimulated mouse spleen cells, contained a separate factor, which induced eosinophil development
from mouse bone marrow. It was distinct from neutrophil, and macrophage CSFs 1196.
Fig. 2-1: Factors affecting eosinophil differentiation.
Two of the well-defined CSFs, GM-CSF (previously known as CSF alpha), and multi-CSF (which is
also called interleukin 3, IL-3), affect eosinophil proliferation especially 1824. The gene for murine
GM-CSF was cloned in 1984 704, and a cDNA expression product was produced from transfected
monkey COS cells in 1986 1787, but it was not as potent as the native molecule. GM-CSF is a 127
amino acid protein with two internal disulphide groups.
In a review on eosinophil activating factors in 1984, Vadas emphasized the importance of differential
regulation of eosinophils, and neutrophils with GM-CSF (CSF-alpha), and G-CSF (CSF-beta) 1818.
GM-CSF stimulated both eosinophil, and neutrophil mediated cytotoxicity, whereas G-CSF had a
stimulatory effect only on neutrophils. It was reported in 1987 that recombinant G-CSF did not
induce eosinophil colonies in vitro, from human marrow, or alter blood eosinophil counts in guinea
pigs, although it gave them a neutrophil leukocytosis 2005.
2.6.2.1. GM-CSF, CSF-alpha.
In 1986, two groups showed that rGM-CSF induced the development of eosinophil colonies from
normal marrow. Metcalf, and colleagues in Australia used both rMuGM-CSF 1195, and rHuGMCSF 1193. Tomonaga, and colleagues in California used rHuGM-CSF 1787. The work in California
also showed that rHuGM-CSF induced eosinophil formation by HL-60 cells, although this has not
be confirmed in other laboratories.
Earlier work from Australia had already shown that the activities of GM-CSF were identical to those
of CSF-alpha, which had been previously purified from placental conditioned medium, and which
increased the capacity of eosinophil to kill antibody-coated schistosomula 232.
The effects of GM-CSF are not always concentration dependent. Low concentrations of human
placental-conditioned medium containing GM-CSF were most effective in stimulating eosinophil
colony growth in agar cultures of human bone marrow, whereas stimulation was concentrationindependent in suspension liquid cultures 954.
Injections of large amounts of recombinant GM-CSF gives rise to a marked eosinophilia in man.
This was first shown in a study on 16 patients with AIDS studied in Boston, and reported in 1987 718.

A bone marrow eosinophilia developed in eight patients. In one patient given 1 x 104 U/kg/day as a
bolus on day 1, and by continuous infusion from days 3 to 17, the blood eosinophil count reached
15.5 x 109/L, at day 17, after which the injections were stopped, and the eosinophil counts then fell
rapidly towards normal. These results are consistent with the hypothesis that GM-CSF is a natural
stimulus for eosinopoiesis in disease.
2.6.2.2. Interleukin 3 (IL-3), multi-CSF (M-CSF).
In 1987 it was reported that cloned gibbon interleukin 3 stimulated the proliferation, and differentiation of human bone marrow cells to produce eosinophil colonies in semisolid agar 1103.
Purified recombinant murine multi-CSF (IL-3) induced normal murine bone marrow cells to develop into colonies. At high concentrations (above 50-100 U/L), eosinophil colonies developed.
Similar findings were made with native multi-CSF. When six mg was injected into the peritoneum of
Balbc mice, more eosinophils were found at six days than in mice injected with serum-saline. This
was dose-dependent. These results show that M-CSF affects a range of cell types. Although MCSF has not been detected in serum, or organ extracts, it may be a stimulus for eosinophil production under some pathological conditions 1194. Labelled murine M-CSF has been shown to bind to
immature murine marrow eosinophils, but not to more mature eosinophils 1277. Further studies with
rM-CSF in man are awaited with interest.
2.6.3. Factors in inflamed tissues.
In 1982, a GM-CSF-like activity was found in blister fluid of three out of five patients with bullous
pemphigoid 1840. Nasal polyp epithelial cells from patients with allergic rhinitis were reported in
1987 to be able to produce eosinophil colony-stimulating factors 431.
2.6.4. Factors from tumour cells, and cell lines.
There have been a number of unsuccessful attempts to find eosinopoietic factors in the serum of
patients with an eosinophilia 1866, 117, and in tumour cell extracts from patients with neoplasms, and
hypereosinophilia. However in 1983, and 1984 eosinopoietic factor(s) were detected in the sera,
and tumour extracts from patients with carcinoma of the lung, and a marked eosinophilia 1646, 986.
Viruses with oncogenic potential can also stimulate the production of eosinopoietic factors. For
example, supernatants from human lymphocytes infected with HTLV-1 retrovirus produce a number
of lymphokines, including an eosinophil growth, and maturation activity 1543. In 1983, a factor from
a malignant fibrous histiocytoma was shown to have eosinopoietic activity 1591.
Several cell lines produce eosinophil growth promoting activities. In 1986 pleuripoietin alpha was
described in the human bladder carcinoma cell line 5637 614. In 1987 it was shown that a T cell
leukemia cell line (Mo) produced a conditioned medium containing an eosinophil growth stimulating activity. This was heat stable, and could be partly separated by DEAE chromatography from a
basophil growth stimulating activity, when assayed by the methylcellulose technique with cord blood
mononuclear cells 1754. The properties of several growth promoting factors from a number of other
human cell lines were reviewed in 1987 1755.
2.6.5. Factors in serum from patients with an eosinophilia.
The presence of eosinopoietic factors in the serum of patients has not been reported very often,
possibly because most eosinopoietic substances act as paracrine substances, eg. they act on adjacent
cells only. In 1983 a weak CSF activity was detected in sera from a patient with a carcinoma of the
lung-induced eosinophilia 1646. No comparable activity was found in sera from patients with acute
lymphocytic leukaemia, and hypereosinophilia 806. In 1986, it was reported from Berlin that serum,
and a crude extract of a malignant fibrous histiocytoma, which had produced eosinophil counts up to
17.5 x 109/L in a 63 year-old woman, increased the number of eosinophil colonies grown from
normal bone marrow cultured by a plasma clot technique. As much activity was found in 10 per
cent patients serum as in a five per cent solution of the tumour extract 1591.
A study from Sydney, Australia, in 1987 reported that sera from a group of patients with chronic
myeloid leukaemia, two of whom were studied during blast cell transformation, contained an
eosinopoietic activity, which increased the survival, and growth of bone marrow-derived persist-

ing eosinophil colonies in semi-solid agar. These colonies had grown for 35 days, or longer. It was
suggested that this might be IL-3, and that it could be involved in inducing the transformed cells to
proliferate 217.
In 1986 it was reported that sera from IL-2 treated patients with AIDS who developed an eosinophilia, contained an eosinophil-producing activity (EPA) in bone marrow liquid culture 953. Similarly, sera from six other patients with HES, four with CML and eosinophilia, two with non-Hodgkins lymphoma, and six with acute helminthic infections, and an eosinophilia, were found to be able
to increase the number of eosinophils in 12 day-liquid cultures of human bone marrow from 0.1 x
105 eosinophils/250 ul, to 2.1 x 105/250 ul. Four normal sera and sera from eight people without an
eosinophilia had no effect. Serum was added at 5-40 vol per cent. Unfortunately, these experiments
did not distinguish between differential survival of eosinophils in the cultures, and stimulation of
eosinopoiesis. The activity was destroyed by heating at 65o for 20 minutes, and had an apparent
molecular weight of 80-85 kDa on Sephadex G-100. Interestingly, active serum was ineffective in
stimulating eosinophil colony growth in agar cultures 954.
2.7. Drugs, and eosinophil production.
Injections of cyclophosphamide together with a parasitic, or other eosinopoietic stimulus, have been
shown to be able to induce a marked eosinophilia in mice 1816, 1722, and rats 1774. With this approach it
was found in 1982 that genetic factors have a role in regulating eosinophil production in mice 1817.
There are no reports of a similar mechanism occurring in man.
A number of studies have found that steroids (hydrocortisone) inhibited the development of human
eosinophil colonies in vitro. It was therefore surprising that experiments from Switzerland in 1987
showed that hydrocortisone can increase the capacity of human marrow, or blood cells to form
eosinophil colonies in vitro, either when the the drug is added to the cultures, or when the blood cells
are obtained from people given hydrocortisone. It was suggested that the acute effects of steroids in
causing a fall in eosinophil counts in vivo, are mainly a result of the redistribution of the cells in the
blood 115.
The addition of lithium, rubidium, and caesium salts to human bone marrow cultures increases the
number of colonies, including eosinophils 114, but there are no reports that patients taking lithium
salts develop an eosinophilia.
2.8. Suppressor cells, and eosinophil production.
Suppressor T cells may be able to inhibit eosinopoiesis. This possibility was suggested when an
excess of T suppressor cells were found in the blood of a patient with a thymoma, and a total
absence of eosinophils 1220. No experimental work has been done yet to test this possibility, which
could be of clinical importance in patients with a persistent eosinophilia, such as HES. However, in
mice, suppressor T cells, which reduced the numbers of eosinophils in the peritoneal cavity, have
been found in the spleens of mice injected with high doses of tetanus toxoid, or tetanus toxoid in
complete Freunds adjuvant. These cells inhibited the development of a peritoneal eosinophilia in
mice injected with tetanus toxoid with alum, following cyclophosphamide pretreatment 1746.
2.9. Eosinophil suppression of granulocytopoiesis.
As prostaglandins inhibit GM colony formation in agar cultures, it has been suggested that eosinophil-derived prostaglandins could act in this way. Experiments with mouse peritoneal eosinophils
supported this idea: they inhibited the formation of mouse bone marrow colonies in agar, and this
effect was prevented with indomethacin 626. However, although there are a few clinical conditions in
which eosinophils persist longer than neutrophils when granulocytopoiesis is inhibited, in patients
with a marked eosinophilia, neutrophil numbers are almost invariably increased as well. There is
also no evidence as yet that bone marrow eosinophils can secrete prostaglandins.
2.10. Genetic factors affecting human eosinophil production.
There are three lines of evidence which suggest that genetic factors influence the number of eosinophils
that are produced in response to stimulation. These are studies in man, which have shown that
certain chromosomal abnormalities are associated with a marked eosinophilia, and experiments in

inbred rodents, some of which can produce a marked eosinophilia to stimuli which only induce a
small response in others. In addition there is a report that homozygous Sl/Sl and Wv/Wv mice had
only 15 per cent of the number of blood eosinophils, as littermate controls. This was probably due
to a defect in eosinophil production, as there were also less eosinophils in the bone marrow, spleen,
and thymus 1931.
2.10.1. Cytogenetic studies.
Cytogenetic studies on patients with malignant haemopoietic diseases involving eosinophils have
shown G banding abnormalities in several chromosomes which may be involved in eosinophil differentiation. These include abnormalities with
- chromosome 5 1980, 390, where the gene for GM-CSF, IL-3, IL-5, and M-CSF are located.
- chromosome 7, which was abnormal in two patients with myeloblastic leukaemia, and a marked
eosinophilia 827, 1224.
- chromosome 8, which is abnormal in the eosinophil cell line EoL 1537, and which was a trisomy in
two patients with eosinophilic leukaemia 1365, 1899. An 8;21 translocation affecting eosinophils was
seen in a girl with eosinophilic leukaemia in Japan, in 1983 904.
- chromosome 12, which was abnormal in a patient with a malignant proliferation of eosinophils 943.
- chromosome 16, where rearrangements, and other alterations have been seen in patients with M4Eo acute leukaemia, with an eosinophilia. There is also an abnormality on the long arm of chromosome 16 in the HL-60 cell line, which has been induced to form eosinophil granules 569.
There is no evidence that the c-fos proto-oncogene, which has been suggested to be important in the
control of monocyte development, is involved in human eosinophil differentiation, as mRNA was
not detected by in situ hybridization in blood eosinophils 1004.
2.10.2. Genetic studies in rodents.
In 1982, it was shown by Vadas, and colleagues that the eosinophil response in inbred mice was
genetically controlled. Evidence that the major histocompatibility complex was involved soon followed 1593. High, and low responsiveness was shown to be determined by the bone marrow, as the
development of an eosinophilia in radiation chimaeric mice was related to the origin of the bone
marrow used to make the chimaeras 1720.
2.11. Eosinophil cell lines.
There are now several eosinophil cell lines, which have begun to be used to study the synthesis of
eosinophil constituents 567, 13, and to prepare cDNA coding for eosinophil constituents. These have
been derived from the HL-60 cell line, which was originally developed in the U.S.A., and the EoL
cell line, which was derived from a patient with eosinophilic leukaemia in France.
The HL-60 cell line, which was developed from a patient with acute promyelocytic leukaemia in
1979 617, has a chromosome 17 inversion. HL-60 cells have several characteristics in common with
eosinophils found in patients with acute myelomonocytic leukaemia with an eosinophilia (FAB class
M4-eo). For example, in 1981 they were found to contain some luxol-fast-blue granules, a feature
of eosinophils 1116. In 1983 it was shown that a small percentage of HL-60 cells in culture matured
into typical eosinophils, but this was not influenced by additional human eosinophil CSFs 1191.
Fischkoff, and colleagues continued to develop eosinophil cell lines from cloned HL-60 cells. They
showed that in soft agar cultures, a few HL-60 cells differentiated into eosinophils, some of which
became mature cells, containing small granules, Although crystalloid were rarely seen, they contained eosinophil peroxidase (EPO), MBP, CLC protein, arylsulphatase, and acid phosphatase 569.
In 1985 they reported that more HL-60 cell line were induced to synthesize eosinophil granules by
culturing them at pH 7.4 with 0.5 mM butyric acid for seven days 568. Neutrophil induction occurred
with 176 mM dimethyl sulphoxide (DMSO). Enzyme assays, and electronmicroscopy showed that
peroxidase was synthesized, and packaged in spherical granules, although the Golgi apparatus contained little peroxidase. Acid phosphatase, arylsulphatase, and lysophospholipase were synthesized
in smaller amounts than in normal eosinophils 567.
In 1986, it was reported that two stable eosinophil cell lines had been developed by serial subculture

of HL-60 colonies which contained many eosinophils. They retained lineage fidelity even after
stimulation with GM-CSF 1786. It was suggested that these cell lines would be particularly useful for
studying the production, and functions of human eosinophils, and for analysing leukaemic cell differentiation, and stem cell commitment.
In 1984, an eosinophilic leukemia cell line was established in Paris, France from a 33 year old man
with a Phi-negative eosinophilic leukemia 1537. This was obtained from separated blood white cells
grown in suspension culture, and in 0.3 per cent agarose. The cells began to proliferate after two
months culture, and were subcultured at 10 weeks. Six clones were derived. Three clones, named
EoL-1, EoL-2, and EoL-3 had eosinophilic features. Three other clones, Eo-B had a B cell
phenotype. No feeder cells were used. EoL-1 grew in single cell suspension. EoL-2, and EoL-3
formed cell clusters. Occasional cells contained eosinophil granules, but after induction with alkaline medium, or dimethylsulphoxide, 40 per cent contained granules. The EoL lines expressed Ia
receptors, the myeloid antigens IF10, and MY9, and the IL-2.
2.12. Blood eosinophil kinetics.
Eosinophils leave the bone marrow, and enter the blood sequentially, and leave it randomly. This is
easily shown by injecting labelled cells which appear in tissues sites (such as nasal secretions) immediately, and continue to do so during the next few hours.In the bloodstream, many eosinophils are
believed to be marginated at any one time, in exchange equilibrium with an equal number in the
circulation.
The kinetics of human blood eosinophils were measured accurately by two groups in Germany in
1976, and 1979 using 3H thymidine autoradiography. In the first study it was found that the eosinophil emergence time was 3.5 days. The blood half life was 13 hours, and the mean blood transit
time 25 hours. The S phase was 13 hours, and myelocyte generation time about 34 hours: similar to
neutrophils. There was some evidence for two pools of proliferating eosinophils. Similar results
were also obtained for neutrophils kinetics which were measured at the same time 1371. The second
study, in 1979, showed that the mean blood eosinophil relative turnover rate was 4.0 per cent /hour,
the mean blood transit time (or blood sojourn time) was 26 +/- 3 hours, and the blood half life was
18.0 +/- 2.1 hours 1707.
The eosinophil blood half-life is prolonged when there is an eosinophilia. This may be because the
number of sites through which eosinophils can migrate into the tissues is limiting. The process of
emigration from the bloodstream occurs in venules, and involves loose attachment to vascular endothelium, followed by migration between endothelial cells, and into the connective tissue around
the blood vessels. (See page 185).
In many infectious diseases due to bacteria, or viruses the blood eosinophil count has been found to
be low, or zero 124. Although the eosinopoenia of infection may be due partly to the production of
steroids during the stress produced by inflammation, it has been shown that eosinopoenia can occur
in infected mice, without an increase in blood corticosterone levels 121. Steroids, other than large
amounts of dexamethasone, had little effect on human eosinophil colony growth from blood, or
marrow progenitor cells 243.
The rapid decrease in blood eosinophil counts following infection, or stress involves both an increased uptake of eosinophils into tissues, as well as a decreased output of eosinophils from the
marrow 122. A host component, which was present in inflammatory reactions in the mouse, appeared
to be responsible for these effects 123. Injections into rabbits of zymosan activated serum, partially
purified C5a, and f-Met-Leu-Phe caused an immediate eosinopoenia, suggesting that these could
also mediate the acute eosinopoenia of infection 125.
2.13. Kinetics of eosinophils in tissues.
It is not known how long eosinophils survive in tissues, although it has been assumed that they can
remain there for several days at least. Human eosinophils can be induced to survive in culture for
over 14 days with CSFs 148, or endothelial cell conditioned medium 1522. It is probable that eosinophils
can persist in tissues for equally long periods, as there are often more eosinophils in chronic inflam-

matory sites, than in the blood.
3. Chapter A 03. Methods. Eosinophil structure, constituents, and metabolism.
3.1. Eosinophil counts.
It is often necessary be able to count the number of eosinophils in the blood, and tissues. Unfortunately, there are no areas of the body where eosinophils are evenly distributed, although the blood
comes closest to this. Even here, some eosinophils are marginated, and some in the circulating pool
of cells. The best approach to this difficulty is to measure the number of eosinophils in several
samples, and to use statistical methods to calculate their distribution. It is possible to measure the
amounts of eosinophil specific constituents per unit mass of tissue, but most investigators count
stained cells in suspension, or in sections. This is likely to underestimate the involvement of eosinophils
in diseases, where degranulated eosinophils may not be stained as well as in normal tissues. Measurements of eosinophil numbers taken at a fixed time are also unable to provide any information
about the flux, or kinetics of eosinophil transit into, and out of the tissues being studied.
Ottolenghi, and colleagues have assessed the extent of eosinophil involvement in rats by assaying
tissue levels of lysophospholipase. This approach was based on their finding in 1967 of large amounts
of phospholipase (lysolecithinase) in rat tissues using histochemical methods 1344. In 1970 this was
related to their content of eosinophils 1342, which led to the development of an enzyme-based assay
for the involvement of eosinophils in inflammatory lesions produced by parasites in rats 1343. This
type of measurement has not yet been used to study the eosinophil content of human tissues, or their
contribution to inflammatory reactions, and it would need careful validation, before it could be used
instead of cell counts.
Although the much criticized routine of using per cent eosinophils, as a crude measure of eosinophil counts, persists in many centres, fortunately most automated counting systems now provide
printouts in which the total number of white blood cells is multiplied by the per cent eosinophils to
provide clinically useful data. The term  per cent eosinophils should not be used unless there are
specific reasons for knowing the proportions of eosinophils compared to other cells in a sample. It
is no substitute for an accurate eosinophil count. It is a legacy from the early part of the century
when it was thought (incorrectly) that the presence of one cell type in the blood could affect the
numbers of another cell type.
3.1.1. Manual methods.
The most widely used, and one of the most accurate methods for measuring blood eosinophils
counts in the internationally agreed SI notation (eosinophils x 109/L), is to use an improved Neubauer
counting chamber, into which is pipetted the blood, diluted 1 in 10 (or 1 in 20, if the blood eosinophil
count is greater than 1 x 109/L) with a stock solution of one of the brominated derivatives of fluorescein
which stain eosinophils strongly, such as eosin (tetrabromo-fluorescein), or phloxin (tetrabromotetrachloro-fluorescein). In the eosin method, which is widely used outside the U.S.A., the stock
solution contains 1 per cent aqueous eosin Y (five volumes), acetone (five volumes), and distilled
water (90 volumes) to lyse the red cells. This is an adaption of the counting method developed by
Dunger in 1910 475.
In the phloxin method, which was introduced in 1944 by Randolph in the U.S.A., where it is still
often used, propylene glycol is added to clear the red cells, which are not lysed. Methylene blue is
used to stain the nuclei of the white cells, and phloxin to stain the eosinophils 1476. Randolph discussed the advantage of using propylene glycol to enable the eosinophil, and white blood cell counts
to be done in the same counting chamber 1477. In both methods, an assessment is made of the volume
of fluid in the counting chamber which contains 200 eosinophils, using both sides of the chamber if
necessary, to ensure that the accuracy of the counts are consistent, and independent of the total
eosinophil count. This is especially important when the count is less than 1 x 109/L.

Although total blood eosinophil counts can be calculated from differential blood counts done on
blood smears, this is not recommended, as the accuracy is low 564. This is because eosinophils are
large cells, which tend to be pulled to the ends, and sides of smears. Also, as eosinophils comprise
only a proportion of the 200 white cells counted, the accuracy of the count is only acceptable if they
make up more than half of the total white blood cells examined.
A statistical analysis of the chamber method has shown its superiority to differential counts 454.
Although smears can give accurate counts in expert hands 1035, modern haematology laboratories
now use automated counting methods, in which 2 000 white cells are assessed.
3.1.2. Automated methods.
The validity of automated differential counting systems for assessing the number of blood eosinophils
have been shown by comparisons with manual counting methods in adults 65, and children 366. Although most major laboratories find that automated counting systems are accurate 99, 618, they can
produce errors in samples with high blood eosinophil counts 98. Besides their speed, and reproducibility, they have the added advantage that they may bring to light patient with eosinophil peroxidase
deficiency 1748.
3.1.3. Normal blood eosinophil counts.
In a study of my own on 100 adults of both sexes in Oxford, U.K., blood eosinophil counts ranged
from 0 to 0.55 x 109/L. I excluded people with allergic rhinitis, hayfever, and other mild allergic
disorders whose counts were slightly higher than this. For practical reasons I consider blood eosinophil counts of between 0.55-1.5 x 109/L as needing follow up, between 1.5-10 x 109/L, as
needing investigation soon, and over 10 x 109/L, as needing urgent assessment.
An analysis of a large number of blood eosinophil counts, which were done in the U.S.A. between
1971-75 for people aged 25-74 years, was published in 1982 1174. However, these results were
derived from differential counts, which is not very satisfactory for obtaining absolute values, as
described above.
It was reported in 1987 that the blood eosinophil count in 740 medical students in Pittsburg, U.S.A.,
was 0.015-0.65 x 109/L (95 per cent confidence limits) 1003.
In a group of normal children aged four to eight years, blood eosinophil counts were 0.206 +- 0.270
x 109/L. Over 12 years of age they were lower: 0.096 +- 0.140 x 109/L, and males were: 0.180 +0.160, and females 0.145 +- 0.120 x 109/L 374.
There is a diurnal variation in blood eosinophil counts in normal people. The counts are inversely
related to blood cortisol levels, eg. the counts are lowest in the morning, and highest at night. In
1981 the mean variation in blood eosinophil counts were assessed in 21 normal adults, using the
Hemalog-D automated counter. The intra-subject within-day variation was 27 per cent, and the
diurnal variation was over 40 per cent 1938. This showed the importance of doing serial blood counts
at a fixed time of day.
In 1984, a comparative study of blood eosinophil counts in four ethnic groups living in Britain
(Indian, black {African, and West Indian}, white {Northern European}, and oriental), showed no
significant differences. This confirmed the generally accepted view that high eosinophil counts in
tropical countries are related to parasitic infections, rather than genetic factors 97. A similar conclusion was reached in a study in Kenya, in 1979 1309.
It has been known for several years that exercise increases the blood eosinophil count 317, which can
be exploited when normal blood eosinophils are needed for experimental studies.
3.2. Leukaphoresis.
Obtaining large numbers of human eosinophils from the blood is straightforward when the eosinophil count is high, but leukaphoresis has also been used successfully to obtain eosinophils from
both normal, and patients blood. In this technique dextran, methylcellulose, or hydroxyethyl starch
671
are used to sediment the red cells before the white cells are aspirated from the collection bag.
This technique has provided up to 2 x 1011 eosinophils from an individual with a blood eosinophil
count of 50 x 109/L 661.

In 1987, leukaphoresis using hydroxyethyl starch was used to separate blood eosinophils for biochemical, and ultrastructural studies from five patients with HES 780. However in two patients, the
presence of cytoplasmic Charcot-Leyden crystals in the purified eosinophils, which are never seen in
freshly drawn blood, suggested that the procedure may have had a detrimental effect on the eosinophils.
3.3. Cell separation.
Many different methods for separating eosinophils from other cells have been described in the past,
but none of them proved satisfactory until non-toxic density gradient methods were devised, which
were able to exploit the greater density of eosinophils (1.088g/ml) compared to other leukocytes.
These methods were reviewed in 1983 655, and 1986 1511. Most methods have used blood cells, but
they can also be used to separate eosinophils in exudates, and even in normal tissues, such as the
lungs 1837.
Samples of blood are first anticoagulated. This can either be done with preservative-free heparin 5u/
ml, if functional studies are to be done, or EDTA pH 7.2, 10 mM final concentration. It is best to
remove the red blood cells before purifying eosinophils from other white cells. This can be done by
sedimentation with 5 per cent dextran, although this usually leads to the loss of 30 per cent or more
of the white blood cells within the sedimented red cells. A mixture of methylcellulose, and Hypaque
in place of the dextran gives a higher yield in this first step 825. We use this routinely. The removal of
residual contaminating erythrocytes is best done with isotonic ammonium chloride, at pH 7.2, at 4o
1512
. Other methods, for red cell lysis, such as rapid lysis with distilled water, damage eosinophils.
3.3.1. Differential binding to surfaces.
A method has been developed to separate human blood eosinophils from neutrophils on the basis of
their different binding capacity to complexed IgG, using plastic dishes to which IgG was attached
with carbodiimide 1739.
3.3.2. Density gradient separation.
The most commonly used density gradient solutions to separate eosinophil from blood, are
metrizamide, and Percoll.
In 1980, Vadas, and colleagues developed what has become the standard method for purifying
eosinophils from human blood, using metrizamide 1821. The key steps were the use of DNAase to
prevent cell clumping, and the use of slightly hypertonic discontinuous gradients. Normal blood
eosinophils equilibrate in the 23-24 per cent bands, but in many diseases with an eosinophilia, lighter
density eosinophils separate with neutrophils in the 22 per cent band, Figure A03-1.
Fig. 3-1: Eosinophil purification.
Percoll density gradients have been used to purify eosinophils since 1980 628. A method for separating eosinophils from bone marrow, or blood samples using discontinuous Percoll gradients was
described in 1984 504. Using this method, it was found that, in gradients of 56 per cent, 64 per cent,
68 per cent, and 77 per cent Percoll, eosinophils were obtained in highest purity in the 77 per cent
layer 1539.
A variety of other methods for using Percoll to isolate eosinophils have also been described. These
include a method described from Rome, Italy in 1982 420, a method described at the N.I.H. Bethesda,
U.S.A., in which fMLP was used to activate neutrophils, which then became lighter, and easier to
separate 1497. However, as eosinophils are also stimulated by fMLP 1604, 1970, this method is not recommended, a method described in 1987, from Amsterdam, Holland, in which eosinophils were separated over two successive Percoll gradients 1969.
In our hands, Percoll gradient separation of eosinophils has given less consistent results than
metrizamide gradients, and there appears to be no method for removing the Percoll particles from
the purified cells.
However, as the Percoll separation technique is carried out in isosmolar conditions, it can be used to
measure the differences in density between eosinophils in normal blood (normal density, or normodense
eosinophils), and patients eosinophils, some of which may be of lighter density (light density, or
hypodense cells) 1389.

The finding of light density eosinophils in patients blood was first discussed in 1980 by Bass, and
colleagues. They used gradients of metrizamide, and Hypaque, and found that in patients with an
eosinophilia, eosinophils were often present in the lighter bands with the neutrophils, instead of in
the denser layers where eosinophils from normal individuals always separated 127. This was also
noted by other groups in 1982 1944, 420, and 1983 1452.
Several years earlier, we had noted that many degranulated eosinophils in patients with HES had a
similar density to neutrophils. The presence of contaminating neutrophils prevented us from comparing their functional properties with eosinophils of normal density. This problems persists, as
there is no effective method for separating viable light density eosinophils from neutrophils. It is
only when patients are found who have low blood neutrophil counts, that this type of study can be
done. Percoll density gradients have been used to determine the density of light density eosinophils.
The peak density of normal eosinophils is 1.088 g/ml, and light density eosinophils 1.076 g/ml 611.
Fractions containing light density eosinophils were seen to have a number of properties which suggested that they had been activated. Light density eosinophils were first called hypodense cells in
France. There are semantic, and scientific objections to the use of this hybrid Greek-cum-Latin
word, in place of the better term light density. Hypodense also suggests, incorrectly, that there
may be two populations of eosinophils: eosinophil density is a continuum.
There are many diseases in which light density eosinophils have been detected in the blood, including
asthma 611, allergic diseases, HES, and experimental hookworm infections 1925. Light density eosinophils
have been found in samples taken from outside the blood stream, including bronchoalveolar
eosinophils. This was first demonstrated in 1984 in bronchoalveolar lavage (BAL) fluid from three
patients with pulmonary infiltrates 1453. This was confirmed in a study in 1987 in Kyoto, Japan,
where it was found that 93 per cent of the eosinophils in BAL fluid from patients with PIE syndromes were of lower density than normal. This was a higher proportion than in other diseases with
eosinophils in BAL fluid 316.
The presence of light density eosinophils in patients with an eosinophilia is still not explained. It is
not known whether they result from accelerated eosinophil production giving rise to smaller,and
lighter granules , or whether they are produced by an effect of some component of the blood stream,
or vasculature on normal density eosinophils.
3.3.3. Elutriation centrifugation.
There have been no reports of the successful use of elutriation centrifugation to separate eosinophils,
although several laboratories are assessing its potential value 1511.
3.4. Culture of mature eosinophils.
Although there has been anecdotal information for many years that eosinophils can survive in tissue
culture for over 10 days, it is only recently that this has been studied formally, using conditioned
medium for lymphocytes, and endothelial cells.
3.4.1. Lymphocyte products.
In 1985, during a study on the culture of HES blood eosinophils, we found that they would survive
intact for three weeks in the presence of lymphocyte conditioned medium (Lai,P., Spry,C.J. 1985,
unpublished). The light density, degranulated eosinophils appeared to survive as well as, if not
better than the normal granulated cells, suggesting that degranulation was not inevitably associated
with eosinophil death.
3.4.2. Endothelial cell products.
In 1987 it was shown that normal human blood eosinophils could be maintained for several weeks by
co-culturing them with bovine aortic endothelial cells, or conditioned medium from endothelial cells
1522
. Under these conditions it was found that most of the surviving eosinophils were of light density.
3.4.3. Colony stimulating factors, CSFs.
It was first reported in 1986 that several CSFs can prolong the survival of human blood eosinophils
in culture for up to nine hours. These factors were recombinant human GM-CSF 1105, and partially
purified preparations of murine GM-CSF, and murine IL-5, which increased the survival of blood

eosinophils in culture from a mean of 28 to38 hours, but had no action on blood neutrophil survival
1823
. Interestingly, recombinant human GM-CSF also enhanced the survival of neutrophils for six
hours, but murine G-CSF, and its human analogue CSF beta only prolonged the survival of neutrophils,
suggesting that there was cell lineage specificity for the actions of these CSFs on mature granulocytes
148
.
Owen, and colleagues in Boston, U.S.A. were the first to show in 1987 that normal blood eosinophils
can survive in culture for one, or two weeks in the presence of recombinant GM-CSF, providing it is
replenished at each change of the culture medium. Sixty per cent of the innoculum survived. As
GM-CSF can be produced by endothelial cells, which gave even better survival percentages in vitro,
it was suggested that blood vessels might provide GM-CSF to enable perivascular eosinophils to
survive for many weeks in vivo 1346.
3.5. Staining techniques.
There are many ways to stain eosinophils in sections, or when smeared, or centrifuged onto glass
slides. As their granules are the most characteristic component of the cell, most staining methods
detect these in fixed material. They can be fixed in air, absolute alcohol, methanol, or formalin, but
care needs to be taken that their granule basic proteins are not extracted in weak acids, before they
have been properly fixed.
3.5.1. Eosin, phloxin, and other fluorescein derivatives.
Because eosinophil granules contain basic proteins which are acidophilic, they can be stained with
acidic dyes, such as eosin-Y, and phloxin. The component(s) in the granules which take up the acidic
dyes have not been defined, but Ehrlich noted that the periphery of the granule was stained more
than the centre 499, and as EPO-deficient eosinophils stain normally with eosin 1437, so it is possible
that ECP, and EDN/EPX are responsible.
The capacity of eosin Y, and the Romanowsky stains to stain eosinophil granules from man, pig, and
horse is increased up to six times by pretreatment with 0.2 M EDTA, or 2 per cent sodium citrate for
up to eight hours. This is believed to be due to chelation of metals which mask the reactive sites on
the granule basic proteins for these stains. The absorption maximum of eosin is at 530 nM, and there
is an additional component at 600-650 when Romanowsky stains are used. Both are increased by
chelation treatment 694.
In addition to eosin staining of eosinophils, other fluorescein derivatives, such as fluoresceinisothiocyanate (FITC) can also stain eosinophil granules, in immunocytochemical preparations, in
man, and many other animals. This has often lead to the incorrect impression that FITC-linked
antibodies can stain eosinophil granules specifically 581, and can cause confusion when immunofluorescent studies are done on samples rich in eosinophils 447.
The non-specific staining of eosinophils with fluorescein-labelled antibodies can be prevented by
prior treatment with either (1) Lendrums stain (chromotrope 2-R) 882 , or (2) H2 O 2, and
diaminobenzidine, which block the binding sites on the granules for the fluorescent conjugate 1829, 969,
or (3) p-benzoquinone 599.
3.5.1.1. Eosinophil autofluorescence.
It has been known, at least since the mid 1960s, that alcohol-fixed eosinophils in bone marrow
smears show intense autofluorescence when excited with green light, although some variation has
been noted from patient to patient 607. In 1987, this property was used to study the deposition of
eosinophil granules in the bone marrow of patients with a variety of malignant diseases 1546.
In 1981, it was found that unfixed blood eosinophils could be separated from neutrophils in a fluorescent activated cell sorter, on the basis of their larger size, and greater autofluorescence 1895. An
attempt was made to isolate the fluorescent component in eosinophils, but this was not successful.
We have also examined this property of human eosinophils. We found that light density eosinophils
in patients with an eosinophilia were of similar size, and fluorescence as neutrophils, so that they
could not be distinguished by this technique. In 1982, blister fluids from six patients with bullous
pemphigoid were found to increase human blood eosinophil autofluorescence 1840, but the signifi-

cance of this is not known.
3.5.2. Romanowsky stains.
The Romanowsky staining technique is the most commonly used method for detecting eosinophils
in blood smears. Their morphology is best seen in cytocentrifuge preparations. The basis of this
staining method was reviewed in 1987 816. In urine, Hansels stain is said to be preferable to Wrights
stain for detecting eosinophils 1284.
3.5.3. Chromotrope 2R.
As eosin (or phloxin) are not specific stains for eosinophils, Lendrum (1944) developed a method
for staining fixed eosinophils using chromotrope 2R dissolved in phenol (carbol-chromotrope).
Sections are stained first with haematoxylin, then with carbol chromotrope for 30 minutes. Other
cells and tissues either do not stain red, or they develop a brown colour, which is easily distinguished
from the bright red eosinophils 1056.
3.5.4. Biebrich scarlet.
Some acidophilic dyes can be made to stain eosinophils with great specificity, as they are only
retained in eosinophils (and a few other cells with highly cationic constituents, such as spermatozoa,
and Paneth cells), after washing in strong alkali solutions. Biebrich scarlet is one of the most useful
stains to exploit this approach, as it provides a familiar red colour for eosinophils 1671, 1564. Adams
stain has been reported to be equally specific 1225.
3.5.5. Other stains.
A number of other acidophilic staining methods can be used to define eosinophils in tissue sections.
These include basic orcein, ninhydrin, Luxol fast blue, aniline blue 162, Congo red 720, the triazo dye
Chlorazol black E 915, p-dimethylaminobenzaldehyde-nitrite 1045, and most recently the xanthene dye
C.I. acid red 52 (C.I. 45100) which stains eosinophil granules dark red 916. Mercurochrome has been
suggested as a useful eosinophil stain on the grounds that it stains eosinophils, and is also fluorescent, and electron dense 559. In electronmicroscopy, two per cent palladium chloride has been recommended to provide high quality contrasting images of eosinophil granules 560. In 1987 it was
reported that certain fluorescent-labeled lectins from Griffonia simplicifolia, and soybeans bound to
human eosinophil granules, and could be used as specific markers for eosinophils in acetone-fixed
cell smears, formalin-fixed, pepsin-treated tissue sections, and even eosinophils in suspension, after
they had been made permeable with glycerol 1047.
3.6. Eosinophil structure.
The principal structures in human blood, and tissue eosinophils are shown schematically in Figure
A03-2.
Fig. 3-2: The structure of eosinophils.
Eosinophils are usually oval in sections of tissues, although long pseudopodia can develop in culture, and these may be seen in samples of blood, and tissues 749.
The classical study on the ultrastructure of human blood eosinophil granules was reported from the
Rockefeller University, New York, U.S.A., by Palade, and colleagues in 1966 1213. They produced
fine pictures of the crystals in human eosinophils, and showed that they were more varied in shape
than in those in rat eosinophils. A regular structure was seen within about one third of human blood
eosinophil granule crystals. These gave interference patterns characteristic of cubic lattice crystals
with a periodicity of 41 mu, and occasionally 28 mu. In addition, the granule matrices frequently
contained small membrane-bounded vesicles, which have not been discussed in later work, although
they are commonly seen in eosinophils which have degranulated.
In the late 1960s, questions were raised about the possible significance (in normal eosinophils) of
dense crystalloids in a lighter staining matrix, as compared to the presence of light staining crystalloids, and a darker matrix. This was resolved by careful work in 1966, which showed that the
crystalline core of the normal eosinophil granule is darker when stained with uranyl acetate, and
lead citrate. However this can be reversed by adding precipitating substances such as phosphotungstic acid, or molybdic acid during the alcohol dehydration stage 537.

In 1986, morphometric studies on electronmicrographs made from normal blood eosinophils from
six people, has shown that eosinophils have a volume of 275 fl, and a diameter of 8 mu. The nucleus
occupies one fifth of the cell volume, and the specific granules one fifth of the cytoplasm 1659. The
same group reported similar findings in eosinophils from nine men, and nine women in 1987 1660.
Electronmicrographs of human blood eosinophils show that they can often contain lipid droplets 340.
3.7. Eosinophil constituents, and their properties.
Eosinophils are difficult cells to break down into their component granules, nuclei, and membrane
components, by traditional mechanical methods. They are usually suspended in 0.34 M sucrose, and
either repeatedly passed through an 18 gauge needle 1918, or homogenized in a glass homogenizer.
After 20, or 30 strokes, a small number of eosinophils are ruptured, and this is only slightly increased
as more strokes are made. The use of a Waring blender increases the number of eosinophils that are
ruptured, but this also breaks the nuclei. An efficient method for obtaining human blood eosinophil
cytoplasts, containing their granules was reported in 1985 1991. This technique uses saponin to
rupture the plasma membrane, followed by Percoll gradient separation of the cytoplasts.
3.7.1. Cell nucleus.
In 1967, the number of nuclear lobes in blood eosinophils was measured in 14 normal individuals, 15
with asthma, 10 with ulcerative colitis, and six others. The lobe index in normals was 2.05, and 2.3
in the others. Occasional blood eosinophils had three, or even four lobes, but there was no correlation between the lobe index, and the blood eosinophil count 1668. In 1987 it was shown that there
were more nuclear segments in bronchoalveolar lavage fluid eosinophils in patients with pulmonary
infiltrates, than in other diseases with a pulmonary eosinophilia, and eosinophils with four segments
were only seen in these patients 316. This suggests that segmentation increases as eosinophils reach
maturity in tissues. The causes, or the consequence for cell function of the increase in nuclear lobes
is not known.
Although individual chromosomes can be seen in dividing eosinophils in the marrow of patients with
an eosinophilia, there has been no formal attempt to study the nature of the nuclear constituents in
human eosinophils. The main classes of histones have been seen in extracts of human blood eosinophils.
These are highly basic proteins, and as some have molecular weights comparable with those of the
basic proteins in eosinophil granules, they could be a cause of confusion, if their presence is not
recognized in crude eosinophil extracts.
For over twenty years antinuclear antibodies have been noted in the serum of some patients which
reacted with fixed human eosinophil nuclei, but not with neutrophil nuclei. Their significance, and
the way in which they are induced are unknown. In a study which was reported in 1985 1517, this
unusual antibody specificity was found in low titres only (less than 1/250) in four (4 per cent) of 112
children with juvenile chronic polyarthritis, and 14 (27 per cent) of 38 adults with rheumatoid arthritis. Their blood eosinophil counts were normal. A related antibody which only bound to the nuclei
of neutrophils, has been described in the serum of patients with rheumatoid arthritis, and chronic
active hepatitis in Australia 1927.
3.7.2. Cytoplasmic constituents.
The cytoplast of adherent human blood eosinophils has been studied by stereo high-voltage
electonmicroscopy in 1987 at Chapel Hill, U.S.A. 1455. This showed the presence of a highly organized cytoplast, containing an intricate network of strands: the microtrabecular lattice. This lattice
can alter the shape of granules. In stimulated cells, there was reorganization of the cytoplast, so that
the granules become more central, and a framework was formed for the granules. The cytoplasm of
human eosinophils contains a wide variety of components. Only a few of these have been well
characterized, and their biosynthesis, structure, and functions in eosinophil biology are largely unknown. A summary of the probable biosynthetic pathways for the crystalloid granule proteins, and
their secretion from the cell, is shown in Figure A03-3.
Fig. 3-3: The synthesis of eosinophil granule proteins.
3.7.2.1. Lipid bodies.

Lipid bodies are often present in blood eosinophils from patients with an eosinophilia, including
patients with the Spanish toxic oil syndrome 613, and in tissue eosinophils. In light microscopy they
can be confused with endocytotic vesicles, and altered granules, but as they do not have a surrounding bilaminar membrane they are quite distinct in electronmicrographs. The lipid contents are removed by fixation, or washing in alcohol. They are also found in mast cells, and some macrophages.
In 1985 lipid bodies were studied in blood eosinophils from two patients with an eosinophilia, by
autoradiography, after incubation of the separated cells with 3H arachidonic acid. It was found that
the labelled unsaturated fatty acid was esterified to form phospholipids, which were retained almost
entirely within lipid bodies. This suggested that lipid bodies may be an important site for the metabolism of arachidonic acid in eosinophils 1911. It is also possible that lipid bodies are storage sites
for plasma membrane lipids, which need to be internalized, and replaced in the plasma membrane as
the cell alters its shape, and hence its surface area.
3.7.2.2. Ribonucleic acid.
The RNA content of human marrow eosinophils decreases as they mature, and none can be found in
blood eosinophils using standard histochemical methods 59. Nucleic acid synthesis in human marrow
eosinophils was studied in samples from seven patients, by incubating marrow aspirates with 3Huridine. Autoradiographs showed that some of the radiolabel had become associated with the crystalloid granules, suggesting that RNA might be synthesized, (or may accumulate) on the surface of
these granules 1929. 3H-thymidine-5-triphosphate has been found to attach to the cytoplasm of human
eosinophils. Neutrophils were not labelled 1874. The significance of this is not known.
3.7.3. Golgi apparatus.
The Golgi apparatus is prominent in blood eosinophils, distinguishing it from neutrophils. It has
been known since 1968 that this is a major site for the processing of newly formed eosinophil
granule components, when it was shown that 3(H)-lysine was incorporated into bone marrow
eosinophils in vitro, and transported through the Golgi apparatus to the crystalloid granules 552.
Microtubules probably link the Golgi apparatus to adjacent granules, although no direct connection
has yet been shown in electronmicrographs.
3.7.4. Mitochondria.
Blood eosinophils contain more mitochondria than blood neutrophils. There has been no work on
their properties, but there is no reason to think that they might be different from mitochondria in
other cells.
3.7.5. Cytoplasmic granules.
Blood, and tissue eosinophils contain crystalloid granules which develop from immature granules,
which first appear at the promyelocyte stage. A diagram of the localization of the main granule
constituents is shown in Figure A03-4.
Fig. 3-4: Eosinophil granule proteins.
3.7.5.1. Crystalloid granules.
In 1975, eosinophils from the blood of five patients with HES at the N.I.H. Bethesda, U.S.A. were
assayed for their enzyme content, and the results were compared with similar measurements on
neutrophils. Eosinophil lysates had more total protein, and b-glycerophosphate that neutrophil lysates.
Larger amounts of peroxidase, and b-glucuronidase activity were also found, which were present in
extracts of isolated eosinophil granules, which had a density of 1.24g/ml. No lysozyme, or alkaline
phosphatase was detected in eosinophils 1918.
Eosinophils in the rat contain many of the enzymes described in human eosinophils, and these have
been shown histochemically 1409. Ultrastructural studies have also shown the presence of alkaline
phosphatase in rat eosinophils 1932.
Rat crystalloid granules also contain peroxisomal enzymes 1975, 1977, which may be involved in the
production of H2O2 1976. For this reason, rat eosinophil granules can be classified as having features
of both lysosomal, and peroxisomal granules. It is not known if this is also true for human eosinophils.
3.7.5.2. Small granules.

In electronmicrographs of blood, and tissue eosinophils, some small granules are visible. These
were commented on by Parmley, and Spicer in 1974 1362. The eosinophil small granule has a round,
or elongated profile, 0.1-0.5 um in diameter. They are moderately, but homogeneously stained in
standard electronmicrographs, and contain uniform acid phosphatase activity, which is unmasked,
and resists fixation. They stain strongly for arylsulphatase, although peroxidase activity is equivocal. Eosinophil promyelocytes, and myelocytes do not contain small granules. Blood eosinophils
have 2-8 small granules per section. They are increased in number in tissue eosinophils, especially in
Hodgkins disease 1363. They have structural similarities with tertiary granules in rabbit heterophils,
and some granules seen in mononuclear cells, and platelets. They were mainly found around the
Golgi zone, and peripheral cytoplasm. It was suggested that they could fuse with pinocytotic vesicles, or supplement products in crystalloid granules.
Small granules have also been seen in rat uterine eosinophils 1761, and as rat peritoneal eosinophils
were found to take up gold particles within small granules, it was suggested that these could be small
heterophagic organelles 996.
I suspect that small granules in human eosinophils are the remains of crystalloid granules which have
secreted most of their contents. My reasons for suggesting this are that (1) they contain similar
components to the crystalloid granules, (2) the acid phosphatase in small granules is unmasked, as it
is in granules without crystalloids, in contrast with crystalloid granules where acid phosphatase is
mostly masked 520 (3) they are most prominent in eosinophils which are in sites where they might be
expected to be secreting their contents (4) the localization of arylsulphatase, which has been considered to be confined to the small granule, has only been assessed by histochemistry, and it may well be
present as an inactive complex in the crystalloid matrix. Support for this would come from experiments showing that antibodies to arylsulphatase bound to both the crystalloid, and small granule
components, but this has yet to be carried out.
3.7.5.3. Microgranules.
In 1973, electronmicrographs of eosinophils from 20 different species were said to show the presence of microgranules, which were dumb-bell in shape 1566. However Zucker-Franklin in 1980,
considered that these were small profiles of endoplasmic reticulum, and not specific granules, and
that they were part of the cells secretory machinery. This would explain their presence in dividing
eosinophils (which are known to secrete their granule contents) and their peripheral location in the
cell 2007.
3.7.5.4. Comparisons with neutrophil granules.
There are several types of granules in human blood neutrophils: azurophil (primary) granules, which
are lysosomal granules, specific (secondary) granules, which contain lactoferrin, and B12-binding
protein, and the newly discovered tertiary granules, which are lighter than specific granules, and
contain a gelatinase 1147. It is probable that many lysozomal enzymes are common to both neutrophils,
and eosinophils. This is supported by the finding that an antibody (Leu M1) 1878, recognized a
common component in eosinophil, and neutrophil granules.
3.7.5.5. Comparisons with basophil granules.
Eosinophil crystalloid granules have several features in common with basophil granules. When
eosinophil granules are first formed in the marrow they are basophilic, but they lose this property as
they mature. MBP is present in both eosinophil crystalloids, and in the heparin-containing granules
of human basophils. Normal basophils contained on average 140 ng MBP/106 cells, whereas purified eosinophils from normal donors, and patients with the hypereosinophilic syndrome had 4 979
and 824 ng MBP/106 cells, respectively 7. MBP was not detected in mast cells 1053, although it may
be synthesized by a mast cell line (Gleich 1987, personal communication).
Although guinea pig basophils can ingest horse eosinophil peroxidase (EPO) in vitro, which becomes associated with their granules 486, and human basophil colonies can incorporate EPO in a
similar way 485, this is unlikely to provide a functionally significant quantity of EPO in basophils in
vivo.

Basophils have also been shown to possess large amounts of CLC protein (lysophospholipase). In a
recent study of this property, basophils were purified from the blood of normal people by flow
microfluorometry with fluorescent anti-IgE antibodies. Charcot Leyden crystals formed after incubation for 24, or 48 hours. As there was staining of the basophil cell membrane with a polyclonal
anti-CLC protein antibody, it was suggested that basophils, like eosinophils, have large amounts of
this protein at their surface 11. The finding of CLC protein within basophils shows that the presence
of this crystal type in tissues cannot be solely ascribed to eosinophils, but may represent basophil
involvement in some instances. Mast cells do not contain CLC protein 1053.
3.7.5.6. Comparisons with mast cell granules.
Mast cells appear to be quite distinct from eosinophils. They do not contain MBP, or the CLC
protein 1053, and eosinophils do not contain mast cell tryptase 287.
3.7.6. Eosinophil major basic protein.
MBP has been detected, and characterised in eosinophils in a number of animals, including guinea
pigs, rats, cattle, and horses, and man. It is believed to be an important mediator of eosinophildependent damage to parasites, and host tissues. The properties of MBP were reviewed by Gleich,
and Adolphson in 1986 656. There has been no work on the biosynthesis of MBP.
3.7.6.1. Purification, and structure.
MBP was first isolated from guinea-pig peritoneal eosinophils in 1973 664, and subsequently from
rats 1066. It was first purified from human eosinophils in 1976, 665. The main method for purifying
MBP involves its extraction in weak acids from isolated blood eosinophil granules, and partial purification on Sephadex G-50 columns followed by weak ion exchange chromatography 665.
Early work on MBP centered on animal eosinophils. Guinea pig MBP was shown to have a molecular weight of about 11 kDa 663. After electrophoresis in 8 per cent polyacrylamide gels it migrated
as a single band. It contained 10 or 11 arginine residues, six half-cystine residues, and 0.8 per cent
carbohydrate. When it was reduced, and carboxymethylated it was more stable in solution, and so
easier to handle, and store. It had a pI of over 10.5. As MBP contains tryptophan it is not a histonelike protein.
The amino acid composition of MBP is different from ECP 665. In 1987, the amino-terminal sequence of MBP from a patient with HES was reported to be unique: ?-?-Arg-Tyr-Leu-Leu-Va-ArgSer-Leu-Gln-Thr-Phe-Ser-Gln-Ala-?-Phe-Thr-? 1906. In 1987, sequence studies on purified, and
mRNA translated human MBP showed it had 117 amino acids, with 8 half cysteines, with hydrophilic,
and hydrophobic domains (Gleich 1987, personal communication). No work has yet been reported
on possible differences between the storage, and secreted forms of MBP.
3.7.6.2. Assays for MBP.
Human MBP is homologous with guinea pig MBP, and antibodies to guinea pig MBP 1065 cross react
with human MBP. Antibodies to human, and rat MBP do not cross-react. MBP can be assayed in
serum, or other solutions with a radioimmmunoassay 1888. MBP can be visualized in paraffinembedded tissues, using a rabbit antibody after trypsin digestion 562.
The amount of MBP in blood eosinophils from 10 normal people was shown to be 8.62 +- 1.45 ug/
106 eosinophils 1389, and it was thought to account for over half of the granule protein.
In 1978 MBP was shown to make up the crystalline core of guinea pig eosinophil granules, using
peroxidase immunoelectronmicroscopy, and extraction from purified crystalloids 1064. In 1986,
immunoelectronmicroscopy was used to localize MBP in human eosinophils. In studies with human
blood eosinophils using gold-labelled rabbit antibody, MBP was shown to be present in the crystalloid granule cores of eosinophils from four normal individuals 495. MBP in nasal polyps was found to
be predominantly within eosinophil granule cores, and not within other eosinophil organelles, plasma
cells, mast cells, lymphocytes, or neutrophils 1390.
In 10 normal subjects who were studied at the Mayo Clinic, Rochester Minnesota, U.S.A., the
plasma MBP level was 0.307 +- 0.038 ug/ml(mean +- SD). In this group of normal people, and
patients with an eosinophilia, plasma MBP levels were related directly to the blood eosinophil counts,

the per cent light density eosinophils, and the mean blood eosinophil MBP content 1389. It was
shown previously that the serum MBP levels were related to blood eosinophil counts in a variety of
diseases 1889, although in some skin diseases the serum MBP levels were higher than was expected
from the counts. In some eosinophilic diseases there can be very high levels of MBP: up to 14 ug/ml
(1.5 x 10-6M) in serum; 30 ug/ml (3.2 x 10-6M) in pleural fluid; and 93 ug/ml (1 x 10-5M) in sputum
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3.7.6.3. Functional properties of MBP.
The main effects of MBP are to damage, and/or kill parasites, and normal human cells, and tissues.
It does not have any enzymatic activity. It became of particular interest to parasitologists when it
was discovered in 1979 that MBP was highly toxic to the schistosomula of S. mansoni 257. It is
secreted from human blood eosinophils onto the surface of IgG antibody coated schistosomula,
which are killed within a few hours. This was inhibited by heparin. Purified MBP induced a detachment, and ballooning of the tegumental membrane of schistosomula in vitro 5.
In 1987 it was found that the reduced, and alkylated form of MBP was more effective than native
MBP in killing newborn larvae of T. spiralis, which were killed rapidly 747. However MBP can also
have a protective effect by acting as a scavenger for HClO- ions. This reduced the toxicity of HClOions for newborn T. spiralis larvae 259. MBP is also toxic for amastigotes, and epimastigotes of
Trypanosoma cruzi in vitro 1864.
In 1980, a bovine equivalent of MBP was described. This was a 16 kDa protein, but poor in
arginine. It was able to kill juvenile Fasciola hepatica in vitro 473.
The initial studies with MBP in 1976 showed that it did not affect vascular permeability, or cause
smooth muscle contraction 665. However in 1984, it was reported that injections of MBP into the
skin of normal subjects produced a wheal, and flare reaction 672.
MBP is also thought to be an important mediator of inflammation in the respiratory tract, especially
in asthma. This was reviewed by Gleich, and colleagues in 1983 662. Evidence in favour of this
suggestion came from the finding in 1979 that 10-7 to 10-5M MBP killed tracheal epithelial cells in
three to 23 hours 658. MBP can kill some pneumocytes 83, and guinea-pig tracheal epithelium 605.
Although 10-5M MBP was unable to kill cultured type II pneumocytes, EPO can do, so in the
presence of H2O2, and a halide 24.
Purified human MBP reduced ciliary movement in rabbit tracheal explants, and directly inhibited
isolated porcine tracheal ciliary axonemes 768, suggesting that it could be responsible for mucus
impaction, which is a prominent feature of severe asthma.
MBP is nearly as potent as poly-L-arginine in inducing a non-cytolytic release of histamine from
human basophils. This is a slow response, taking place over 40 minutes, with half-maximal release
at 17 minutes. Native MBP is more potent than reduced, and alkylated MBP 1294. There was day-today variation in the amounts of histamine released by MBP in vitro, from blood leukocytes (basophils)
of patients with allergic disease, but there was no evidence that patients with allergic diseases released more histamine than normal 1997. Other work on MBP-induced effects on basophils were
reported from Uppsala, Sweden in 1985 161, and Chicago, U.S.A., in 1986 1785.
MBP caused the release of histamine from rat peritoneal mast cells within one minute 1294.
Guinea pig MBP, which was reduced, and alkylated to make it stable in solution, has been shown to
be toxic for a number of cells in vitro. 10-7 to 10-5M killed spleen cells, mononuclear cells, intestinal,
skin, and tracheal cells in three to 23 hours. 5 x 10-5M MBP destroyed endothelial cells in 24 h, and
inhibited their growth at concentrations as low as 10-9M 658.
In 1974 it was shown that guinea pig MBP increased the clotting time 663, but its site of action in the
coagulation system has not been determined.
In 1986 an abstract of work on the properties of MBP on the human complement system stated that
MBP can bind irreversibly to EAC4b3b, and inhibit the generation of the alternative pathway
convertase. These activities may have been related to the strong charge on MBP, as reduced, and
alkylated MBP was less effective than native MBP 1897.

3.7.7. Eosinophil cationic protein.
Eosinophil cationic protein is another of the principal basic proteins found within human eosinophils.
It was first described in 1974 by Olsson, and Venge in Sweden 1329. It is not known whether eosinophils
in other species contain ECP, or related ribonucleases.
ECP is synthesized as a larger molecular weight precursor which is processed to become the storage
form of the protein 1325. Its biosynthesis was assayed by culturing bone marrow eosinophils from
patients with an eosinophilia with 14C-leucine,followed by immunoprecipitation, PAGE electrophoresis,
and fluorography. A 22 kDa ECP precursor protein was produced initially, which was processed
into an 18-19 kDa molecule. This was inhibited by monensin 1327.
3.7.7.1. Purification.
ECP is usually prepared from isolated eosinophil granules which have been solubilized with weak
acids. It is then chromatographed by molecular sieve, and ion exchange chromatography 1331. Nowadays, this can be done easily using fast protein liquid chromatography 1327. ECP has also been
purified from eosinophil granules by sequential chromatography on Sephadex G-50, and heparinsepharose, where it was eluted in a broad peak at a higher salt concentration than EDN/EPX. This
separated two forms in an early eluting (ECP-1), and a later eluting (ECP-2) fraction. In Uppsala,
Sweden, Peterson and colleagues have developed a method for purifying ECP on a zinc-chelate
Sepharose 6B column 1395.
3.7.7.2. Structure.
ECP exists as several species of molecular weights 18.5 to 22 kDa, but can dimerize. The smallest
form is the most basic. These forms contain different amounts of carbohydrate. The isoelectric
points of ECP are greater than pH 11, and it contains 11 per cent arginine, and 10 half-cysteines. It
is a single polypeptide chain in SDS-PAGE gels, and contains 2.5 moles of zinc per mole of protein
1331
. When purified ECP was eluted isocratically from a high resolution cation exchange resin, it
showed considerable heterogeneity. It was suggested that these could have different biological
activities. There were five components probably differing in their hydrophobicity. They had molecular weights of 16.7-19.5 kDa, and virtually identical amino acid composition. The amino terminal sequence of the first 33 amino acids of ECP was determined in 1986 1327.
SDS-acrylamide electrophoresis of ECP-1 showed a major band at 18.3 kDa, and a minor band at
21.4 kDa. ECP-2 gave a doublet at 16kDa, and a band at 16.9kDa. In two-dimensional gels, ECP1 migrated as a single spot with a heterogeneous tail in the acidic direction. ECP-2 migrated as a
major spot, more acidic than ECP-1, with a heterogeneous tail in the basic direction. A minor spot
of higher molecular weight showed comparable charge heterogeneity to the major band. Digestion
of ECP-1 with Endo-F (which removes high-mannose, and complex oligosaccharides), reduced its
size close to the two smaller forms of ECP-2. Endo-F digestion of ECP-2 removed the largest form.
As Endo-F did not convert ECP-1 or ECP-2 to a single band, there may have been an O-linked
oligosaccharide, or an amino acid difference at the C-terminal end of these two forms of ECP.
The N-terminal 59 amino acid residues of ECP-1, and ECP-2 were sequenced in 1986 661. These
showed marked sequence homologies with human pancreatic ribonucleases, which was sequenced
in 1984 149, and ribonuclease from several other species.
ECP has an affinity for zinc, which may account for the high levels of zinc in eosinophil granules.
This enables the protein to be separated by zinc-affinity chromatography. If the association with
zinc is linked with its ribonuclease activity, ECP can be classified as a metalloenzyme.
3.7.7.3. The secreted form of ECP.
Following solubilization, ECP undergoes further structural changes which have been demonstrated
using monoclonal antibodies, one of which was shown to bind to the secreted form of the protein
1742
. This antibody (EG2) has shown the presence of the secreted form of ECP in areas of eosinophil
degranulation in the skin, gut, heart, and spleen 1697. The secreted form of ECP has greater molecular
weight heterogeneity than the storage form 1395.
3.7.7.4. Assays for ECP.

ECP in serum is usually assayed by a radioassay with either rabbit antibodies 1851, or with monoclonal
antibodies. The method which we use employs monoclonal antibodies EG1, and EG2 which can be
purchased from SANBIO bv. Heinsbergenstraat 50. 5402 EG Uden. Postbus 540. 5400 AM Uden.
The Netherlands. Phone: 04132 51115. Telex: 74827. In our technique, antibody EG1 first concentrates ECP onto the floor of the reaction microwell, and then labelled antibody EG2 is added, which
binds to the fixed antigen, through a separate epitope. A commercial ECP assay kit, which uses
rabbit antibody is being developed by Pharmacia, Uppsala, Sweden, for sale in 1988. A competitive
binding radioimmunoassay with a monoclonal antibody has been used in some studies in the U.S.A.
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In 1987, a method was described for assaying ECP in urine, by an enzyme immunoassay with an
antibody which was prepared against ECP from the urine of patients with interstitial cystitis. It was
proposed as a useful assay for eosinophil involvement in this disease 595. The cell content of ECP in
normal human eosinophils is about 25 ug/106 cells.
3.7.7.5. The localization of ECP in eosinophils.
In 1986, it was reported by three groups, using immunogold electronmicroscopy, that ECP was
present in the granule matrix of human eosinophils: (1) This was shown with blood eosinophils from
four normal people 495. Small granules, which may correspond to those identified by Parmley and
Spicer 1362, were also positive. (2) Sections of nasal polyps showed that ECP was mainly in the
granule matrix, with small amounts in the crystalloids 1390. (3) We localized the secreted form of
ECP to the granule matrix of eosinophils using monoclonal antibody EG2 1115. ECP has only been
found in eosinophils, unlike MBP. In contrast with the EM localization of ECP, subcellular
fractionation of blood eosinophils has shown ECP in four bands of different density (Fattah, D. et al.
1985), unpublished observations). This was also noted by Peterson, and colleagues 1395, who also
found that peroxidase was not present in three of these bands.
3.7.7.6. ECP in plasma, and serum.
Small amounts of ECP are found in normal serum. In 93 people, aged 18-64 years, serum ECP was
15 ug/L (2-116, 2SD) 737. It binds tightly to the fast form of alpha 2 macroglobulin in vivo 1398, and
this has been thought to inactivate its toxic properties, although this has not yet been tested. In
1977, serum ECP levels in normal people were found to correlate with their blood eosinophil counts
1851
.
3.7.7.7. Functional properties of ECP.
Like other strongly positive charged molecules, ECP binds to negatively charged surfaces, and this
may localize its effects in vivo. Initial studies on ECP gave no clues about its roles in disease. It did
not have bactericidal activity or esterolytic activity. It had no effect on histamine-induced, or guinea
pig anaphylatoxin-induced contraction of ileal muscles 1331, although it could augment the ingestion
of immune complexes by phagocytic cells.
In 1986, it was found that ECP was a ribonuclease. Highly purified ECP completely degraded
transfer RNA, and ribosomal RNA at concentrations down to 1.4 x 10-8M. No differences were
found between the four ECP fractions which were separated by high resolution Mono-S cation resin
exchange chromotography. However, the ECP ribonuclease activity was nonspecific, and less potent than the second ribonuclease in eosinophils, EDN/EPX 729.
Both ECP, and EDN/EPX may belong to a ribonuclease family of proteins, which are derived from
a common ancestral gene. The present day proteins of this type may include pancreatic ribonuclease, ECP, EDN/EPX, and angiogenin, which was cloned 1019, and sequenced in 1985 1717. Although
these proteins have differing ribonuclease activity, they have considerable structural, and aminoacid
homology which supports this possibility 657. If ECP is found to have angiogenin-like properties this
could account for the presence of many blood vessels in areas where eosinophil degranulation is
prominent, and in diseases such as angiolymphoid hyperplasia with eosinophilia, where there is a
close relationship between eosinophils, and abnormal vessel formation.
It is unlikely that secreted ECP (or EDN/EPX) could enter intact cells, or parasites, and destroy

their RNA, causing their death, as suggested in 1986 729, although this may contribute to the final
destruction of these targets. The toxicity of EDN/EPX, and ECP does not correlate with their
ribonuclease activity, and pancreatic ribonuclease is not toxic for T. spiralis newborn larvae 747.
ECP is a potent cytotoxic molecule for a range of parasites, especially the schistosomula of S.
mansoni 1178. In a study on the relative toxicity of purified ECP, and MBP for the schistosomula of S.
mansoni in vitro, it was found that ECP was eight to ten times more toxic than MBP. However as
eosinophils in some patients with an eosinophilia contain more MBP than ECP, it is possible that
MBP may be more important under some circumstances 5. In vitro, purified ECP caused the formation of blebs on the surface of schistosomula, followed by disruption of the surface, and extrusion of
the parasites contents 1178, 5. ECP was able to paralyze the lung stage schistosomula of Schistoma
mansoni in vitro, but did not cause structural damage, or parasite death 1179.
In 1987, it was shown that ECP was as toxic as MBP in killing T. spiralis newborn larvae, although
ECP killed more slowly 747. ECP is also a powerful neurotoxin 598. This was first discovered in 1982.
0.1-0.3 ug induced the Gordon phenomenon in guinea pigs, at concentrations 10-100 times less than
those needed by the eosinophil neurotoxin, EDN/EPX, to produce a similar effect 597. When 2-11 ug
of purified ECP was injected into the cisterna magna of 17 rabbits, it produced paralysis in five
animals. Minor symptoms were produced at doses below 2 ug. EDN/EPX had similar effects, but
produced paralysis at doses less than 2 ug 661.
When ECP was instilled into the trachea of rabbits, it caused the epithelium to strip off, and inflammatory cells to accumulate in the lumen, with plugs of mucus, as seen in severe asthma (Dahl,R. et
al. 1985, personal communication).
Although Zheutlin, and colleagues in the U.S.A., did not find in 1984 that partially purified ECP
caused the release of histamine from blood mononuclear cells, containing basophils 1996, Bergstrand,
and colleagues in Sweden reported in 1985 that ECP, at concentrations of 10 and 30 ug/ml caused
direct histamine release from human basophils, and that ECP also inhibited anti-IgE-induced histamine release from basophils. These experiments, which have not yet been published in full, raise the
possibility that eosinophils may either augment, or inhibit the effects of inflammatory stimuli in
tissues giving rise to basophil secretion, and it might not be possible to predict how eosinophils
would affect tissue responses in allergic diseases, such as the late-phase Ig E-mediated asthmatic
responses 161. Partially purified ECP caused the release of histamine from rat peritoneal mast cells
1996
.
Two groups have shown that eosinophils can inhibit lymphocyte mediated responses in vitro. Experiments reported from Sweden using purified ECP, and EDN/EPX showed that at 10-10 to 10-7M,
both of these proteins inhibited 3H-thymidine incorporation into DNA, in cultures of human blood
lymphocytes stimulated with PHA, or allogeneic lymphocytes. ECP, and EDN/EPX also appeared
to increase the suppressor cell activity generated by Con A 1396. In the U.S.A., extracts of human
blood eosinophils, and secretion products from stimulated eosinophils were also found to inhibit
PHA-induced lymphocyte proliferation in vitro, and a newly synthesized product from eosinophils
appeared to mediate the effect 1471. However, as immunological assessment of patients with HES
have failed to show any consistent defects in blood T lymphocyte-mediated responses 1369, and there
is no evidence that other patients with eosinophilic disorders have impaired T cell responsiveness,
the relevance of these findings is not clear.
There has been no formal study on the possible interactions of ECP with tumour cells.
ECP affects the coagulation system in several ways. Initially, it shortens the coagulation time of
normal plasma, but after 10 minutes, the clotting time becomes prolonged 1849. The recalcification
time of plasma deficient in Factors V, VII, VIII, IX, X, and XI, is shortened by ECP, but the recalcification time of Factor XII-deficient plasma is prolonged, suggesting that ECP mainly interacts
with Factor XII. For this reason, kallikrein activation, which is Factor XII dependent, was increased
by ECP 1849. ECP also affects fibrinolysis. The hydrolysis of a plasmin-specific substrate by plasmin
was increased by ECP, whereas ECP inhibited plasminogen activation by streptokinase, possibly

because ECP bound to streptokinase 381. Although plasminogen levels are normal in patients with an
eosinophilia, marked defects in other coagulation factors have been found in patients with HES,
showing that there is likely to be a clinically significant effect of eosinophils on coagulation in vivo.
ECP inhibits the anticoagulant effect of commercially prepared heparin in vitro 1850, 380, and therefore
has the potential to inhibit this component from mast cell.
There have been no reports of the possible interactions of ECP with the complement system, although this is likely to occur, in view of the strong basic charge on ECP.
3.7.8. The eosinophil-derived neurotoxin/eosinophil protein-X.
In 1933 M.H. Gordon reported that the injection into the brains of rabbits of extracts of eosinophilrich lymph nodes from patients with Hodgkins disease produced paralysis 699. He thought that this
was due to a virus in Hodgkins tissue. A similar effect was found in 1939, following the injection of
bone marrow extracts 968. Then it became clear that eosinophils in these tissues were the cause of the
brain damage 1802. This reaction is now called the Gordon phenomenon.
The cause of the Gordon phenomenon began to be studied in the late 1970s in the U.S.A., where the
name eosinophil derived neurotoxin (EDN), was given to an activity in eosinophil extracts 479, and
in Sweden, where it was found to be due to a protein which had been called eosinophil protein-X
(EPX) 1397, because it was found in a column fraction which contained an unclassified protein (protein-X).
In 1982, work in Aarhus, Denmark showed that EPX 1397, was probably identical with EDN 1848. This
review will use the term EDN/EPX for this protein, but clearly a better name is needed.
No work has been done on the biosynthesis of EDN/EPX, but it is likely to be similar to ECP, in view
of their close structural homology, as described below.
3.7.8.1. Purification.
EDN/EPX was partially purified in 1979 by Durack, and colleagues in Seattle, U.S.A., by sequential
sonication of blood eosinophils from three patients with HES, followed by ultracentrifugation, and
fractionation on Sephadex G-50 at neutral pH. It was heat labile at 90o, but could be lyophilized 479.
Recent work on EDN/EPX was summarized in a report from the Mayo Clinic, U.S.A. in 1987 657. It
was purified from eosinophil granules by chromatography on Sephadex G-50, and heparin-sepharose,
where it eluted at a lower salt concentration than ECP. In Sweden, EDN/EPX was purified by Bio
Rex-70, and heparin-Sepharose chromatography 1395.
3.7.8.2. Structure.
The results were published in 1981 of a collaborative study by Durack with Ackerman, and colleagues at the Mayo Clinic, in which EDN/EPX was purified from extracts of whole eosinophils, and
granules by Sephadex G-50 chromatography. This showed that EDN had an estimated molecular
weights of 17.7-19.2 kDa 478. In 1986, it was reported that EDN/EPX, which was purified from
eosinophil granules by chromatography on Sephadex G-50, and heparin-sepharose, produced a major
band at 17.4 kDa, and a minor band at 20.3 kDa. In two-dimensional gels, EDN/EPX migrated as
two spots differing in charge, but not in apparent molecular weight. Two minor spots of slightly
higher molecular weights were seen above each major spot. Endo-F, which removes high-mannose
and complex oligosaccharides, affected the larger form of EDN/EPX only. Endo-H, which only
cleaves high mannose linked oligosaccharides, had no effect, suggesting that EDN/EPX possessed a
single complex oligosaccharide with some additions. The amino acid composition of EDN from
two patients was similar, suggesting that the protein is not polymorphic 661. Similar findings, and
confirmation of these results were reported by Peterson in 1987 1395. Like ECP, EDN/EPX undergoes a structural change when it is secreted, which can be detected with monoclonal antibodies. The
nature of this alteration is not known.
3.7.8.3. Assays for EDN/EPX.
EDN/EPX can be assayed using rabbit antibodies, or mouse monoclonal antibodies to human EDN/
EPX. It is not known whether eosinophils in other animals contain END/EPX. A monoclonal
antibody which is specific for EDN/EPX has been described, which inhibited its ribonuclease activ-

ity, and could be used in a competitive binding radioimmunoassay 661.
The content of EDN/EPX in eosinophils has been estimated to be about 10ug/106 eosinophils, which
is about 40 per cent of the amount of ECP in eosinophils 1395. The serum levels of EDN/EPX in
normal people, and patients with asthma were reported in 1977 1853.
3.7.8.4. Localization of EDN/EPX in eosinophils.
EDN/EPX has been presumed to be an eosinophil granule matrix protein since it was shown in 1982
that it could be extracted from isolated human eosinophil granules 478, and that MBP accounted for
all of the protein in crystalloids. Its localization in eosinophils within nasal polyps was shown in
1986, using colloidal gold particles with immunoelectronmicroscopy. EDN/EPX was localized to
the granule matrix, with small amounts in the crystalloids 1390.
3.7.8.5. Functional properties of EDN/EPX.
In 1986 it was first reported by Gleich, and colleagues at the Mayo Clinic, that EDN/EPX had
marked homology with ECP, and pancreatic ribonuclease 661. Later that year, in Lund, Sweden, it
was found that purified EDN/EPX completely degraded tRNA at concentrations down to 5.7 x 1010
M 729. Further work in the U.S.A. showed that ECP was 50 to 100 times less active as a ribonuclease than EDN/EPX. In addition, the ribonuclease activity associated with ECP was not significantly
inhibited after exposure of ECP to polyclonal, or monoclonal antibodies to EDN/EPX 1645, 657.
There is some confusion as to whether EDN/EPX is toxic to schistosomula. One study showed that
it had little effect 5. Another study reported that EDN/EPX injured the schistosomula of S. mansoni
in vitro, like ECP, and sub-lethal concentrations paralyzed the lung stage, causing structural damage
to the sub-tegumental musculature 1179. EDN/EPX was 10 times less effective than either MBP, or
ECP in killing T. spiralis newborn larvae in vitro, and pancreatic ribonuclease was ineffective 747.
It has been known since 1979 that intrathecal injections of partially purified EDN/EPX into rabbits
caused stiffness in the fore-legs, and then the hind-legs. Ataxia, and weakness developed progressively, which prevented the animals, which appeared to have normal higher functions, from feeding,
and drinking 479. Histology showed lesions in the cerebellum, pons, and spinal cord, with loss of
Purkinje cells of the cerebellum. The gray matter was normal, but the white matter in the spinal
cord, cerebellum, and pons showed spongiform changes 479.
In 1982, work in Aarhus, Denmark showed that EDN/EPX was highly toxic to the guinea pig brain,
after intrathecal injection, and damaged all cells in proximity to the ventricular system. In these
animals ECP was 100 times more toxic than EDN/EPX 1848. On the other hand in rabbits, ECP and
EDN/EPX had equivalent effects, which suggests that there is some species differences in the effects
of the human eosinophil neurotoxins.
In 1986 further work at the Mayo Clinic showed that as little as 0.15-7 ug EDN/EPX produced
ataxia in rabbits after injection into the cisterna magna (five of eight rabbits). The onset of symptoms was three days at the higher doses, and seven days at the lower doses 661.
The mechanism for this toxic effect has not yet been defined, but presumably involved binding to,
and interference with Schwann cell functions. No studies have yet been published on the effects of
purified eosinophil granule proteins on isolated neuronal cell, or glial cell function, although the
growth of brain celIs in vitro may be inhibited (Gleich,G.J. 1987, personal communication). Measurements of cerebrospinal ECP levels have begun to show that ECP may also be toxic to the human
brain in patients with a variety of brain disorders 740.
Two groups have shown that partially purified EDN/EPX does not induce the release in vitro of
histamine from blood mononuclear cells, containing basophils 1996, 161. In addition, partially purified
EDN/EPX did not induce the release of histamine from rat peritoneal mast cells in vitro 1996.
It was reported in 1986 that EDN/EPX at 10-10, to 10-7 M, inhibited the uptake of 3H-thymidine by
PHA-blasts, or MLR-blasts in a dose-dependent mechanism. This was irreversible, and it was not
due to cytotoxic damage. It was suggested that the suppressive effect of EDN/EPX might involve
suppressor cells, and it was proposed that EPX could have a regulatory role in immunological
reactions 1396.

There are no reports on the possible effects of EDN/EPX on the respiratory system, or its localization in respiratory diseases, and it is not known whether EDN/EPX is toxic for the heart, or vasculature, or affect their function. No studies have been reported on the possible effects of EDN/EPX
on the coagulation, or complement systems.
3.7.9. The relationship between ECP, and EDN/EPX.
In 1985 I suggested that ECP, and EDN/EPX could be products of a common gene family 1687, as
they had similar physical, and antigenic properties. Direct evidence to support this was produced in
1986, when sequence homology between these two proteins was first established 661. Proof for this
awaits sequencing of the genes for ECP, and EDN/EPX. However, they (1) have a similar amino
acid content, (2) have a closely related N-terminal sequence, (3) possess at least one common antigenic
epitope 1742, (4) have ribonuclease activity, and (5) produce similar effects on brain cells, and
lymphocytes 1396. For these reasons, it might be preferable to call ECP, and EDN/EPX by a common
name, such as eosinophil ribonuclease, and to give each variant an internationally agreed enzyme
classification term.
3.7.10. Eosinophil peroxidase.
In 1963, G.T. Archer, and colleagues first showed that EPO was distinct from myeloperoxidase,
which had been studied in neutrophils. This conclusion was based on the finding that human, and
horse EPO were not inhibited by 10-3M cyanide, or azide, unlike myeloperoxidase 61. Two years
later it was shown that partially purified EPO from rat peritoneal eosinophils was a haemoprotein,
with different reaction kinetics with guaiacol, and different spectral properties to myeloperoxidase
53
. In guinea pigs the substrate requirements for EPO have also been shown to differ from neutrophil
myeloperoxidase 528.
3.7.10.1. Biosynthesis.
The sites of peroxidase transport from ribosomes to the storage granules of rat, and rabbit eosinophil myelocytes were studied in 1970 by a combination of cytochemistry, and electronmicroscopy,
and shown to occur along the endoplasmic reticulum, and to involve the Golgi cisternae, from where
the enzyme became localized in primary, and crystalloid granules. At a later stage in differentiation,
the enzyme could only be detected in the granules. Acid phosphatase, and arylsulphatase followed
the same pattern, but were not detected in the mature granules by this technique 100. In 1979,
electronmicrographs of human bone marrow eosinophils also showed peroxidase to be present in
the rough endoplasmic reticulum, and Golgi apparatus, and in large homogeneous granules (0.6 to
1.2 um) in early eosinophils. There was some structural evidence for secretion of peroxidase from
these dividing eosinophils 834.
Patients with a congenital absence of myeloperoxidase, have eosinophils containing normal amounts
of EPO. This proves that the genes responsible for the production of eosinophil peroxidase, and
myeloperoxidase are distinct.
The biosynthesis of human EPO in marrow samples from patients with an eosinophilia was studied
by pulse-chase experiments with 14C-leucine in 1985. It was found that three large molecular weight
proteins of 78, 72, and 25 kDa, were labelled, and the 53 kDa heavy chain of EPO was produced, by
a pathway which was not inhibited by Monensin. As the antibody which was used in this study did
not bind to the light chain of EPO, its biosynthesis from the labelled 25 kDa protein was only
surmised 1326.
3.7.10.2. Purification.
In 1965 rat peritoneal EPO was purified by electrophoresis, and shown to be a haemoprotein with
several differences from myeloperoxidase, including its reaction kinetics with guaiacol, and its spectral properties. These were a Soret maximum of 403 nm for oxidized EPO, and 437 for its reduced
form 53. Guinea pig EPO was purified from bone marrow in 1972, and found to be a monomeric
enzyme of 75 kDa, which could dimerize. It had a Soret maximum at 425 nm 445. Horse EPO has
been isolated from blood eosinophils 895, and eosinophil granules 894. They were very basic. Work on
horse EPO, including its basic properties was reviewed in 1983 976. Human EPO was isolated from

whole eosinophils in several studies reported between 1981, and 1984 188, 1321, 1920, and from eosinophil granules in 1985 280, 1326 . In 1986, a method was developed, which used granule-rich eosinophil cytosomes 1189, to give EPO of high purity.
3.7.10.3. Structure.
EPO is a highly basic two chain haemoprotein which loses much of its enzymatic activity when it is
purified. The initial work on the enzymatic properties of EPO was done in rodents, and then horse
EPO. Subsequent studies on human EPO have given a clear indication of its size, the nature of the
haem component within the molecule, and its biophysical characteristics.
Human EPO has a molecular weight of between 71 kDa 188, and 77 kDa 280. It consists of a heavy
chain of 50-58 kDa, and a light chain of 14-15 kDa, and it has a Soret band at 412 nm 188.
Studies on the amino acid composition of EPO showed that it had a high content of arginine, leucine,
and aspartic acid 188, 280 , and an isoelectric point greater than 11 280. Carbohydrate is associated only
with the heavy chain, and although the light chain is homologous with the MPO light chain, they are
distinct 1322.
In 1987, the partial N-terminal amino acid sequence of the smaller 14.45 kDa unit of peroxidase was
shown to have a unique sequence of: ?-?-Ser-Asp-Lys-Try-Arg-Thr-Ile-Thr-Gly-?-?-Asn-Asn-Glu?-?-Pro-Leu-... The larger chain was 49.250 kDa 1906. So far neither component has been fully
sequenced.
The haem prosthetic group in human EPO has been studied in detail 188 1622. This work showed that
EPO is closely related to horseradish peroxidase, lactoperoxidase, and intestinal peroxidase, and
unrelated to catalase.
No studies have been done to see whether EPO alters its antigenicity, or size when it is secreted from
eosinophils.
3.7.10.4. Assays for EPO.
Semi-quantitative measurements of EPO concentrations have been made for many years by enzyme
cytochemistry. Quantitative assays for EPO are either enzymatic, which have the disadvantage that
EPO loses its activity relatively easily, or based on immunoassays with antibodies, which have the
disadvantage that EPO can bind nonspecifically to surfaces, because of its basicity. Eosinophils
contain 15 ug EPO /106 eosinophils 280.
EPO is commonly assayed by its ability to oxidize guiacol, or p-phenylenediamine with H2O2. EPO
is markedly inhibited by 3-amino-1,2,4-triazole, unlike myeloperoxidase, so that the two enzymes
can be assayed when mixed together 365. Conversely, EPO can be assayed when MPO has been
inhibited 192.
The histochemistry of human EPO has been studied extensively, see: 750. EPO can be distinguised
from myeloperoxidase because EPO is less easily inhibited by KCN in cell smears, and sections.
However, as MPO in neutrophil promyelocytes is less easily inhibited than blood neutrophil MPO,
this can cause some difficulties with marrow samples 1226.
A radioimmunoassay for EPO has been developed, with a specific rabbit antibody 280. A monoclonal
antibody to rat EPO has also been made, and used in immunocytochemical studies 944.
A mouse monoclonal antibody has been produced, which binds to human EPO, and which has
demonstrated the presence of large amounts of EPO in lymph nodes of patients with nodular sclerosing
Hodgkins disease 1545.
3.7.10.5. The localization EPO in eosinophils.
Human, and animal EPO is localized to the matrix of eosinophil crystalloid granules 100, 520, 949, 1963.
Lesser amounts are found in the small granules. Quantitation of the peroxidase-reaction product in
ultrathin sections of murine eosinophils, has been carried out by electronmicroscopy using a platinum technique 412. EPO deficient human eosinophils have a thin matrix layer in electronmicrographs
1060
.
3.7.10.6. Functional properties of EPO.
EPO has the property of catalyzing the formation of HClO- ions, and H2O 2. It has been mainly

studied for its capacity to act in the presence of hydrogen peroxide, and a halide as a cytotoxic
effector system. This is a potent mechanism for killing some parasites, bacteria, tumour and cells in
vitro. In addition to this effector role, it can diminish the effector roles of inflammatory cells, by
breaking down LTC4. It does not cause the Gordon phenomenon.
The principal role of EPO is to oxidize substances, by a catalytic action with H2O2, which is also
generated by eosinophils 975, 977. In the presence of iodide 1412, 1209, bromide 1902, or chloride 890, this acts
as a potent mechanism for killing a variety of organisms. EPO has a different pH optimum from
MPO 1919.
The EPO, H2O2, halide system is directly toxic to a number of parasites including schistosomula 892,
T. spiralis newborn larvae 130, Toxoplasma gondii 1089, and T. cruzi 1283. EPO can also augment the
capacity of neutrophils to kill schistosomula in vitro 889. EPO is also able to kill newborn larvae of T.
spiralis by generating HClO- ions, although it is less efficient than MPO in generating hypochlorite
ions 259.
In 1965, G.T. Archer found that purified rat EPO caused mast cells to disrupt in vitro 57. This was
confirmed in 1984, and studied by scanning electronmicroscopy 315. In 1980, a similar process was
seen using human EPO 778, with the additional finding that a complex of EPO with mast cell products
was more effective than EPO alone. Unfortunately there are no studies on whether EPO can cause
mast cell degranulation, or disruption in vivo. EPO has been found to attach to the surface of
isolated rat mast cell granules, where it retained its enzymatic properties 781.
EPO appears to be able to arm macrophages, so that they become more effective in killing staphylococci 1475, toxoplasma 1089, and trypanosoma 1283.
In a study reported in 1987 on the uptake of EPO by human neutrophils, it was found the the enzyme
was internalized, and held in microvesicular bodies. This did not occur with MPO 1990. It is not
known whether the uptake of EPO is a method for removing this potentially toxic molecule, or
whether it increases the effector functions of inflammatory cells.
EPO can bind to neoplastic cell lines cells in vitro. This makes these cells susceptible to macrophage-mediated cytolysis, in the presence of H2O2 which is released from macrophages after contact
with the coated cells 1266.
Under certain conditions, EPO, like other peroxidases, can inactivate the leukotrienes LTB4, LTC4,
and LTD4 782. Its action on LTC4 is to produce biologically inactive isomers of LTB4 679, and other
molecules 1799.
3.7.11. Other cytoplasmic granule constituents.
Many different lysosomal enzymes, and other components have been characterised in human blood
eosinophils.
3.7.11.1. Phosphatases.
Large amounts of acid phosphatase have been extracted from human eosinophils, but in unstimulated
eosinophils this enzymatic activity is masked, although the enzyme can be demonstrated with antibodies 77. In 1966, cytochemical electronmicroscopy of normal human eosinophils showed that acid
phosphatase was not detectable in granules containing cores, but was found both in the specific
granules which did not possess crystalloids, and in small granules 520, 639.
In 1980, Bass, and colleagues noted that only eight per cent of granules in blood eosinophils from
normal individuals stained for acid phosphatase, when assessed by cytochemical electronmicroscopy,
whereas in patients with an eosinophilia, 49 per cent stained. The percentage stained could be
increased by stimulating normal eosinophils with opsonized staphylococci, or the calcium ionophore
A23187 127. They studied the activation of this enzyme in detail, and showed that it occurred rapidly
128
. However it is not known whether activation is due to an alteration in the permeability of granule
membranes, dissociation of the enzyme from a glycosaminoglycan backbone, or some other mechanism.
3.7.11.2. Proteases, collagenase, and elastase.
Although neutrophils contain a potent collagenase, and this enzyme had been described in rat 134,

and guinea pig eosinophils 794, it was not until 1984 that human eosinophils were also shown to
contain an enzymatic activity which degrades collagen 409. In this study, extracts of human eosinophils
were shown to degrade collagen types 1, and 3. Some experiments suggested that the collagenase
was different from neutrophil collagenase which cleaves type I collagen preferentially. This paper
also showed that guinea pig eosinophil granule extracts contained a masked collagenase, which
was only revealed after trypsin treatment. Unlike macrophages, and neutrophils, eosinophils were
shown not to contain elastase, or other types of nonspecific neutral protease.
3.7.11.3. Arylsulphatase B.
Eosinophils possess more arylsulphatase activity than other leukocytes, and it is present in the granules in an inactive form 100, but the enzyme is active in small granules, most commonly in tissue
eosinophils. In 1980, arylsulphatase B was purified from human eosinophils,and shown to have a
molecular weight of about 60 kDa, and a pH optimum of 5.7, which is characteristic of type II
arylsulphatase.It was suggested that it was involved in the catabolism of proteoglycans, and
glycosaminoglycans 1917. In 1983, further work showed that it probably had a four-subunit structure,
with a minimum molecular weight of 70 kDa. Its variable activity could be accounted for by changes
in the association of its subunits 1907.
Arylsulphatase B is inactivated by LTC4 in vitro 1910. Suggestions, which were made between 1974
and 1976, that eosinophil arysulphatases could break down SRS-A 1334, 1884, 932 are incorrect. This
activity was due to the presence of contaminants in the arylsulphatase preparations 1359. In 1981 the
content of arylsulphatase B in eosinophils was assayed, and shown to alter during the eosinophilia
which occurred when bancroftian filariasis was treated with diethyl carbamazine 1916.
3.7.11.4. Histaminase.
Histaminase (diamine oxidase), and histamine methyltransferase are the only constituents in
granulocytes which degrade histamine in man. They have been shown to be secreted from human
blood neutrophils after incubation with opsonized zymosan, or the calcium ionophore A23187 1994.
Eosinophils possess an histaminase, but this is present in smaller amounts than in neutrophils 1995,
although greater activity has been found in eosinophils from patients with an eosinophilia 789.
Eosinophil histaminase secretion has been studied by Colten, and colleagues in Boston, U.S.A., who
compared it with the secretion of histaminase from neutrophils 790. A number of differences were
found. Histaminase, and arylsulphatase were only secreted from purified blood eosinophils when
they had phagocytosed C3b-, or cobra venom factor-coated particles, whereas attachment to C3bparticles was sufficient to stimulate neutrophils. Cytochalasin B inhibited the release of histaminase
from eosinophils, but increased neutrophil secretion. Components of the alternative pathway of the
complement system also appeared to be required to induce eosinophils to secrete, as it did not occur
when serum was depleted of factor B.
3.7.11.5. Phospholipase B, and D.
It is not known whether human eosinophils contain phospholipase B, although this enzyme has been
found in eosinophils in other species, including the rat, and horse. Phospholipase D was isolated
from human eosinophil granules in 1976 917. In 1980 it was shown to be able to liberate 0.3 nmol
choline/hour/5 x 106 eosinophils, which is ten times more than neutrophils. It had a molecular
weight of 60 kDa 1917. This enzyme is also able to degrade PAF-aceter.
3.7.11.6. Catalase.
Human eosinophils contain catalase, which has been localized by immunoelectronmicroscopy 842.
3.7.11.7. Nonspecific esterases.
Eosinophils contain nonspecific esterase activity 1232, which is associated with the membranes of
eosinophil granules, mitochondria, rough endoplasmic reticulum, and perinuclear cisternae 1074.
3.7.11.8. Vitamin B12 binding proteins.
A vitamin B12 binding protein has been found in eosinophils 1150. In 1984, measurements were made
of serum unsaturated B12 binding proteins in nine patients with an eosinophilia, four of whom had
HES. The serum B12 levels, and/or the unsaturated B12 binding capacity were markedly raised in

all of them 2002. In a further three patients with HES studied in India, normal levels of B12 binding
proteins were found 640.
3.7.11.9. Fibroblast growth factors.
Fibroblast growth factors have been described in supernatants, and cultures of many different cell
types 1770. The eosinophil appears to be no exception. Take has unpublished work showing that
sepharose-C3b stimulated human blood eosinophils released fibroblast growth-stimulatory factors
of molecular weight 30-50 kDa. In 1987, Pincus, and colleagues in Boston, U.S.A., detected a
similar activity in human, and guinea pig eosinophils 1418. It was suggested that this might explain the
occurrence of fibrosis in some lesions where eosinophils are found.
3.7.11.10. Glycosaminoglycans.
Glycosaminoglycans (acid mucopolysaccharides) have been demonstrated within the granules of
immature, but not mature rat, and guinea pig eosinophils 1256.
3.7.11.11. Metals.
A number of heavy metals are present in eosinophils 1405. These include zinc, copper, manganese,
magnesium, cobalt, and iron. They are probably bound through nitrogen ligands, especially the
amine, and imidazole groups of basic amino acids. The precise localization of zinc in eosinophils
remains to be established. It could be determined by electronprobe scanning electronmicroscopy. It
is not an integral part of lysophospholipase 1914, as was considered at one time. However in 1980 it
was found with isolated ECP at 2.5 moles of zinc/mole protein 1850, so it is presumably a granule
matrix constituent.
3.7.12. The Charcot-Leyden crystal protein.
An unexplained feature of human eosinophils is the presence of large amounts of lysophospholipase
(lysolecithin acylhydrolase, EC 3.1.1.5, or Charcot-Leyden crystal protein, CLC protein) in
eosinophils, and in sites where eosinophils have degranulated, where it forms into characteristic
bipyramidal crystals: Charcot-Leyden crystals.
3.7.12.1. Biosynthesis.
In 1986, murine eosinophils were found to contain more lysophospholipase after culture with T
cells, and macrophages with antigen,than when cultured alone, suggesting that cytokines could
induce eosinophils to synthesize this protein 19. The biosynthesis of CLC protein was studied in
1987, in human blood eosinophils, and HL-60 cells after culture for 20, and 4 hours respectively,
using 35S-methionine. The newly synthesized labelled protein was found to be post-translationally
modified by covalent attachment to myristic acid 13.
3.7.12.2. Purification,and structure of EPO.
A method for preparing large amounts of CLC protein was reported in 1980 8. In the mid-1970s the
CLC protein began to be studied at the Mayo Clinic, U.S.A., and several of its biochemical characteristics were defined: it was shown to be a single hydrophobic polypeptide chain of 117-119 amino
acids, with 18-19 residues of glutamic acid, 12 of valine, six residues of arginine, and 1.2 per cent
carbohydrate. Later it was shown to have one sulphydryl group 665. It could be solubilized at
neutral pH after freeze drying, and had a pI of 5.7-5.1. and an apparent molecular weight of 13 kDa
8
. This molecular weight was subsequently revised to 17.4 kDa in 1984 1909. CLC protein gave rise
to several bands on electrophoresis in polyacrylamide gels, and isoelectric focusing, but
immunoprecipitation with antibodies, and electrophoresis in SDS-polyacrylamide gels showed only
one band.
3.7.12.3. Charcot-Leyden crystals.
In vivo, lysophospholipase forms into characteristic bipyramidal crystals, with a hexagonal cross
section in tissues, sputum, and faeces where many eosinophils have accumulated, and degranulated,
and within eosinophils themselves. They can also be induced to form in vitro, using whole eosinophils,
or purified lysophospholipase.
Robin first described these crystals in Paris, France in 1853, in the heart blood, and spleen of a
patient with a leukaemia, being looked after by Dr. Charcot 306. In 1872 Leyden noted them in the

sputum of a patient with asthma 1072. Since then, Charcot Leyden crystals have been seen in the
tissues of patients with a wide range of other diseases 142, including eosinophilic pneumonia 906,
pulmonary ascariasis, tropical eosinophilia, ulcerative colitis, HES 452, eosinophilic granuloma, histiocytosis X 905, pemphigus vegetans 1018, and pleural effusions of diverse causes 1268. Their presence
is believed to show sites of extensive eosinophil inflammation.
Experimental work on crystals from eosinophils began in 1922, when eosinophils from a patient
with hypereosinophilia were seen to form crystals after incubation at 37o. These were soluble in hot
water, 2 per cent acetic acid, and sodium hydroxide 1172. Charcot-Leyden crystals were shown to
consist of a small protein in 1956 228, and 1962 813. In 1963 G.T. Archer, and Blackwood isolated
blood eosinophils from a patient with 32.4 x 109/L eosinophils. After the cells had been left for 1-2
days in a refrigerator, Charcot-Leyden crystals were found to be present. Basophils which were
suspended in hypotonic solutions also formed Charcot-Leyden crystals within two minutes. The
crystals appeared in the cytoplasm, and granules after the cells, and their nuclei had become swollen.
They also found that Charcot-Leyden crystals could be formed from protein extracts of eosinophils,
and that they were soluble in acid solutions 54. In 1971, it was noted that these crystals could form
within the crystalloid granules, and electronmicrographs suggested that they formed by a rearrangement of the crystalloid constituents 502. This is probably untrue, as the crystalloid consists only of
MBP.
CL crystals also form in vitro, when either eosinophils, or basophils have been left in hypotonic
solutions, or after they have been treated with detergents. In tissues, although most crystals are
probably derived from degranulated, or lysed eosinophils, it has also been shown that they can form
in intact eosinophils. For example, an electronmicrograph which was made in 1980 of a bone
marrow eosinophil promyelocyte showed a CL crystal within the cell 2007.
The persistence of CL crystals in tissues is probably due to their resistance to proteolytic digestion,
and they may continue to function as lysophospholipases in the crystalline form 1917. They are soluble
in alcohol, and so leave characteristic spaces in conventionally processed tissue sections.
3.7.12.4. Assays for CLC protein.
A radioimmunoassay for CLC protein, using a rabbit antibody, was described in 1980 8, and 1983 12.
Eosinophils contain more than two, and a half times the amount of lysophospholipase as mononuclear cells, and eight times as much as neutrophils 1917. Initial work on the CLC protein in eosinophils
suggested that it was only present in the plasma membrane, and not in granules, or cytoplasm 1917.
This seems to be unlikely, as CL crystals have been seen to form within granules in vivo, and in vitro,
as described above. Normal human serum contains 37 ng/ml of CLC protein. High levels have been
found in patients with raised blood eosinophil counts due to many different diseases (over 8 ug/ml in
some patients). In these patients, the CLC protein levels were over twice as high as serum MBP
levels 8. Levels correlated (a) with peripheral blood eosinophil counts both in normals, and patients
with an eosinophilia, and (b)with serum MBP levels. There was also a suggestion that CLC protein
might exist in several forms in serum 10.
3.7.12.5. Functional properties of CLC protein.
There is still no clear explanation for why eosinophils should contain so much lysophospholipase, or
why it should be released from eosinophils to accumulate to form the characteristic crystals. Initial
work on the CLC protein in 1976, showed that it did not alter vascular permeability, contract guinea
pig ileum, or antagonize the effects of bradykinin, or histamine 665, and it does not cause the Gordon
phenomenon.
In 1980 Weller, and his colleagues in Boston, U.S.A., first showed that the CLC protein had
lysophospholipase activity 1914, and that purified lysophospholipase formed into CL crystals 1914.
Evidence to support the identity of the CLC protein, and lysophospholipase includes (a) that they
both have this enzyme activity, (b) that they comigrate on SDS polyacrylamide gels, (c) that they
have antigenic identity 1908, (d) that they have the same Michaelis constant, (e) that they have an
identical aminoacid composition, with blocked terminal amino acids, and (f) that they are identical

with faecal CLC protein. CLC protein contains a single cysteine residue, and it may make up 10 per
cent of the total proteins in eosinophils 1909.
It is possible that lysophospholipase protects eosinophils from the toxic effects of lysophospholipids
1917
, which have been shown to produce structural alterations in human eosinophils 1741, or from toxic
products released by parasites, or from metabolites generated in the plasma membrane itself, such as
PAF-acether which would otherwise damage the cell.
It is also possible that CLC protein is involved in parasite killing. This has been suggested by
Adewusi, and colleagues, who have been studying lysophospholipase activity in mice infected with
T. spiralis. They showed that anti-thymocyte serum reduced the eosinophil response, and the tissue
lysophospholopase activity in the tissues of infected mice. As the cuticle of T. spiralis contains
phospholipids, it was suggested that lysophospholipase might have a hydrolytic action on the parasite cuticle 21, 20, but this has not yet been tested directly.
3.8. Eosinophil metabolism in resting, and stimulated eosinophils.
Much of the work on human eosinophil metabolism has been carried out with blood eosinophils
isolated from patients with a marked eosinophilia, especially patients with HES. As recent work has
shown that the metabolism of eosinophils can vary considerably from the resting to the stimulated
stage, it has proved difficult to make relative assessments of the amount of glucose, oxygen and
other compounds utilized by eosinophils in normal, and diseased states. However, measurements
made by several groups show that eosinophils have a remarkably high capacity to develop a respiratory burst, to generate oxygen radicals, to metabolize glucose anaerobically, and generate large
amounts of leukotrienes, and other products of arachidonic acid metabolism. Much of the energy
for this work is stored in ATP, which is the principal nucleotide in eosinophils 414.
3.8.1. Glucose metabolism.
Blood eosinophils metabolize glucose. When blood samples containing about 100 x 109/L eosinophils
were left without sodium fluoride, plasma glucose concentration fell from 140 to 5 mg/dL within
three hours 1051. When eosinophils are stimulated to produce a respiratory burst, there is a marked
increase in glucose metabolism. This has been shown with radiolabelled glucose molecules, most of
which are metabolized through the hexose-monophosphate-shunt.
In comparison with neutrophils, blood eosinophils in the resting state oxidize five times more 14Cglucose, incorporate five times more (125)iodide, and contain six times more NADPH oxidase.
They have a comparable capacity to reduce nitroblue tetrazolium salts. Similar differences have
been shown between blood eosinophils, and neutrophils when they are subjected to phagocytic
stimuli. Eosinophils oxidized seven times more 1-14C glucose under these conditions. Nitroblue
tetrazolium reduction, 125I incorporation, and chemoluminescence were two times greater, whereas
superoxide anion production was similar to neutrophils 427.
In tissues, eosinophils may have an even greater capacity to oxidize glucose when they have been
activated. This possibility was first suggested in 1977, when peritoneal eosinophils from a 14-year
old boy with eosinophilic gastroenteritis were isolated, and shown to have a marked increase in
hexose monophosphate shunt activity, H 2 0 2 formation, superoxide anion generation,
chemoluminescence, thyroid hormone degradation, iodination, and oestrogen binding, as a result of
ingesting particles. This metabolic burst following endocytosis was greater than for neutrophils 975.
In 1972 the capacity of human eosinophils to oxidize glucose was studied using blood eosinophils
from six patients with an eosinophilia. In unstimulated eosinophils the oxidation of 1-14C glucose, 614
C glucose, and 14C fumarate was greater in eosinophils than in a comparable number of neutrophils.
When the cells were induced to phagocytose particles, the oxidation of both 1-14C glucose, and 6-14C
glucose was also stimulated more in eosinophils than neutrophils 1207.
The carrier-facilitated transport of hexoses into blood eosinophils has been measured with 3H 2deoxyglucose. It was three times higher in eosinophils from patients with an eosinophilia, and it
could also be increased by stimulating the cells with zymosan activated serum 127, and other chemotactic factors 131. The addition of arachidonic acid, or its lipoxygenase products 5-HETE, and 11-

HETE induced an increase in labelled deoxyglucose uptake into human eosinophils. Inhibitors of
this pathway reduced the deoxyglucose uptake of blood eosinophils from patients with an eosinophilia. These results suggest that lipoxygenase pathway metabolism, and hexose transport are
closely interrelated in eosinophils 126.
In 1980 measurements were made of the hexose monophosphate shunt activity using the metabolism of 1-14C glucose to 14CO2 in normal blood eosinophils. Unstimulated eosinophils had the same
activity as neutrophils, but whereas it was not significantly increased by stimulation of normal
eosinophils, it increased seven to tenfold in eosinophils from patients with an eosinophilia 127.
3.8.2. Oxidative metabolism.
The capacity of eosinophils to respire is well known, and appropriately stimulated eosinophils produce a marked respiratory burst. This was first shown with eosinophils from the blood of patients
with an eosinophilia.
3.8.2.1. The respiratory burst.
In 1983, a comparison study was reported on the oxygen uptake of blood eosinophils from five
patients with malignant eosinophils, and six with a reactive eosinophilia 373. This showed that malignant eosinophils had a greater respiratory burst in response to latex beads, or antibody, and complement-coated bacteria. No difference was found in their response to antibody coated bacteria, or
immune complexes. In 1987, it was found that purified human blood eosinophils stimulated with
PMA consumed twice as much oxygen as neutrophils from the same individuals. Zymosan-C3b
gave a 70 per cent oxidative response. The bacterial-derived stimulus formyl methionyl-leucinephenylalanine (fMLP), and the calcium ionophore A23187 induced only a small response 1969. However fMLP-stimulated eosinophils produced a marked respiratory burst after incubation with PMA,
or opsonized zymosan, which was twice as great as neutrophils, and more prolonged 1400.
The capacity of eosinophil granule-free membrane-bound cytoplasm (eoplasts) to utilize oxygen
was 20 per cent of the intact cell. However, after stimulation with A23187, they consumed more
oxygen than the intact cell. This method for preparing granule-free cytoplasmic particles enables
experiments to be carried out which compare the properties of granule constituents, and other cytoplasmic components 1969.
3.8.2.2. Chemoluminescence.
The remarkable capacity of stimulated blood eosinophils to produce chemiluminescence has been
repeatedly confirmed. fMLP was twice as effective as LTB4 in producing this effect 1355. In a study
from Wisconsin, U.S.A., in 1985, eosinophils were found to be as effective as neutrophils in producing luminol-dependent chemoluminescence, and superoxide generation, after stimulation with opsonized zymosan, and twice as effective as neutrophils after stimulation with PMA 1621. Blood
eosinophils from patients with allergic rhinitis produced more luminol-dependent chemoluminescence
in response to opsonized-zymosan, and PMA than normal, and the response was greatest when the
patients symptoms were worst 1620.
In 1984, work in Lille, France, showed that light density eosinophils from the blood, and tissues of
patients with an eosinophilia had reduced PMA-induced chemoluminescence 1453. Other groups
have found the opposite: that light density eosinophils are activated, and respond with a greater
production of luminol-dependent chemoluminescence. For example the lighter density cells in patients with HES, and symptomatic asthma, have a greater capacity to develop chemoluminescence
with PMA, and PAF stimulation, than intermediate, or normal density eosinophils from patients with
asymptomatic asthma, or atopy (Chanez,P. et al 1987, personal communication).
3.8.2.3. Reactive oxygen species.
The respiratory burst in eosinophils is accompanied by the release of potentially toxic oxygen
metabolites 94, including the superoxide anion O 2- 1041, and H2O 2 1413. The amount of superoxide
anion produced by eosinophils from two patients with an eosinophilia, three hours after stimulation
with opsonized zymosan, was twice the amount produced by neutrophils from normal individuals
1757
. Superoxide production was greater than normal in blood eosinophils from individuals with

experimental hookworm infection 1925, suggesting that superoxide formation increases in activated
blood eosinophils. The respiratory burst is produced by an enzyme system which oxidizes NADPH,
and reduces molecular oxygen to superoxide. The enzymes which do this are present in large
amounts in eosinophils 425. Cytochrome b-245, which is important in this process, has been shown to
be present in the plasma membrane of human blood eosinophils 1586.
3.8.3. Unsaturated fatty acid metabolism.
Eosinophils can be distinguished from neutrophils by their marked capacity to produce large amounts
of leukotriene C4 (LTC4), and D4 (LTD4), whereas neutrophils preferentially synthesize leukotriene
B4 (LTB4). The importance of this is that LTC4 can cause bronchoconstriction, alterations in
vascular permeability, and tone, and increased mucus secretion in man.
3.8.3.1. 15 lipoxygenase pathway products, HETEs.
The ability of human eosinophils to generate 15-HETE was first shown in 1982 1800, and in murine
eosinophils in 1983 1801. This occurred when the eosinophils were stimulated in cultures containing
arachidonic acid, which diverts synthesis away from LTC4 synthesis. In a study reported in 1987 on
arachidonic acid metabolism in collagenase-separated polyp eosinophils, the main metabolite was
15-HETE 1649. Although the functions of HETEs from eosinophils are unknown, it has been shown
that 15-HETE can act as an internal regulator of 5-lipoxygenase activity, reducing the amount of
LTC4 secreted after stimulation of human blood eosinophils 220.
3.8.3.2. Leukotrienes.
Resting blood eosinophils do not synthesize significant quantities of leukotrienes. However when
they are stimulated by the calcium ionophore A 23187, or opsonized zymosan, they make large
amounts of LTC4. The capacity of stimulated horse eosinophils to produce leukotriene C4 was first
reported in 1982 893, and 1983 1998. Similar findings were made in 1983 using human eosinophils 1915,
where 38 ng LTC4/106 eosinophils was produced after stimulation with A23187. The amounts of
LTC4, and LTB4, and 15-HETEs produced by human eosinophils has been found to depend on the
amount of arachidonic acid available to the cells to convert into these metabolites779. It has been
suggested that 15(S)-HETE is the monohydroxy acid which leads to the preferential synthesis of 15HETE 224.
LTC4 secretion by human eosinophils was also reported from Holland in 1984 1855. In this study it
was found that 87 per cent pure blood eosinophils secreted nearly 40 x 106 LTC4 molecules / cell,
after stimulation with 10 uM A23187. Only small amounts of LTB4 were made by stimulated blood
eosinophils. On the other hand, neutrophils made large amounts of LTB4, and only small amounts of
LTC4 1855.
In 1985 it was reported that light density eosinophils secreted more LTC4 than normal density
eosinophils 902. In another study in 1987, it was found that this was also true when the cells were
stimulated with zymosan-C3b, but not A23187 921.
It has been suggested that LTC4 from eosinophils may be an important bronchoconstricting agent in
late phase asthmatic reactions where eosinophils are often found 220. LTC4 has also been shown to
induce mucus secretion from human lung cells in vitro 1157. The stimulation of eosinophils to produce LTC4 has been shown to involve an initial transient intracellular accumulation of biologically
active LTC4, extracellular release, and the apparent limitation of oxidative metabolism to the outside of the cell 1347. The properties of LTC4,and other products of arachidonic metabolism were
reviewed in 1987 by Austen 81. The main effect of LTC4 is to cause the contraction of vascular, and
nonvascular smooth muscle. It also produces a wheal, and flare when injected intradermally in
normal people.
A number of different stimuli have been shown to be able to induce human blood eosinophils to
secrete LTC4. However there is no good comparative study of their efficacy, and there is no consensus on whether only a few stimuli 1855, or many stimuli have this effect. There is also no study
showing that eosinophils make LTC4 in vivo. The range of stimuli which induce LTC4 secretion
include:

- the calcium ionophore A23187, which has been one of the standard stimuli for producing this
response, since it was first reported in 1983 1915. In 1987 it was shown that another effect of A23187
was to induce eosinophils to make lipoxin A: 5(S), 6(R),15(S)-trihydroxy-7,9,13-trans-11-ciseicosatetraenoic acid1590.
- opsonized zymosan 220, 223.
- fMLP, 1604.
- PAF-acetHer 223.
- IgG complexes on the surface of beads 1604, 371.
- eosinophil activating factors.
The capacity of normal (but not light density) eosinophils to secrete LTC4 was increased when they
were incubated with partially purified eosinophil activating factor (EAF) 571, and this effect was also
shown when Ig-coated particles were used instead of complement-coated particles,or A23187 570.
After addition of the eosinophil cytotoxicity enhancing factor (ECEF), (a 1:3 dilution of LPS-stimulated blood mononuclear cell culture supernatants), to human blood eosinophils, additional LTC4
was made when the calcium ionophore was added. However, this effect varied considerably between different individuals, and it never reached more than 140 ng/106 eosinophils. Preincubation in
the factor for 1-2.5 minutes was essential for this enhancement, and it was abolished by washing the
cells. Although the responses were variable, and small, it was suggested that activation with this
factor might be an important mechanism for affecting inflammatory responses 441. Tumour necrosis
factor (TNF) had no effect on A23187-induced secretion of LTC4 1627.
Leukotriene production by eosinophils was suppressed by E-prostaglandins (PGE), stimulators of
adenylate cyclase, and phosphodiesterase inhibitors. The importance of this in relation to the treatment of asthma was discussed in 1987 1011.
3.8.3.3. Prostaglandins, and thromboxanes.
It was first shown in 1975 that human eosinophils could secrete prostaglandins E1 (PGE1), and E2
(PGE2) 823. It was not until 1986, that prostaglandin synthesis by eosinophils was examined again.
This was a study on the capacity of human peritoneal fluid eosinophils to secrete thromboxane B2
(TXB2), PGE2, and 6-keto-prostaglandin F1 (6-keto-PGF1). The basal release, and A23187 stimulated release of TXB2 was greater than PGE2 release. There was very little 6-keto-PGF1 release.
When TXB2 release was inhibited, there was a corresponding increase in PGE2, and 6-keto-PGF1
secretion 583. Stimulated guinea pig eosinophils, and neutrophils also released PGE2, but in quantities which were too small to inhibit mast cell degranulation 1242.
3.8.3.4. Platelet activating factor.
Platelet-activating factor, which is also known as PAF, PAF-acether, AGEPC, and 1-O-akyl-2-acetyl
sn-glycero-3-phospho-choline, is an inflammatory mediator with a wide range of biological activities. It was first identified in 1972 in supernatants from basophils stimulated with antigen. Its main
effects are to cause bronchoconstriction, platelet, and neutrophil activation, and inflammation. It is
produced by many different cell types, including eosinophils, but on a cell basis, eosinophils are
probably the most potent. Although normal density blood eosinophils release less than 5 pg PAFacether, light density blood eosinophils produced 100 ng/106 cells after stimulation with the calcium
ionophore A23187 1049, 898. It is puzzling feature that eosinophils are also strongly stimulated by
added PAF-acether in vitro, but it is not known if eosinophil-derived PAF-acether can act as an
autocrine molecule.
3.8.4. Protein synthesis.
Although there has been some interesting work on the synthesis of the individual granule proteins in
bone marrow eosinophils, there is little information of the possible biosynthetic capacity of more
mature eosinophils. This may be due to the dogma that blood eosinophils are end cells, which
simply deliver their preformed constituents to tissues. In 1978, it was found that3H-uridine, and 3Hleucine were taken up by mature bone marrow eosinophils after one hour culture, and the label
localized on the surface of crystalloid-containing granules 1930.

In 1987, studies in Boston, U.S.A. showed that when blood eosinophils were incubated with 35Smethionine, radioactivity was incorporated into a 43 kDa protein within 30 minutes, and this was
maximal at four hours. Three other proteins of molecular weights 24, 46, and 60 kD were synthesized when the cells were stimulated with opsonized zymosan. Surprisingly, fMLP, A23187, and
PMA did not induce new protein synthesis. It was suggested that changes in the functions of
eosinophils may be affected by alterations in protein synthesis 1472. These findings suggest that
measurement of the biosynthetic capacity of mature blood eosinophils could be an important area
for future study, using the conditions which maximize the survival, and responsiveness of eosinophils
in culture.
3.8.5. Proteoglycan synthesis.
The presence of carbohydrates in eosinophils has been demonstrated with fluorescent lectin markers
in 1980. Sialic acid, galactose, and mannose were localized to the plasmalemma, cytoplasm, nuclear
membrane, and granules, like basophil granules, although neutrophil granules did not stain 1713.
Complex carbohydrates have also been identified in immature granules in human bone marrow
eosinophils by cytochemistry, and autoradiography. Mature granules were not stained by these
methods 1364. Cultured blood eosinophils have been shown to incorporate labelled sulphate into
complex glycosaminoglycans. They contained 70-81 per cent chondroitin 4-sulphate, 9-12 per cent
chondroitin 6-sulphate, and 5-12 per cent dermatan sulphate 1198. Chondroitin 4-sulphate is also
found in human neutrophils, and platelets.
4. Chapter A 04. The eosinophil cell membrane, and receptors.
The eosinophil cell membrane has a number of important features which set it aside from other cell
membranes, although it has many characteristics in common with neutrophils, and other cells. The
cell surface charge of normal human blood eosinophil is 2.45 +- 0.03 umoles/sec/volt/cm, compared
to 1.98 +- 0.01 for neutrophils. This charge is lower in blood eosinophils from patients with an
eosinophilia, and it can also be reduced by incubation in zymosan-activated serum 127.
4.1. Scanning electronmicroscopy.
Scanning electronmicrographs (SEMs) have been published of blood eosinophils from patients with
hypereosinophilia, but these show no features to distinguish them from blood neutrophils, and
lymphocytes. Some cells appeared to be relatively smooth, some had small projections, and others
had ridges characteristic of secretory cells 1428. I have seen some blood eosinophils in SEMs, which
appeared to bud off small amounts of their plasma membrane. Eosinophils also have the capacity to
send out long cytoplasmic projections on glass surfaces. There may be crystalloid granules at the
tips of these projections. The nature of the processes, and the factors which cause them to be
produced have yet to be determined. Their formation must be energy-dependent, and require new
membrane synthesis.
The SEM appearances have also been described of the surface of eosinophils on glass smears made
from blood from normal cattle. The bulges made in the cell surface by underlying large granules
enabled the cells to be recognized easily 1403.
SEM studies of the surface of rat peritoneal eosinophils has shown two types of projection: fingerlike microvilli, and flattened, and ridge-like projections 1407.
4.2. Freeze-fracture studies on eosinophil membranes.
Freeze-fracture studies on human eosinophils have been done, both with eosinophils from patients
with an eosinophilia, and in in vitro studies on eosinophils secreting onto the surface of the
schistosomula of S. mansoni. Studies on blood eosinophils from three patients with a marked nonleukaemic eosinophilia showed that there were more intramembranous particles in the outer face of
the plasma membrane, than in the inner face, and that the particles in the membranes of the crystalloid granules, were larger: 80-150A. Aggregates of particles were not seen 463.

A freeze-fracture study on peritoneal eosinophils from Am-1(2)/Tor rats found that there were few
intramembranous particles in the plasma membrane compared to other similar cell types (706 and
549/um2 in the P and E faces respectively), but there were many in the membrane of the specific
granules (1720/um2 in the P face) 1407. The significance of this is not known.
In 1987, freeze-fracture photographs were published of human blood eosinophils stimulated with
the calcium ionophore A23187, and opsonized zymosan. This showed aggregates of intramembranous particles, and the formation of membrane pits 780. Similar intramembranous particles had been
seen in the freeze-etch studies on human eosinophil granules in 1975 235.
4.3. Membrane proteins.
The plasma membrane of eosinophils contains many components, such as 5' nucleotidase, which are
also found in the plasma membranes of other inflammatory cells. Studies on the membrane proteins
which can be labelled with 125I, or which bind antisera, show that they are most closely related to
neutrophils in these respects, despite having a separate lineage. The proteins in the plasma membrane of murine peritoneal eosinophils were studied in 1980, using partially purified cells from BALB/
c mice infected with M. corti. 125I bound to an eosinophil membrane protein of molecular weight 79
kDa, and to four other proteins larger than 50 kDa. A 90 kDa component (a major constituent of
mouse neutrophil plasma membranes), was not present 233.
Membrane components are important in the interactions between eosinophils, and normal tissue
components, and foreign molecules which induce them to spread out, and degranulate. A summary
of the main immunological receptors on eosinophils is shown in Figure A04-1. The molecular basis
for eosinophil attachment to particLes, and surfaces is not known. The complement, and immunoglobulin receptors are clearly important, but other structures are also involved. This was suggested in experiments in which human eosinophils were found to attach to albumin-coated Sepharose
beads, and microtitre plates, to a greater extent than neutrophils 1943.
Fig. 4-1: Eosinophil plasma membrane receptors.
4.3.1. Immunoglobulin, and complement receptors.
As eosinophils mature in the bone marrow, they lose Ia antigens 988, and gain complement receptors
(CR), and immunoglobulin receptors (FcR), which are most strongly expressed in stimulated, and
activated eosinophils. Blood eosinophils from normal individuals bind immunoglobulins relatively
poorly compared to neutrophils, and they generally express less CR than neutrophils, and monocytes.
This may be partly the result of masking of receptors by sialic acid containing membrane glycoproteins,
as neuraminidase treatment leads to the increased expression of Fc-receptor binding capacity by
normal blood eosinophils. There is also evidence that eosinophil CR are recycled, (perhaps through
coated pits), although this has not been formally demonstrated. We considered this possibility in1976,
after finding that CR were re-expressed within 30 minutes of digestion of these receptors from the
surface of human blood eosinophils with proteolytic enzymes.
Normal blood eosinophils do not have IgM receptors 1340, although IgM binding to eosinophils can
be induced by culturing them in vitro 418.
It was first claimed in 1976 that eosinophils can bind to sheep erythrocytes (E) 1609. In 1980, it was
reported that a mean of 16 per cent of blood eosinophils from patients with parasitic diseases formed
E rosettes, whereas they did not develop in normal individuals. It was suggested that this reflected
an alteration in the membrane of patients eosinophils 419. However, it is possible that the separation
techniques, and culture conditions could have led to the release of cationic proteins which might
bind erythrocytes to the eosinophil surface nonspecifically. Other groups, including ourselves, have
not been able to detect the binding of sheep red cells to intact blood eosinophils 1367.
4.3.1.1. Receptors for IgG (Fc gamma R).
Much of the early work on eosinophil IgG binding capacity was done using rosetting techniques.
Guinea pig eosinophils were first shown to bind IgG-coated erythrocytes in 1969 787, and we demonstrated that human eosinophils had receptors for IgG in 1976 1738. They were found to bind complexed
IgG almost as well as neutrophils, and eosinophils from the blood of patients with an eosinophilia

had an increased capacity to bind to complexed IgG, and form rosettes 1696. We also showed that
complexed IgG1, and IgG3 myeloma proteins inhibited IgG rosettes more effectively than IgG2, or
IgG4 complexes 1738. In 1978 Ottesen also found that eosinophils from the blood of seven patients
with schistosomiasis, and four with filariasis had an increased binding capacity for mouse C3-, and
rabbit IgG-coated sheep erythrocytes 1340.
Eosinophil Fc gamma R first appear on dividing eosinophils in human bone marrow at the promyelocyte stage, earlier than in the mouse. In one study marrow aspirates were studied from five patients
using rabbit IgG-coated sheep erythrocytes. Twelve per cent of eosinophil myelocytes had detectable Fc gamma R, the same as blood eosinophils studied with this technique 788.
Subsequent work has involved the use of monoclonal antibodies to define, and isolate the receptor
proteins in the plasma membrane of phagocytic cells. At the Rockefeller University, monoclonal
antibodies have been produced which distinguish between high affinity IgG receptors (Fc gamma
Rhi, or Fc gamma RI), which are mainly found on immature granulocytes, and low affinity receptors
(Fc gamma Rlo, or Fc gamma RII), which characterize more mature granulocytes. Using the
monoclonal antibody (3G8) to Fc gamma Rlo, it was shown that there was a progressive loss of Fc
gamma RI during myeloid differentiation, with reciprocal expression of Fc gamma RlI. Mature
eosinophils only expressed Fc gamma RII 577. Further studies with antibodies 3G8, and CLB-FcR1, have shown that human blood eosinophils have less Fc gamma RII than neutrophils 1971.
In 1984, a report was published in which two molecules of 16, and 18 kDa were isolated from
human blood eosinophils surface labelled with (125)iodide by the lactoperoxidase method 1775. These
were thought to be components of Fc gamma R because they were eluted from immobilized immune
complexes. However, it is possible that these molecules were secreted ECP, or EDN/EPX. In a
careful study which was reported in 1984, and which set out to isolate Fc gamma R from human
blood eosinophils, it was found that they were more sensitive to proteolysis than neutrophil Fc
gamma R. The isolated eosinophil receptors had a molecular weight of 43 kDa, whereas neutrophils
had receptors of 52, and 68 kDa. This work also gave some evidence that human IgG3 bound most
effectively to eosinophil receptors 1013, although studies by Walsh in 1986, using aggregates of myeloma IgG subclasses failed to show this 1873.
In 1986 it was shown that human blood eosinophils have a 40 kDa IgG Fc gamma R which is also
found on neutrophils, monocytes, platelets, and K562 cells, and which was defined with monoclonal
antibody IV3 1099. It was suggested that this receptor is the homologue of the murine macrophage
FcRII, which is present on both neutrophils, and eosinophils in that species.
Although these experiments suggested that there are two Fc receptors on human blood eosinophils,
it is possible that the different epitopes recognized by antibodies 3G8, and IV3 are on the same Fc
receptor which has varying degrees of glycozylation. This is supported by our experiments which
showed that neuraminidase treatment of normal blood eosinophils increased their capacity to bind
to complexed IgG 1740.
Many different stimuli, especially endotoxins, have been shown to increase the proportion of blood
eosinophils which bind IgG-coated particles or complexes. It is probable that this event is an integral part of the activation step which is the final stage in eosinophil differentiation, and response to
stimuli in tissues. Several factors increase the proportion of blood eosinophils which express Fc
gamma R, including ECF-A 271, 78, and beta-interferon (200 units/ml), which increased human blood
eosinophil EA rosetting from 19 to 24 per cent after one hour incubation 423.
The binding of eosinophils to IgG-coated surfaces can have several effects:
(a) If the particle is small, and if the eosinophils are activated, or come from the blood of patients
with an eosinophilia, they will be ingested. This difference between normal, and patients eosinophils
was first shown in 1976 1696.
(b) If the surface on which the IgG is deposited is large, then the eosinophils will attach firmly, and
generate LTC4, with a respiratory burst, and degranulate. This is the basis of the IgG-dependent
cytotoxicity of eosinophils for antibody-coated parasites.Under these conditions eosinophils have

been shown to synthesize new membrane proteins 1776.
(c) If the IgG complex is in the blood, it will activate the complement system, and this will then bind
to the eosinophil C3 receptors. This is probably the main way in which soluble IgG complexes
induce eosinophil responses in vivo, as there is such a high concentration of IgG in tissue fluids, and
plasma, that it is unlikely that soluble IgG complexes could bind to granulocyte Fc gamma R directly
1117
. However, IgG immune complexes in vitro can interact with human eosinophils, and produce
morphological changes in the granules, including the development of tubulo-vesicular structures,
which have been proposed as a route for granule secretion 1311.
The enigma that basophil degranulation can be induced with anti-IgG4 antibodies may have been
resolved with the finding in 1986 that this is a two-step process in which anti-IgG4 first cross-links
IgG4 in eosinophil Fc gamma R, resulting in the secretion of eosinophil cationic proteins, which then
induce basophil degranulation. This may be a mechanism for amplifying eosinophil-dependent tissue injury in allergic diseases 141.
4.3.1.2. Receptors for IgE (Fc epsilon R).
The first experiments to show that human eosinophils can interact with complexed IgE were carried
out by Arbesman, and colleagues in 1974 849, and 1975 609. They showed that immune complexes of
ragweed antigens, with IgE antibody in antigen excess, were taken up more by human eosinophils
from nasal secretions than by neutrophils. IgE-antigen complexes in antigen, or antibody excess
were ingested to a greater degree by eosinophils than neutrophils, and the reverse was true for IgG
antigen complexes. Although IgE was not found on the surface of these patients eosinophils,
Hubscher detected them in other patients eosinophils in 1975, using immunoelectronmicroscopy
with ferritin-conjugated anti-IgE 822.
In 1981 Dr. Monique Capron, and colleagues in Lille, France first demonstrated that eosinophils had
a low affinity receptor for IgE. In a series of studies they showed (1) that human blood eosinophils
formed rosettes with IgE-coated sheep erythrocytes, (2) that they bound radiolabelled human IgE
275
, (3) rabbit antibodies to IgE, and (4) the monoclonal antibody BB10 273, which recognizes the
membrane signal site triggered by activation of cells by IgE 269, and Capron M. (1987) personal
communication. In patients with an eosinophilia, the proportion of eosinophils with IgE receptors
was higher than in normal people, and the same was also found in rats infected with S. mansoni 270.
They showed that IgE was present on both circulating, and tissue eosinophils in a number of diseases 276.
The Fc epsilon R was found to be of the low affinity type, and was named the Fc epsilon R2 in 1986
267
. In 1987 it was found that the CR3 receptor is closely associated with the IgE receptor on
eosinophils: Monoclonal antibodies to the alpha-chain (but not the beta-chain) of the C3 receptor
inhibited the binding, and cytotoxicity of human light density eosinophils for IgE coated schistosomula
274
.
Light density eosinophils from patients with an eosinophilia were more effective than normal density
eosinophils in killing IgE-coated schistosomula. This killing was inhibited by preincubation of
eosinophils with chemically-aggregated IgE, but not IgG, or anti-C3b receptor antibodies 277. The
IgE receptor may not be fully exposed on blood eosinophils, and other receptors may be also partly
hidden in the plasma membrane. For example, IgG receptors are only partially exposed on normal
blood eosinophils 1740. The presence of an IgE receptor on mouse eosinophils was demonstrated in
1987 990.
In 1984, Dr. Monique Capron, and colleagues demonstrated the presence of IgE on the surface of
blood eosinophils of 17 of 21 patients with a variety of eosinophilic disorders, including parasitic
infections, HES, tumours, the Churg-Strauss syndrome, and asthma. In patients with IgE levels
above 100 IU/ml, more eosinophils had surface IgE than when it was less than 100 IU/ml.
Bronchoalveolar lavage eosinophils from five patients with respiratory disease, (three with eosinophilic pneumonia, one with polyarteritis nodosa, and one with a drug hypersensitivity) had a
greater proportion of IgE occupied receptors than blood eosinophils 276. In 1986 they found that

functional Fc epsilon R2 were restricted to light density (hypodense) eosinophils in patients blood,
although they could be detected by rosetting techniques on normal density eosinophils 272, and this
was confirmed elsewhere 1873. It is possible that the functional receptor only appears as a result of
eosinophil activation.
A possible role for IgE in eosinophil-parasite interactions has been considered at least since 1969,
when G.T. Archer, and colleagues in Australia reported that rat peritoneal eosinophils degranulated
within 10 minutes of culture with immune complex formed from extracts of Amplictacum robertsi
or ascaris body fluids, and rat antibody. As the antibody was heat labile, they suggested that it might
be IgE 58.
In 1984, Dr. Monique Capron, and her colleagues first showed that eosinophils could kill IgE coated
parasites 277, although an effect of the eosinophil CR3 receptor was also noted 269. The killing of IgEcoated schistosomula took place in much the same way as IgG-dependent killing 277. Rat eosinophils
were also shown to have IgE receptors, and to be able to kill IgE-coated schistosomula 268.
This was confirmed in studies from Japan in 1985, in which it was found that rat eosinophils bound
to, and killed dinitrophenol (DNP)-haptenated S. japonicum schistosomula when the parasites had
been previously treated with a mouse IgE monoclonal anti-DNP antibody (B.53), but not when they
had been pretreated with normal mouse serum. Eosinophils from the peritoneum of rats infected
with N.brasiliensis were more adherent, and toxic than normal, suggesting that they had an increased
capacity to bind to IgE 991, 992.
In 1977 it was first shown that human IgE-antiIgE complexes could induce the release of EPO from
human eosinophils in vitro 1747. The effects of crosslinking the Fc epsilon R on human eosinophil
secretion began to be studied by Dr. Monique Capron, and her colleagues in 1985. They showed
that the attachment of specific antigens to IgE antibodies in the Fc epseilon R2 receptor on human
eosinophils induced the secretion of both EPO, and MBP 269. In the first of these experiments blood
eosinophils were isolated from eight patients with filariasis, and high serum IgE levels, and 10
patients with hypereosinophilia, and normal IgE levels, and the quantity of EPO secreted in response
to stimulation with anti-IgE, or specific filarial antigens was measured. Light density
patientseosinophils, (but not normal density eosinophils) released large amounts of EPO, which
was maximal one hour after incubation. As anti-IgG caused the release of equal amounts of EPO
from normal, and light density eosinophils, it was suggested that IgG-mediated secretion was independent of the cell density, whereas IgE effects were limited to the light density cells 957. This was
supported by their experiments in 1984 showing that light density eosinophils had a greater capacity
to kill schistosomula of S. mansoni through an IgE dependent mechanism 277. It was also noted that
IgE stimulation did not induce the release of ECP, and that IgG stimulation had the reverse effect.
This surprising observation has been confirmed, and it provides the first clear evidence that there
may be differential control of eosinophil granule protein secretion 957.
4.3.1.3. Complement receptors (CR1, and CR3).
It was first shown in 1969 that guinea pig eosinophils could form rosettes with red cells coated with
C3 787. In 1976 we demonstrated the presence of complement receptors on human eosinophils using
a similar technique 1738. We also showed that human blood eosinophils did not have C3d (CR2)
receptors, and that complement receptor-dependent binding by blood eosinophils from patients with
an eosinophilia was greater than blood eosinophils from normals 1696.
Human eosinophils possess C3b (CR1), and iC3b (CR3) receptors, which have been defined on
other myelomonocytic cells. Binding to these receptors does not involve the cytoskeleton, unlike
IgG Fc receptors, as attachment is not inhibited by cytochalasin B 1740. Monoclonal antibodies to
these two receptors bind to eosinophils, although eosinophils have half the number found on neutrophils
1971, 566
. The CR1 receptor is a polymorphic single chain glycoprotein of about 250 kDa, coded for by
a gene with four alleles. Several stimuli increase the number of CR1 receptors on the plasma membrane, possibly by transferring them from an intracellular site 550, as our experiments suggested in
1980 1740.

The adherence of neutrophils to surfaces depends on at least three plasma membrane glycoproteins,
which share a common beta-subunit of 95 kDa, but distinct alpha-subunits of 150-180 kDa. These
are the iC3b (CR3) receptor, the LFA-1 glycoprotein, and the p150,95glycoprotein. They are involved in cytoskeleton assembly following interactions with surfaces. Genetic defects in these
proteins have been described, but it is not known if eosinophils were affected in these patients 1147.
In 1977, Kays group showed that the percentage of human eosinophils which formed rosettes with
human C3b-coated sheep erythrocytes was increased from 30 to 60 per cent by treatment with
histamine, or the two ECF-A tetrapeptides. No effect on IgG-binding, or on neutrophil C3-binding
was seen. Optimal conditions were at 10-4M histamine, and following 80 minutes incubation 45. It
was suggested that this alteration could affect the functions of eosinophils. This effect of histamine
was found to be H1-dependent 46. In 1979, fMLP was also shown to increase eosinophil-C3b
rosetting 930, and both effects could be prevented with disodium cromoglycate 934.
Eosinophil activating factors have the same effect: Mouse EDF increased the expression of the iC3b
receptor in human eosinophils 1823, and supernatants from cultured human monocytes (mono-sup),
increased the number of iC3b, but not C3b receptors on eosinophils 1972. Several products of arachidonic metabolism increased the percentage of C3b receptors on blood eosinophils from four patients
with an eosinophilia. These were LTB4, 5-HETE, and5-HPETE. LTC4 had no effect 1257.
The binding of particles to the surface of eosinophils by the complement receptors CR1, and CR3, is
a potent method for inducing them to secrete their granule contents in vitro. This has been confirmed by many groups, who used zymosan- or sepharose-C3b. See for example 1993. In 1977, a
study using Sepharose particles, showed a requirement for the alternative complement pathway
components to be present, in order to produce the most effective stimulus for the secretion of
arylsulphatase, and b-glucuronidase 1197.
4.3.1.4. Receptors for the anaphylatoxins C3a, C5a.
In 1977 it was found that peritoneal eosinophils from a 14-year old boy with eosinophilic gastroenteritis responded to the chemotactic factor C5a 975, suggesting that they also possessed receptors for
C5a. In 1979, 125I labelled C3a, and C5a were shown to bind to the surface of human eosinophils
using autoradiography 674. The C3a binding site was found to be of low affinity 678.
Stimulation of eosinophils by C5a may also lead to the secretion of their granule contents. This was
first suggested in 1986, when isolated human blood eosinophils were incubated with C5a, prepared
by adding zymosan to serum. There was 60 per cent lysis of 51Cr-labelled chicken red cells. As this
was inhibited by catalase, sodium azide, and KCN, but not by superoxide dismutase, it was suggested that peroxidase, and H2O 2, rather than superoxide anions were involved 422.
4.3.1.5. Receptors for C1q.
Receptors for C1q were detected on normal human blood eosinophils in 1987, using radiolabelled
C1q. There were twice as many on eosinophils, as on neutrophils. The binding of C1q took place
through the collagen portion of the molecule. As C1q increased the cytotoxic capacity of eosinophils
for schistosomula, in the presence of small amounts of IgG antibody, it was suggested that the C1
receptor could have a role in the effector functions of eosinophils 745.
4.3.2. Steroid receptors.
In 1981, radiolabelled glucocorticoids were used to demonstrate that eosinophils have glucocorticoid receptors, and that the number of receptors per cell were similar on eosinophils, and neutrophils
1394
.
There have been many publications from Chile by the Tchernitchins, and their colleagues on the
interactions between oestrogens, and eosinophils in the uterus of a number of species, including rats,
guinea pigs, and man. Their work showed that rodent eosinophils can be stimulated by oestrogens
to take part in the process of oestrus, and implantation 1763. In 1985, this group suggested that
oestrogens could also induce rat eosinophils to degranulate in the blood, and uterus 1762. However,
as experiments which were done in Seattle, U.S.A. in 1977 showed that radiolabeled oestradiol did
not bind to resting normal human peritoneal eosinophils from a patient with eosinophilic gastroen-

teritis 975, this work may not be applicable to man.
4.3.3. Receptors for chemotactic factors.
In 1976 it was suggested that the ECF-A tetrapeptides bound to a specific receptor on human
eosinophils 194, 80, but this remains to be confirmed.
4.3.4. Phospholipid-exchange protein.
A phospholipid exchange protein has been detected in human eosinophils. There were 199 units/5 x
106 eosinophils, compared to 7.5 units in the same number of neutrophils. It may transfer
phospholipids, or interact with phospholipids on other cells, or organisms 1917.
4.4. Membrane carbohydrates.
Human blood eosinophils have a sialic acid-rich glycocalyx, which is reduced by incubation with
neuraminidase 1740. The plasma membrane of peritoneal eosinophils from rats also has a glycocalyx
rich in carbohydrates, including concanavalin A binding sites, and acidic carbohydrates, as shown by
ultrastructural cytochemistry 1407, and by alterations in the electrophoretic migration of the cells after
treatment with neuraminidase 1406. There are no reports yet on whether human blood eosinophils
possess the glycoproteins found on other blood cells, which have been defined by galactose oxidasetritiated borohydride labelling 37, and other methods. It is also not known whether human eosinophils
can be agglutinated by wheat germ agglutinin, soybean lectin, or concanavalin A, as has been shown
with guinea pig peritoneal eosinophils 1414.
4.5. Eosinophil membrane antigens.
Eosinophils, like neutrophils, do not have blood group antigens on their surface, although they
express HLA antigens. In the mid 1970s a number of groups claimed to have raised rabbit antibodies which only bound to the surface of eosinophils. However, later work with monoclonal antibodies has shown that there are few qualitative differences in the membrane antigens expressed on
eosinophils, compared to neutrophils.
4.5.1. Polyclonal antibodies.
In the 1970s, Dr. Adel Mahmoud, and colleagues in Cleveland, U.S.A., raised rabbit antibodies to
murine, and human eosinophils. Gleich, and colleagues at the Mayo Clinic, raised rabbit antibodies
to guinea-pig eosinophils. These were used to ablate eosinophils in vivo, with the hope that this
would determine the function of eosinophils in parasitic, and allergic diseases. Although a number
of papers were published in this area showing some changes in resistance to parasitic infections
(reviewed in 656), they were generally disappointing in their effects. The best results were seen with
a combination of anti-basophil, and anti-eosinophil sera in tick immunity in guinea pigs 218. There
has also been a suspicion that these rabbit antibodies to rodent eosinophils were not specific for
eosinophils, although they caused a reduction in circulating, and tissue eosinophils in experimental
animals. Doubts have also been raised about whether the antibody to human eosinophils was eosinophil-specific 124. No unique antigens have been detected on human eosinophils with mouse
monoclonal antibodies.
4.5.1.1. Antibodies to mouse, and guinea pig eosinophils.
A rabbit anti-mouse eosinophil serum, which did not bind to mouse neutrophils, was described in
1973 1141. It was used to study the role of eosinophils in resistance to S. mansoni 1142, and T. spiralis
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In 1975, a rabbit antibody to guinea pig eosinophils was developed at the Mayo Clinic 666. This was
used to study the effects of depleting eosinophils in the blood, and intestines on Trichostrongylus
colubriformis infections 668, and immediate hypersensitivity reactions 670. Neither anti-eosinophil
serum, nor prednisolone reduced passive cutaneous, or systemic anaphylaxis, but histamine release
was reduced. This antiserum also reduced histamine replenishment in guinea pig skin after passive
cutaneous anaphylaxis 887.
4.5.1.2. Antibodies to human eosinophils.
Several rabbit antibodies, which only bound to human eosinophils were reported in 1974, by Mahmoud,
and colleagues in Cleveland, U.S.A. Sera from two rabbits immunized with blood eosinophils from

a patient with schistosomiasis contained high titres of agglutinating, and cytotoxic antibodies against
human blood eosinophils. Absorption with red cells, and white cells of different types was done, to
remove cross-reacting antibodies. Other antisera were produced against basophils, lymphocytes,
and myeloblasts 1136. Purified eosinophils from a patient with eosinophilia secondary to Hodgkins
disease, and a patient with an eosinophilia in chronic granulocytic leukaemia, were purified, and
injected into rabbits. After absorption, these antibodies also appeared to be specific for eosinophils,
causing agglutination, and cytotoxicity 1137.
4.5.2. Monoclonal antibodies.
Monoclonal antibodies against eosinophil membrane constituents have been described by a number
of groups. These fall into two broad categories: (a) antibodies which also bind to neutrophils, but
not to other blood cells, lymphocytes, or platelets, and (b) antibodies which do not bind to neutrophils,
but which also bind to platelets, and some other cells. It should also be noted that there are antibodies to neutrophil plasma membrane antigens, which do not bind to eosinophils 331. None of these
antibodies are cell specific, e.g. only bind to one cell type. These antibodies are summarized in
Figure A04-2.
Fig. 4-2: Monoclonal antibodies to eosinophil membrane antigens.
4.5.2.1. Antibodies which do not bind to neutrophils.
A monoclonal antibody (Eo-1), which binds eosinophils, but not neutrophils was described in 1986,
by Saito, and colleagues, who raised it by immunizing a mouse with the eosinophil EoL cell line that
they had developed. (See page 50). Eo-1 was shown to be a mouse IgG1 monoclonal antibody,
which bound to the surface of 47 per cent of human blood eosinophils, dividing marrow eosinophils,
92 per cent of basophils, all platelets, and some lymphocytes, but not neutrophils. It recognized all
cells of the pre-B cell lines NALM-1, and NALM-6. and (to a lesser extent) cells from other human
haemopoietic cell lines. It bound to null ALL cells, and most pre-B cell leukaemic cells, and cells of
a basophilic leukaemia. In two patients with chronic myeloid leukaemia, a higher proportion of
blood, and marrow eosinophils bound the antibody than normal. The antigen on platelets was a
single chain polypeptide of 23 kDa, which was distinct from the Fc epsilon receptor. A possible
relationship was suggested between the antigen recognized by antibody Eo-1, and other 24 kDa
antigens which are shared by platelets, and pre-B cells 1539. In unpublished result by Tai, she has
found that all light, and normal density eosinophils from patients with HES bind this antibody, but
there was greater uptake of labelled antibody by the HES light density cells.
A number of monoclonal antibodies have been described, which recognize antigens on the surface of
human leucocytes, and which are classified by international agreement as belonging to the cluster of
differentiation 9 (CD9). Dr. Jacqueline Breard has suggested that antibody Eo-1 may be of this type.
We have tested 20 CD9 antibodies, and have confirmed this suggestion. Another closely related
murine monoclonal antibody (TP82), which may also belong to the CD9 group, was described in
Tokyo, Japan, in 1985. It binds to eosinophils, and the platelet-cALL associated antigen p24 1305.
The presence of shared membrane antigens on pre-B cells, eosinophils, basophils, and platelets, is a
feature which has been recognized (a) in relation to Fc epsilon binding, (b) as a feature of the CD9
group of antibodies, and (c) in relation to the capacity of IL-5 to stimulate eosinophil, pre-B cell, and
platelet production. These associations, which may be accounted for by a common stem cell origin,
may also point to a common set of membrane structures, which are involved in the regulation of
their maturation, or their capacity to respond to haemopoietic stimulation.
4.5.2.2. Antibodies which also bind to neutrophils.
Dr. Po-Chun Tai has been raising antibodies to membrane antigens on human blood eosinophils,
since 1981. It was hoped that some could be produced which would not bind to other haemopoietic
cells. This assumption was based on the possibility that the earlier production of eosinophil-specific
antibodies in rabbits, would be applicable to the mouse. She screened her hybridomas with normal
blood cells, and cloned those which (a) had strong reactivity with eosinophils, and (b) which failed to
bind to one, or more, of the other blood leukocytes. However, over 100 of the anti-eosinophil

antibodies which she developed also bound to all blood neutrophils, although they stained them less
intensely than eosinophils. There was considerable variation in the percentages of blood eosinophils
stained by her panel of antibodies. Alterations in the expression of these antigens were seen in
patients with an eosinophilia.
She immunized mice with isolated blood eosinophils from patients with HES. Six antibodies (EoN17) were finally selected. These also bound to blood neutrophils, eosinophil myelocytes, K562, and
HL-60 cells. They differed in the proportions of normal, and stimulated eosinophils which they
stained. They bound to a higher proportion of intermediate, and light density cells than normal
density eosinophils 1734. These antibodies demonstrated that there is a marked capacity for eosinophils
to alter their membrane constituents in disease, and several of them recognized antigens preferentially expressed on eosinophils during activation, and degranulation.
There are other reports, published between 1981, and 1987, of monoclonal antibodies, which are
not CD9 antibodies, or antibodies to the complement, or immunoglobulin receptors, which bind to
antigens in eosinophil, and neutrophil plasma membranes. These include, antibody FMC10 2003,
antibody PM-81 107, which binds to a membrane glycolipid 1132, antibody Mo95 584, 1710, antibodies to
granulocyte functional antigens GFA-1, and GFA-2 which bound to both human eosinophils, and
neutrophils, and stimulated the killing of schistosomula of S. mansoni 1104, 1102, a mouse monoclonal
antibody which bound to both bovine eosinophils, and neutrophils 1520, antibody AHN-7 1640, antibody TG1, which also binds to monocytes 807.
4.5.2.3. Antibodies which also bind to T lymphocytes.
In 1987, an abstract stated that 20 per cent of blood eosinophils from patients with an eosinophilia
formed rosettes with a monoclonal antibody (MLR4), which also bound to mixed lymphocytestimulated, but not mitogen-stimulated T lymphocytes. This antigen was preferentially expressed
on light density eosinophils, but was virtually absent from neutrophils 417. We have unpublished
work showing that a number of monoclonal antibodies against CD1-CD9 antigens expressed on
human T cells also bind to eosinophils.
4.6. Alterations in the eosinophil plasma membrane.
The human eosinophil plasma membrane undergoes striking changes during development, and following stimulation. This has been clearly shown in agar culture of mouse eosinophils, but it also
occurs in cultured human eosinophils when the expression of Ia antigens is reduced, and they
acquire additional C3b, and Fc binding capacity.
Following activation, eosinophils also alter their membrane structures, as defined by monoclonal
antibodies. For example, mouse EDF increased the expression of antigens GFA-1, GFA-2, in human
eosinophils 1823. Stimulation of eosinophils with endotoxin, and other stimuli, which cause secretion
of the lysosomal granule constituents, also alters the membrane, as they digest sialic-acid rich components from membrane glycoproteins 1740.
4.7. Antigen presentation by eosinophils.
It has been suggested that eosinophils might be antigen-presenting cells. When antigens are injected
into the footpad of rodents, they move rapidly to draining lymph nodes, and eosinophils are often
found close these areas, initially in the cortex, and later in the medulla. However, there have been no
formal attempts to show whether pure populations of eosinophils can present antigens to lymphocytes
in vitro. This seems rather unlikely, in view of the occurrence of specialized antigen presenting cells
in the immune system.
5. Chapter A 05. Endocytosis, secretion, and motility.
Eosinophils can ingest both small, and large particles, and respond to a variety of stimuli by secreting
their stored, and newly formed constituents. This is under the control of a number of factors derived
from adjacent cells in tissues, (Figure A05-1). Secretion in eosinophils appears to be finely regu-

lated. These products of secretion can have a protective function, but they can also damage tissues,
as I proposed in 1978 1680.
Fig. 5-1: Eosinophil maturation, and secretion.
5.1. Endocytosis.
In vitro, normal blood eosinophils have only a quarter of the capacity of neutrophils to endocytose
bacteria, and other small particles, although they may be as effective as neutrophils when they have
been purified from patients with hypereosinophilia. This was confirmed in 1987, when it was found
that tissue eosinophils, which were separated from colonic neoplasms by enzymatic dissociation,
and countercurrent centrifugation, had a greater phagocytic capacity for E. coli, than neutrophils, or
macrophages isolated at the same time. Sixty-seven per cent of mucosal eosinophils ingested a
mean of 4.7 bacteria per cell 146.
However eosinophils, even when they have an impressive endocytic capacity, have a lower capability to kill staphylococci 229, and E. coli 426 than blood neutrophils. This was reviewed by Bass in 1982
124
. The ultrastructural events during eosinophil phagocytosis of mycoplasma 2009, and antibodycoated Candida albicans 848 have been described. Complement-coated particles, such as opsonizedzymosan, and C3b coated Sepharose particles can also induce a phagocytic response. Surprisingly,
the trypamastigotes of T. cruzi can be ingested by human eosinophils in serum-free medium, and
killed 962.
Most of the factors which induce endocytosis by eosinophils, such as complexes containing C3b, are
similar to those involved in neutrophil phagocytosis. There is some confusion about the capacity of
eosinophils to ingest IgE-coated particles. In 1974, it was found that immune complexes containing
IgE were taken up to a greater extent by eosinophils than complexes containing IgM, IgG or IgA 849,
although in 1978 it was reported that IgG-coated latex beads were phagocytozed by eosinophils
more effectively than IgE-coated beads, and blood eosinophils from ragweed sensitive patients had
a lower phagocytic capacity than normal eosinophils 723.
In 1975, rat peritoneal eosinophils were shown to have a marked capacity to carry out
microendocytose, as colloidal gold particles were taken up in large amounts 996.
5.2. Secretion.
In 1879, Paul Ehrlich suggested that eosinophil granules were storage depots of materials that were
secreted into the environment, as needed 801. Kanthack, and Hardy were the first to demonstrate this
directly in 1895 in their studies on frog leukocytes 907. They found that when anthrax bacilli were
introduced into the dorsal lymph sac of the frog, eosinophils came in contact with the bacilli, but did
not ingest them. While they were attached together, eosinophils began to discharge their granules,
so that after a time, their cytoplasm became relatively homogeneous, lacking granules.
In the 1960s, work on horse 56, rat 58, and guinea pig eosinophils 362 suggested that an important
property of eosinophils was to mobilize, and secrete their granule proteins into endocytic vacuoles,
like macrophages, and neutrophils. However, this rarely happens with human eosinophils, which
more commonly secrete their constituents to the outside of the cell. Eosinophils in tissues rarely
contain endocytozed particles, even in areas where other phagocytic cells have ingested large amounts
of material. Until the mid1970s, the only evidence for human eosinophil secretion came from
electronmicrographs of the bone marrow, or tissues from patients with a variety of eosinophilic
disorders. These showed that their crystalline granules become disrupted with an altered electron
density, as described by Kelenyi, in 1968 947. Within the last decade, the factors which induce eosinophil secretion, the nature of the products which are secreted, and their effects on cells, and tissues,
have become subjects of great interest, as they seem to provide the key to understanding the roles of
eosinophils in disease.
A wide range of stimuli can induce human blood eosinophil secretion in vitro, but few of them
induce eosinophils to release more than about 30 per cent of their stored granule components. This
may be because multiple stimuli are required for eosinophils to respond effectively. This possibility
is supported by the finding that pairs of monoclonal antibodies to eosinophil membrane antigens

were more effective than individual antibodies in inducing secretion of ECP 1735.Neutrophils also
have a low capacity to secrete their azurophil granule contents in response to stimulation in vitro 1147.
Activated eosinophils secrete more of their granule components than normal eosinophils, but no in
vitro experiment has yet induced eosinophils to lose virtually all their granule proteins, as can be
seen in blood eosinophils from some patients with HES.
Evidence is now being produced which supports the idea that there is control of eosinophil secretion
of a far greater complexity than was originally thought. This control may extend to the selective
release of individual components from the granules, with or without the generation of newly-formed
products. In one study, complexed IgG induced the secretion of ECP, but not EPO, whereas
complexed IgE induced the secretion of EPO, but not ECP 957. Peterson, and colleagues have also
found that a synthetic glyceride (IpOCOC9) induced eosinophils to release 60 per cent of the stored
ECP, but only 10 per cent of EDN/EPX, and 3-5.5 per cent of EPO, after one hour incubation 1395. If
differential secretion does occur in vivo, this might explain why eosinophil granule proteins can be
found in several different types of inflammatory response: either chronic necrotic lesions, such as
endomyocardial necrosis, or in acute inflammatory responses where necrosis does not occur, such
as urticaria, where they may have reversible effects. See Figure A05-2.
Fig. 5-2: The effects of different stimuli on eosinophil secretion.
5.2.1. Secretory capacity in vitro.
The capacity of eosinophils to secrete their granule proteins in response to a variety of stimuli has
been studied in many different laboratories. In 1981, the interaction of eosinophils with staphylococci was studied by interference contrast microscopy. The granules marginated, and were discharged
1610
. In the majority of studies on eosinophil secretion, the cells have been stimulated with either (a)
soluble stimuli, such as PMA, complement activation products, immune complexes, and sepharoseC3b, (b) phagocytic stimuli, such as zymosan-C3b, or (c) large, non-phagocytosable surfaces such
as sepharose-C3b, or agar layers on glass, coated with complexes 650. Generally, about 15 per cent
of each stored constituent is released by 40minutes 1942, although occasional reports have shown
higher release. One reason for the low recovery of secreted proteins is that some of the secreted
basic proteins may remain membrane-bound, or attached to adjacent surfaces. This may be an
important mechanism for localizing, and limiting the effects of these eosinophil secretion products in
vivo.
In 1987 a study was published on the capacity of purified normal blood eosinophils to secrete betaglucuronidase, and arylsulfatase. Less than 9 per cent of the beta-glucuronidase, and less than 20
per cent of the arylsulfatase were released under optimal, non-lytic conditions 1969.
5.2.2. Mechanisms of secretion.
It is important to know how stored eosinophil granule components are solubilized, and exported to
the outside of the cell. There are several possibilities. Granule-containing vacuoles may form, and
burst open on the outside of the cell, but this is less common with human than rodent eosinophils.
The absence, in most degranulating eosinophils, of tubules linking the granules to the outside of the
cell, suggests that storage constituents are most commonly solubilized within the granule, transported through the cytoplasm as individual molecules, or via the endoplasmic reticulum, to be secreted at the cell surface. The energy required for this may be generated during the rapid respiratory
burst that occurs when eosinophils are stimulated.
The routes taken by peroxidase from the storage granules to the outside of human eosinophil was
studied by electronmicroscopy in nasal eosinophils, and blood eosinophils stimulated in culture, in
1984. The calcium ionophore A23187 was used to stimulate these eosinophils to degranulate. This
produced granule lysis, and the secretion of eosinophil peroxidase, which was dose-dependent. It
required the presence of calcium in the incubation medium, and it was inhibited by pretreatment with
the calcium antagonist TMB-8. Electronmicrographs of the stimulated eosinophils suggested that
peroxidase secretion occurred (a) through the dilated endoplasmic reticulum, and perinuclear space,
and (b) by endoplasmic diffusion, and transudation through the cell membrane 1540. It was suggested

that these routes would enable the cell to protect itself from the toxic effects of peroxidase, and
other cationic granule constituents which may be secreted in the same way 1310.
The ways in which the crystal of MBP is solubilized, and the processes which enable molar concentrations of highly insoluble cationic proteins to be brought to the cell surface, are important topics
for future research. It is likely to involve a configurational change in these molecules, perhaps
brought about by limited proteolysis, or digestion, altering the 3-dimensional structure of these
proteins, so that hydrophobic residues are internalized, and other sites are exposed which enable
these proteins to be transported through the cytoplasm. If this is the case, then a search for transport molecules might be worthwhile. (Could MBP itself act as a transport protein for the other
basic proteins?) Secretory processes are also potential sites of action for drugs which could affect
eosinophil functions. Steroids, which are the most effective inhibitors of eosinophil secretion, may
act in this way, although this has yet to be determined.
There are at least three steps involved in secretion. In the first, cell stimulation leads to an alteration
in the granules which begin to take up water, and form the characteristic vacuoles, which are refractile circular bodies seen in blood smears, but not in tissue sections. In the second step, the granule
components are solubilized. Certain stimuli such as con A (Con A), induce the granules to become
solubilized, but they are not secreted 1942. However complement-coated particles, and complexed
immunoglobulins, and other stimuli such as the calcium ionophore A23187 cause the third stage to
occur: the export of the proteins from the cell.
In 1983, Henderson, and colleagues in Seattle, U.S.A. used A23187 to study the ultrastructural
changes in secreting horse blood eosinophils. They showed that the granules moved to the cell
periphery, and fused with each other. Electron-dense granule material was released into large intracellular vacuoles, which opened to the outside of the cell through surface pores, and peroxidase was
released. These events appeared to depend on calcium-dependent activation of phospholipase A2,
and the generation of lipoxygenase products 777.
In 1985, the same group reported that after incubation of human blood eosinophils with 10ug/ml
calcium ionophore A23187, there was an alteration in the structure of their granules, within one
minute. Many vesicles were seen in the matrix of some of the granules with loss of the electron
dense crystalline core. Fusion of adjacent granules, and occasionally fusion of intact granules with
the plasma membrane was noted, with probable secretion of whole granule contents to the outside.
Large intracellular channels were found. These effects were most marked at 20 minutes, when many
small granules were noted in the region of Golgi apparatus. Although the number of granules
decreased, and the size distribution of the granules was lowered, it was suggested that exocytosis of
mature granules could be accompanied by the formation of new cytoplasmic granules 776. This work
contrasts with a separate study reported in 1985 from the Mayo Clinic, which showed that A23187
only induced the release of MBP from blood eosinophils by a cytolytic process 610.
The time course of ECP solubilization from stimulated human blood eosinophils may take several
hours. Kierszenbaum, and colleagues incubated purified normal human blood eosinophils with T.
cruzi amastigotes, and the ultrastructural appearances of the phagocytozed parasites, and the changes
in the granule correlated with the progressive increase in granule staining with monoclonal antibody
EG2, which binds to the secreted form of ECP, and EDN/EPX. Although no antibody, or complement were present in the cultures, eosinophils ingested the amastigotes within 20 minutes, but the
secreted form of ECP, and EDN/EPX only began to appear in the granules at four hours, and in the
phagosomes at five hours 962. Experiments were not done with antibody or complement, which
might have speeded up this process. Winqvist, and colleagues have shown that Sephadex-C3b
induced normal human blood eosinophils to begin to release ECP at 10 minutes 1942, whereas unpublished experiments of Dr. Po-Chun Tai have shown that IgG complexes only begin to stimulate
release after two hours incubation. The reasons for this are unknown, but may reflect the need for
eosinophils to increase their membrane receptor density, or metabolism before they can respond to
stimulation by several types of stimuli.

Divalent cations are known to be involved in secretory events in most cells, and secretion does not
occur in the presence of EDTA. Both calcium, and magnesium are involved in the secretion of ECP
from human eosinophils 1945. Some secretagogues can alter the calcium content of eosinophils:
fMLP (but not PMA) increased the eosinophil calcium content, as assessed with fura2 1410.
Experiments are now being done to see whether protein kinase C, and/or phospholipase C are
involved. This possibility has some support from experiments in which certain triacylglycerides
caused blood eosinophils to secrete 30-50 per cent of their ECP: more than was induced with opsonized particles 1847. Preliminary experiments using supernantants from cultured monocytes, which
contain eosinophil activating activities, have also suggest that these factors may induce the translocation of protein kinase C from the cytoplasm to the plasma membrane of eosinophils, priming the
cell for subsequent stimulation 1972.
5.2.3. Drugs affecting secretion.
Steroids are amongst the most potent inhibitors of eosinophil secretion in vitro. In the first report of
this effect in 1984, blood eosinophils from normal people, and patients with an eosinophilia, were
stimulated with complement coated Sephadex beads. This led to the secretion of 15 per cent of the
ECP by 40 minutes, which was reduced by preincubating the eosinophils with 10-5M hydrocortisone
for 30 minutes 1942.
During the last few years research has been carried out by Dr Harry Smith, and colleagues at Beechams
Group Research, Epsom, U.K. into the potential use of a wide variety of drugs to inhibit eosinophil
secretion, eosinophil accumulation in tissues, and eosinophil antibody-dependent cytotoxicity against
a number of target cells 356. Most of this work has been done with rodent eosinophils. The principal
findings were that many steroids, a few membrane-active drugs, (which included some drugs with
local anaesthetic activity, adenosine receptor antagonists, and histamine beta blockers), and a number
of anti-allergic compounds were effective in these different assays. They included betamethasone,
hydrocortisone, dexamethasone, propranolol, chlorpromazine, ketotifen, isoprenaline 1670
chloradenosine, and dapsone. Sodium cromoglycate, nedocromil, and related drugs can also inhibit
human eosinophil secretion in vitro.
Suramin may stabilize the granules of human eosinophils in patients with filariasis, reducing the
proportion which are vaculolated, and degranulated 1275.
5.3. Motility.
Eosinophils are one of a limited number of cells which are produced in one part of the body, and
which function in another. For this reason they possess mechanisms which enable them to respond
to signals, which induce them to leave the bone marrow, travel through the blood, attach to vascular
endothelium, and emigrate into inflammatory lesions. At the end of the last century, the classical
studies of Metchnikoff on inflammation in lower marine organisms imprinted the idea of chemotaxis
into the minds of those interested in the mechanisms leading to the accumulation of cells in tissues.
Ehrlich himself used the term chemotaxis to describe this process. However chemotaxis has not
been shown to occur in vivo, in vertebrates, and granulocytes move randomly in inflamed tissues.
There is no work to show that concentration gradients are formed in vivo, of the kinds that are set up
in chemotactic assays in vitro. Inflammatory cells move out of blood vessels in the same direction as
the flow of freshly filtered interstitial fluids, which would flush away any chemotactic molecules as
they were formed in inflamed tissues.
Those who work on chemotaxis have rarely assessed the biological effects of their reagents in vivo,
and when they have done so, they have been largely unsuccessful in inducing cell accumulation
without first damaging tissues to stimulate the normal processes which lead to cell localization.
Despite these criticisms, a large, self-fulfilling literature has been built up around the concept of
chemotaxis, some of which has come from respected laboratories. This has given the field a respectability which it does not deserve. Few workers have attempted to distinguish between directed
migration (chemotaxis), and alterations in the rate of movement (chemokinesis).
There is an extensive literature on the capacity of isolated human blood eosinophils to show direc-

tional motility in vitro in response to a variety of stimuli. The main impetus for this work has been
to account for the tissue localization of eosinophils in vivo, although few experiments have been
done to assess this directly. Skin window studies in the rabbit, which were carried out to study the
localization of monocytes, and neutrophils, showed that directional movement after migration into
injured tissues did not occur, and that accumulation of inflammatory cells was the result of the
retention of cells in the lesion, and not directional migration towards it. It would be interesting to
repeat these experiments with eosinophils, but there is no reason to suspect that they would be any
different. The key events in the localization of blood-borne cells in tissues are margination, and
attachment to endothelial cells. Marginated cells migrate between endothelial cells, and are retained
in lesions, which they encounter during their random migration into the tissues. In any case, eosinophils
probably do not travel very far in tissues, once they have crossed the vessel wall. Surprisingly, no
work has been carried out to see whether chemotactic factors induce eosinophil margination, and
attachment to endothelium, as this would seem to be the most effective way for them to induce
eosinophils to localize in tissues.
The main reason why so many studies have been done on eosinophil chemotaxis is that they are easy
to perform, provide statistically significant results, and provide some insight into the kinds of stimuli
which can affect eosinophil properties, in this case directional migration. It is unfortunate that these
studies have not been extended to see how far other properties of eosinophils, such as activation,
secretion, and cytotoxic capacity, are affected.
5.3.1. Localization of eosinophils in vivo.
As the uptake of eosinophils into diseased tissues can be very marked, a number of groups have
attempted to reproduce this effect by isolating components of the response, and injecting them into
the skin. For example guinea pig IgG1 (which is the anaphylactic antibody in this species), induced
eosinophil accumulation in skin injection sites, 12 to 24 hours after local passive anaphylaxis had
been induced 924. This type of experiment was done because it was hoped that there might be unique
factors in these lesions which would cause eosinophils to accumulate. Differences in the number of
eosinophils present in stimulated, and control tissue sites have been reported, with a wide range of
substances, ranging from parasite extracts, to concanavalin A 376, and individual components of the
immune response.
Unfortunately much larger amounts of these substances have to be given than would be produced in
disease, and the findings have often shown differences from the results of in vitro chemotactic experiments. For example: (1) PAF-acether is a potent chemotactic factor for eosinophils in vitro, but
it does not induce eosinophil accumulation in normal human skin 51, although there is a letter suggesting that it may do so in patients with atopy 784; (2) 1 ug of LTB4, which has a weaker capacity to
induce eosinophil chemotaxis than PAF-acether 1626, does not cause significant eosinophil infiltration
into the guinea pig eye, after topical application, whereas 0.1 ug LTE4, and LTD4, induced an
eosinophil infiltrate in the conjunctival epithelium 1667.
However, as there are many technical difficulties in interpreting the results of injecting substances,
other methods have been used, including topical application to the eye, the skin window technique
500
, and migration into peritoneal chambers, and other implanted fluid filled cell-permeable vessels.
Unfortunately, these experiments have provided little insight into the ways in which eosinophils
localize in tissues, and the relative potency of putative localizing substances is still disputed.
As outlined above, I think that future work on the localization of eosinophil in tissues is more likely
to be more fruitful if it became concerned with one, or more families of molecules on the surface of
endothelial cells, and blood eosinophils, which are now known to be involved in the initial attachment of leukocytes to endothelium in lymph nodes, and areas of inflammation, and to be increased in
response to inflammatory signals. A summary of this interesting potential area for future work is
shown in Figure A05-3.
Fig. 5-3: Eosinophil localization in tissues.
In 1987, a glycoprotein antigen was described on the surface of murine leukocytes (including

eosinophils), which was recognized by monoclonal antibody MEL-14. This antibody blocked the
attachment of neutrophils to vascular endothelium in mice, in vitro, and in vivo 1063, but it was not
tested on eosinophil attachment. Clearly it is important to know whether these antigens are induced
to appear on post capillary venules in areas of inflammation, as has been described in a large number
of in vitro studies 361, 1426, 165.
Four patients with ragweed sensitivity were induced to form blisters on their arms, by applying
ragweed extracts. The blister fluid was removed, and after it was shown not to contain ragweed
antigens, it was injected into other skin sites. Eosinophils were found in skin biopsies from challenged sites as early as 30 minutes after injection. Ragweed antigen itself took two to four hours to
induce a significant blistering 1784.
5.3.2. Eosinophil motility in vitro.
The most widely used method for assaying eosinophil motility in vitro has been to use the Boyden
chamber, or its variants. Most work has measured chemotaxis, although chemokinesis is more likely
to be relevant in vivo, (where inflammatory cell movement is random), as cells which migrate the
furthest are most likely to reach areas of inflammation.
5.3.2.1. Eosinophil chemotactic factors.
Over one hundred and eighty papers (of very variable quality, and often with conflicting results),
have been published on eosinophil chemotactic factors since 1977. For this reason it is difficult to
provide an overview of this work, although it seems that many of the substances secreted by eosinophils
appear to be chemotactic for eosinophils themselves (LTC4, PAF etc), and that a range of products
from mast cells, parasites at different stages in their life cycles, T lymphocytes, and tumour cells,
besides complement components, and many other stimuli, can induce eosinophil chemotaxis in
vitro.
The difficulty in relating this work to in vivo events is borne out by the finding that eosinophils of
different density have different chemotactic capacity, and that eosinophils can be deactivated by
prior incubation with many of these factors. This makes it difficult to know how to obtain normal
eosinophils for studies on eosinophil chemotaxis. It is also puzzling that stimuli which may have
deactivated eosinophils in the blood could then cause them to localize in tissues.
A large amount of research on eosinophils has been based on the hypothesis that stimulated mast
cells release factors which attract eosinophils into tissues. In 1971 a search for this activity led to the
description of eosinophil-chemotactic factor of anaphylaxis (ECF-A) 933.Several molecules, of varying size are now known to be included under this general term. In 1975, two of these were shown
to be the tetrapeptides Val-Gly-Ser-Glu, and Ala-Gly-Ser-Glu 680. It was thought that these
tetrapeptides, and an intermediate weight ECF might attract eosinophils to sites of mast cell degranulation, where eosinophils would be retained by a process of deactivation 80. The properties of
ECF-A were reviewed in 1977 681.
It then became clear that these tetrapeptides had no significant biological effects on eosinophils in
vivo 225. Surprisingly, no critique, has been published by the groups involved, or others. Later work
to find other biologically active molecules which might have accounted for the earlier finding with
ECF-A has also been unsuccessful. It would be interesting to trace the origins, and development of
this concept, which dominated the work of several laboratories working on eosinophils, in the 1970s.
Its perceived importance at the time can be judged from the fact that so many papers were produced
on the topic, that a separate heading of chemotactic factors, eosinophil was made in 1980, in the
Medline databases, and ECF-A found its way into the eosinophil section of most textbooks.
There is an equally difficult series of papers to review on the effects of histamine on human blood
eosinophils. Initially, histamine was found to be chemotactic, and chemokinetic, and to interfere
with the effects of ECF-A on eosinophil chemotaxis. Then it was suggested, on the basis of histamine-blocking experiments, that eosinophils had H1, H2, and a third type of receptor, each of which
induced a different effect on eosinophil chemotaxis 329. In 1982, further work using histamine, and
specific inhibitors, was thought to show that eosinophils had H1 receptors for eosinophil-mediated

cytotoxicity, and superoxide production 1417, but not for chemotaxis, or chemokinesis. However in
1987 in vivo experiments showed that histamine was not involved in eosinophil localization, as
injections of histamine into the normal skin, of man, and other primates, did not give rise to an
increased number of eosinophils in the test sites 529. Some aspects of this confusing area were
reviewed in 1982 88.
There is often a close relationship between the development of a delayed hypersensitivity reaction,
and the presence of eosinophil-rich lesions in tissues. For example, studies done in 1963 on guinea
pigs which had developed delayed hypersensitivity reactions to injected proteins, showed a striking
accumulation of eosinophils in the sites where they were reinjected with heat-killed tubercle bacilli.
Eosinophil infiltration began two hours after reinjection, and was maximal at six to eight hours. At
four to eight hours the eosinophil was the most prominent cell, even though blood eosinophil counts
were still normal 66. Although in vivo studies could have been carried out, most subsequent work in
this area centred on chemotaxis.
A T lymphocyte-derived chemotactic factor for eosinophils was first demonstrated in 1973, by Dr.
Dan Colley. In this study lymphocytes from mice with schistosomiasis were found to produce a
factor (eosinophil stimulation promotor, ESP), after stimulation with soluble schistosome egg antigens, which increased the migration of eosinophils from an agarose droplet 342. In 1976-7, Colleys
group defined the conditions for producing it 343, and assayed its size as 25-31 kDa 1067. A related
factor from human lymphocytes was described by Parish in 1982 1358.
An unusual eosinophil chemotactic factor (ECF) was described in 1973, which was produced when
a guinea pig lymphocytes-derived factor (ECFp), was incubated with immune complexes. It was
thought to play some role in cellular immune processes 1789. In 1987 another 15-20 kDa lymphokine
was detected in supernatants from primed mouse spleen cells stimulated with S. japonicum soluble
egg antigen. This factor increased the eosinophil chemotactic response to S. japonicum egg-derived
eosinophil chemotactic factor 1348.
A large number of eosinophil chemoattractants have been found in parasites which can infect man,
and animals. Some of these have been purified, and partially characterized. Much of this work has
been done in Japan, and has used guinea pig eosinophils. Unfortunately there are no comparative
studies on these factors, or their properties. See for example, studies on a factor in extracts of S.
japonicum eggs 812.
PAF-acether 10-6 to 10-9M is both chemokinetic, and chemotactic for human blood eosinophils of
normal density, but affects neutrophils to the same extent. At these concentrations, LTB4, histamine, and the alanyl, and valyl tetrapeptides had negligible effects on the movement of eosinophils
1751, 1876
.
There are conflicting reports about the chemotactic activity of PAF on eosinophils of different density. In one study, PAF at 10-5 to 10-8M caused directional movement, and chemokinesis of light
density eosinophils more than normal density eosinophils, and lyso-PAF was ineffective 1877. In
another study, the dense eosinophils were affected by concentrations of PAF 100 times less than
those which stimulated light density eosinophils 1626.
LTB4, 5-HETE, and 5-HPETE were equally chemotactic to blood eosinophils from four patients
with an eosinophilia 1257. Normal, and light density eosinophils were both affected to the same extent
by 30-100nM LTB4 1626. These findings suggest that eosinophils had receptors for LTB4, and analogues, although these have not yet been identified. However there is no evidence to suggest that
LTB4 induces eosinophil localization in vivo. Injections, or application of LTB4 in the skin of volunteers did not induce a significant eosinophil accumulation in two studies reported in 1986 173 1939.
Many different eosinophil chemotactic activities have been reported to come from neoplasms, by
workers in the U.S.A., U.K., and Japan. The first of these was a 500 Da chemotactic peptide for
eosinophils which was obtained, in 1974, in Boston, U.S.A., from a large cell carcinoma of the lung
containing many eosinophils, in a patient who also had a blood eosinophilia 1885. In 1978, the same
group reported that serum from three patients with anaplastic carcinomas of the lung contained

eosinophil chemotactic activity 683. A factor was found in Hodgkins diseases tissues in 1975 931. In
Japan, a factor was obtained from a squamous cell carcinoma in 1979 1561, and a malignant cervical
carcinoma in 1981 841. In the U.S.A., in 1980, an acidic protein, was isolated from a histiocytic
lymphoma in the brain of a patient with an eosinophilia of up to 8.0 x 109/L 682. Large squamous cell
cervical carcinomas were found to contain an eosinophil chemotactic factor, in Fukuoka, Japan in
1981 841. In 1984 extracts of a large cell carcinoma of the lung in a Japanese patient were chemotactic for eosinophils 986, and in 1986 a factor was derived from a malignant fibrous histiocytoma 853.
C5a shows strong chemotactic activity for human eosinophils. This factor can be generated by many
different surfaces, and antigen-antibody reactions, via the classical, and alternative pathways. It has
also been found that neutral proteases from human eosinophil granules can cleave C5 directly, to
produce an eosinophil chemotactic activity 1299.
Chemotactic factors for eosinophils have been produced from alveolar macrophages stimulated with
anti-IgE, or the corresponding allergen in patients with allergic asthma. This was described in 1984
701
. In 1987, histamine-stimulated blood mononuclear cells were shown to produce a number of
factors of 2.5 and 13-25 kDa, which were also chemotactic for eosinophils 1454.
In 1982, three eosinophil chemotactic activities were found in the serum of patients with idiopathic
cold urticaria, in whom angioedema had been induced by immersion in ice water for three minutes
1883
. An eosinophil chemotactic activity was also detected in the sera of patients with eosinophilic
fasciitis 1886. In 1987 a heat-labile eosinophil chemotactic factor was described in the sera of patients
with asthma, and the levels rose after antigen exposure 1468.
A wide variety of skin lesions have been found to contain chemotactic factors for eosinophils. A low
molecular weight factor was found in the skin of patients with bullous pemphigoid, atopic eczema,
drug reactions, and contact sensitivity 450.
6. Chapter A 06. Eosinophil activation, cytotoxicity, and interactions.
The most important discoveries about eosinophils in the last decade have been (1) that they are
effector cells in inflammatory reactions, able to kill certain parasites, and cells, and to secrete a range
of biologically important molecules; (2) that their capacity to carry out these functions is only fully
developed after they have been activated. Many of the earlier misconceptions about the roles of
eosinophils in disease have stemmed from a failure to appreciate the importance of these activation
mechanisms. The range of diseases in which eosinophils may be involved in tissue injury is also
under investigation. Figure A06-1.
Fig. 6-1: The effector functions of eosinophils.
6.1. Activation.
A number of methods have been used to show whether eosinophils have been activated, or not.
They include antibody-dependent killing of schistosomula, LTC4 production, secretion of granule
proteins, oxygen metabolism, etc. These assays used have reflected the interests of the laboratories
concerned, and there has been no attempt to see whether one type of assay is more sensitive than
another, and whether all of these activities run in parallel. It is probable that activation is a quantitative difference in effector function, rather than a qualitative difference in some aspect of the cells
ability to recognize, and interact with environmental signals. This means that no single assay would
be able to tell whether a cell was activated or not, it would simply demonstrate the extent to which
a population of cells had become activated.
The development of a monoclonal antibody (EG2) which only binds to the secreted form of ECP,
and EDN/EPX has the particular advantage that it can be used to demonstrate individual activated
cells.
There is no information about whether activation is reversible, or whether the various activating
factors influence some, or all of the effector functions of eosinophils.

So far, no unique functions of activated eosinophils have been detected, which cannot be carried out
by a larger number of non-activated eosinophils. If this proves to be generally true, then large
numbers of nonactivated eosinophils should be able to carry out the functions of a smaller number of
activated cells. It would be interesting to separate, and study populations of eosinophils from the
blood, and tissues of patients, and to measure the amounts of each activating factor to which the
cells had been exposed.This would show which of the many activating factors are important in vivo.
This is of practical importance, as it could lead to the development of therapeutic methods for
increasing, or decreasing the effector functions of eosinophils in inflammatory reactions. These
drugs would be of great benefit in the treatment of diseases in which eosinophils have protective, or
harmful effects.
6.1.1. In vivo studies.
In 1976, we showed that blood eosinophils from patients with an eosinophilia had several structural
differences in their plasma membranes, and granules, and in their functions, compared to eosinophils
in normal people. We concluded that: blood eosinophils in patients with an eosinophilia may be
functionally mature, or altered in response to unknown stimuli while they are in the blood 1696. This
was one of the first pieces of evidence that eosinophils could be activated in disease.
In the same year, James, and Colley, in Nashville, U.S.A., were the first to show, in 1976, that
eosinophils from infected animals had an increased cytotoxic capacity for parasites. They reported
that peritoneal eosinophils from mice infected with T. spiralis were more effective than eosinophils
from uninfected mice in killing S. mansoni eggs in vitro 867. In 1978 this group showed that eosinophil-rich peritoneal exudate cells from S. mansoni-infected mice, were able to kill 20 per cent of S.
mansoni eggs in vitro, which did not occur with eosinophils from uninfected mice. The culture of
soluble products from isolated liver granulomas induced normal mouse eosinophils to become toxic
to these eggs 868.
Work in the rat, published in 1987, has confirmed that peritoneal eosinophils vary in their metabolic,
and effector functions, depending on the types of stimuli which are used to induce them in vivo 355.
In 1980, an increased cytotoxic capacity for blood eosinophils in patients with an eosinophilia was
first demonstrated by David, and colleagues. This study was done on blood samples from 30 patients in Brazil with a variety of disorders including infections with S. mansoni. Their eosinophil
counts ranged between 2.2 and 3.2 x 109/L. Blood eosinophils from patients with the highest blood
eosinophil counts had the greatest capacity to kill schistosomula of S. mansoni in vitro after 40h of
culture. The extent of eosinophil antibody-dependent adherence to the parasites was also increased
at two hours 396.
They showed that blood eosinophils from patients with the highest egg counts had more Fc gamma
receptors, and were more effective in killing schistosomula in vitro, than eosinophils from patients
with low egg counts, or normal individuals 1822.
In 1980, experiments by Bass, and colleagues on the in vitro properties of eosinophils showed that
there were alterations in the density, surface charge, metabolism, and other properties of blood
eosinophils from patients with an eosinophilia, compared to normal blood eosinophils. They interpreted this as evidence that the cells had been stimulated or activated in vivo 127.
Tissue eosinophils may have a much greater capacity to take part in inflammatory reactions, than
was previously thought possible, because they are activated in tissues. This was suggested in a study
published in 1987, using human eosinophils isolated from colonic neoplasms by enzymatic dissociation, and countercurrent centrifugation, which gave 1.8 x 106 eosinophils/g mucosa. C3b receptors
were found on 75 per cent of these cells, and Fc gamma receptors on 90 per cent. These eosinophils
had a greater phagocytic capacity for E. coli, than neutrophils, or macrophages isolated at the same
time 146.
6.1.2. Eosinophil activating factors.
Studies on eosinophil activation have followed similar lines to those taken during the investigation
of macrophage activation, in which a small number of assay systems have been used to define the

relative potencies of a wide range of potential activating factor 1627. However, little is known about
what activation is, how it comes about, and why all eosinophils are not normally activated in tissues.
Most of the factors which cause eosinophil secretion are also activating factors, although there are
some exceptions. For example lipopolysaccharides, and PMA do not activate eosinophils for antibody-dependent killing of schistosomula 1779, although they are potent inducers of eosinophil secretion in vitro.
6.1.2.1. Endogenous factors.
Most of the molecules which are released from stimulated monocytes, and lymphocytes, and which
are loosely classified as cytokines, are able to augment several of the effector properties of human
blood eosinophils. These factors were initially described in complex mixtures produced by stimulating T cells, or monocytes with different stimuli, or by culturing mononuclear cells without further
stimulation. The availability of recombinant molecules, which have some of the properties of these
impure preparations, is an important step forward. These have been used to show that eosinophils
are receptive to most of the molecules which affect the properties of macrophages, and which stimulate lymphocytes to proliferate. Much of this area will become clearer, as these different activating
factors are cloned, and as techniques are developed for studying their occurrence, and relative importance in vivo, as well as in vitro. A summary of the principal eosinophil activating factors is
shown in Figure A06-2.
Fig. 6-2: Eosinophil activating factors.
A highly purified 41 kDa glycoprotein interleukin (HILDA) released from a human alloreactive T
cell clone, was chemotactic for mouse eosinophils in a tissue air sac, and induced blood eosinophils
from four patients with HES to produce chemoluminescence, similar to that developed by PMA. It
did not stimulate the growth and differentiation of eosinophil colonies from human bone marrow 1239.
Several features show that HILDA is distinct from EAF, and EDF, although it has a similar molecular weight to EAF.
In Boston, U.S.A. David, with Dessein, and Silberstein, and other colleagues have worked for several years on the capacity of cultured human blood monocytes to generate factors which enhance the
capacity of eosinophils to take part in cytotoxic, and inflammatory reactions. These were initially
called eosinophil cytotoxicity enhancing activity (ECEA). This was distinguished from T lymphocyte
derived factors, and called monocyte eosinophil cytotoxicity enhancing factor (M-ECEF).
Mononuclear cells from patients with chronic schistosomiasis in Brazil produced only 25 per cent of
the amount of ECEA as matched controls, 84 per cent of whom produced ECEA 443. It was thought
possible that this defect occurred because these patients had an altered immune responses to the
parasite, which resulted in a failure of the mononuclear cells to produce ECEA 442.
A principal effect of ECEA was shown to be an increase in the amount of eosinophil electron dense
material deposited onto the surface of schistosomula 292. Dessein, has summarized the work of the
group which he subsequently set up in France, in a paper published in 1987 510.
In 1987 Silberstein, and colleagues described the production of an ECEF by a human cell line (U937)
with monocyte features, which was derived from a patient with a histiocytic lymphoma. This was
produced after stimulation in serum-free medium with PMA for two days, and LPS for a further two
days. It had a subunit structure of about 9-10 kDa 1627, and migrated in gels with apparent molecular
weights of about 17, and 32kDa, and isoelectric points 3.8-5.1. M-ECEF consisted of several
components, including tumour necrosis factor (TNF) which accounts for part of its activity, and to
which it may be related structurally 1627. It was concluded that M-ECEF is one of several cytokines
which enhance the toxicity of human blood eosinophils to schistosomula in vitro 1628.
Butterworth, Thorne, and colleagues in Cambridge, U.K. have described an eosinophil activating
factor (EAF), which is a 37 kD protein, pI 4.4. It was partially purified from supernatants prepared
by culturing unstimulated blood mononuclear cells from moderately eosinophilic people for 1-25
hours. A smaller molecular weight activity was also produced, but this has yet to be characterized
1779
. Mononuclear cell supernatants from individuals with an eosinophilia produced the most activity

.
In 1986, EAF was shown to be distinct from TNF, ECEF, and GM-CSF 1779. EAF enhanced the
capacity of human blood eosinophils to kill antibody-coated schistosomula, and cell line cells. It
increased several properties of eosinophils: the expression of some membrane antigens, the adherence of eosinophils to schistosomula, degranulation, and the production of hydrogen peroxide,
superoxide, and LTC4 1780.
A similar eosinophil activating activity to EAF has been described in Amsterdam, Holland. This was
detected in supernatants from cultured human monocytes (mono-sup), and increased the oxidative
metabolism of human eosinophils in response to a variety of stimuli, except A23187 1972.
Mast cells, and basophils may produce factors which enhance the activities of eosinophils. This was
suggested in a study in which stimulation of eosinophils with a F(ab)2 rabbit anti-human IgE increases their cytotoxic capacity against schistosomula, if there were human basophils also present in
the cultures 1234.
The discovery, in 1982 444, that CSFs can also be activating factors, raises the question of whether
newly formed eosinophils are activated within the bone marrow, but lose this capacity when they
enter the blood, or whether an additional tissue factor(s) is required for this final step in differentiation. These possibilities await measurements of eosinophil activation in different locations, and the
possible role of the blood components in inhibiting (and reversing?) the activation process.
In 1986 it was reported that biosynthetic (recombinant) human T lymphocyte GM-CSF enhanced
eosinophil cytotoxicity toward schistosomula, and calcium ionophore A23187-induced generation
of leukotriene C4 (LTC4). Augmentation of each eosinophil function by GM-CSF was time- and
dose-dependent, which reached a plateau one hour after incubation, before stimulation with ionophore.
There was an initial increase in intracellular levels of LTC4 1629.
Colony stimulating factor alpha (CSF-alpha) derived from human placental conditioned medium,
and which has identical activity to recombinant GM-CSF, was shown, in 1982, to alter human blood
eosinophils so that they adhered to antibody-coated schistosomula more rapidly in vitro, by an
irreversible binding mechanism. This led to an increase in their capacity to kill the parasites at 24
hours 444.
In 1987 it was reported that, after culture for up to two weeks in small quantities of recombinant
human GM-CSF, normal human blood eosinophils became lighter in density, and had increased
capacity to secrete LTC4, and to kill antibody coated schistosomula 1346. Both recombinant TNF,
and GM-CSF increase eosinophil antibody-dependent killing of schistosomula. Recombinant TNF
was more potent than GM-CSF. The time course of activation by the two factors was different:
eosinophils were maximally stimulated by GM-CSF at ten hours, whereas this was 30 hours using
TNF 1630. GM-CSF is produced by a number of cells, including endothelial cells, in response to
stimulation with TNF 1253, which is mainly produced by macrophages.
In 1987, mouse EDF, (IL-5), was found to be an activating factor for human eosinophil antibodydependent killing of some tumour cells, and phagocytosis of opsonized zymosan 1823.
In the presence of bovine endothelial cells, or their conditioned medium, cultured blood eosinophils
developed an increased capacity to secrete LTC4, after stimulation with the calcium ionophore, and
to kill antibody-coated schistosomula. In endothelial cell cultures, eosinophils of normal density
also became lighter. It was suggested that endothelial cells could activate blood eosinophils during
their passage into tissues 1522. The molecules from endothelial cells which activate eosinophils may
be both GM-CSF, and G-CSF, as it has been found that human umbilical cord endothelial cells make
both of these activating factors in response to stimulation with interleukin 1 213.
Substance P, which is released by sensory neurones in the lungs, and gut, and causes respiratory
tract hyperreactivity, smooth muscle contraction, and urticaria, has been found to increase the expression of IgG, and IgE receptors on isolated human blood eosinophils, and to increase their capacity to lyse rabbit antibody-coated chicken red cells, labelled with 51Cr. This suggests that this
undecapeptide may activate eosinophils, and contribute to their effector roles in disease 421.
1845

PAF-acether, at concentrations of 10-7 to 10-9 M stimulated human blood eosinophils to kill complement-, and antibody-coated schistosomula more than normal. It was 100 times more potent than
histamine 1236.
Tumour necrosis factor can activate eosinophils for antibody-dependent killing of schistosomula. It
has a lesser effect than GM-CSF, and unlike the all or nothing effect of GM-CSF, it induces an
increased cytotoxic response over a 104 concentration difference. These differences were thought
to show that there are several different ways in which eosinophils respond to cytokines 1627.
Interferon alpha did not activate human eosinophils in an antibody-dependent killing assay 1779, 1627,
although it increased the secretion of granule enzymes from eosinophils in response to zymosan-C3b
stimulation 1538. Injections of recombinant interferon alpha into patients with solid tumours decreased the percentage of bone marrow cells that were eosinophils from 4.5 to 2.2 per cent 524.
Interferon beta enhanced the capacity of eosinophils to lyse antibody-coated chicken red blood cells
423
.
IL-1 does not activate human eosinophils directly 1779, 1627, but it has some effects on superoxide
production, and granule secretion in response to a number of stimuli 1420. IL-2 does not activate
human blood eosinophils 1779. Cloned gibbon interleukin 3 (gIL-3) stimulated mature eosinophils to
kill antibody-coated target cells, to produce superoxide anions, and to phagocytoze opsonized yeast
particles. It had more specificity as an activating factor than GM-CSF, as gIL-3 did not activate
neutrophils 1103.
6.1.2.2. Exogenous factors.
The possibility that schistosomula of S. mansoni produce activation factors for eosinophils was
assessed in a study from Lille, France, in which secretion/excretion products from schistosomula
were assessed for their capacity to induce rat, and human eosinophil activation. These effects were
compared with the capacity of ECF-A to induce activation of eosinophils from rats, and man. The
schistosome-released products (SRP) were of a larger molecular weight, and different heat lability
from ECF-A, and caused eosinophils to develop a greater cytotoxic capacity, more Fc gamma receptor
expression, and greater morphological changes after 4h incubation, than ECF-A. As SRP had less
effect on human neutrophils, it was proposed this could partly explain why eosinophils were more
toxic for schistosomula than neutrophils, and how parasites themselves could influence the way in
which inflammation develops in tissues 78. It was later shown that rat eosinophil-dependent killing of
schistosomula was enhanced by proteases released from schistosomes, and by collagenase. This
suggested that the effect of SRP on rat, and human eosinophil Fc receptors, and antibody-dependent
cytotoxicity involved eosinophil membrane structures which were changed by neutral proteases 79.
6.1.2.3. Effects of activating factors on eosinophils.
Incubation of human blood eosinophils with EAF induced them to produce more lamellopodia, and
their granules moved rapidly in phase-contrast preparations 1778. A 25 kD product from histaminestimulated blood mononuclear cells also induced morphological changes in cultured blood eosinophils
1454
.
There is evidence that activation signals induce eosinophils to phosphorylate several proteins. This
was seen when human blood eosinophils were cultured alone, or after stimulation with PMA, A23187,
or opsonized-zymosan. There was also dephosphorylation of a 21 kDa protein. Alterations in
phosphorylation were not seen with fMLP. As each stimulus affected a different range of proteins of
varying size, it was suggested that phosphorylation is not only an early event following cell activation, but that the proteins which are affected depend on the nature of the signal 1473.
Cultures of partially purified mouse peritoneal eosinophils contained more lysophospholipase, after
incubation with mononuclear cells stimulated with parasite antigens to which they were sensitized,
than control cultures. This suggested that mononuclear cell products can increase the amount of
this enzyme synthesized by eosinophils. These findings also explain why higher levels of
lysophospholipase are found in the tissues of parasitized mice, than can be accounted for by the
number of normal eosinophils 20.

6.2. Cytotoxicity.
It has been known for many years that eosinophils are less effective than neutrophils in killing bacteria. This is partly because less eosinophils ingest bacteria, and the number of bacteria ingested per
cell is lower than for neutrophils. In addition it has been suggested that eosinophils have a less
effective peroxidase-H2O2-halide killing system than neutrophils. The topic was reviewed by Bass in
1982 124. The possibility that eosinophils might kill parasites was not seriousy considered until
recently, although there were early observations which might have suggested this. For example in
1968 it was shown that the ultrastructure of tissue eosinophils was altered by a parasitic infection,and
it was shown that the central area of the granule had been effected. It was proposed then that the
release of the central electron-opaque material could play some part in the reaction to the infestation. This work, by Casley-Smith in Australia was done in rats infected with Moniliformis dubius 285.
He also compared this change in the crystalloid with changes in the matrix of eosinophil granule in
patients with an eosinophilia, which had been described in 1966 by Zucker-Franklin, and her colleagues 2009.
The capacity of eosinophils to kill the schistosomula of S. mansoni in vitro, which was discovered in
1975 255, provided a major stimulus (and assay system) for the study of eosinophil-dependent cytotoxicity. Work in this area has led to the conclusion that eosinophils are major defensive cells in
protection against certain helminthic, and other parasitic infections. Some work on eosinophildependent killing of tumour cells in vitro has also shown their potential for protection in neoplastic
diseases. This work has also raised the possibility that eosinophils could damage normal cells, and
tissues, and be responsible for several important clinical abnormalities, such as some forms of asthma,
skin diseases, and endomyocardial fibrosis.
Most experiments in this field have been carried out using intact eosinophils, and the targets coated
with a molecule which can bind to one of the main receptors on eosinophils. In these experiments,
several hundred eosinophils were required to kill each parasite, and the mechanism of killing was a
three-step process in which the parasite was first recognized, then attached to, and finally killed by
secretion products from the attached cells. Similar types of experiments have been carried out with
mammalian cells coated with a variety of molecules which eosinophils can recognize. For example
in 1978 Sanderson, and colleagues, showed that August rat peritoneal eosinophils were able to
cause the release of up to 30 per cent of the label from 51Cr-labelled chicken red blood cells coated
with rat antibody, after incubation in a 2.5:1 cell:target ratio for four hours. (This was less than the
amount of 51Cr released by neutrophils under the same conditions). The ways in which eosinophils
attached, and partially ingested the labelled cells was different from neutrophil, as shown in a timelapse film which they made 1554.
Mammalian cells, and tissues are probably killed in a different way. Normal cells, and tissues are not
coated with immunoglobulin or complement in the same way as invasive parasites, and in this case,
the effects take place without a receptor-mediated attachment phase. In this model of eosinophildependent tissue injury, eosinophil products would be generated by soluble stimuli. Release of
products would attach to nearby structures, and damage them. Long range interactions of secreted
eosinophil products with cells, and tissues could also occur. However, these are less likely in view
of the basic properties of the eosinophil cationic proteins. Figure A06-3.
Fig. 6-3: Eosinophil-dependent cytotoxic mechanisms.
6.2.1. Parasite killing.
During the past decade, the view that eosinophils provide a first line of defence against infection by
a number of nematodes, which induce the production of IgG, and IgE antibodies, has gained wide
acceptance. This was reviewed in 1984 249. Antibodies coat certain stages in the tissue life cycle of
the parasite, so that eosinophil can attach, and degranulate onto their surface, and kill them. Details
of how this interaction takes place with schistosomula in vitro were published in 1979 256, and 1980
1819
, and have provided the model system for this type of interaction.
One of the main effects of the attachment process was to cause the release of highly toxic cationic

proteins onto the surface of the parasite. This has been studied by several groups using
electronmicroscopy. Secreted EPO was found on the surface of the schistosomula 1177, and
Angiostrongylus cantonensis adults 1983, and MBP on schistosomula 257, and Onchocerca volvulus
microfilariae 951.
However, the capacity of many parasites to alter their antigenic characteristics within a short time of
invasion of the host, means that cell-mediated immunity can only act on certain stages in the parasite
life cycle. A temporal, and spatial association between an eosinophilia, and many parasites is often
difficult to demonstrate in the early stages of an infection. An eosinophilia is usually more prominent
in the later stages of the disease 124. Even so, eosinophils do appear to have a role in limiting the
number of invasive parasites which migrate to their final tissue locations. At the least, eosinophils
provide a hostile tissue environment for helminths, which are so common in mans environment.
Many nematodes may be able to resist or avoid eosinophil-dependent cytotoxicity, although there
has been no formal study of the range of parasites which are susceptible to, or resistant to this
cytotoxic response. For example, the infective larvae of Toxocara canis were not killed in vitro by
human blood eosinophils, even after they have been activated in vitro. This was found to be due to
the capacity of the larvae to shed their cuticle 542.
Eosinophil-dependent killing may also act in tandem with other forms of cytotoxicity in vivo, but
experiments to assess this in vitro are obviously more difficult to carry out. For example, an effect
of EPO on the killing of T. cruzi epimastigotes by macrophages has been shown.
Parasites are also susceptible to cytotoxic mechanisms when they lodge in sites where they are
unable to develop further. For example migrating larvae of T. spiralis are always killed in the heart,
where they commonly localize in heavy infections. Eosinophils are a prominent component of this
response.
In the case of parasites which produce eggs in their definitive tissue locations, eosinophils again may
play an important role in host defence. In some instances this is beneficial, but the marked granulomatous response that can occur around ova in the gut, liver, and bladder wall can also be detrimental, in the long term. The fibrotic reaction that occurs as a result of these granulomas may be partly
due to products released during the tissue damage, or as a result of the release of fibrogenic molecules from inflammatory cells in these sites, including eosinophils. This possibility has still to be
explored fully in the case of eosinophils, but the marked association of eosinophils with fibrotic
reactions in many different tissues argues for their central role in this type of lesion.
6.2.1.1. Eosinophil killing of schistosomes.
Eosinophils may have a protective effect during penetration of the skin by schistosomula of S.
mansoni. They may also kill migrating parasites in the lungs, and other sites, where the major
depredation of migrating larvae is now known to take place. However cultured schistosomula have
the ability to alter their tegument, so that they no longer become susceptible to eosinophil-dependent killing mechanisms 1287, 439. This protective change may also occur in vivo.
IgG antibody enables eosinophils to attach to the surface of the parasite. This is present in the serum
of some patients with schistosomiasis. It has also been produced by immunizing animals with the
haemocyanin glycoprotein from the keyhole limpet, giving some protection against infection 726.
Complement mediated killing has also been reported using rat 1470, or human eosinophils 48.
Most of the assays for eosinophil-dependent killing of schistosomula have been done using skinpenetrated parasites, although mechanically disrupted schistosomula have been used by some groups.
Details of the techniques have been given in a number of the papers discussed below. The signs of
parasite death are a reduction in motility, loss of their normal structure, and penetration of dyes,
such as methylene blue, into the worm surface. Although 51Cr release was used initially as an assay
technique for eosinophil dependent killing 254, this was replaced by these other methods. In a review
of this assay system in 1985, it was found that each of the components of the assay could affect the
result, including the source of the eosinophils, the antibody, and even the reaction vessel253.
The biochemical events during the killing of S. mansoni eggs by mouse eosinophils were reported by

James, and Colley in 1978. They showed that inhibitors of eosinophil glycolysis (iodoacetate, and 2
deoxy-D glucose), prevented eggs from being killed, and they also found that calcium, and magnesium ions were needed. Aerobic metabolism was essential for satisfactory eosinophil function in
vitro, and there was also a requirement for microfilaments, and serine esterases 869. Histological
evidence, from liver biopsies of patients with schistosomiasis mansoni, supports the possibility that
eosinophils can kill the miracidium in egg granulomas 820.
Work with rodent cells continued in other laboratories in 1978, using rat eosinophils, and
schistosomula. Electronmicroscopy of the interaction of rat peritoneal eosinophils with schistosomula
showed that eosinophils migrated under the tegument, and prised it away from the body of the
worm. Eosinophils released many of their granules, and had begun to degenerate in these areas. In
contrast, eosinophils adherent to complement-coated Sepharose beads did not show any evidence of
specific granule secretion, or vacuole formation, even after eight hours of culture 1180. This is surprising, in view of previous studies in which complement-coated Sepharose has been shown to
induce lysozomal enzyme release from eosinophils in man 1197.
The interaction of eosinophils with the pentalaminar surface membrane of antibody-coated
schistosomula is a close one, which was first studied in 1978 by phase-contrast, and
electronmicroscopy. The cells adhered, flattened, and then after fusion of the eosinophil granule
membrane with the cell plasma membrane, electron-dense granule material was spread closely over
the surface of the parasites. This was followed by evidence of damage to the tegument within the
first five hours of incubation. Eosinophils continued to attach to the exposed deeper muscle layers,
and ingested fragments of the parasites 649.
In 1980, the interaction was studied using freeze fracture techniques. This showed that eosinophils
did not fuse their plasma membrane with the outer membrane of the schistosomula, unlike neutrophils,
but discharged their granule contents directly onto the surface of the parasite 290. When eosinophils
were detached from the surface of antibody coated schistosomula, transmission EM, and freezefracture studies suggested that eosinophils adhered to the parasite surface by their discharged granule material 291. This makes it probable that the toxicity of eosinophils for this parasite is linked to
their capacity to secrete their granules, and other components.
Although initial work in 1979 on eosinophil-dependent killing of schistosomula in vitro suggested
that MBP was the most potent toxic component in eosinophils 257, it is now known that on a molar
basis, ECP is more toxic in vitro 5. The capacity of ECP to kill schistosomula is greatly increased in
the presence of oxygen metabolites. This was shown by incubating schistosomula with neutroplasts,
or eoplasts, which contain membrane oxidative enzymes, but no granules. The importance of the
respiratory burst was shown in experiments in which cytoplasts of granulocytes from patients with
chronic granulomatous disease failed to synergize with ECP to kill schistosomula 1973. For further
discussion on the effects of individual eosinophil proteins on parasites in vitro, see Chapter A 03.
6.2.1.2. Eosinophil killing of trichinella.
It was first shown in 1978, that T. spiralis newborn larvae could be killed by murine eosinophils in
vitro 942, 939. Human eosinophils, and neutrophils were also shown to be able to kill these larvae 129, 938.
Studies done in Paris, and reported in 1987, have shown that murine eosinophils are the main effector cells of in vitro antibody-dependent killing of larvae which are only two hours old, but that the
parasite alters to be come resistant by 20 hours 620.
The mechanism of killing was initially ascribed to the generation by eosinophils of reactive oxygen
species, and hydrogen peroxide 129. Then it was shown that MBP could kill newborn larvae 1887, but
not muscle stage larvae 246. A monoclonal antibody to newborn larvae, which could mediate eosinophil-dependent killing of the larvae in vitro, was able to reduce infectivity in vivo 1336.
It was not until 1987 that the toxicity of three of the basic proteins in eosinophils, native MBP,
reduced and alkylated MBP, ECP, and EDN/EPX, was assayed in cultures of T. spiralis newborn
larvae. MBP in its reduced, and alkylated form, was more toxic than the native molecule, and ECP
was as toxic as MBP, but killed more slowly. EDN/EPX was about 10 times less active. Ribonucle-

ase was ineffective 747. As this parasite has lysolethicin within its tegument, it has been suggested
that eosinophil lysophospholipase could also damage this parasite 20, but this has not been tested.
6.2.1.3. Eosinophil killing of filaria.
Possible links between eosinophils, and the pathology of onchocerciasis have been studied for several years, and there is a growing body of evidence that although eosinophils may have a protective
role in this disease, they may also be responsible for some of the tissue lesions which produce
permanent injury in the skin, and eyes. IgE antibody may be involved, as sera from Sudanese
patients with onchocerciasis was found to contain a heat-labile component which enabled blood
eosinophils to adhere to third stage larvae of this parasite, during a three hour assay. Neutrophils did
not adhere, and eosinophil binding to other filarial larvae was not seen. The most active sera came
from patients with punctate keratitis 1934.
Eosinophils can kill the microfilariae of Onchocerca volvulus 714, and Brugia malayi 1632 in vitro.
Eosinophils in the lymph nodes of patients with onchocerciasis, who had been treated with diethylcarbamazine, had features to suggest that they were destroying the microfilariae 1465.
6.2.1.4. Eosinophil killing of trypanosomes.
In 1979 Thorne, and colleagues found that human eosinophils could phagocytose Trypanosoma
dionisii, and kill the organism in endocytic vacuoles 1777. In 1981 Kierszenbaum, and colleagues also
reported that trypomastigotes of T. cruzi were killed in vitro by reduced, and alkylated MBP 960.
Killing was prevented with greater than 312u/ml of heparin in cultures containing four eosinophils
for each organism 961.
It has been shown that amastigotes of T. cruzi can be taken up, and damaged by human blood
eosinophils. Intact granules, and MBP were also deposited onto extracellular organisms, and these
may have been the cause of their death, as MBP was found to be directly toxic to epimastigotes 1863,
and amastigotes 1864.
6.2.1.5. Eosinophil killing of other parasites.
There is experimental work suggesting that eosinophils may be able to kill malaria parasites. This
has come from studies in infected rodents, and from in vitro experiments with eosinophil secretion
products 1890.
Leishmania mexicana amazonensis promastigotes, and amastigotes were rapidly phagocytozed by
rat peritoneal eosinophils, and destroyed both within endocytic vacuoles, and by secretion onto the
surface of the parasites 1408. This reaction was complement mediated.
In 1983, it was shown that human blood eosinophils were able to kill Giardia lamblia in an antibodydependent cytotoxicity assay, although this effect was less than with neutrophils 1653.
6.2.2. Mammalian cell killing.
There are a wide range of non-parasitic diseases in which eosinophils are prominent, and may have
a toxic effect on cells, and tissues. Examples include atopic eczema, in which large amounts of
eosinophil granule proteins are found in the dermis in areas where there are few eosinophils, in
eosinophilic cystitis, in certain slowly-growing tumours where eosinophils are found, and around
the tumour masses, in the gut in various inflammatory disorders such as Crohns disease, and allergic
gastroenteritis, and in granulomatous diseases where eosinophils deposit large amounts of their
granule proteins.
Guinea pig MBP can damage a number of human cells in vitro, including spleen cells, mononuclear
cells, intestinal, skin, and tracheal cells 658. As the concentrations of MBP which had this effect could
be reached in vivo, it has been suggested that this may be a cause of tissue injury in hypersensitivity
diseases 656.
6.2.2.1. Eosinophils, and respiratory tract injury.
The finding of large numbers of eosinophils in the bronchial epithelium of patients dying with severe
asthma prompted experiments to see whether eosinophils could be responsible for some of the
pathology of this disease. Experiments using guinea-pig tracheal rings in vitro showed that MBP
cause desquamation, and damage to ciliated epithelial cells on the surface of the trachea, and re-

duced ciliary motility.
Eosinophil peroxidase which was purified from the blood of patients with HES killed cultured human A549 cells, (which have some of the characteristics of type II pneumocytes), and rat type II
alveolar pneumocytes, in the presence of an H2O 2-generating system, and a halide. It was suggested
that, as MBP at 10-5 mol/L did not cause lysis in this system, the EPO-H2O2-halide system may be an
important cause of lung injury in patients with asthma, and pulmonary eosinophilic syndromes 24.
Purified rat peritoneal eosinophils, either intact, or after disruption, were able to prevent the confluent growth in culture, of a human fetal lung fibroblast cell line, MRC-5. The inhibition was greater
when the cells had been stimulated with PMA, and only then became as effective as neutrophildependent toxicity 354.
6.2.2.2. Eosinophil killing of cell lines, and tumour cells.
There is a body of experimental work which show that eosinophils can kill tumour cells in vitro,
raising the possibility that eosinophils may have a protective role against the growth of certain
tumours. As mentioned above, during a two-hour incubation, EPO was toxic for cultured human
lung A549 cells in the presence of an H2O 2-generating, and halide system 24. Eosinophils in
bronchoalveolar lavage samples from patients with respiratory diseases,killed a cat lung diploid
alveolar epithelial cell line (AK-D) spontaneously. Guinea pig eosinophils had the same effect and
also killed a labelled human lung fibroblast cell line (HFL-1) spontaneously. Cultured fibroblasts,
and mesothelial cells were killed, but less effectively. The mechanism of killing appeared to be
through the production of oxygen radicals 409.
6.2.2.3. Eosinophil killing of heart cells, and vascular constituents.
The association of a marked eosinophilia due to many different causes, with the appearance of
endomyocardial fibrosis has led several investigators to raise the possibility that eosinophils might
be able to damage the heart. Since 1976, we have been investigating the role of eosinophils in
cardiovascular injury in patients with hypereosinophilia. We have shown that eosinophil secretion
products are highly toxic for isolated rat heart cells in vitro. Toxicity was due to damage to the
sarcolemma, with secondary effects on mitochondrial enzymes, which were inhibited stochiometrically.
The most sensitive enzymes were 2-oxoglutarate dehydrogenase, and pyruvate dehydrogenase 1736.
Earlier studies using heart cell line cells, and intact human blood eosinophils failed to show significant toxicity 1367, but these experiments were done without prior activation of the eosinophils to
enhance their potential cytotoxic capacities, and to cause them to secrete their contents. The intravenous injection of human eosinophil secretion products can also injure the right ventricular muscle
of mice 973. Isolated vascular endothelial cells can be killed by purified guinea pig MBP 658.
6.2.3. Mechanisms of eosinophil-dependent killing.
Eosinophils can damage target cells, and multicellular organisms by both oxygen-dependent, and
oxygen-independent mechanisms. Oxygen-independent killing mechanisms affect cultured bronchial cells 83, and schistosomula 1415. Oxygen-dependent mechanisms are involved in schistosomula
killing by eosinophils stimulated with activating factors 1416. It is also interesting to note that eosinophils
from patients with chronic granulomatous disease (CGD) kill schistosomula less well than normal
eosinophils 941.
6.2.3.1. Cationic proteins.
Both eosinophils, and neutrophils can damage targets by secreting their stored cationic proteins.
The toxic cationic proteins in neutrophils, which kill some bacteria, and fungi, are of two types: (1)
small molecular weight cysteine-rich proteins containing only 29-30 amino acids, named defensins
1589
. These can also kill tumour cells 1077, (2) larger molecules of 37, and 57 kDa 1594. Eosinophil
cytotoxic cationic proteins are probably unrelated to the neutrophil antimicrobial proteins, but their
capacity to damage bacteria has not been as well defined. All these proteins appear to damage their
targets, through membrane interactions. In the case of the neutrophil defensins, this occurs within
phagosomes, and less than 8 per cent is secreted after stimulation with PMA, or opsonized zymosan
621
.

The possibility that eosinophil basic proteins cause membrane damage by forming transmembrane
lesions in target cells has been suggested on several occasions. Studies with purified human ECP,
have shown that it can form ion channels in liposomes 1985, but these transmembrane pores were
relatively voltage-insensitive, and non-ion-selective 1986.
It has also been suggested that MBP could disrupt cell membranes in a way similar to mellitin 1006, in
which the basic N-terminal part of the molecule binds first, and the hydrophobic part then interacts
with the cell membrane to damage it 998.
6.2.3.2. Oxygen radicals.
Eosinophils may kill organisms by two oxygen-dependent mechanisms. One involves the generation
of oxygen radicals (superoxide, and O2- ), and the other the production of HIO3 or HBrO3. These
two events are linked, as newly formed superoxide is rapidly converted to H2O2, which is highly
toxic in the presence of a peroxidase, and a halide. Superoxide, and H2O 2 can diffuse easily, but they
are detoxified rapidly by superoxide dismutase, catalase, and glutathione peroxidase. Other reactive
oxygen metabolites probably travel only a short distance 94. The most toxic product of granulocyte
oxygen metabolism is the hydroxyl radical 1147.
6.2.3.3. Hydrogen peroxide, and EPO.
There is an extensive literature on the capacity of products of oxidative metabolism from neutrophils
to damage cells, and tissues. This began with the classical study of Klebanoff who showed in 1967,
that myeloperoxidase with H2O 2, and free iodine can iodinate, and kill bacteria 974. It has also been
known since 1971 that eosinophils generate large amounts of H2O2 92, 975.
The toxicity of the EPO + H2O 2 + halide system in eosinophils is different from that in neutrophils, as
iodide 1209, and bromide 1902, but not chloride, are important in bacteria killing by eosinophils. The
product generated may be HIO3, and HBrO3. However, when gelatin is absent from the reaction
mixture, purified EPO can kill E. coli in the presence of H2O2, and chloride 890.
The range of organisms which are killed in this way in vitro is impressive. It includes schistosomula
940, 892
, toxoplasma 1089, trypanosoma 1283, leprosy bacilli 978, and other bacteria 890, viruses 150, mycobacteria, and fungi. However, it is not certain that eosinophils can mobilize this effector system very
well. For example, phagocytozed E. coli are not destroyed by eosinophils as effectively as by
neutrophils, although they appear to have the capacity to do so when purified peroxidase with H2O2,
and a halide are used in vitro 890.
EPO can also kill mammalian cells in vitro. This has been shown with mast cells 778, and some
tumour cells 891.
6.2.4. Factors which increase eosinophil-dependent cytotoxicity.
A large number of factors have been described which increase the cytotoxic capacity of eosinophils
for target parasites, and cells. These include the following endogenous factors:
- GM-CSF (CSF-alpha) 1779.
- mast cell-derived factors, including ECF-A, and histamine 1235.
- ECF-A 47, 271.
- leukotriene B4 1237 (a minimal effect).
- fMLP 934, which is normally considered as a bacterial product, but which can also be generated by
mitochondria.
- factors from stimulated T lymphocytes including ESP 868, and EDF.
- IL-3 1103.
- monocyte products including EAF 1779, and M-ECEF.
- recombinant TNF 1779.
- Beta-interferon which increased 51Cr release from antibody-coated chicken red blood cells from 24
to 30 per cent after 30 minutes, at an effector/target cell ratio of 25:1 423.
6.3. Interactions of secreted products with normal cells, and tissues.
If the primary role of eosinophils is to release their granule components into areas of inflammation,
it is clearly important to know what effects these secreted products have on other cells, and tissues.

With this in mind, several of the principal eosinophil constituents have been tested individually for
their capacity to interact with other cells, and tissues, in vitro (see Chapter A 03). However, most of
these studies have used (partially) purified eosinophil extracts, which may possess different properties from naturally secreted proteins. In the case of ECP, antigenic differences between storage, and
secreted forms of the protein can be recognized with monoclonal antibodies. There may even be
interactions between two, or more of the secreted eosinophil proteins, giving rise to molecules with
either increased, or reduced capacity to interact with adjacent cells, and proteins. Although experiments with complex mixtures of secretion products from eosinophils are messy, they are more
likely to provide relevant information in this area, especially when they are carried out in the presence of blood, and tissue components, which may modify their actions. Possible targets for these
effects of eosinophil secretion products are mast cells, basophils, lymphocytes, platelets, and other
inflammatory cells, including other adjacent eosinophils.
In most of the in vitro studies in which individual eosinophil components have been tested on other
cell types, their main effect has been to cause the target cell to release its own granule components,
or to become deactivated, perhaps because important parts of the target cell membrane became
covered with granule components. These effects would probably act at short range, as the eosinophil basic proteins would bind to surfaces, and cells immediately adjacent to them. Heparin is the
only endogenous inhibitor of eosinophil granule protein functions so far described 1850, although
others may exist, such as alpha 2-macroglobulin. They would also limit the range of action of these
proteins. Eosinophil-derived reactive oxygen molecules could also have a very limited range of
action. A summary of the possible actions of eosinophils on tissues is given in Figure A06-4.
Fig. 6-4: The interaction of eosinophils with other cells.
6.3.1. Interactions with blood vessels.
It is likely that eosinophils affect vascular permeability, causing oedema, since the formation of a
transudate is a common feature of many eosinophilic disorders. There are no details of how this
could occur, although it has been stated that MBP causes a wheal, and flare reaction when injected
into human skin 672. More is known about how neutrophils affect vessel permeability to small molecules: most of their effector mechanisms appear to be involved, ranging from granule enzymes, and
cationic proteins, to products of arachidonic acid metabolism, and products of oxygen metabolism
1070
.
1. Chapter B 01. Eosinophils in animals other than man.
Eosinophils in animals have been studied by many people since Ehrlich noted in 1879 that eosinophils
were present in all the species he examined, including frogs, and birds 801. Research on eosinophils
in different species is important for several reasons. It offers the opportunity to determine the
properties, and roles of eosinophils in vivo, and to define the relationship between eosinophils, and
other cell types, under controlled conditions. However there are species differences, which can
cause difficulties if the findings in animals are to be related to man. For example rodent peritoneal
eosinophils have a phagocytic capacity which is usually greater than human eosinophils. In some
animals, including members of the cat family, hyracoids, rhinocerous, hyenas, okapi, and some birds,
there is no eosinophil peroxidase, and eosinophils in hyenas do not stain with eosin 1810. As eosinophil responses in animals are also often used in drug testing, as a measure of an allergic reaction,
the pharmaceutical industry has built up an extensive literature on eosinophils in different drug
regimes. At the same time, the normal values of blood eosinophil counts have been established. A
database of eosinophil counts (and other baseline measurements) in the most commonly used laboratory animals has been set up by the American Cyanamid Company, New York. This was summarized in 1986 1949.
There is a great variety in the morphology of eosinophils in different vertebrates, both in the light

and electronmicroscope, and they can be difficult to distinguish from other blood cells by their
capacity to bind eosin. When molecular probes become available for the unique constituents in
eosinophils (ECP, EDN/EPX, and EPO), it will be of great interest to determine the phylogeny of
eosinophils in animals.
1.1. Phylogeny of eosinophils.
All vertebrates appear to possess eosinophils. They have also been found in a number of cartilaginous
fishes, and more primitive organisms. It is not known whether an equivalent cell they occurs in
insects. There is no formal study on the phylogeny of eosinophils, although this is an interesting
area, which could be helpful in defining the biological role of eosinophils in normal, and diseased
organisms.
1.2. Eosinophils in amphibia, birds, and fishes.
Eosinophils are present in the frog, and triton, but their granules do not contain crystalloids 948, 1190.
Eosinophil granules in chickens, and pigeons, do not have a crystalloid 948, but Maxwell, in Roslyn,
Scotland, has found crystalline cores in eosinophils from several other species of bird, including
ducks 1166, 1167. In 1986, he described a method for inducing large numbers of eosinophils to accumulate in the peritoneal cavity of chickens, using bovine serum albumin 1168, and he has studied the
morphology, and enzyme content of avian eosinophils, including alterations in lipid bodies.
Eosinophils have been described in the blood, and tissues of a number of different fishes, including
lower vertebrates such as the elasmobranchs. They have been in the nurse shark 833, and torpedoes
(Torpedo marmorata Risso, and Torpedo ocellata Rafinisque) 716. However, they are absent in
hagfishes, which are Agnathan cyclostomes, and are direct descendants of the first fishes to emerge
over four hundred million years ago. These are amongst the lowest living vertebrates, and have
blood cells similar to neutrophils in higher organisms, but eosinophils, and basophils were not detected in one electronmicroscopy study, which suggests that eosinophils may have appeared at a
later stage in evolution 1082.
The majority of fishes have eosinophils without crystalloids in the specific granules. This was shown
in a study reported in 1986on eosinophils from the peritoneum of the striped bass, Morone saxatilis
184
.
Eosinophil granules with crystalloids are present in the tench 948, and a fresh water fish, the loach,
Misgurnus anguillicaudatus 850, in which eosinophils sometimes contain only one large granule, with
separate small granules. One type of eosinophil granule in three teleosts (Cyprinus carpio L., Tinca
tinca L., Salmogairdneri R.) has been shown to contain peroxidase, which varied in amount during
development 169.
As the ultrastructure of eosinophil crystalloids in the loach was similar to man, it has been suggested
that they might contain an analogous basic protein to human MBP 850. The nurse shark,
Gingilymostoma cirratum, also possesses eosinophils 833.
There has been some recent work on the functional properties of fish eosinophils, which can be
separated by differential adhesion,or density gradient separation 1143. Eosinophils from the peritoneum of the striped bass, Morone saxatilis were found to have lamellipodia, and were phagocytic 184.
Isolated eosinophils from the pronephros of the carp, Cyprinus carpio L, were also able to ingest
bacteria, but unlike neutrophils in this species, the bacteria were not contained in endocytic vacuoles
1766
.
1.3. Eosinophils in mammals other than man.
The majority of in vivo experimental studies on eosinophils have been carried out in inbred rodents,
including mice, rats, and guinea pigs. Large animals, such as horses, cattle, and some primates have
also been used when greater quantities of eosinophils were needed.
1.3.1. Buffalos, camels, cattle, goats, sheep, and swine (Artiodactyla).
In this group of animals, there are reports of blood eosinophil counts in calves 523, and wild fallow
deer in Australia 516. Blood eosinophil counts in the African buffalo (Syncerus caffer caffer), and in
the red buffalo (Syncerus caffer nanus), were measured in 1985, and found to rise with age 1433.

Nematode infections in the yak, Bos grunniens, have been shown to produce an eosinophilia 771.
Cattle have provided large numbers of eosinophils by a technique in which antigen primed cows had
antigens injected into their nipples, which then gave an inflammatory exudate rich in eosinophils 473.
Bovine eosinophils can be purified by density gradient centrifugation 298.
1.3.2. Cats, dogs, ferrets, mink, racoons (Carnivora).
The general features of eosinophils in dogs, and cats were reviewed in 1981 2001. Eosinophils in cats
have some of the most elegant crystalloids in the animal kingdom 1442, 2007, although eosinophils in
members of the cat family do not contain peroxidase 1442, 1810.
Eosinophils in dogs have been seen both in the blood, and in efferent lymph 622. They can be purified
by density gradient centrifugation in Percoll 258, and they can form rosettes with human erythrocytes,
in the same way as T cells in this species 1967.
1.3.3. Rabbits (Lagomorpha).
Although the rabbit has proved an important experimental animal for the raising of antisera, it has
proved less successful for the preparation, and study of the eosinophil, largely because heterophil
granules in rabbits show some staining with eosin. Modern density gradient separation techniques
have not been used to separate rabbit blood eosinophils, and this could be an interesting area for
further work.
1.3.4. Kangaroos, opossums (Marsupials).
In a study on 112 opossums, although neutrophils were the commonest blood cell during the first
few weeks of life, eosinophils increased rapidly so that they soon equalled, or exceeded the number
of neutrophils. After this period, eosinophils remained a prominent, but smaller component of the
blood 375.
1.3.5. Horses (Perissodactyla).
In the 1960s horses were used as a major source of eosinophils, and their attractive large granules
were thought to contain histamine. On the basis of this incorrect assumption, the role of eosinophils
was thought to involve histamine-dependent processes. More recently, horses have been used in the
preparation of large amounts of EPO. The ready availability of large numbers of eosinophils in
individual horses still provides an important source for bulk separation of eosinophils, and their
components.
In 1984, the blood eosinophil counts in 474 healthy horses at Newmarket, U.K., were assayed 32.
The counts were not normally distributed, but there was no difference in the blood eosinophil count
in horses of different ages. The mean count was 0.2 x 109/L.
1.3.6. Primates.
The majority of studies with eosinophils in primates have been carried out on anthropoidea. Many
reports on eosinophils in primates have been given for the macaque monkey, Macaca mulatta, and
baboons (Papio). In 1982, eosinophil counts were reported for a colony of 104 captive golden lion
tamarins (Leontopithecus rosalia) in the Smithsonian Institute, Washington D.C., U.S.A. 236. In
1984, blood eosinophil counts in a captive group of 86 lesser mouse lemurs (Microcebus murinus)
were reported as 0.54 x 109/L435.
1.3.7. Rodentia.
Rodents have proved to be the most valuable experimental animals for studies on eosinophils in
vivo, and the availability of inbred strains of many of these species has been particularly important
for providing reproducible animal models of eosinophilic disorders. The genetic basis of eosinophilia
in some species of Rodentia has also begun to be explored.
1.3.7.1. Chinese hamsters, gerbils, hamsters (Cricetidae).
Eosinophil research has used these species only rarely, although there is a report in 1984 of the use
of Chinese hamsters in the study of schistosomiasis 364. The appearances of eosinophil in the bone
marrow of the Mongolian gerbil were described in 1978 1894, and acid phosphatase in hamster
eosinophils in 1980 496.
1.3.7.2. Guinea pigs.

Large numbers of eosinophils can be induced to localize in the peritoneal exudate of guinea pigs
after repeated lavage with saline, or saline containing a wide range of protein antigens 1411, 1081. This
technique provides tissue eosinophils, which can also be obtained by bronchoalveolar lavage of
sensitized animals. There is no published report on the preparation of blood eosinophils from guinea
pigs.
1.3.7.3. Rats, and mice (Muridae).
Mice, and rats have been the most widely used experimental animals for studies on eosinophils, as
they are available as inbred strains with reproducible, and defined characteristics. Many strains of
mice have been used for studies on eosinophils, especially Balbc, C57Bl, and CBA mice. Mice
which have been infected with Mesocestoides corti produce large numbers of eosinophils in the
peritoneal cavity, and this provides an excellent source of eosinophils for experimental studies 880.
Eosinophils have also be obtained from mice with toxocariasis 1721.
Many inbred strains of rats have been used for studies on eosinophils. Normal blood eosinophil
counts in rats have been well defined 1948. A strain of August rat has been used extensively at the
National Institute for Medical Research, London, as it has a spontaneously high level of eosinophils
in its peritoneal cavity, which can be separated by density gradient centrifugation 1124. Am-1(2)/Tor
rats, which have been studied in Brazil, also have a spontaneously high number of these cells in
peritoneal washings, and can be purified to over 90 per cent purity on metrizamide gradients 1407.
The largest numbers of eosinophils are obtained from rats which have been induced to develop an
eosinophilia. 2.5 x 108 eosinophils can be obtained from the peritoneum of a rat infected with M.
corti, although the cells are in an activated state, with altered properties 355. Rat, and mouse peritoneal eosinophils can be purified using discontinuous metrizamide gradients 870.
1.4. Reptiles.
Eosinophils have been found in turtles, and lizards, but they do not contain a crystalloid internum 948.
A primitive reptile, the tuatara, Sphenedon punctatus (Gray), has eosinophils, but these do not have
crystalloids 446. The American alligator (Alligator mississippiensis) has blood eosinophil counts of
about 0.6 x 109/L, which stain for alkaline phosphatase, and have some phagocytic capacity for
bacteria in vitro 1163.
1. Chapter C 01. Bacterial, fungal, and rickettsial infections.
1.1. Bacterial infections.
The majority of bacterial infections cause a rapid fall in blood eosinophil counts, and this has been
used to help distinguish between allergic, and infectious causes of, for example, inflammatory lung
disease. This decrease in blood eosinophil counts is not always associated with an absence of
eosinophils in the inflammatory lesions of bacterial infections, suggesting that some of the fall in
blood counts is due to the uptake of eosinophils into the lesions. However, bone marrow production
of eosinophils is reduced during most bacterial infections. It is possible that eosinophils take part in
bacterial infections, even though they may not be present in the blood. This possibility arises from
the results of serial measurements which were made in 1978 of the serum concentrations of eosinophil granule-derived proteins in twelve patients with pneumonia, and twelve control subjects.
Although patients with pneumonia had no circulating blood eosinophils, their serum ECP levels
were raised on admission to hospital, and they only return to normal after thirty days. This supported
the possibility that, although eosinophils are not found in the blood during an infection, they may
continue to secrete their granule proteins in tissues 1852. The occurrence of an eosinophilia with a
bacterial infection is seen in certain immunodeficiencies in childhood, during drug hypersensitivity
reactions, and occasionally as a response to the bacterial infection itself.
1.1.1. Actinomycetales infections.
An eosinophilia may occasionally occur in patients with pulmonary mycobacterial infections, includ-

ing M. tuberculosis 580, atypical mycobacteria 1954, C. pseudotuberculosis 956, and avian tuberculosis
752
. More commonly, an eosinophilia in patients with tuberculosis is due to a drug reaction to
antibiotics.
1.1.2. Enterobacteriaceae infections.
There are only a small number of reports of an eosinophilia occurring in patients with bacterial
infections of the gut, including bacillary dysentery and salmonella infections, emphasizing the importance of looking for parasites in patients who have a predominantly diarrhoeal illness.
1.1.3. Staphylococcal, and streptococcal infections.
Staphylococcal infections are not normally associated with an eosinophilia, although there are a few
reports of this unusual association, and although there were a number of earlier reports of an eosinophilia in patients with chronic streptococcal infections, and during the recovery phase from scarlet
fever, there are few reports of this today. This may be related to the reduced incidence in developed
countries of some types of streptococcal infection, such as rheumatic fever, and subacute bacterial
endocarditis. However, a patient with a streptococcal sore throat, and a blood eosinophil count of
56.3 x 109/L was reported from Athens, in 1980 494.
1.1.4. Chlamydial infections.
A mild increase in blood eosinophil counts of 0.3 x 109/L, or more, is a feature of chlamydial pneumonia in infants. In 1982, 115 babies with this disease were reviewed in Berne, Switzerland 1563. The
infection is acquired during birth, and becomes manifested during the first three months as a respiratory infection, with conjunctivitis, and serous otitis.
1.2. Mycoses.
Fungal infections are not normally associated with an eosinophilia, except when they induce a hypersensitivity reaction. The components of fungi which produce this type of response have not yet been
defined, although this could be studied, as fungal antigens produce an eosinophilia after injection
into the peritoneum of mice 305. Occasionally, fungal infections in the skin can produce an eosinophilic pustular folliculitis 1016.
1.2.1. Aspergillosis, and fungal lung diseases.
Aspergillosis is a well known cause of an eosinophilia, both as a primary response to the fungus, and
as a hypersensitivity reaction to fungal antigen in the respiratory tract of patients with asthma. The
eosinophil response is most marked when a hypersensitivity reaction develops to antigens released
from persisting fungal mycelia. This can occur in the absence of tissue invasion by the fungus. In
bronchopulmonary aspergillosis a hypersensitivity response develops to this organism, which produces an eosinophilia. A good review of this disease was published by R.G. Slavin in 1985 1644. It
was first described in 1952 in the U.K., and in the U.S.A. in 1968. The American experience was
reviewed in 1985 160. Other reports have come from Australia, where 42 patients were described in
Perth in 1981. Eleven of these patients did not have asthma, although they had blood eosinophil
counts between 0.7 and 4.5 x 109/L. As three patients had other fungi in their lungs, it was suggested that the term allergic bronchopulmonary fungal disease was a better name for the disease
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. Ten other patients were described in Concord, Australia, in 1984 203.
There are also other patients with chronic asthma, and an eosinophilia, who have fungi in their
sputum. In these cases, it is difficult to know whether the fungus, or the asthmatic process itself is
responsible for the eosinophilia. The syndrome of allergic bronchopulmonary aspergillosis is characterized by episodes of fever, cough, purulent sputum, brown sputum plugs, and antibodies to
aspergillus antigens. The basis of the disease is believed to be an immunological response to fungal
antigens which give rises to immediate hypersensitivity reactions, immune complex damage, and
delayed hypersensitivity lesions. It is important to diagnose, and treat this disease before irreversible
changes have occurred, which can be progressive, without steroid treatment 1208, or even fatal 713.
Occasionally other fungi, including Curvularia lunata 744 can cause a similar syndrome.
Hypereosinophilic mucoid impaction is a disorder which is most commonly seen in allergic bronchopulmonary aspergillosis, but can occur in bronchocentric granulomatosis. It is characterized by

bronchial mucus plugs filled with degenerating eosinophils, and is distinct from the mucus plugs
seen in asthma 873. It usually occurs in adults, but there are several case reports in young children,
including one studied at post mortem 318.
1.2.2. Coccidioidomycosis.
A peripheral blood eosinophilia occurs in as many as 88 per cent of patients with primary coccidioidal infections 467. Although eosinophils are not seen in the granulomas at sites of tissue invasion by
this fungus, eosinophils are prominent in the tissue lesions when hypersensitivity reactions have
developed to fungal antigens 490. Two patients with a pulmonary eosinophilia due to coccidioidal
infections were reported from Stanford, U.S.A., in 1987 1096, which emphasized the difficulties in
distinguishing this disease from cryptogenic pulmonary eosinophilia, and suggested that skin testing,
and serological studies were important investigations to carry out in areas where Coccidioides immitis
is endemic.
1.2.3. Histoplasmosis.
Histoplasmosis produces an eosinophilia in man. A clear account of this was given in a patient
reported in 1979 230. This was a man aged 21, who had a maximal eosinophil count of 1 x 109/L, 18
days after his illness started, with many vacuolated, and degranulated eosinophils
1.3. Rickettsial infections.
Although rickettsial infections are uncommon, they may be spreading in certain parts of western
Europe, and the east coast of the United States, and an eosinophilia has been described in a number
of these patients.
1.4. Yeast infections, cryptococcosis.
Cryptococcal infections of the brain can give rise to an eosinophilia in the cerebrospinal fluid 1250.
2. Chapter C 02. Viral diseases.
Viral diseases are not normally associated with an eosinophilia, although they can occur occasionally when the respiratory tract is involved. It is not known why virus infections do not give rise to an
eosinophilia, especially as T lymphocyte-dependent responses are a normal component of the immune response to viruses.
Herpes viruses can occasionally give rise to an eosinophilia. There are also a few reports of viral
hepatitis associated with an eosinophilia.
There are only a handful of reports of an eosinophilia occurring in patients with RNA virus infections. A 13 month-old boy with a silicon elastomere ventricular peritoneal shunt for porencephaly,
developed a coxsackie B4 meningitis, and was found to have 45 eosinophils/ul in his cerebrospinal
fluid. This disappeared when the infection resolved 313. The only previous reports of a viral infection
associated with eosinophils in the cerebrospinal fluid were in patients with chronic lymphocytic
choriomengitis meningitis.
Two patients with a marked eosinophilia have been noted among the patients with AIDS looked
after at St. Georges Hospital Medical School, London (Lambert, 1987, personal communication).
This may be related to the capacity of HTLV-I to induce T cells to produce an eosinophil growth,
and maturation factor in vitro 1543. In Houston, U.S.A., bone marrow samples from eight men with
AIDS showed 4.5 per cent eosinophils, compared to 2.7 per cent in controls 819. A patient with
AIDS, and an eosinophilic temporal arteritis was described in 1986 1579.
3. Chapter C 03. Parasitic diseases.
Eosinophils are a striking feature of many parasitic diseases. As helminthic infections are so common, it is an essential part of the clinical assessment of patients with an eosinophilia, to look for

parasites in the gut. In countries where parasitic infections are endemic, many asymptomatic patients have eosinophil counts of over 1 x 109/L. The study of Indochinese refugees from the Vietnam
wars, has provided a modern assessment of the parasite burden present in this part of South East
Asia. Seventeen species of parasites were reported among 353 refugees examined in Japan in 1984
1964
. Similar findings were reported in 128 refugees with an eosinophilia, who were studied in Bethesda,
U.S.A., in 1987 1291.
Helminthic infections are the commonest parasitic diseases which produce an eosinophilia, although
ecto-parasitic diseases, and protozoan infections can also induce an eosinophilia. These diseases are
largely confined to tropical, and sub-tropical developing countries, but parasitic diseases are also
common in visitors to these areas. In a retrospective study of 119 patients with an eosinophilia after
travel abroad from London, U.K., a parasite infection was diagnosed in 39 per cent, and the eosinophilia disappeared after appropriate chemotherapy. In 66 patients, in whom no parasitic infection
was demonstrated, and who had mean blood eosinophil counts of 1.8 x 109/L, (which was not
significantly different from the patients who had a demonstrable parasitic infection), the eosinophilia
either resolved without therapy, or responded to empirical treatment with thiabendazole, or
mebendazole 759.
3.1. Helminthiasis.
These are the commonest cause of an eosinophilia throughout the world. It is unusual for patients
with helminthiasis not to have an eosinophilia, but eosinophil counts can vary considerably during
the course of the infection, with the highest counts occurring during the early invasive stage of the
parasite life cycle, with waxing, and waning of the counts during the subsequent weeks, and months.
Successful treatment of helminthic infection can produce a rapid rise in blood eosinophil counts,
probably stimulated by the release of antigens from dead, and dying parasites. A summary of the
main parasitic diseases to consider in people with an eosinophilia is shown in Figure C03-1.
Fig. 3-1: Parasitic diseases.
The question of why helminths induce an eosinophilia has intrigued students for many years. In Paul
Beesons group in Oxford, U.K. we showed that intact T. spiralis infective larvae had to be present
within the vascular system for several hours, or days, in order to produce an eosinophilia. Larval
extracts were ineffective, and larvae which were not injected into an artery, or vein were less effective 759. This suggests that an endothelial cell product (possibly GM-CSF) may be at least partly
responsible for the development of a marked eosinophilia to this parasite. This could also explain
why parasites which survive, and migrate within blood vessel, are such potent inducers of an eosinophilia. Recirculating T lymphocytes were a key component in the development of the eosinophilia
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. This may be because T lymphocytes can produce IL-5 1101. Now that so much has been learnt
about the nature of eosinopoietic molecules in rodents, and man, it would be interesting to reexamine
these classical experiments, with these possibilities in mind.
3.1.1. Cestode infections.
Cestode infections give rise to an eosinophilia less commonly than nematode, or trematode infections. The reason for this could be due to the points discussed above. The principal organisms are
Taenia, Hymenolepsis, Dipylidium, Diphyllobothrium, and Spirometra 263, and Echinococcus.
3.1.1.1. Echinococcosis.
An eosinophilia is found in about half of patients with hydatid disease, and it is most common in
patients with hepatic, and/or pulmonary involvement.
3.1.1.2. Taeniasis, and cysticercosis.
Taenia infections are rarely associated with a marked eosinophilia, possibly because of the mild
nature of the infection. In a study from Poznan, East Germany, in 1985, only 36 per cent of 296
patients with T. saginata infections had an eosinophilia. Eleven per cent had an eosinophil count
greater than 1 x 109/L 985. However, the eggs of T. solium, but not T. saginata, can develop to the
larval stage in man, and produce cysticercosis, in which there is often lodgement of larvae in the
brain. This usually presents with epilepsy, but it does not often give rise to an eosinophilia in the

cerebrospinal fluid, possibly because it is diagnosed late in the course of the disease 1846. In 1981,
histological studies on a multi-lobulated mass of Taenia larvae in the brain of a 30-year old woman
showed a large number of eosinophils adjacent to the parasite. Previous reports of this rare disease
were reviewed, and it was noted that an eosinophilia is very variable,and may only follow surgical
intervention, and the release of antigenic material from the parasites 28.
3.1.2. Nematode infections.
Nematode infections account for the majority of patients with an eosinophilia in tropical countries,
especially in areas where filariasis is endemic. In many of these patients the infection is subclinical,
and it is routine practice for patients in areas of endemic filarial, ascaris, and hookworm infections to
take anti-parasite treatment once, or twice a year. In western countries, nematode infections are
often asymptomatic, coming to light only when a blood count is carried out.
3.1.2.1. Angiostrongyliasis.
There are two main diseases cause by the Angiostrongylus spp. These are caused by A. costaricensis,
and A. cantonensis. A. costaricensis infections are seen in the West Indes, and parts of South
America, where they produce abdominal complications, such as pain, appendicitis, and bowel wall
lesions requiring surgical resection 1106. A. cantonensis infections are common in many parts of the
Pacific basin, and South-East Asia, and are most noted for central nervous system involvement,
meningitis with a marked eosinophil infiltrate into the cerebral spinal fluid, cranial nerve lesions, and
a variety of focal signs.
Angiostrongylus cantonensis is the rat lung-worm. It is non-permissive in man, but migrates to the
brain, where the young adult worm dies. During this time there is a marked eosinophilia in the brain,
the meninges, cerebrospinal fluid, and in the blood, where eosinophil counts reach a peak, two to
three weeks after infection.
Experiments have shown that mice, which are also a non-permissive host for A. cantonensis, have
many features which make them a useful animal for studying the immunology of this infection 1723.
The number of reports of eosinophilic meningitis are increasing in South East Asia, as it becomes
more readily diagnosed, even when the parasite is not isolated. Details of 125 patients in southern
Taiwan with eosinophilic meningitis, or meningoencephalitis were published in 1976. Most of these
patients had a mild, or moderately severe illness, but three had permanent brain damage, and four
died 1974.
The disease is established in Samoa. Three New Zealand children who had visited Western Samoa,
and developed severe infections were reported in 1984 1483, and a particularly severe outbreak occurred in 16 Korean fishermen in American Samoa in 1982, when three became comatose, and one
died 980.
In Thailand, cases of this disease have occurred after eating uncooked Pila snails, which are a local
delicacy. It produces eosinophilic meningitis, which is usually a relatively benign disease, with a
mortality of less than 1 per cent. Most patients present with headache, with, or without signs of
meningeal irritation. There may be blurred vision, with swelling of the optic disc. The cerebrospinal
fluid looks like coconut juice because it contains 0.5 to 5 x 109/L leukocytes, 70 per cent, or more
of which are eosinophils 1846. Over a three year period up to 1968, 646 patients were seen with
eosinophilic meningitis in one centre in Thailand 1459. The post mortem findings in three patients
were reported in 1978 1663. These showed the tracks, and cavities left by migrating worms in the
brain, and spinal cord.
3.1.2.2. Ascariasis.
Ascaris infections produce a higher blood eosinophil count in children than in adults, in whom
infections are often asymptomatic, and associated with a mild or moderate eosinophilia, although a
heavy infection can cause a serious illness.
Visceral larva migrans, which is due to the invasion of tissues with ascaris larvae gives rise to a
moderately severe illness in childhood, associated with lung involvement, and systemic features
linked to the migration of larvae into different tissues. It has a low mortality, and patients recover

over a few weeks, and can develop very high blood eosinophil counts. An ascarid of racoons,
Baylisascaris procyonis, can produce visceral larva migrans, and a severe, or even fatal eosinophilic
meningoencephalitis in children 590.
Toxocara canis infection in man were identified as due to the infective, or second stage larvae of this
nematode in 1952 by Beaver, and colleagues 143. About 5 per cent of children in New York, U.S.A.,
have antibodies to T. canis, and there is some evidence that seropositive children have lower scores
than controls, in neuropsychological tests 1156.
The eggs from female adult worms in the intestines of puppies, and pregnant bitches, are deposited
in soil, where they are ingested by young children who play in the same areas as the dogs defaecate.
The eggs then hatch into larvae in the stomach, and invade the tissues, where they become surrounded by a marked inflammatory reaction. Specific IgG, and IgE antibodies develop at this stage.
Toxocariasis demonstrates a striking difference between childhood, and adult infections, in that an
eosinophilia is most commonly seen in patients below the age of nine 2000. In these children, who may
have a marked eosinophilia 1686, the larvae are rapidly destroyed, although a few can persist in tissues
where they usually cause little damage. In a controlled study on the use of thiabendazole in a group
of Hispanic children with toxocariasis, reported in the U.S.A. in 1987, it had no effect on blood
eosinophil counts, or antibody levels 132.
In older children, and adults, migratory larvae can lodge in the eye, where they may cause a localized
inflammatory reaction, with gross appearances similar to those of a retinoblastoma. The eye damage is possibly partly the result of a toxic effect of eosinophils on the retina, while they take part in
the protective inflammatory reaction against the parasite 1508. Toxocara infections of the eye are best
diagnosed by measuring serum antibody levels to secretory antigens from cultured toxocara larvae.
If necessary, the aqueous humour can be aspirated to look for eosinophils 1614.
Ocular toxocariasis can occasionally give rise to a marked eosinophilia. One example was in a 19
year-old man, who presented with a blood eosinophil count of 3.72 x 109/L. Interestingly, a friend
who appeared to have contracted this disease at the same time, did not have an eosinophilia 970.
There are also occasional reports of a marked eosinophilia in older patients with toxocariasis. An
example of this, in a 23 year-old woman, was published in 1987 1244.
Eosinophil-dependent killing mechanisms are probably less important than other components of the
immune response in immunity to this parasite in man. This is surprising, as infected children can
produce very high eosinophil counts. We found that although blood eosinophils were able to attach
to antibody and/or complement coated infective larvae in vitro, and degranulate onto their surface,
there was no evidence for parasite damage 542. However, the parasites are destroyed after several
weeks residence in human tissues.
T. canis larvae can activate the alternative complement pathway directly, and fix C3 to their surface.
Surface bound antibody can also cause the binding of guinea pig peritoneal eosinophils, which attach
maximally in the presence of autologous IgG1, IgG2, and possibly IgE isotypes 91.
3.1.2.3. Filariasis.
Filarial infections in man, and animals invariably induce a marked eosinophilia, which can produce
some of the highest blood eosinophil counts found in any infectious disease. The high counts in Loa
Loa infections, especially in visitors to endemic areas, have been commented on many times. The
reason for this marked host response is not known, but it may be related to the close spatial relationship that the adult parasite has with lymphocytes, and endothelial cells, in lymphatics, and lymph
nodes. The continued production of microfilariae, some of which are destroyed in capillaries in the
lung, and other tissues, probably accounts for the persistence of the marked eosinophilia in untreated patients.
Biopsy specimens from 64 patients with filariasis, acquired while American troops were stationed in
the Far East, have provided detailed histological information about the principal features of filarial
infection in man. In patients with lymphadenitis, lymph nodes often contained many eosinophils in
distended sinuses, lymphoid cords, and the connective tissue around the hilum. However, eosinophils

were most prominent near adult worms, where they were the most conspicuous cell type. Eosinophils
were also found in hydrocele fluid 349.
Tropical (filarial) eosinophilia, which is often called tropical pulmonary eosinophilia (TPE), is a
disease in which an immune response to microfilaria cause them to be sequestered in the lungs,
where they are destroyed in multiple small inflammatory foci. These induce a marked blood eosinophilia, with absent microfilaria in the blood. The disease was reviewed by Neva, and Ottesen in
1978 1273, and by us in 1982 1695. Bronchoalveolar lavage has been done in TPE. This has shown
large numbers of eosinophils in the lower airways, which return to normal after treatment 1422.
As filaria of animal origin are often introduced by biting insects, into people living in areas of endemic filarial infection, it has been suggested that tropical eosinophilia may be the result of a marked
host response due to these nonpatent infections. This was supported by experiments in Malaysia,
which showed that sera from patients with tropical eosinophilia (but not elephantiasis) were able to
induce blood cells to attach to the surface of the third stage larvae of Brugia pahangi, and Breinlia
booliati, which do not give rise to patent infections in man 1633.
TPE was only recognized as being due to a filarial infection in the late 1950s, because of the difficulty in detecting microfilaria in the blood 459. It is usually recognized by the asthmatic, and coughing attacks that it produces, and the rapid response to treatment with diethylcarbamazine (DEC).
Chest radiographs can show a variety of abnormalities, including diffuse mottling, pleural effusions,
cavitation, and even large areas of consolidation 862. There appears to be no relationship between the
time of day when symptoms are worst, and blood eosinophil counts, which are usually highest at 2
am in these patients 1637.
Sometimes the respiratory symptoms are not prominent, and the marked eosinophilia is the main
sign that the patient has this form of filarial infection. It is then often called tropical eosinophilia.
This is commonest in male patients. It can occur in patients who have left filarial endemic regions
several years previously. I have studied seven patients in London, and reported in 1981 the presence
of prominent vacuoles in their blood eosinophils, an increase in their capacity to bind complexed
IgG, and their response to treatment with DEC, including a fall in serum ECP levels 1682.
Subsequent work has centered on the importance of IgE, and IgG subclasses, especially IgG4 1339 in
the disease 831. In 1987, clinical details were published of a series of 50 patients with tropical
pulmonary eosinophilia in the Army in Kerala, South India, where the disease is hyperendemic. The
commonest symptom was a nocturnal cough, in 72 per cent 698.
In a study from India on patients with TPE, as many as 63 per cent of the blood eosinophils were
found to contain vacuoles. The greatest number of vacuolated cells was found in midday blood
samples, and the lowest number at midnight 1557. The importance of this, is that it suggests that
eosinophils are releasing their constituents into the circulation of these patients.
In 1981, serum MBP, and CLC protein concentrations were reported in 450 patients in a Pacific
island where Bancroftian filariasis was endemic, to see whether the extent of eosinophil degranulation could be assessed before, and during treatment with DEC. Following treatment, it was found
that MBP levels increased as the eosinophil counts rose, so that they were still high at three weeks.
Serum CLC levels rose at 14 days, and returned to normal at 21 days. Pretreatment serum MBP, and
CLC protein levels did not correlate with microfilaraemia, but serum MBP, and CLC levels correlated with eosinophil counts. These findings suggested that eosinophil constituents were released
following treatment, but that their levels were not useful in assessing the worm burden 6.
It has been suggested that localized, and dangerous systemic reactions produced by the treatment of
filariasis with diethylcarbamazine (the Mazzotti reaction), may be mediated by the release of toxic
granule proteins from eosinophils attached to dying microfilariae. This has been reviewed in 1987
by Ottesen 1338.
Dirofilarial infections are common in many parts of Africa, but rarely give rise to disease, or a
marked eosinophilia. However, a number of patients have been found to respond to treatment with
a fall in blood eosinophil counts, so it seems certain that Dirofilarial infections can cause a moderate

eosinophilia, especially in Europeans returning from tropical countries.
Loa loa infections, like many filarial infections, are mainly found in rural areas in tropical countries,
where there are few public health facilities. The migrating worms gives rise to a marked tissue
eosinophilia which seems unable to destroy the parasites, even though many eosinophils are found
close to them. The main features in endemic regions are episodic angioedema, especially in the
backs of the hands, the presence of migrating adult worms around the eyes, lymphadenopathy,
microfilaraemia, and a moderate, or marked increase in blood eosinophil counts. The lesions in
lymph nodes in tissues affected by Loa Loa have been shown to be distinct from those produced by
other filarial infections 1353.
Loaiasis is another cause of a marked eosinophilia in Caucasians returning from visits to Africa.
There were two reports of this in 1986. In ten patients seen at the Hospital for Tropical Diseases,
London, between 1978-84, the mean blood eosinophil count was 6.4 x 109/L, and it responded to
treatment with DEC 759. In 20 with loaiasis who were reported from N.I.H., Bethesda, U.S.A., in
1986 1290, blood eosinophil counts were as high as 3 x 109/L, and most of them had developed a
vigorous immunological response to the infection, so that only three had a microfilaraemia.
Onchocerciasis, which gives rise to a dermatitis, subcutaneous nodules, sclerosing lymphadenitis,
and eye lesions, including punctate keratitis, is an important cause of a moderate, or high blood
eosinophil count in many tropical countries. Much of the pathology of the disease is the result of the
hosts response to dead microfilariae 348. Patients with large numbers of living microfilariae have the
least tissue injury, although this can become severe when the microfilariae are killed by chemotherapy 1125.
Eosinophils play an important role in these tissue lesions, as they are induced to degranulate, releasing several eosinophil granule components. Following treatment with DEC, damage occurs in lymph
nodes 1466, and the skin 951, where dense deposits of MBP have been seen around dead, or dying
microfilariae. Some MBP was also seen in areas where there were few eosinophils, suggesting that
eosinophils could have effects in sites where few eosinophils are seen by conventional histological
techniques.
Patients may develop a systemic reaction, the Mazzotti reaction, soon after treatment starts, and it
has also been suggested that this may be due to the release of eosinophil granule components into
the blood as a result of stimulation by parasite products released from dead, or dying organisms 727,
831
.
3.1.2.4. Hookworm infections.
Hookworm infections which are common in both tropical, and subtropical regions are usually found
associated with other parasitic infections of the gut. The eosinophilia may be related to the worm
burden, and to the extent of damage to the duodenum. The blood eosinophil count is usually lower
in patients with profound anaemia than in patients who have been treated, but counts can rise as high
as 50 x 109/L 372.
Ancylostomiasis is readily diagnosed by examining the stools, and successful treatment results in the
return of blood eosinophil counts to normal. Hookworm is one of the main causes of an eosinophilia
in patients returning to Britain from tropical countries. In nine patients reported in 1986, the mean
blood eosinophil count was 2.3 x 109/L 759, but counts as high as 20 x 109/L have been reported 984.
In an experimental study on two volunteers in 1986, in Western Australia, who were infected percutaneously with 1 200 larvae of Ancylostoma ceylanicum, an eosinophilia was first detected at four
weeks, and eggs appeared in the faeces at five weeks 283. Prior immunity is unlikely to affect the
eosinophil counts, as there was no difference in the blood eosinophil counts in a dog model of
ankylostomiasis, in animals which had been partially protected from a second infection, by the presence of an earlier infection 282.
The invasive stage of hookworm infections is associated with a systemic disorder in which there may
be a marked eosinophilia, itching, and respiratory symptoms, similar to that found with visceral larva
migrans due to Ascaris invasion. Cutaneous larva migrans is usually caused by A. braziliense, the

dog, and cat hookworm. This was reviewed in 1985 240.
Necator americanus produces clinical features very similar to Ancylostomiasis. It responds equally
well to treatment, once it has been diagnosed from stool microscopy. A course of mebendazole, 200
mg daily for two days, is often sufficient to treat this infection. Details of an experimental study on
necatoriasis in volunteers was published in 1986 1925. The main effect of the infection was to produce
a rise in blood eosinophils, with little effect on neutrophils. There is some preliminary work on the
interaction of human blood eosinophils with the infective larvae of N. americanus 436.
The course of an experimental infection of five American volunteers with a small number of Necator
americanus third stage larvae was studied at N.I.H. Bethesda, and reported in 1987. After being
infected in the skin with 50 larvae, they developed a marked eosinophilia, which was maximal at the
seventh week, with mean counts of 3.5 x 109/L. At this time egg laying was occurring in the
intestinal tract, and this was associated with abdominal symptoms. Only small changes in other
immunological measurements, including T cell responses to larval antigens, were seen. Total, and
specific serum immunoglobulins, including IgE, bronchoalveolar washings at 8-21 days, when larval
migration was taking place, and biopsies of the skin sites of larval penetration at day five, showed no
alterations from normal. A surprising feature of this primary infection was the massive eosinophil
response, and the absence of significant changes in other measurements of the host response to this
infection 1165.
3.1.2.5. Capillaria infections.
Capillaria infections, which occur in carnivores such as cats, and dogs, can give rise to a marked
eosinophilia in man, and this is one of the causes of a massive infiltration of eosinophils into the liver
1341
, and pulmonary eosinophilia 23.
3.1.2.6. Trichinosis.
Trichinosis is an underdiagnosed parasitic disease, largely because the persisting tissue form of the
parasite can be asymptomatic following the initial disease process. Less than 200 cases are reported
each year in the U.S.A. Although the chronic stage of the disease in mildly infected people is of little
clinical importance, a systemic illness, with widespread painful lesions can occur, when a large number
of larvae have been ingested. An outbreak of the latter type occurred outside Paris, France in 1979,
affecting 125 people who had eaten contaminated horse meat 197, and 29 people in Alaska were
infected in 1975, from eating contaminated walrus meat 1152. Occasionally, trichinosis can produce a
hypersensitivity response, giving a necrotizing vasculitis, which can affect the brain 1535.
As the encapsulated worms can only encyst successfully in skeletal muscle, migratory larvae are
destroyed when they settle in other tissues. Histology of the lesions in a fatal infection in a 46 year
old woman showed extensive ventricular endocardial damage with superimposed thrombi. It was
suggested that eosinophils may have been partly responsible for the endocardial damage 40, although
dying parasites could also have injured adjacent heart cells. Interestingly, only 20 per cent of patients with fatal trichinosis have a blood eosinophilia, although it is one of the most useful investigations, with serum creatine phosphokinase, and Trichinella antibody measurements, in making the
diagnosis in less severe infections 1634.
The introduction of compulsory methods for controlling trichinosis in animals for human consumption, has been successful in many parts of the world in reducing the spread of the disease to man.
Individual outbreaks in temperate climates are usually linked to a failure to boil pig swill, or to cook
infected meat adequately.
3.1.2.7. Trichuris infections.
Infections with Trichuris trichiura, which is limited to the colon, produce a moderate, or rarely a
high blood eosinophil count. Results of blood eosinophil counts, and serum IgE levels were reported in 21 boys in an institution in Sao Paulo, Brazil, in 1982 1515. The mean eosinophil count was
0.58 (range 0.14-1.58) x 109/L.
3.1.2.8. Strongyloidiasis.
Strongyloidiasis is another important parasitic infection to consider in patients in temperate, or

subtropical climates who have a marked eosinophilia, especially when stool examinations are normal. Failure to make the diagnosis can lead to an incorrect diagnosis of HES, and if the patient is
then treated with steroids, the parasite may become disseminated 2019. It may be difficult to diagnose
this parasitic infection on clinical criteria alone, in areas where other intestinal parasites are common. This was clearly shown in a study on 88 patients with strongyloidiasis in Brazil 415. As the
infection can persist for over 20 years in patients who have left endemic areas, it is important to look
for it in former servicemen, and others who have lived in endemic areas 634.
Diagnosis is best carried out from duodenal aspirates, and biopsies, and this should always be done
in patients who are to be treated with immunosuppressive drugs who might have contracted this
infection. Strongyloidiasis in otherwise healthy people produces only a moderate eosinophilia: mean
1.0 x 109/L in one group of six patients 759. In another group of 152 patients, the mean percentage of
eosinophils in the blood was 10 per cent, and serum IgE 2944 IU/ml 1185. Occasionally, strongyloidiasis gives rise to appendicitis, as described in 1986 in a 47 year-old man in the U.S.A. Histology
showed a marked eosinophilic inflammatory reaction, containing Charcot-Leyden crystals within
epitheloid cell granulomas, and parasite remnants in the appendix 1595.
It has been suggested that eosinophils are involved in protection against disseminated strongyloides
infections, as blood eosinophil counts were lower in four hyperinfected, immunosuppressed patients, than in five others who had severe infections without hyperinfection 633.
3.1.2.9. Trichostrongyloidiasis.
Infections with this group of parasites is not very common, although it can give rise to a marked
eosinophilia. Infections with Trichuris trichuria produce a moderate eosinophilia. In seven Caucasian patients seen in London, the mean blood eosinophil count was 1.4 x 109/L 759.
3.1.2.10. Gnathostomiasis.
Gnathostoma spinigerum is a nematode, which infects dogs, and cats, and rarely man, to produce a
severe, and even fatal disease. It was first described in the stomach of a tiger in the London zoo.
Most human reports have come from Thailand, and other parts of South East Asia 923. It was
recognized in South America in 1984. The usual clinical presentation is with severe pain in the
limbs, or trunk, due to irritation of nerve roots by the migratory larvae. This may progress to urinary
retention, and paraplegia. The brain stem can be involved, and when this happens, the disease is
usually fatal. Occasionally the presentation is with subarachnoid haemorrhage 1846. The parasite is
acquired by eating poorly cooked intermediate hosts for the parasite, including eels, frogs, fishes,
and snakes. The parasite migrates to many parts of the body, and produces two main clinical problems: recurrent skin swellings, and cerebral lesions, especially intracranial haemorrhage, and eosinophilic meningoencephalitis. It usually gives rise to a marked eosinophilia during the migratory
phase, but the eosinophil count can be normal in some patients 189.
3.1.2.11. Enterobiasis.
Infections with Enterobius vermicularis (the pin worm, or thread worm) cause few clinical problems
other than pruritus ani in children, unless they invade the tissues, where they can give rise to salpingitis, or acute appendicitis 1229, with an eosinophilia.
3.1.3. Trematode infections.
Of the several forms of trematode infections which give rise to an eosinophilia in man, two are of
particular interest: fascioliasis, and schistosomiasis. These infections occur in temperate, and tropical countries respectively. Work on the role of eosinophils in the killing of the schistosomula of S.
mansoni has provided a great deal of insight into how eosinophils may function in parasitic infections. Although initial work suggested that they were important mediators of protection in both
infections, this appears to be limited to certain stages in their life cycle, and they are only one of a
number of effector mechanisms which partly controls these infections, and prevent reinfection.
3.1.3.1. Fascioliasis.
Fasciola hepatica is an important veterinary problem, and can occasionally occur in man where it is
often misdiagnosed, leading to unnecessary investigations, and surgery on the biliary tree. An eosi-

nophilia, and alterations in liver function are the commonest findings. In 1984, a report was published from Puerto Rico of the value of a variety of diagnostic approaches, including radionuclide
imaging, in msking the diagnosis 1495.
3.1.3.2. Schistosomiasis.
The widespread occurrence of schistosomiasis mansoni, haematobium, and japonicum accounts for
the common finding of schistosomal infections, both in endemic areas, and in people who have
returned from these areas to temperate climates, when it is nearly always associated with an eosinophilia 758. The eosinophil count may be remarkably high, especially after the parasite has first
entered the skin (the Katayama syndrome) 1230, during diarrhoea produced by S. mansoni, when it
can reach 18 x 109/L 984, and when egg formation continues at a high rate.
The epidermal skin reaction induced by the cercariae of S. mansoni has been studied in Kenya in
captured baboons with schistosomiasis. In animals which had been infected for eight months (but
not less), many eosinophils surrounded schistosomula which were trapped, and killed in the epidermis. Eosinophil-rich abscesses were also seen in the deeper dermis, but here many schistosomula
appeared to have escaped injury, and were not surrounded by eosinophils. This study suggests that
in primates with several months infection, the epidermal reaction involving eosinophils may be an
important part of the protective response to further infection with S. mansoni 1587.
As eosinophils can kill schistosomula in vitro, a search has been carried out to see whether this
mechanism might be protective in patients with schistosomiasis mansoni. A group of 119 children
were studied in Kenya, and some were found to have partial protection against reinfection following
a course of treatment. The resistant children were two years older than susceptible children, but
there was no difference in their blood eosinophil counts. Although differences were found in the
capacity of blood mononuclear cells from different children to produce EAF, this did not correlate
with their susceptibility to reinfection 251. There was no evidence that the possession of high-titre
antibody to S. mansoni conferred resistance 250. However, the possession of antibodies to egg
antigens appeared to increase their susceptibility to reinfection, possibly by acting as blocking antibodies, which have been found to inhibit eosinophil-dependent killing of schistosomula in vitro.
Three IgM monoclonal antibodies which bound to an egg antigen, and the surface of schistosomula,
reduced the eosinophil killing in the presence of human infection serum 476.
A research programme is also underway in the Gambia to study the immune response to S.
haematobium. One interesting finding, which was not seen in East Africans with S. mansoni infections, was that blood eosinophil counts correlated with resistance to reinfection, although eosinophil
induced antibody-, or complement-dependent killing of S. haematobium was barely detectable 731.
3.2. Protozoan infections.
Protozoan infections seldom give rise to an eosinophilia during an uncomplicated infection, although
there are occasional case reports which show that this group of parasites can induce an eosinophilia.
Amoebiasis due to Entamoeba is only rarely associated with an eosinophilia.
Amoebic meningitis due to Naegleria spp., can be associated with an eosinophil infiltrate in the
heart, even though the organism is not found in this site. This was shown in a histopathological
study on 15 patients with primary amoebic meningoencephalitis. Seven had a focal, or diffuse
myocarditis, consisting mainly of neutrophils, although there were scattered eosinophils, plasma
cells, and myocardial necrosis was seen in two 1154.
Although Giardia lamblia can give rise to marked tissue invasion, and damage to the intestine, it is
rarely associated with an eosinophilia.
Most leishmanial infections are not associated with an eosinophilia, although an eosinophilia may
occasionally be seen in visceral leishmaniasis.
Patients with malaria who have an eosinophilia are usually found to have other parasitic infections as
well, and the blood eosinophil count usually falls during the acute stage of the illness. The possibility
that eosinophils might protect against these infections has some experimental support 1890.
Pneumocystis carinii pneumonia in infants can give rise to a marked eosinophilia. An example of this

was reported from Memphis, U.S.A., in 1987 1380. The patient was a boy with
hypogammaglobulinaemia, who developed P. carinii pneumonia at aged five months. His blood
eosinophil count was 14.2 x 109/L, and fell after treatment with gammaglobulin. Other previous
patients with a T cell deficiency have been described with a similar syndrome.
Toxoplasmosis is rarely associated with an eosinophilia, although this has been described in a few
patients, including a patient in South Africa who had a diffuse encephalopathy with a marked eosinophilia. Treatment with pyrimethamine, and sulphadiazine was effective in this patient, and there
were negligible sequelae 711.
Trypanosomiasis does not produce an eosinophilia in African patients, although there are some
patients in South America who appear to have developed an eosinophilia.
3.3. Ectoparasitic infestations, and insect bites.
The human skin, and hair follicles are inhabited by mites, in at least 10 per cent of normal people, but
these seldom produce an inflammatory response. However, there are several ectoparasites which
can produce irritating skin lesions, including hair nits, and scabies. Other insects attack the skin to
obtain blood, and tissue fluids. Where breaches of the skin are produced, eosinophils, and other
inflammatory cells are often found in the lesions.
Many people have follicle mites in the skin of their face, or other parts of their body, and their
prevalence increases with age. Men are commonly affected than women. Two species are involved:
Demodex folliculorum, and D. brevis 84. Their importance in human disease has not been easy to
define, and the nature of the eosinophilic material, which is often found adjacent to them in hair
follicles, is not known.
Scabies usually produces an eosinophil-rich inflammatory response in the skin. In one study on 60
patients in Oslo, Norway, 10 had an eosinophilia, which related to the severity of the infestation 536,
and raised counts returned to normal after effective treatment had been given. The histological
appearances of the skin lesions show a mixture of lymphocytes, histiocytes, with numerous eosinophils
558
.
4. Chapter C 04. Neoplasms.
An eosinophilia may preceed, or be found at presentation in a wide variety of malignancies. This has
been known since before the turn of this century. For example a report was published in 1893 of a
31-year old woman who had a tumour in the neck, associated with a blood eosinophil count of 57.6
x 109/L 1485.
Some tumours give rise to an increase in blood eosinophil counts, without a great increase in
eosinophils within the tumour itself. Some patients have a normal blood eosinophil count with a
heavy infiltrate of eosinophils into the tumour, and in some cases, both occur together. It is important to distinguish between blood, and tissue eosinophilia in discussions about tumour-associated
increases in eosinophils, as evidence is accumulating that a tissue eosinophilia can be beneficial,
whereas a blood eosinophilia may be a sign of tumour dissemination 1109.
The commonest tumours which give rise to, or are associated with increased numbers of eosinophils
in the blood, or tissues, are carcinomas of the lung, lymphoreticular malignancies, (especially Hodgkins disease), and lymphocytic leukemia. Figure C04-1.
Fig. 4-1: Malignant diseases, and eosinophils.
Several groups have attempted to isolate eosinopoietic substances from tumours, and some success
has been reported with large cell carcinomas of the lung. No work has been done to see whether
these tumours induce T cells, endothelial cells, or other cells to generate eosinopoietic substances,
such as IL-5, and GM-CSF.
4.1. Leukaemias.
An eosinophilia can occur in patients with leukaemia, (a) as a reactive phenomenon, or (b) as an

integral part of the leukaemic process 964. Few studies have distinguish between these two mechanisms, although it can be attempted by comparing clones of leukaemic, and eosinophil colonies using
cytogenetic, and recombinant DNA techniques. However, this may be difficult in evolving leukaemias,
and where there may be no detectable abnormality in the leukaemic clones.
4.1.1. Eosinophilic leukaemia.
There are now over 100 case reports of this unusual neoplasm, in which there is no doubt about the
diagnosis. Twenty nine patients described as having eosinophilic leukaemia, were described by
Chen, and Smith in 1960, and they reported their patient: a 36 year old man with a marked cough,
and a blood eosinophil count of 43 x 109/L. He died one year later, in heart failure, with endomyocardial
lesions, and thrombi 308. Five patients with eosinophilic leukaemia, among a group of 20 patients
with hypereosinophilia, were reviewed by Bentley in 1961 156. Since then there has been no comprehensive review of this disease.
The difficulties in distinguishing eosinophilic leukaemias from HES were best defined by Bousser in
1957 198, who carried out a multi-centre investigation, in which the clinical features, and prognosis of
patients with eosinophilic leukemia, and what is now known as the HES, were clearly distinguished.
A failure to recognize that most patients with a marked eosinophilia of unknown cause do not have
a leukaemic process used to result in deaths from the incorrect prescriptions of cytotoxic drugs.
Recognition of the non-malignant course of HES in most patients has been an important advances in
this field.
Chronic eosinophilic leukemia occurs either with the classical Philadelphia chromosome, or with a
number of other chromosomal abnormalities which are also seen in other forms of chronic myeloid
leukemia. Here again, it has proved difficult to provide a single diagnostic group into which all these
patients fall, and it may be impossible to distinguish patients with chronic eosinophilic leukaemia
from patients with HES, on clinical grounds alone.
Eosinophilic leukaemia has been reported to occur following radiotherapy of Hodgkins disease,
and the treatment of multiple myeloma with melphalan. In the latter patient, there was 5q-, and
monosomy 7 1130, which is a characteristic of other treatment induced leukaemias.
4.1.1.1. Acute eosinophilic leukaemia.
Acute eosinophilic leukaemia can be distinguished most easily from the more aggressive forms of
HES when there is a marked increase in the number of immature eosinophils in the blood, and/or
marrow, with over 5 per cent blast forms in the marrow, infiltration of tissues with immature cells of
predominantly eosinophilic type, and a clinical course similar to other defined types of acute leukaemia. The main complications are anaemia, thrombocytopoenia with bleeding, and an increased
susceptibility to infections, which usually results in the death of the patient within a few weeks, or
months 1490. Occasionally, a marked eosinophilia may develop in patients who present with erythrocytosis. In one patient in whom this occurred, endocardial thrombi developed later in the illness 1769.
An important feature of eosinophilic leukaemia, is the propensity for the disease to produce myeloblastomas in bones, such as the sternum 821, ribs, 638, 505, spine 483, 572, head 505, pelvic region 1941, and tibia
1960
. We are looking after a patient with widespread lytic lesions, which first appeared in his tibiae.
An abdominal mass may have been produced by an eosinophilic chloroma, in a patient in Hong Kong
687
. Several other patients have been described with eosinophilic sarcomas, which had features to
suggest that T lymphocytes were involved in the leukaemic process (see Chapter A02).
Localization of eosinophil leukaemic cells in the central nervous system, and in cranial nerves, is
another important feature in some patients. Infiltrates of tumour cells into the Gasserian ganglion
were described in one patient in 1951 1285, and into the cerebrospinal fluid in another in 1987 995.
Chromosome studies, and agar colony cultures of bone marrow should be part of the assessment of
these patients. As eosinophilic leukaemia occurs in childhood, and there are very few cases of HES
below the age of 14, all children with a marked eosinophilia of unknown cause should have a particularly careful assessment for a leukaemic process, so that chemotherapy, and bone marrow transplantation can be considered as early as possible. It can occur in infants as young as five months, and

seven months of age.
Examples of eosinophilic leukaemia in childhood include:
- two infants, aged 5, and 7 months with eosinophilic leukaemia described in the U.K., in 1987 390.
- a one-year old girl who died three months after presentation with widespread tissue infiltration
with eosinophils, and thrombi 424.
- a three-year old boy with an eosinophil count of 57 x 109/L, who was found to have acute eosinophilic leukaemia, and died 11 months later. Emphasis was placed on the isolation of Mycoplasma
orale from his bone marrow, although the significance of this is unknown 1749.
- a five-year old boy who had a blood eosinophil count of 157 x 109/L at presentation, and who died
after seven months, with blast cell infiltrates in his liver and spleen 156.
- a nine year old girl with an enlarged liver, and spleen, and eosinophil counts of reached 77 x 109/L
904
.
- a 10 year old boy with lymphadenopathy, enlarged liver, and spleen, and endocardial fibrosis,
whose eosinophil counts reached 95 x 109/L. He died after five months 539.
- an 11-year old boy from Bangladesh who developed eosinophil counts of up to 120 x 10 9/L. The
lymph nodes, liver and spleen increased in size, and despite treatment with steroids, and cytotoxic
drugs he died in a blast cell crisis 851.
- an 11-year old boy, who lived for a year after he presented with 31 x 109 eosinophils /L blood, and
developed endomyocardial fibrosis, with multiple thrombi. Many blast cells were seen in tissues at
post mortem 1773.
- a 12-year old boy who had an eosinophil count of 51 x 109/L at presentation, with structurally
abnormal blood eosinophils. He developed endomyocardial fibrosis, pulmonary infarction, skin, and
peripheral nerve lesions. When he died four months later, immature eosinophils, and blast forms
were found in his liver, and lymphoid tissues 1962.
- a 14 year-old Austrian boy with T-ALL, in whom a shift in tumour cell phenotype occurred, both
in the blood, and cerebrospinal fluid. Eosinophil myeloblasts were first found in the bone marrow,
and although the cerebrospinal fluid initially contained only lymphoblasts, four weeks after cytotoxic drug treatment was started, 35 per cent were found to be eosinophil myelocytes, increasing to
75 per cent within eight days 995. This case report supports the suggestion that T lymphocytes, and
eosinophils might have a common stem cell origin.
Examples of eosinophilic leukaemia in adults include:
- a 34 year old man with an eosinophil count of 7.9 x 109/L, up to 25 per cent blast cell in the blood,
and 6 per cent in the bone marrow. There was enlargement of his liver, and spleen, a petechial rash,
and cardiac involvement. He had a partial deletion of the long arm of chromosome 16 del(16)(q22)
in 56 per cent of 68 metaphases. Treatment with hydroxyurea gave no improvement, and he died
two months later from infections. Cyanide resistant peroxidase was demonstrated in the blast cells.
but they also contain naphtol-AS-D-chloroacetate esterase, which is a feature of neutrophils. The
proportion of blast cells in tissues was greater than expected from the number in the blood 168.
- a 46 year old Japanese man, in whom the blood eosinophil counts was 234 x 109/L 800. Initially,
only mature eosinophils were seen, and there was a partial response to steroids. However, two
months after presentation, he died with blast cells in many tissues, and eosinophilic endomyocardial
fibrosis in the acute necrotic stage, with large endocardial thrombi. Cytogenetics had shown 45 X0/
46 XY.
- a 47 year-old woman, with a carcinoma of the breast, lymphocytic lymphoma, and a eosinophilic
myeloproliferative disorder 1658.
- a 54 year-old man, with a three year history of alcohol intolerance, who then developed what
appeared to be HES, with respiratory, lymphatic, liver, and endocardial disease, which became an
acute eosinophilic leukaemia, with C group trisomy three months after presentation 1351.
- a 60 year old Nigerian man who was described in 1970. He was anaemic, and had a total white cell
count of 510 x 109/L, with 326.4 x 109/L eosinophils, 9 per cent of which were blast cells. This

appears to be the highest blood eosinophil counts ever recorded. At post mortem there were renal,
and splenic infarcts. His heart was enlarged, with endomyocardial disease, and the myocardium was
infiltrated by leukaemic cells. This report also reviewed 19 previous patients who had a marked
eosinophilia, and heart disease 208.
- a 65 year old man, in whom the blood eosinophil counts rose, over a four year period, to 13 x 109/
L. The serum B12 level increased, and the marrow contained some fibrosis. Finally, he developed
a myeloblastoma involving the pleura 638.
- a 67 year old man with a large cell carcinoma of the lung, cerebral meningioma, occult adenocarcinoma of the prostate, and follicular adenoma of the thyroid, who developed hypereosinophilia,
which progressed to eosinophilic leukaemia, with karyotype 45, X, 15q22- 685.
The cytochemical appearances of eosinophils from patients with eosinophilic leukemia have been
reported in only a few patients since 1879, when Paul Ehrlich first described the staining characteristics of eosinophils in a patient with large numbers of marrow eosinophils, many of which were
immature 801. In 1973, it was reported that leukaemic eosinophils stained for chloroacetate esterase,
which is not present in normal eosinophils 1565. The use of cyanide-resistant peroxidase as an eosinophil marker was recommended in 1986, when maturation is arrested at an early stage. Four
patients were studied in this way 612. More details of histochemical reactions in eosinophils from two
further patients with eosinophilic leukaemia were published in 1975 1956.
Four patients with eosinophilic leukaemia have been found to have increased serum levels of vitamin
B12 483, 572, 1222, 827.
As early as 1965, the finding of an abnormal acrocentric chromosome in some metaphases from two
patients with eosinophilic leukaemia, suggested that it was not just a variant of chronic myeloid
leukaemia 686. In 1975 an isochromosome 17 was found in a 50 year-old man with eosinophilic
leukaemia. This patient had other features to suggest that he had a myeloid leukaemia, including
raised serum B12 levels, a low alkaline phosphatase score, and increased numbers of platelets.
Fifteen months after presentation, the eosinophil count had risen from 0.9 to 30 x 109/L 1222. A
second patient with isochromosome 17 was described in 1979 1097. In 1979 a review was made of
published cytogenetic studies on 45 patients with a marked eosinophilia 821. Chromosomal abnormalities were found in 20, and an additional patient was reported: a man, aged 47, who had
hypereosinophilia for five years, with malignant cells which had a hyperdiploid karyotype.
In the last 10 years, cytogenetic studies in patients with eosinophilic leukaemia have shown a variety
of abnormalities, involving particularly chromosomes 5, 7, 8, 12, 16, and 22. In 1986, we reviewed
13 reports of chromosome banding findings in patients with eosinophilic leukaemia 1365, and in 1987
many of these findings were reviewed again, but emphasis was put on abnormalities seen in chromosome 12 943. Sixteen earlier reports of G banding chromosome abnormalities in patients with eosinophilic leukaemia were listed, and the clinical, and cytogenetic findings were provided of four other
patients with marked eosinophilia, who had translocations affecting chromosome 12p13.
Two infants, aged 5 and 7 months with eosinophilic leukaemia were described in the U.K., in 1987,
who had translocations of chromosomes 1, and 5: t(1;5)(q23;q33), and (q23;q33) 390. This translocation has not been reported previously in patients with haematological malignancies, although a
t(5;14)(q31;32) has been reported in a patient with ALL, who had lymphoblasts in the marrow, and
a blood eosinophil count of 120 x 109/L 1788, and a t(5;11)(p15;q13) in 1984 1980. The suggestion has
been made that, as the GM-CSF gene is present on chromosome 5q31, and the c-fms oncogene is on
5q34, this region of chromosome 5 may be involved in the development of eosinophil malignancies
390
.
Patients with abnormal marrow eosinophils, and nonlymphoblastic leukaemia, particularly of the
myelomonocytic subtype, have been found with abnormalities in chromosome 16, especially 16q22
67, 1040, 1768
. Because of this finding, it was suggested that chromosome 16q22 may contain gene
sequences that are important in eosinophil differentiation 1768.
In 1986, a 27 year-old woman with eosinophilic leukaemia was found to have the clonal chromo-

somal anomaly: t (10;11)(p14;q21) 214.
A 57 year old man with a short Y chromosome was reported in 1972 572, and a boy with monosomy
7 and a marked eosinophilia complicating a myeloproliferative disorder, in 1981 827.
In 1986, we described a patient with eosinophilic leukaemia, and trisomy 8 1365, and reviewed a
similar previous case 1899. Another patient with eosinophilic leukaemia, who had trisomy 8, and
trisomy 7, was reported from Munich, West Germany in 1985 1164. Two patients with t(8;21) have
also been described 904, 859.
In 1986, three patients with acute myeloid leukaemia, and a marked marrow eosinophilia, were
reported from New York, U.S.A. 1260. They were unique in having trisomy 22. One patient also had
inversion of chromosome 16.
In 1984, a patient with acute myelomonocytic leukaemia, and a marked marrow eosinophilia was
found with a 15 ;17 translocation 1231 .
Chemotherapy has not proved to be of any benefit in these patients, but the small number of patients
involved has not enabled any clear studies to be carried out on the potential benefits of different
forms of therapy. Bone marrow transplantation is of potential benefit to these patients, and a number
of centres have considered this recently, but none has been carried out yet.
4.1.1.2. Chronic eosinophilic leukaemia.
In the last few years, there have been descriptions of patients with chronic myeloid leukemia, in
whom the majority of cells are eosinophils.
It may be possible to distinguish this group of patients from others with acute myeloid leukemia, or
a secondary eosinophilia, by carrying out agar colony cultures, which would show large numbers of
eosinophil colonies in patients with chronic eosinophilic leukemia, but normal numbers of eosinophil
colonies in other diseases. This was first shown to be useful in 1975, during a detailed study on an
elderly woman with the clinical features of chronic myeloid leukaemia. She had a high blood eosinophil count, and was shown to have chromosome 10 tetraploidy. Large numbers of colonies
developed when her bone marrow cells were cultured in agar 690.
Over 90 per cent of patients with well-defined chronic myeloid leukaemia have the classical cytogenetic features of a Philadelphia chromosome (an abnormal chromosome 22) 1526, where there is a
reciprocal translocation between chromosomes 9 and 22 t(9:22)(q34:q11), with the c-abl oncogene
moving from chromosome 9, and fusing with the break cluster region (bcr) on chromosome 22,
where an abl-bcr mRNA is transcribed.
Examples of patients with Phi positive chronic myeloid leukaemia, in whom there was a marked
eosinophilia include two reported in 1965 686, 725 , one seen in 1975 324, and a man of 59, described in
1980, who had a double Philadelphia chromosome, with an eosinophilia of 21.2 x 109/L, and heart
disease with widespread leukaemic deposits in his tissues 1712.
Rarely, chronic myeloid leukaemias are Phi-negative. In a few of these cases of Phi-negative CML,
a similar genomic event occurrs as in Phi-positive disease, without the visible chromosomal alteration, and this gives rise to a clinically identical disease. Work is now being done to see if the
remaining cases of Phi-negative CML, without c-abl translocation, have a different form of CML, or
a variant of the myelodysplastic syndrome, such as chronic myelomonocytic leukaemia, which has a
worse prognosis than Phi-positive CML. Against this background of information about neutrophilpredominant CML, it is possible that some of the problems in differentiating HES, and eosinophilpredominant CML, would benefit from a similar search for abl-bcr juxtapositioning, and the abnormal fusion product mRNA, and protein. There are no reports, as yet, of studies of this kind in
patients with a marked eosinophilia.
4.1.1.3. Eosinophilic leukaemia in animals.
Eosinophilic leukaemia has been described as a spontaneous disease in a pig 913, and in cats 565, 1791. In
1985, it was reported that eosinophilic leukaemia was induced in one cat by the injection of a
recombinant feline retrovirus PR8. This virus also induced a marked eosinophilia in another cat, but
did not induce a leukaemia. There was no evidence for the production of T cell tumours in either of

these animals, although they can occur in cats infected with this virus 1069. Spontaneous eosinophilic
leukemia has been also described in a Syrian hamster 1430, and two horses 1243. Acute eosinophilic
leukaemia has not been reported in dogs, although there may be a marked increase in blood eosinophils
in dogs with chronic myeloid leukaemia 764.
4.1.2. Myelocytic leukaemia.
Acute myeloid leukaemia (AML), and chronic myeloid leukemia (CML) are occasionally associated
with a marked eosinophilia. A good example of a reactive eosinophilia is given in a report from
Fukushima, Japan in 1987, in which eosinophil colonies, which grew from the peripheral blood of a
patient with AML, were cytogenetically normal, even though he had a blood eosinophil count of
13.4 x 109/L, and GM colonies contained chromosomal abnormalities 964. In other patients, who
probably have a reactive eosinophilia, the number of eosinophils in the bone marrow, and blood
varies during the course of their illness, and in response to treatment.
4.1.2.1. Myeloblastic leukaemia, acute nonlymphocytic leukaemia.
In 1982, a distinctive type of leukaemia was described. These patients had acute nonlymphocytic
leukaemia (ANLL) with an increased number of marrow eosinophils, which were morphologically,
and cytochemically abnormal. The FAB classification for this group is M4Eo. It was soon found
that they had a characteristic cytogenetic feature: rearrangements of chromosome 16, with breakpoints at 16p13, and 16q22. Many of these patients seemed to have a slightly better prognosis than
others with classical ANLL, even thought they had a high incidence of leptomeningeal disease, and
occasional intracerebral myeloblastomas 810. It occurs in 5 per cent of patients with acute
nonlymphocytic leukaemia, and was reviewed in 1987 987.
In 1983, five patients were found with this disease, among a group of 61 patients with ANLL at the
University of Minnesota Hospitals, U.S.A. They had partial deletion of the long arm of chromosome 16 del(16)(q22), and a marked increase in the percentage marrow eosinophils, which appeared
to be part of the malignant clone, as they were structurally abnormal. Two patients who had blood
eosinophil counts of 1.6 x 109/L, went into remission for two, and three years after treatment was
started 67. A further 18 patients were reported by Le Beau, and colleagues in 1983 1040. In 1984, six
patients were reported from Baltimore, U.S.A. 808, and three from Boston, U.S.A. 1756.
In 1985, there were reports of this disease in seventeen patients in Paris, France 159, and 26 patients
in Houston, U.S.A., 810. Other reports were published that year from Tokyo, Japan 1307, Kiel, West
Germany 1572, Leuven, Belgium 1186, and Barcelona, Spain 1947.
In 1986 six further cases were described in Bordeaux, France, 378, who had an abnormal chromosome 16, which had a pericentric inversion inv(16)(p13;q22) in four patients. Two patients were in
remission at 14 months, and four years, but three relapsed 7, 9, and 20 months after diagnosis, and
one died, suggesting that some patients did not have as good a prognosis as in the initial reports.
Thirty seven patients at the University of Chicago, U.S.A., were also described in 1986, and the
previous reports were reviewed 1033. A nine-month old baby girl in Japan with this disease was
reported in 1987 1304.
Difficulties in deciding whether the cytogenetic defect is an inversion, or partial deletion of chromosome 16 were discussed in another paper in 1986 762. There are also reports that FAB M2 acute
myelocytic leukaemia, with t(8;21) can be associated with a similar syndrome 845, and that M4-Eo
leukaemia may develop in the absence of chromosome 16 abnormalities 1703.
In 1984, 30 patients with the 8; 21 translocation, and three with closely related variants were described. Auer rods were present in eosinophil precursors in two cases, and in one patient, the
marrow contained an excess of eosinophils with abnormally staining basophilic granules 1730. This
suggested that the eosinophil cell line was involved in this malignant process. In 1987, there was a
report of a 63 year old man with myeloblastic leukaemia, and an eosinophil count of 5.7 x 109/L,
with a variety of cytogenetic abnormalities, including chromosome 7 defects 1224.
4.1.2.2. Chronic myelocytic leukaemia.
The blood, and marrow eosinophil count is commonly raised in patients with chronic myeloid leukemia

(CML). In one series of 50 patients with Phi-positive CML reported in 1977, 46 had a mean blood
eosinophil count of 5 x 109/L, ranging from 0.3 to 30 x 109/L. There was an equally high incidence
of eosinophil myelocytes in the blood of these patients, and some of the eosinophils were partly
degranulated 1672. There is a suggestion that young patients with CML have the highest marrow
eosinophil counts, but that this is unrelated to survival times 1023.
It is probable that the eosinophils in CML are a component of the malignant process, as patients who
are heterozygous for the glucose 6 phosphate dehydrogenase genes, have eosinophils, and eosinophil CFU of only one allotype. This has been shown with Phi positive 989, and Phi negative patients
561
. In patients with CML, eosinophils can show abnormal positive histochemical staining for
chloroesterase activity, and have PAS, and Astra blue staining, with toluidine blue metachromasia
1084
.
A unique case report of Phi-negative CML with an eosinophilia, and multiple eosinophil chloromas
in the spleen, was described in 1984 309.
4.1.3. Lymphocytic leukaemia.
A small number of patients with acute lymphocytic leukemia have been found to have a marked
increase in eosinophil counts. This was first reported in two Australian patients in 1973. These
were two girls aged 14, and 16 years with lymphoblastic leukaemia, and an eosinophilia of 109 and
3.3 x 109/L respectively. They had a purpuric rash, and one had lung involvement 1674.
Since then a total of 26 patients with this disease have been described. The mean age at diagnosis
was 12 years. The youngest was aged two years. Eighty one per cent were males. Median survival
times were 18 months from diagnosis in children up to the age of ten, and 6 months in older individuals, but was not different from other patients with lymphocytic leukaemia. The eosinophilia preceded the leukaemia in half the patients, and in half recurrence, or an increase in eosinophil counts,
preceded relapse of the disease. Cytogenetic studies have been reported on 14 patients. Three
patients had 14q+ chromosomal abnormalities, with t(5,14),(q?,q32) in two, including a 19-year old
man studied at the West Virginia University Medical Center, U.S.A, from where a detailed review of
the 26 patients was also provided. The q32 area of chromosome 14 is a common site for chromosomal rearrangements in patients with leukaemias, and lymphomas, and this is also the site for the
immunoglobulin heavy chain family of genes. It is not known whether the eosinophilia is reactive,
or part of the malignant clone in these patients, but the unusual morphology of the eosinophils, and
the absence of a detectable eosinopoietic activity in serum, and in normal marrow cocultured with
the malignant lymphoblasts, is consistent with the eosinophils being a component of the neoplastic
process 806. Some of the leukaemic lymphocytes possess helper T cell markers, and some only
markers of primitive lymphoid cells.
Nine of the cases which occurred in children under 13, and five adolescents, were reviewed in 1984,
and an additional patient was reported. She was a 29 month-old girl in Chicago, who had acute
lymphocytic leukaemia, with an eosinophilia of 106 x 109/L. Treatment was started with steroids,
vincristine, and L-asparaginase. Methotrexate, and 6-mercaptopurine with cranial irradiation were
also given. The eosinophilia disappeared six days from the onset of treatment, and she remained in
remission for at least 10 months 629. Nine of these 15 patients were boys, the same ratio as in HES.
This disease can be compared with acute nonlymphocytic leukaemia where there is rearrangements
of band q22 on chromosome 16. Although it is difficult to see a common genetic basis for the
presence of abnormal eosinophils in these two diseases, these two chromosomal abnormalities should
provide clues about the sites for the genes which regulate the synthesis of eosinophil granule constituents, and eosinophil differentiation.
Doubts about whether the eosinophilia is part of the malignant process are not resolved, but recent
measurements of the nucleotide content of the eosinophils in a Dutch patient with lymphoblastic
leukaemia showed abnormal levels in both the tumour cells, and the eosinophils 413. Reports on 15
patients with lymphoblastic leukemia associated with an eosinophilia were reviewed in 1984 1796.
In 1972 I showed that the injection of a rat T cell lymphoma into PVG/C rats produced a marked

eosinophilia. This was steroid resistant, and was unlikely to have been due to a graft-versus-host
reaction, which induced a marked eosinopoenia in the strain used. In this case it seemed probable
that the circulating tumour cells were causing the retention of eosinophils in the blood, possibly by
interfering with their normal emigration routes into the tissues 1678.
Example of hypereosinophilia in patients with lymphoblastic leukaemia include:
- a 2.5 year-old boy in London who developed a blood, and CSF eosinophilia ten months after his
disease presented. The appearanceof the eosinophils in both sites preceded the appearance of
leukaemic cells during subsequent relapses 1360.
- a four-year-old boy with an eosinophil count of 53 x 109/L, with lung, liver and spleen involvement
196
.
- a nine-year old boy with an eosinophilia of 2 x 109/L, with endomyocardial fibrosis, lymphadenopathy, and a macular rash 180.
- a 12-year-old boy with an eosinophilia of 10.5 x 109/L, with lung, and endomyocardial involvement, who died two months later 1270.
- a 13-year-old boy with an eosinophilia of 67 x 109/L, and heart and lung involvement 1387.
- a 17-year-old boy with an eosinophilia of 10 x 109/L, a purpuric rash, lymph node enlargement, and
lung, heart, liver, and spleen involvement 632.
- a 27 year old man with a lymphoblastic lymphoma, which was preceded by typical features of HES
for one year. The lymphocytes had the phenotype of cortical thymocytes 945.
Seven male patients, aged between 4 and 41, were described in 1980 from a number of european
centres. In several patients the eosinophilia preceded the appearance of the tumour, (or was present
when the tumour was recognized), and the eosinophil counts usually fell during remissions. In five
patients the blood eosinophils were hypogranular. Three of the tumours were of the C-ALL type,
two were T-ALL, and one was a lymphoblastic lymphoma. One patient had several complications
more commonly found in HES: eosinophilic endomyocardial disease, and intra-vascular thrombi 289.
4.1.4. Other types of leukaemia.
Monocytic leukemia has only rarely been associated with an eosinophilia. There are reports of four
patients with plasma cell neoplasms, and hypereosinophilia, which were reviewed in 1984 594.
4.2. Lymphomas.
Malignant lymphomas, and tumours of Langerhans cells (histiocytosis X) are the commonest types
of malignancy which give rise to a moderate eosinophilia. However, these tumours seldom produce
as marked an eosinophilia as can occur in patients with carcinomas. Hodgkins disease tissue, and
the granulomas of histiocytosis X can be densely infiltrated with eosinophils, even though the blood
eosinophil count is only modestly raised. There have been no studies on eosinophil production in
these disorders, which may be greater than appears from the blood eosinophil counts.
4.2.1. Hodgkins disease.
Eosinophils are a common feature in tissues affected by Hodgkins disease, and the number of tissue
eosinophils reflects the Rye subtypes of the disease 608. It is also a well-known cause of a moderate
increase in blood eosinophil counts. A study on the possible significance of an increase in bone
marrow eosinophils in Hodgkins disease, was reported from London, U.K., in 1987 1123. No clinical
differences were seen in the 28 patients with increased numbers of marrow eosinophils, compared
with 108 who did not. However the same group showed that, among 193 of 1260 (15 per cent)
patients with Hodgkins disease who had an increase in blood eosinophils at presentation, there was
a survival advantage in 95 with disease of mixed cellularity, and grade I nodular sclerosis, whether
their disease was localized, or widespread 1843. This compares with a small series of ten patients with
the fibrotic type of Hodgkins disease in Hungary, in whom over half of the cells in the tumour
deposits were eosinophils, who only had a short survival 1790.
Although Hodgkins disease rarely induces a marked increase in blood eosinophils, two patients
with hypereosinophilia were described in Australia, in 1966 1758. One was a 43 year-old man whose
blood eosinophil counts rose to 48 x 109/L. The other was aged 34 year, and had abdominal Hodg-

kins disease, and emboli to the lungs. The tumour was found to be infiltrated with eosinophils, and
his blood eosinophil counts reaching 108 x 109/L. A marked eosinophilia with Hodgkins disease
can also occur when the lungs are involved 202. The highest blood eosinophil count yet seen in a
patient with Hodgkins disease is 160 x 109/L, which was reported in 1939 1144.
It is not known if eosinophils affect the tumour cells, or the surrounding tissues. They may play a
more extensive role than appears from the number of intact eosinophils in affected tissues, as large
amounts of EPO were detected by immunocytochemistry in the lymph nodes of four patients with
nodular sclerosing disease, even though there were relatively few intact eosinophils 1545. EPO was
also found in the affected tissues of other patients with non-Hodgkins lymphomas 1547. Eosinophil
MBP has also been found within affected lymph nodes of 13 of 18 patients with each of the principal
histological types of Hodgkins disease 245.
4.2.2. Non-Hodgkins lymphomas.
Seven patients with non-Hodgkins lymphomas, and a marked increase in blood eosinophils were
reviewed in 1984 1429. Lymphosarcomas rarely cause an eosinophilia. One example of this was seen
in a four year-old boy who presented with a lymphosarcoma which involved the lungs, lymphatic
tissues, and cerebrospinal fluid. He had a blood eosinophil count of 25 x 109/L, and some of these
cells had morphological abnormalities 96.
In 1987, two patients were described who had pruritic skin lesions with a lymphocytic vasculitis, and
hypereosinophilia. Several years after presentation they developed peripheral T lymphocyte malignancies, and died rapidly 1337. These patients have some features in common with three patients with
lymphomatoid papulosis whom we have seen in London, U.K. 1926.
Many non-Hodgkins lymphomas contain eosinophils in the stroma of the malignant tissues, and this
can be extensive in some. A review was published in 1987 of 28 cases of gastrointestinal tract T cell
lymphomas which contained massive numbers of eosinophils 1608. Two were in the stomach, and 26
in the small intestine, and eight were associated with coeliac disease. These tumours had several
distinctive features on low, and high power microscopy.
4.2.3. Angioimmunoblastic lymphadenopathy.
This disease is probably a prelymphomatous state of immunoblastic sarcoma. It was reviewed in
1985 1718. Although eosinophils, with deposits of eosinophilic material are a characteristic feature of
the lesions, only a third of affected people have an increase in blood eosinophils. Occasionally there
may be a particularly high count, as seen in a man, aged 70, in Angers, France. His blood eosinophil
count at presentation was 10 x 109/L, and reached 45 x 109/l, despite treatment with cytotoxic drugs
623
. The presence of an eosinophilic infiltrate in the affected tissues was a poor prognostic feature,
according to a report in 1978 on eight patients in Southampton, U.K. 886, and 30 in Lyon, France,
who were followed prospectively for 42 months 63.
4.2.4. Sezarys syndrome, and mycosis fungoides.
There are very few case reports of the cutaneous T cell lymphomas (Sezarys syndrome, and mycosis fungoides) being associated with an eosinophilia 1354, or an infiltrate of eosinophils into the tumours. This suggested that these tumours are seldom of the type which can produce eosinopoietic
molecules.
4.2.5. Lymphomatoid granulomatosis.
This premalignant, or frankly malignant condition can be associated with a peripheral blood eosinophilia.
4.3. Reticuloendotheliosis.
The histiogenesis of the tumour cells involved in various clinical forms of reticuloendotheliosis was
not know with certainty until it was recognized in 1983, that the malignant cell in most (if not all) of
the malignancies classed as histiocytosis X belong to the Langerhans cell lineage. They usually
contain the characteristic Lx-bodies 838, and are able to be stained with anti-Ia antibodies, and the
CD6 monoclonal antibodies 1577, 593, 765.
As these granuloma cells can secrete IL-1 64, which is a potent stimulus for vascular endothelial cell

production of G-CSF, and GM-CSF 213, it is probable that the eosinophilic response in these diseases
is the result of an indirect effect of granuloma cell products on endothelial cells, which cause the
localization of eosinophils in the lesions, eosinophil activation, and occasionally increased eosinophil production in the marrow.
4.3.1. Histiocytosis-X.
Histiocytosis-X is a general term used to cover the three diseases commonly referred to as HandSchuller-Christian disease, Letterer-Siwe disease, and eosinophilic granuloma. The relationships
between the various clinical disorders in which granulomas affect the bone were reviewed in 1977
2012
. Eosinophilic granuloma, which comprises 60-80 per cent of the total cases of histiocytosis-X, is
the least aggressive form of this disease. It may be (1) unifocal, unisystem, (2) multifocal, unisystem,
or (3) multifocal, multisystem. Other classifications based on morphology of the lesions, or clinical
criteria, have not proved useful.
4.3.1.1. Eosinophilic granuloma.
Eosinophilic granulomas, which were first described in 1940, are a well known cause of lytic lesions
in the bones of children, and young adults. They occur slightly more commonly in males, and are
usually solitary, in the skull, femur, or vertebral bodies 619 of children, and the ribs, and other sites in
adults. They can occur in soft tissues, including the thymus 1625. There are innumerable case reports
of this condition, including some recent reports. In a typical example, published in 1987, a 37 yearold woman was reported, who had a headache for three weeks. She was found to have a solitary
eosinophilic granuloma in the temporo-parietal region, which was cured by curettage 391, 1384. The
computed tomographic findings in vertebral lesions have been described in 1985 1449.
It is now known that Langerhans cells are the predominant cell type in these lesions 2013, although
many eosinophils can be found in them, and more rarely in the blood. Peanut agglutinin, which binds
to Langerhans cells, also binds to the granuloma cells, and this can be used to distinguish this
disease from other granulomatous lesions 732. The bony lesions may extend into adjacent soft tissues, and occasionally they originate in other sites. Computed tomographic scans are helpful for
determining the extent of individual lesions. Although vertebral granulomas show increased density
due to vertebral collapse, the lesions in other bones usually show decreased X-ray density, and can
be highly characteristic 1002. Biopsy with curettage is usually curative, but occasionally low doses of
radiotherapy are given with success 1922. All patients should be followed up for many years, as new
lesions can develop as long as 12 years later 1480.
As there are so many case reports of this condition this review will only describe some of particular
interest:
- an eosinophilic granuloma which was close to the foramen magnum, and produced torticollis in a
five year-old girl. It responded to a course of low dose radiotherapy 110. There is another report of
eosinophilic granuloma affecting the L4 vertebral body in a four year old girl 307.
- eosinophilic granulomas affecting lymph nodes were described in two men aged 34, and 25 in
1977. Both had lymphadenopathy, with areas of necrosis, and many eosinophils in the lymphoid
tissues. It is possible that this is a variant of the more common diseases in which eosinophilic
granulomas develop in skeletal tissues, and it may also progress to a malignant histiocytosis in some
patients 1482.
- a 48-year old black patient in Nashville, U.S.A., with eosinophilic granuloma was described in
1987 who had painful deep draining sinuses, and nodules in both axillae, inguinal regions, and perianal areas. The diagnosis was made by lymph node biopsy. His disease responded to electron beam
therapy. It was not stated whether the patient also had an eosinophilia 474.
- an 11 year old boy with eosinophilic granulomas, which affected many sites, and which was resistant to chemotherapy, was treated successfully, by bone marrow transplantation in Sweden in 1987
1493
.
4.3.1.2. Hand Schuller Christian disease.
This syndrome, consisting of some, or all of the classical triad of exophthalmos, diabetes insipidus,

and focal bony lesions, occasionally shows a marked eosinophil infiltration into the tumour. Many
different forms of treatment have been used, including etoposide in 1986 802.
4.3.1.3. Letterer-Siwe disease.
Letterer-Siwe disease is seen in infants, who present with lymphadenopathy, hepatosplenomegaly,
and a bleeding diathesis, with bone, and skin lesions, which are usually fatal.
4.3.1.4. Familial reticuloendotheliosis with eosinophilia, Omenns syndrome.
Among the 200 or more patients who have been found to have familial histiocytosis 1675, there is a
group of infants with skin lesions, hepatomegaly, variable splenomegaly, and lymphadenopathy, fever, and infections, and a marked eosinophilia, now known as Omenns syndrome. This is a rare
autosomal recessive disease, first described in 1965, of which there are now about 20 reported
cases. During the first, or second month of life, these children begin to develop erythrodermia,
chronic diarrhoea, severe infections, lymphadenopathy, hepatosplenomegaly, failure to thrive, and
leukocytosis with a marked eosinophilia. These babies have hypogammaglobulinaemia, and low B
cell counts, with increased levels of serum IgE, and reduced T-cell functions, associated with an
absence of ecto 5'-nucleotidase in fresh, but not cultured lymphocytes 631. There is a deficiency of
IL-2 and interferon-gamma production in vitro. Four patients, two of whom received bone marrow
transplants, were reported in 1987 from Rome, Italy. Their blood eosinophil counts range between
0.4 and11.1 x 10 9/L 239.
It has been suggested that Omenns syndrome is Letterer-Siwe disease in an immunodeficient individual. Lymph node biopsies show diffuse proliferation of histiocytes with eosinophil infiltration.
The histiocytes are usually of the Langerhans-type with abundant cytoplasm, an eccentric roundto-oval nucleus with a nuclear groove, and no nucleolus 139.
4.4. Neoplasms of vascular tissue.
Each of the main types of vascular neoplasm has been associated (in small numbers of patients) with
an eosinophilia, involving both an increase in blood, and tissue eosinophils. Examples of this include:
- a patient with a histiocytoid hemangioma of the heart with an eosinophilia, who was reported from
Taiwan in 1985. The eosinophilia disappeared after surgical removal of the tumour 1017. The tumour
cells appeared metabolically active, suggesting that they might be secreting an eosinopoietic factor.
- eight patients with epitheloid haemangiomas who were described in Fukuoka, Japan, in 1987 1811.
Although the lesions had some clinical similarities with Kimuras disease, they were smaller, and not
in the preauricular region. They also contained irregulary hypertrophied vascular structures, and
not lymphoid follicles, containing Langerhans cells. For these reasons they were considered to be
a distinct disorder.
4.4.1. Angiolymphoid hyperplasia with eosinophilia, (Wells syndrome, eosinophilic granuloma of
soft tissue, Kimuras disease).
This tumour, which is often called Kimuras disease after the first author of a paper describing it in
Japan in 1948 965, is an uncommon, and benign tumour affecting endothelial cells, lymphocytes, and
eosinophils, in the head, and neck region. A similar disease was described in London by Wells in
1969, which he called angiolymphoid hyperplasia with eosinophilia. Some earlier reports in the
English literature were reviewed in 1982, and stress was given to the abnormalities in endothelial
cells in this disease 138. Not all patients have an increased number of eosinophils in the blood,
although they are always found in the tissue lesions.
Some authors distinguish Kimuras disease from Wells syndrome 1015, as there are differences in sex
incidence, and histological appearances of the lesions. These have been compared in a paper from
Japan in 1986 837, when it was suggested that the morphological differences could be due to the long
interval, (a mean of nine years) between onset, and histology in the Japanese patients. There were
171 cases by 1978 786.
In Japan, 94 per cent are men, the mean age of onset is 32 years, and the lesions tend to be in deep
tissues. In Europe, nearly all the patients are women, and the lesions are more superficial. In both

regions, they are usually cured by simple excision. There were case reports of the disease from
Japan in 1986 837, Hong Kong in 1984 1015, London, U.K. in 1987 1904, and Memphis, U.S.A. in 1981
625
, which also provided good pictures of the gross appearances, and histology of the lesions.
Histology shows varying degrees of infiltration with lymphocytes, histiocytes, mast cells, and
eosinophils. There can be marked germinal centre formation in the Japanese patients. Fibrosis is
common in Japan, but rare in non-Japanese patients. The histopathological features in 116 cases
referred to the Armed Forces Institute of Pathology, Washington, U.S.A., were reviewed in 1985
1323
. Oriental, blacks, and patients from the Middle East tend to have larger lesions (about 3 cm
diameter), than other groups (about 1 cm diameter). An eosinophilia occurs in 17 per cent of
Caucasians, and 62 per cent of Orientals. Its behaviour is benign, and this is confirmed in the
histology. There is a tendency for recurrences, but spontaneous regression usually occurs. Treatment can include removal, and irradiation.
The clinical, and histopathological features of this benign disease in 12 patients studied at the Pittsburg
School of Medicine were published in 1980, with a review of the world literature then available, and
the importance of differentiating it from an angiosarcoma was emphasized 111. Two further patients
with this disease were reported in detail in 1981, a 49 year old woman, and a 24 year old man, and
the histological appearances were provided 106. Details of the histological appearances in Japanese
patients were reported in 1986 837. A case report in a 12 year-old boy, which responded to intralesional
injections of triamcinolone, was reported in 1984 1271.
A characteristic feature of the lesions is the presence of flame figures, which contain eosinophil
granules 1709. Immunofluorescent studies using rabbit antibodies to MBP on skin biopsies from four
patients with Wells disease, were published in 1983, and showed MBP in the infiltrating eosinophils,
and in the flame figures. The localization of such large quantities of MBP in these lesions suggested that eosinophils may be involved in the pathogenesis of this disorder 1391. A histopathological
study from Stockholm, Sweden, in 1986, showed that the flame figures consisted of eosinophil
granules, and not collagen bundles 201, as suggested previously. It is also important to note that
eosinophil-rich skin lesions with flame figures, have been seen in skin lesions from patients with a
number of different diseases, besides Wells syndrome. These include other skin diseases 1951, vascular malformations 1282, and renal diseases, including membranous glomerulonephritis, which disappeared after successful treatment of the skin lesion 1665.
In a critical review which was published in 1982, of the relationship between Kimuras disease, and
angiolymphoid hyperplasia with eosinophilia, Rosai, in Minneapolis, U.S.A., argued that they were
different diseases, and that the lesions were not always limited to the skin. He suggested that the
lesions were due to a histiocytoid change in endothelial cells, which then secreted substances that
caused inflammatory cells to localize in the abnormal areas 1514. Eosinophil chemotactic substances
from the lesions of Kimuras disease, and the infiltrating T cells, have been described 799. I suspect
that the abnormal endothelial cells themselves are responsible for inducing the inflammatory changes,
now that it is known that endothelial cells can secrete GM-CSF, and increase the survival, and
toxicity of eosinophils in vitro 1522. These abnormal cells may release several other potent molecules
into the blood. For example large amounts of renin were secreted by the lesions in one patient, who
had hypertension, which disappeared when the skin lesions were removed. 557.
In Toulouse, France, a patient has been described who had angiolymphoid hyperplasia with eosinophilia, and a carcinoma of the lung. He was a 58 year old man with these skin lesions affecting his
neck, ears, and scalp. Cytotoxic drugs were effective in eliminating the skin lesions, and in temporarily reducing the size of the tumour 477.
4.4.2. Neoplasms of lymphatic vessels.
A number of tumours in which the malignant cells appear to be endothelial cells of lymphatic origin
have been found to have a marked eosinophilia in the blood or tissues. We have a record of this in
an African patient with Kaposis sarcoma (which is now known to be of lymphatic origin), and it can
occur with lymphangiomas, and lymphosarcomas.

4.5. Neoplasms of solid tissues.
Solid tumours, especially those involving body surfaces, may contain many eosinophils, and/or may
give rise to a marked increase in blood eosinophils. The same types of tumour produce both types
of eosinophil response, but a peripheral blood eosinophilia is more common in patients with carcinomas of the kidney, adrenal, thyroid, liver, gallbladder, pancreas, and breast, and in patients with
peritoneal mesothelioma, or liposarcoma 1113. Recent work has suggested that this could be of
clinical importance, as patients with tumour-associated tissue eosinophilia, without an increase in
blood eosinophils, may have a better prognosis than those without eosinophils in the tumour stroma.
Conversely, an increased blood eosinophil count is often linked to the presence of metastases, and a
poor prognosis 1113.
It has been known since before the turn of the century that eosinophils can be a prominent component of solid neoplasms, and there are a large number of case reports describing this feature. One of
the most widely quoted studies was carried out at the Mount Sinai Hospital, New York, U.S.A. in
1946. Eighteen patients were described, and 15 further case reports were assessed. Most of the
tumours were of epithelial, or connective tissue origin. It was concluded that an eosinophilia usually
indicated that the tumour had disseminated, and that there was a poor prognosis. 90 per cent had
metastases, and these were suspected in a further 7 per cent 843. By 1966 at least 29 patients had
been reported with a marked eosinophilia, in association with solid tumours 137, since the first case
report in 1893. This number had increased to 64, by 1977, when they were reviewed in a paper from
Zurich, Switzerland 1624. Although there was some evidence at that time that an eosinophilia might
be a poor prognostic sign in patients with solid tumours, this view has had to be modified in the last
few years, as it may be a good sign in certain neoplasms.
The eosinophil response may involve the tumour itself, the draining lymph nodes, or the blood. In
lymph nodes their presence may simply reflect the presence of tumour cells in areas where eosinophils
are commonly found. This was supported by the finding that eosinophils were more often seen in
the draining lymph nodes of adenocarcinomas of the large bowel, than carcinomas of the breast, and
the number of eosinophils in these nodes was not altered by the presence of lymphatic metastases 814.
The incidence of an eosinophilia in patients with a solid tumour has been assessed in several studies.
It was 4.8 per cent in a group of 252 patients with solid neoplasms, who were reported from Israel
in 1986 1617, 3 per cent of patients with cervical carcinoma in Malawi 1114, and 2 per cent in an
unselected series in London 1113.
4.5.1. Bone neoplasms.
The majority of eosinophil-rich lytic lesions in bones are eosinophilic granulomas, but there are also
a number of primary bone neoplasms in which a marked eosinophilia has been noted.
4.5.2. Breast neoplasms.
An increase in blood eosinophil counts is extremely rare in patients with carcinomas of the breast. In
1983, a study on 419 patients with carcinoma of the breast suggested that when the blood eosinophil
count was less than 0.055 x 109/L, that there was a greater risk of recurrence 1349. This was not
confirmed in a separate study on 83 patients reported in 1984 1524.
In 1987, experiments were reported, which showed that tumour-specific serum factors were involved in causing eosinophil infiltration into murine mammary tumours. Mice were implanted with
the mammary carcinoma MC2, and after three weeks, although blood eosinophil counts only rose
from 0.1 to 0.5 x 109/L, eosinophils began to infiltrate the tumour, with maximal numbers at five
weeks. Unrelated tumours in the same animals were not infiltrated 1815. The nature of the factor(s)
remains to be determined.
4.5.3. Cardiac neoplasms.
A six month-old baby boy was reported in 1965, who had an eosinophil of 53.6 x 109/L, and an
unresectable fibroma containing healthy-looking myocardial fibres in the right ventricle, giving rise
to tricuspid stenosis 770. A 59 year-old man with a malignant rhabdomyosarcoma infiltrating the
right ventricular cavity, was described in 1983, who developed an eosinophil count of 51 x 109/L.

The tumour cells were of a large size, and contained NADH-positive striations 1724. Another adult,
with an histiocytoid haemangioma in the heart, which produced an eosinophilia, which declined after
the tumour was removed, was described in 1985 1017.
4.5.4. Digestive system neoplasms.
Neoplasms affecting the gastrointestinal system may give rise to a marked eosinophilia. In some
patients the blood eosinophilia precedes the clinical recognition of the tumour, and in others, the
tumour is found to be heavily infiltrated, without producing a marked blood eosinophilia. There is
preliminary evidence that a marked infiltrate into some gastrointestinal tumours may indicate a better survival than normal 1981.
4.5.4.1. Oesophageal neoplasms.
There are only a handful of reports of oesophageal neoplasms with an eosinophilia, or eosinophil
infiltrates into the tumour. In 1980 there was a report of a patient who had a marked eosinophilia
due to a leiomyoma of the oesophagus, which caused superior vena cava obstruction 795.
4.5.4.2. Stomach neoplasms.
Adenocarcinomas of the stomach are the commonest tumours of the digestive system associated
with an increased blood eosinophil count 1797. These tumours may also be infiltrated with eosinophils.
The possible clinical importance of this was studied in Fukuoka, Japan, in 1986 856. A stromal
eosinophilia was seen in 157 of 649 (24 per cent) resected tumours, and survival studies showed that
in 59 with a marked infiltrate, 29 (57 per cent) were still alive at five years, compared with 61 of 158
(39 per cent) patients with lesser numbers of eosinophils in the resected material.
4.5.4.3. Small intestinal neoplasms.
Neoplasms of the small intestine are rarely associated with an eosinophilia. We have reported an
unusual case of a patient with chronic strongylodiasis, who developed a small intestinal lymphoma
with an eosinophilia 337, and we raised the possibility that chronic parasitic infections could induce a
malignant change at the site of parasite localization.
4.5.4.4. Caecal, colonic, and rectal neoplasms.
It has been known for many years that there may be a marked infiltrate of eosinophils in gastrointestinal
carcinomas 1981. In 1983, an analysis, of 67 colorectal carcinomas in Cleveland, U.S.A., showed
that, although there was great variation in the numbers of eosinophils in sections of the tumours,
varying from 0 to 233/mm2, there was a positive correlation between the numbers of eosinophils,
and the survival time 1448. In patients with a good prognosis, these eosinophils were more concentrated in the centre, than the edges of the resected specimens 1447.
In 1987, a semi-quantitative assessment of the cells infiltrating 22 invasive adenocarcinomas of the
large intestine in Kiel, West Germany has also showed that, although mononuclear cells were the
most frequent infiltrating cells, there were sometimes large numbers of eosinophils in the tumour
stroma. A moderate, or marked infiltrate was seen in nine of the tumours. The follow up period was
too short to tell whether this might correlate with prognosis 815.
Eosinophils have been isolated from colonic tumours by enzymatic dissociation, and countercurrent
centrifugation, which gave 1.8 x106 eosinophils/g mucosa 146. This should enable studies to be done
on their possible cytotoxic capacity against these neoplasm.
4.5.4.5. Peritoneal, and retroperitoneal neoplasms.
There are occasional reports of patients with slowly growing lesions in the peritoneal cavity who
have a marked eosinophilia 1051. We have noted an unusual progresssive fibrotic reaction in the
abdomen which had many features of a malignant condition, recurring after repeated surgery. See
also page ***.
4.5.4.6. Liver, and biliary tract neoplasms.
Neoplasms in these sites have given rise to a marked eosinophilia on rare occasions. In 1986, a
patient was reported with a sclerosing bile-duct carcinoma, and hypereosinophilia 1218.
4.5.4.7. Pancreatic neoplasms.
Pancreatic neoplasms are rarely associated with an eosinophilia, except in the case of tumours which

produce large amounts of lipases, which can also give rise to an unusual skin disorder resembling
erythema nodosum 1503. There is a single report in 1981 of a malignant islet cell tumour, which
produced a persistent eosinophilia, and non-bacterial thrombotic endocarditis 1292.
4.5.4.8. Mouth neoplasms.
Tumours of the lip, and tongue can be associated with a marked eosinophilia. A large mandibular
cyst, associated with an eosinophilia, was reported from India in 1985 730. Eosinophilic granulomas
have also been seen in the soft tissues of the mouth 677.
4.5.5. Endocrine neoplasms.
Tumours of the thyroid 1215, 1831 , and pituitary can occasionally produce a marked eosinophilia.
4.5.6. Nervous system neoplasms.
There are only a few reports of tumours of the brain, or spinal cord producing an eosinophilia. In
1980, a cerebral histiocytic lymphoma was described which produced an eosinophilia, and in 1981,
a glioblastoma was reported which produced eosinophilic meningitis 428.
In 1972 it was reported that a 62 year old woman with a glioblastoma had blood eosinophil counts
of up to 28.5 x 109/L 353. The tumour was localized, and not infiltrated with eosinophils. She only
lived for two months, but during that time she developed cardiac failure, and other features of
eosinophilic heart disease. This case report is important (a) for showing that a localized malignant
tumour can induce hypereosinophilia, and (b) that a localized tumour with an eosinophilia can induce the development of a distant lesion: eosinophilic endomyocardial disease.
4.5.7. Neoplasms in the ear, nose, and throat regions.
Primary tumours in this region seldom produce an increase in blood eosinophil counts, although
tumours of the nasopharynx 1113, and maxillary sinus 1560 are frequently infiltrated with eosinophils.
The presence of eosinophils in the stroma of head, and neck tumours appears to be a good prognostic indicator, according to a study of 82 tumours, which were reported from Chapel Hill, U.S.A., in
1987 691.
Twenty six per cent of nasopharyngeal carcinomas in a series of 422, reported from Kuala Lumpur,
Malaysia in 1987, contained a stromal eosinophilia 1098. Eosinophil accumulation was also seen in
lymphatic metastases, but the clinical significance of these findings remains to be determined.
4.5.8. Melanomas, and squamous cell carcinomas of the skin
The commonest primary neoplasm in the skin, are vascular tumours, and melanomas. In one series,
which was reported in 1977, of 132 patients with malignant melanomas in Houston, U.S.A., 22 per
cent had blood eosinophil counts greater than 0.3 x 109/L. This group responded slightly better to
chemotherapy, in the short term, than the others, although their survival was not affected 1175. In
1977, a 58 year-old man was reported to have developed an eosinophil count of 66.5 x 109/L, four
years after he presented with a malignant melanoma. The high count persisted for the last two
months of his life 1624.
In a study from Bari, Italy, in 1986 it was found that 30 advanced, and metastatic squamous cell
carcinomas contained more inflammatory cells, including eosinophils, than 22 basal cell carcinomas
330
. Studies have been reported on the assessment of eosinophils in squamous cell carcinomas of the
skin in several sites 1109, and the value of a tissue eosinophilia in distinguishing keratoacanthomas
from squamous cell carcinomas 1112.
4.5.9. Respiratory tract neoplasms.
Respiratory tract neoplasms are amongst the commonest causes of tumour-associated eosinophilia.
Eosinophil-rich tumours are almost always large cell bronchial carcinomas. Eosinophils have not
been reported in association with oat cell carcinomas, which more commonly produce paracrine
effects. In a study, which was reported in 1987, from New York, U.S.A., on the occurrence of
unexplained high blood counts in 105 patients with large cell carcinomas of the lung, there were
three with hypereosinophilia, and it was suggested that these tumours were producing haemopoietic
growth factors 70. Three patients were reported from London, U.K.,i n 1981 1155, and five from
Leeds, U.K. in 1986 983. A possible role for eosinophils in determining the survival of patients with

carcinomas of the lung has come from a study in 1979, showing that an eosinophil infiltrate improved the survival time 994.
Malignant diseases involving the lung may produce both a peripheral blood, and tissue eosinophilia.
The commonest are respiratory metastases, but bronchial tumours themselves can cause both local
accumulations, and occasionally very high peripheral blood eosinophil counts. Bronchial adenomas
have also been described with mucoid impaction, and local eosinophil accumulation. Histological
studies of lung tumours show that diffuse eosinophil infiltration occurs in as many as 50 per cent 1249.
In some cases eosinophilia is marked, and eosinophilotactic substances have been extracted from
some of these tumours 683. A marked eosinophilia can also occur both in Hodgkins disease, and
non-Hodgkins lymphomas with lung involvement 202.
4.5.10. Urogenital neoplasms.
Amongst the many different forms of tumour which affect the urogenital tract, carcinomas of the
cervix, bladder, and kidney are most commonly associated with an eosinophilia.
4.5.10.1. Female genital tract neoplasms.
Carcinomas of the cervix may produce a peripheral blood eosinophilia, but biopsies of the cervical
tumour more commonly show a marked eosinophil infiltration into, and around the tumour cells.
Adenocarcinomas of the uterine body may occasionally be infiltrated with large numbers of eosinophils.
In 1937, a 47 year-old woman was described who had a carcinoma of the cervix with blood eosinophil counts of 10-22 x 109/L. Earlier work on the presence of eosinophils in tumours was reviewed, and it was suggested that they may have stimulated the bone marrow to produce excessive
numbers of eosinophils 1542.
In a study on 460 cases on cervical carcinoma from Malawi, which was reported in 1981 1114, 13 (3
per cent) had a marked infiltrate of eosinophils into the tumour. They were all large cell nonkeratinizing squamous carcinomas. There was no tumour necrosis or ulceration. In 37 per cent,
there was a slight infiltrate of eosinophils. In London, U.K., 2 per cent of cervical squamous cell
carcinomas had an equally marked eosinophil infiltrate 1113. Six patient were reported from Ann
Arbor, U.S.A., in 1982 193. In 1985, eight patients with tumour stromal eosinophilia were reported
from Jacksonville, U.S.A. 1987.
There is a suggestion that the presence of eosinophils in cervical neoplasms, is linked to an improved
prognosis 909, 1374, and that a peripheral blood eosinophilia is a poor prognostic feature. However, in
five patients with cervical neoplasms containing many eosinophils, and raised blood eosinophil counts,
who were treated surgically in Taipei, Taiwan, there was a fall in blood eosinophil counts in four
patients, and these patients had no recurrences. In the one patient with metastases, blood eosinophil
counts remained high,and she died two years later 1966.
4.5.10.2. Male genital tract neoplasms.
Tumours of the male genital tract have only rarely been reported as producing an eosinophilia.
4.5.10.3. Neoplasms of the kidneys, ureters, and bladder.
Renal tumours may occasionally produce a marked eosinophilia 137. Some bladder tumours have a
marked infiltrate of eosinophils. A study from South Africa in 1978, found a marked eosinophil
infiltrate in 16 of 151 tumours (11 per cent). Biopsies of adjacent normal tissue also contained an
eosinophil infiltrate 1783. In 1984, in a study of 1 305 transitional-cell, and squamous-cell carcinomas
of the bladder, 36 (2.8 per cent) had a marked eosinophilic infiltrate within the tumour-cell islands,
and adjacent stroma. They were most numerous where the tumour was invading the muscularis 1111.
Further work on this series showed that they did not give rise to an increase number of eosinophils
in the urine 1110.
4.5.11. Eosinophilia in animals with solid neoplasms.
There are a number of reports of an eosinophilia in dogs with tumours. One example was of a 2-year
old dog with a palatal fibrosarcoma. The eosinophilia was maximal at diagnosis (11.6 x 109/l). It fell
after radiotherapy, then increased as the tumour metastasized 363. Details of a dog with a mammary
carcinoma, and a marked eosinophilia, were published in 1986 1107.

5. Chapter C 05. Musculo-skeletal diseases.
Rheumatologists seldom see patients with an eosinophilia, but when they do, the eosinophilia is
often strikingly high. The commonest musculo-skeletal diseases which produce an eosinophilia are
the fasciitis syndromes, and rheumatoid arthritis. Patients with musculo-skeletal diseases can also
develop an eosinophilia due to drug reactions. Occasionally, large numbers of eosinophils are found
in the joint fluid of patients with rheumatoid arthritis. The demonstration of raised ECP levels in
joint fluid has raised the possibility that eosinophils could be involved in destructive processes within
joints.
5.1. Bone, and joint diseases.
Primary bone diseases of developmental origin are seldom associated with an eosinophilia, although
this has been reported in patients with fibrous dysplasia of bone.
An eosinophilia is an unusual feature of joint diseases, including rheumatoid arthritis in which it has
been most commonly described. Occasionally an eosinophilia occurs as an isolated finding in patients with joint disease, and its significance is difficult to define. One example of this was seen in a
woman with subchondral osteolysis of the femoral condyles 860.
5.1.1. Rheumatoid arthritis.
A slight increase in blood eosinophil counts is common in patients with rheumatoid arthritis, but
some can have a marked eosinophilia. This can persist for months or years, and in some patients can
be life-long, raising the possibility that they have both rheumatoid arthritis, and HES. As joint
involvement is uncommon is HES, it seems unlikely that the joint disorder is secondary to an underlying eosinophilic process. In these rare cases it is more probable that the two diseases occur
together, or that the arthritis has triggered the development of a persistent eosinophilia. There are
three settings in which an eosinophilia occurs in patients with rheumatoid arthritis: in association
with a vasculitis, in patients with associated respiratory disease, and in patients taking drugs known
to produce an eosinophilia, which is discussed under drug hypersensitivity reactions, page ***.
Occasionally patients with juvenile, or adult rheumatoid arthritis have been found to have serum
anti-nuclear antibodies which bind to eosinophil, but not neutrophil nuclei 1517. None of these patients had an eosinophilia.
Examples of rheumatoid arthritis, with a marked eosinophilia were published in the early 1970s 1731,
1937
. Five patients were described in 1971, with the classical features of rheumatoid disease, and
eosinophil counts of 0.7, l.5, 2.6, 4.7, and 24 x 109/L, with raised serum immunoglobulin levels, and
relatively low serum complement levels 1356. Another patient with rheumatoid arthritis, and an extensive eosinophilic vasculitis was reported in 1979, from Sweden 798. In 1980, a 58 year old man
was reported with an eosinophil infiltrate into the soft tissues around his joints, and the synovium,
which showed fibrinoid degeneration. Many degranulating eosinophils were also found in his skin
nodules 211. Two patients, who presented with active rheumatoid arthritis with nailfold vasculitis,
and hypereosinophilia were reported from Birmingham, U.K., in 1985. One, a woman aged 50, had
an eosinophil count of 2.8 x 109/L at presentation, which persisted. The second patient had an
eosinophil count of 1.5 x 109/L at presentation, but the eosinophilia disappeared after successful
treatment with penicillamine 411. The features of rheumatoid arthritis with vasculitis, including observations on eosinophils in this disease were reviewed in 1985 1573.
Some patients with rheumatoid arthritis, and an eosinophilia, also have respiratory diseases, raising
the possibility that the lungs, rather than the joints, are responsible for the eosinophilia. This is most
likely in patients with a high serum IgE level, as reported in 1978, in two patients, a man aged 57,
and a woman aged 54, who had asthma, pulmonary infiltrates, high serum IgE levels, and cardiovascular involvement 237. Other patients with respiratory diseases, and rheumatoid arthritis, who developed a marked eosinophilia have been described in 1966 1432, 1981 357, and 1982 368.

In 1985, serum ECP levels were assayed in 42 patients with rheumatoid arthritis in Uppsala, Sweden
737
. They had normal blood eosinophil counts, but the mean serum ECP level was 81 ug/L compared
to 15 ug/L in normal people. Serum ECP levels fell after treatment with steroids, and the highest
levels were seen in patients with early, and active disease. Synovial fluid did not contain eosinophils,
although there was a mean ECP concentration of 523 ug/L, which did not correlate with serum ECP
levels.
5.1.2. Synovitis, and joint fluid.
The finding of more than a small number of eosinophils in synovial fluid, and in synovial biopsies is
rare. Among the known causes are metastatic adenocarcinomas, parasitic diseases, including ascariasis 1794, and guinea-worm infections 501, radiation 766, rheumatoid arthritis 1937, HES 211, and arthrography 767. In one patient there was an associated hookworm infection, although no parasite
was found in the synovial biopsy 174. Occasionally, an eosinophilic synovitis can occur without any
obvious disease associations 1120.
A small number of patients have been described who had a strong allergic history 981. In these
patients, the joint involvement was mild, and although it recurred, it seldom lasted for more than a
few weeks or months. The eosinophil count in their synovial fluid did not relate to their blood
eosinophil counts. In some them, an eosinophilic synovitis was identified by the presence of Charcot-Leyden crystals in the joint fluid 1188. Thirteen patients were seen in Sherbrooke, Canada, in
1986, and details of seven of these were reported 215. They were aged 18-51 years, and had developed an acute, painless monoarthritis, following mild injury. The swelling resolved rapidly in most
patients. They had a strong personal, and family history of allergic diseases, and they all had
dermatographism. The synovial fluid contained 5.7-19 x 109 white blood cells/L, and 2.4-9.7 x 109
eosinophils/L, although the blood eosinophil counts were normal. Some intracellular, and extracellular Charcot-Leyden crystals were seen, and some of the eosinophils were partially degranulated.
Other reports of patients with an increased number of eosinophils in synovial fluid are:
- a woman, discussed in 1980, who presented with a swelling of her elbow, a year after it had been
injured. The fluid contained 83 per cent eosinophils, and resolved without therapy 1427.
- an Iraqi child aged 10 with a history of atopy, and an eosinophilic monoarthritis, described in 1983
26
.
- a 15 year-old boy, described in 1987, with a three month history of recurrent swelling of his knee
joints, and a history of occasional asthma attacks for several years. The fluid was aspirated, and
found to contain 2.2 x 109/L eosinophils. He had a blood eosinophil count of 0.8 x 10 9/L. The
synovitis resolved without treatment 548.
- a patient, who was described in France in 1987, who had delayed pressure urticaria, and joint
effusions containing 9.5 x 109 eosinophils /L 1217.
Raised levels of ECP have been found in joint fluid from patients with a variety of inflammatory
arthritides, and these correlated with the amounts of lactoferrin present 735. It is not known what
effects, if any, eosinophil products may have within inflamed joints.
5.1.3. Ankylosing spondylitis.
Although patients with ankylosing spondylitis do not have an eosinophilia, or histological signs of
eosinophil accumulation in their affected joints, serum ECP levels have been found to be three times
higher than normal in a group of 48 patients in Uppsala, Sweden. Treatment with sulphasalazine led
to an improvement in nearly all the patients, with falls in serum ECP levels, possibly due to a direct,
or indirect action of this drug on ECP secretion 554.
5.2. Muscle diseases.
Chronic inflammatory diseases affecting skeletal muscle seldom produce an eosinophilia. It does
not occur in giant cell arteritis, or polymyalgia rheumatica. An acute inflammatory myopathy, with
an eosinophil-rich infiltrate, is most commonly seen in patients with parasitic diseases such as trichinosis, but it can also occur in patients with actinomycosis 76, dermatomyositis, and eosinophilic
myositis.

5.2.1. Eosinophilic myositis, and polymyositis.
There are several reports of an eosinophilic myositis, or polymyositis of unknown cause in man, with
either widespread lesions in skeletal muscle, or a lump in one muscle group 1979, which improve on
treatment with steroids. Examples of this were reported in:
- 1977, when three patients were described who had a systemic illness involving the heart, Raynauds syndrome, splinter haemorrhages, a rash, and anaemia, and eosinophilic polymyositis. Two
of the patients had previous asthma, and hay fever 1039.
- 1979, in a 43-year old man with swelling of the leg muscles, and a marked eosinophilic infiltrate
into the muscle, but normal blood eosinophil counts 1704.
- 1980, when two patients were described: The first was a 47 year old man with asthma, who had
non-pitting oedema of the legs, and an eosinophilia of 1.96 x 109/L. This responded to treatment
with indomethacin. The second was a 30 year old woman had tender leg muscles, but no eosinophilia, whose symptoms responded to treatment with steroids 1592.
- 1981, in a 14 year old boy, with a mass in the left side of the neck 25.
- 1983, in three men, who had a peripheral blood eosinophilia, and a myositis showing focal necrosis, and degeneration with an inflammatory infiltrate containing histiocytes, and eosinophils 1641.
- 1986, in a 40 year-old man who presented in Saudi Arabia with a swollen left calf muscle. He had
pronounced cramps, and weakness, but the muscles were not tender. The blood eosinophil count
was 1.1 x 109/L, and the serum creatine phosphokinase level was raised to 872 IU/L. Biopsy showed
focal degenerative changes with collection of eosinophils 538.
- 1986, in a 40-year-old man who had eosinophilic myositis, with episodic weight gain of up to 11
per cent of his normal weight, hyperimmunoglobulin-E, and blood eosinophil counts as high as 41 x
109/L 1732. His illness lasted for nine years, finally responding to alternate day steroid treatment.
Some features of his illness, especially the weight gain, and marked eosinophilia, are similar the
those seen in patients with episodic angioedema (See Chapter C17). Like them, he had none of the
complications which are commonly seen in patients with HES.
Eosinophilic myositis is also a well recognized disease in dogs, sheep, and cattle, where it can
present with muscle rupture, possibly as a result of weakening of the tissues by eosinophil granule
components 172. Bovine eosinophilic myositis affects up to 5 per cent of cattle in some parts of the
U.S.A. It is usually of unknown cause, although in about 7 per cent of cases, it is due to infection
with Sarcocystis spp.. This organism is a common incidental finding in skeletal, and cardiac muscle
in adult cattle, and sheep, where it rarely gives rise to eosinophil infiltrates, or muscle necrosis. The
histological, and parasitological findings in 53 bovine carcasses, and seven ovine carcasses with
eosinophilic myositis in Colorado, U.S.A. were reported in 1986 875. Sarcocystis is spread by cats,
and dogs, which eat contaminated meat, and excrete the sporocysts, which infect the livestock. It is
possible that some cases of an unexplained eosinophilia in man may be due to infection with this
parasite, although this has not yet been described.
5.3. Fasciitis syndromes.
Chronic inflammation in the vascular subcutaneous tissues, which is characteristic of eosinophilic
fasciitis, and the Spanish toxic allergic syndrome, can produce a very marked increase in blood
eosinophil counts. The common denominator in these disorders may be an inflammatory response
affecting certain blood vessels, and in both cases there is a dense deposit of fibrous tissue in the
affected areas. Eosinophilic fasciitis was first defined by Shulman in 1974 1619, so it is sometimes
called Shulmans syndrome.
5.3.1. Eosinophilic fasciitis.
There are now over 100 reported cases of this striking, but usually benign disease in adults, and (less
commonly) in children. The main features of the disease, which is a variant of systemic sclerosis, are
pain, swelling, and tenderness of the distal part of the forearms, and legs, and diffuse induration of
the skin, and subcutis. There is limitation of movement of the hands, and feet. In several patients,
the skin of the abdominal wall, and face was involved. It can also produce the carpal tunnel syn-

drome 888.
Most series of patients with eosinophilic fasciitis have been published in the U.S.A. 1094, but a woman
with the disease was also reported from Zambia. She had an eosinophil count of 2.4 x 109/L, and her
symptoms improved after treatment with chloroquine, but not with aspirin, or prednisolone 34. It has
been reported in a child as young as 2 years 10 months 1933.
In 1975, a report of six patients showed that blood eosinophil counts varied from 0.4 to 2.7 x 109/L,
and they were above 1.2 x 109/L in four patients. Serum IgG levels were elevated in most of the
patients. There was inflammation, and thickening of the fascia between the subcutis, and muscle,
and the inflammatory lesions contained lymphocytes, plasma cells, and histiocytes, with some fibrin,
but few eosinophils were found in the tissues 1510. Initial descriptions of this condition in 1975 did
not describe a blood eosinophilia 1619, 112, and in 1978 only 13 of 67 patients in a large series had a
transient eosinophilia 576.
It is distinguished from systemic sclerosis by the absence of Raynauds phenomenon, and
autoantibodies, by its responsiveness to steroid treatment, and from linear scleroderma, which can
produce a moderate eosinophilia in half of patients 532. Nailfold capillary defects are also less common in eosinophilic fasciitis, than in systemic sclerosis 1527.
Eosinophilic fasciitis can be asymptomatic 82, but later studies have also noted an overlap of eosinophilic fasciitis with systemic sclerosis 692, especially as involvement of the oesophagus, liver, lymphatic tissues, lungs, and heart has been noticed in an increasing number of patients.
The pathogenesis of eosinophilic fasciitis is not clear. In the acute stage, eosinophils are usually
present in the affected tissues, but there are no reports yet of whether eosinophil granule constituents are secreted in the areas of injury, or whether they might cause some of the dermal injury,
including oedema, and fibrosis. The disease may have several causes. It has has appeared in association with a number of diseases, including thyroid diseases, and haematological disorders, including malignant diseases 465, 858, 466, but their relationship remains unknown. In 1987 a 34 year-old man
was given an HLA identical bone marrow transplant, in an attempt to treat his eosinophilic fasciitis,
and myelodysplasia, but he died from an infection too soon for it to be clear whether the transplant
would have been of long term benefit 1750. In one patient, a graft-versus-host reaction appeared to
have induced the development of eosinophilic fasciitis 1832.
5.3.2. The Spanish toxic oil syndrome.
From 1 May to 26 December 1981, 20 000 people in Spain were affected by a disease, which
produced a scleroderma-like syndrome, known as the toxic oil syndrome. There were 277 deaths
1492
. A marked eosinophilia was a characteristic feature of this extraordinary disease. In a study of
32 patients, blood eosinophil counts rose in 28 during the first month to a mean of 3.9 x 109/L (range
0.6-11.1 x 109/L) 35. Many of these eosinophils contained lipid bodies 613. The diagnostic features
were exposure to contaminated oil, the development of an eosinophilia, and/or chest X-ray abnormalities, and a variety of musculo-skeletal lesions.
This syndrome was probably the result of an allergic response to, or a direct toxic effect of one, or
more chemicals in cooking oils. Unfortunately, although considerable efforts have been made to
discover the exact cause of the disease, and its sequelae have been described in detail 709, the syndrome has not been reproduced in experimental animal models, so that its cause, and the possible
underlying nature of the inflammatory process have not been defined.
As several features of the disease such as thrombi, vascular leakage, and peripheral nerve injury, are
also seen in patients with other causes for hypereosinophilia, it has been suggested that some of the
complications of the disease, including the peripheral nerve lesions 1491, could have been caused by
the release of granule proteins from eosinophils. Thrombi, which a major problem in patients with
the idiopathic hypereosinophilic syndrome, caused the deaths of 46 of 258 (18 per cent) affected
people, in one series, and it was suggested that the eosinophilia, which was present in 88 per cent of
the patients for over six months, could have been an important factor in producing the thrombi, as
the highest blood eosinophil counts occurred at the time when thrombi were most prevalent: in the

second, and third months of the disease 288.
5.4. Sjogrens syndrome.
Sjogrens syndrome can produce a moderate increase in blood eosinophil counts. A case report of
a 24 year old man who had this disease, with 3.8 x 109/L eosinophils, was described in 1984 541.
Eosinophils were also present in the skin, liver, and bone marrow.
6. Chapter C 06. Digestive system diseases.
A wide variety of diseases of the gastrointestinal tract are associated with eosinophil infiltrates.
These include parasitic infections, inflammatory bowel diseases, connective tissue diseases 437, drug
hypersensitivity reactions 1161, and eosinophilic gastroenteritis 294, but only in a proportion of these
patients is there an increase in blood eosinophil counts.
The presence of many eosinophils in the lamina propria of the small, and large intestines of patients
with intestinal parasitic diseases has suggested that this is one of the major sites in which eosinophils
act as effector cells in immunity to parasites, and other potential disease-forming components of the
bowel lumen. Although the intestine has been proposed as a possible site for the elimination of
eosinophils in patients with a blood eosinophilia, intestinal biopsies in man have not shown an increased number of eosinophils in patients with an eosinophilia, but without intestinal disease 918. In
rats aboard the Cosmos 1129 satellite, eosinophils were seen to accumulate in the lamina propria of
the intestines, possibly as a result of the stress involved 724. It is not known if a similar event occurs
in human astronauts, or people inother stressful situations.
The finding, which we reported in 1985, of large numbers of activated eosinophils in intestinal
biopsies from patients with allergic gastroenteritis, with deposits of ECP, and EDN/EPX, has suggested that eosinophils could be involved in the toxic reactions which cause damage to the bowel
wall in this disease 955. The peritoneal cavity can also contain many eosinophils in patients with the
serous form of eosinophilic gastroenteritis, and they also appear to be activated.
6.1. Oesophageal diseases.
Eosinophils have been described in the oesophagus in a number of disorders, including eosinophilic
gastroenteritis 585, 551, 1048, herpes simplex infection of the oesophagus, reflux oesophagitis, and achalasia 1026, where it has been suggested that they damage the myoenteric plexus (Dahl, 1987, personal
communication).
There has been an interest since the early 1980s in the possibility that the presence of oesophageal
intraepithelial eosinophils may be a useful histological feature for diagnosing reflux oesophagitis.
Their occurrence in 10 patients with reflux oesophagitis were reviewed in 1985, when it was linked
to the presence of oesophageal strictures in three 1048. This was supported by two studies in adults in
1984 216, and children with the disease in 1985 1618. However, in 1987, a report from Yale, U.S.A.
showed no differences in intraepithelial eosinophils in 73 adults with reflux oesophagitis, compared
with 12 normal volunteers 1798.
6.2. Diseases of the stomach, and peptic ulcers.
Eosinophils can be prominent in biopsy samples from patients with gastritis. Eosinophils are not a
component of duodenal ulcers, or most forms of duodenitis.
6.3. Eosinophilic gastroenteritis.
Eosinophilic gastroenteritis has been recognized since 1937 901 to be an uncommon disease which
can affect several parts of the intestines, producing oedema of the bowel wall, and a dense infiltrate
of eosinophils. The gastric antrum 1838, and proximal small intestine, are most commonly involved,
but the oesophagus, and large bowel can also be affected. The blood eosinophil count is raised in
only 20 per cent of patients. Males have the disease twice as commonly as females, and it usually
presents in adults in their third decade, although 15 children with the disease had been described by
1977 803. Further cases in children were reported in 1983 345.

It has been divided into two forms: a polypoid form, (which has sometimes been confusingly called
inflammatory fibroid polyps, or eosinophilic granuloma of the gastrointestinal tract - see below), and
a diffuse type 212. When the disease is localized it is sometimes difficult to distinguish from a tumour.
A review of the literature up to 1967 showed 33 were of the polypoid type, and 104 had diffuse
disease 1544. When the diffuse form of the disease affects the mucosa, it produces malabsorption,
protein loss, and anaemia. When the muscle layer is affected it can cause intestinal, and biliary tract
obstruction 1528, and when the serosa is infiltrated with eosinophils, there is peritoneal involvement
with ascites, which may contain many eosinophils. Figure A06-1. It is unlikely to be caused by a
hypersensitivity reaction, as the serum IgE level is raised in only 20 per cent patients, and proven
food hypersensitivity reactions involving the gut in adults only rarely produce an eosinophilia 1585.
Fig. 6-1: Eosinophilic gastroenteritis.
The disease can remit spontaneously, but relapses may also take place 1685. It was first suggested in
1979, on the basis of the histological appearances of the small intestine of a 19 year old man with
eosinophilic gastroenteritis, that eosinophil products may injure the gut in eosinophilic gastroenteritis 294, but this has yet to be shown directly. It is usually treated with 20-40mg prednisolone for one,
to two weeks, but a tissue diagnosis is desirable before this is begun, as other disorders can produce
a similar clinical picture 1838. Surgery is only necessary if perforation, or continued bleeding occur.
The oesophagus can be involved in eosinophilic gastroenteritis. Seven cases had been reported up
to 1985 551, including a report in a 3 month-old infant boy in 1978 585. They may have upper oesophageal strictures, and/or polyploid lesions in the oesophagus.
The colon can occasionally be involved in eosinophilic gastroenteritis. Twenty patients were reported up to 1985 1267, and a further case report was published in 1986 1131.
The ultrasound appearances of antral thickening in a patient with eosinophilic gastroenteritis has
been reported in 1987, in a 15 year old boy in Karachi, Pakistan 936. The radiological appearances
were discussed in 1981 1158.
The pathology of eosinophilic gastroenteritis has been well described in a review of 120 patients in
the U.K. made in 1978, which included nine new patients 883. Immunohistochemical studies on a
resected stomach from a 50 year-old patient with eosinophilic gastroenteritis, in 1985, showed
many IgE stained mast cells in the areas rich in eosinophils, and it was suggested that mast cell
degranulation may have contributed to the development of the lesions 1350.
A 14 year old girl with eosinophilic gastroenteritis who was described in 1985, was found to have
large numbers of activated eosinophils in the lamina propria in duodenal biopsies, and their presence
correlated with the degree of histological abnormality. She had 1.2-3.1 x 109/L blood eosinophils,
which were activated. Unlike her brother, who also had eosinophilic gastroenteritis, but no activated eosinophils, she had malabsorption. This suggests that degranulation of activated eosinophils
in the gut could have caused her mucosal defects 955.
6.3.1. Eosinophilic ascites.
Eosinophilic ascites is a feature of eosinophilic gastroenteritis, when the serosal layer of the small
intestine is involved. Adjacent lymph nodes are often enlarged, and the spleen may be increased in
size. By 1981, there had been 15 case reports of this condition 757.
- A man aged 36, was described in 1967 who developed ascites with a blood eosinophil count of 2.1
x 109/L. There were 15 pints of ascites containing up to 98 per cent eosinophils. A pleural fluid
collection contained 1.7 x 109/L eosinophils. The small bowel was thickened, and there was delayed
transit time. He responded well to treatment with ACTH 1544.
- In 1970 two adults, a woman aged 25, and a man aged 57 were reported with these features, and
eosinophilic ascites 979.
- In 1979, a patient was described with widespread eosinophilic gastroenteritis involving the intestines from the gastric antrum, to the sigmoid colon, with eosinophilic ascites 1062.
- In 1979, a further example was given, and earlier reports were reviewed 1184.
- In 1985 a boy aged nine years was described with eosinophilic ascites 1795.

An eosinophilic ascites has also been described in patients undergoing peritoneal dialysis (see Chapter C12), and a small number of other diseases, including granulomatous diseases. Two men aged
34, and 25 with widespread eosinophilic granulomas affecting lymph nodes, contained areas of
necrosis, and many infiltrating eosinophils were reported in 1977 1482. A patient with HES, and
endomyocardial disease had ascites which contained 86-90 per cent eosinophils, 3.2 - 10.4 x 10 (9)/
L 15.
There is one report of spontaneous E. coli peritonitis, with large numbers of eosinophils in the
peritoneal fluid 1525. This association is difficult to explain.
6.4. Inflammatory fibroid polyps.
Granulomas, which are occasionally rich in eosinophils, can be found in the gastric antrum, and
occasionally in the wall of the small intestine. The pathogenesis of these diffuse, or polypoid benign
lesions is not clear. They have been referred to as eosinophilic granulomas of the gastrointestinal
tract, but are probably best called inflammatory fibroid polyps 884. A review of the pathology of 64
polyps was published in 1984 1615. It is unusual for these patients to have an increase in blood
eosinophils, even though the lesions can contain many eosinophils. Remnants of the herring parasite
Eustoma rotundum have been seen in a few patients 1012. The typical clinical features of this disease,
which affected the ileum of a 55 year-old man, and produced an intersusception, was described in
1987 387. It was treated successfully by resection.
6.5. Chronic eosinophilic pseudotumours in the abdominal cavity.
There are a number of reports of a puzzling disease, or group of diseases, which produces progressing nonmalignant, but chronic inflammatory lesions in the abdomen, with infiltrating eosinophils,
and a blood eosinophilia. Examples include:
- a patient who was reported from Houston, U.S.A. in 1980 183. There were extensive necrotic
eosinophil-rich lesion in the upper part of the stomach. These spread to the colon, diaphragm, and
lung, and did not respond to steroid treatment.
- a patient in Bilbao, Spain, who developed a retroperitoneal inflammatory fibrous histiocytoma
with an eosinophilia 1862.
- a woman aged 23 years, from the Antilles, who had a marked enterocolitis, and eosinophilia, which
did not improve with steroid treatment, reported in 1983 1145. A colectomy was done, but the disease
recurred in her rectum, producing tumour-like granulomas infiltrated with eosinophils, which caused
her death seven years after presentation. - a 17 year-old Laotian woman who had a progressive
disease with necrotic granulomas in lymphoid tissues, which induced a marked eosinophil infiltration, and blood eosinophilia, with raised serum IgE 338. The lesions regressed on steroid treatment,
then recurred, and produced abdominal venous thrombi, and small bowel necrosis, which were fatal.
- I have also seen sections of the abdominal masses which developed in a young woman in the U.K.
with an undiagnosed disease of this type. Her illness progressed slowly over several years, to produce large abdominal sclerosing lesions containing eosinophils, which finally produced a cuirasse of
chronic inflammatory tissue around the lower abdominal contents.
6.6. Enteritis, and enterocolitis.
6.6.1. Coeliac disease.
Patients with coeliac disease do not have an increase in the number of blood eosinophils, although
there is an increased number of eosinophils in their jejunal biopsies. In 1984, a report on 47 patients
in Budapest, Hungary found that the number of eosinophils in the lamina propria was raised, and
inversely related to villous height, and the number of mast cells. The relative numbers of mast cells,
and eosinophils returned towards normal after gluten withdrawal 1000.
6.6.2. Cows milk, and soy protein allergy.
Cows milk, and soy protein allergy are an important cause of intestinal disease in young children.
This may take the form of rectal bleeding, or chronic diarrhoea, with the small intestine, or rectum
affected, providing the two main forms of the disease: allergic gastroenteritis, and allergic proctitis.
Some patients have a similar disease, called chronic nonspecific diarrhoea. In eight boys aged

between one, and five years, with chronic nonspecific diarrhoea, with normal IgE levels, blood
eosinophil counts were normal, but the number of eosinophils in duodenal biopsies was increased to
155/mm2 297, from a mean of 62/mm2 in seven normal subjects.
6.6.2.1. Allergic gastroenteritis.
In 1986, details of 38 children, aged less than two years, with allergic gastroenteritis, were analyzed
in Boston, U.S.A. 689. They had vomiting, pain, some rectal bleeding, and weight loss, an allergic
history, anaemia, and increased serum IgE. The blood eosinophil count was raised in most patients,
up to 7.2. x 109/L, and they were greater than 1 x 109/l in 21 patients. Mucosal abnormalities were
present in biopsies from the gastric antrum, in the small intestine in 79 per cent, the oesophagus in 60
per cent, and the body of the stomach in 52 per cent. The inflammatory lesions, which contained
scattered eosinophils, were usually diffuse, and marked in the antrum, and oesophagus, but generally
focal, and mild in the small intestine, and stomach. Most of these children had multiple relapses,
despite dietary elimination of possible allergens, but many recovered only after steroids were given.
In seven children in the U.K. with diarrhoea due to cows milk allergy, who had high serum IgE
levels, and mean blood eosinophil counts of 0.87 x 109/L, there was a marked increase in the number
of eosinophils in duodenal biopsies from a mean of 62/mm2 in controls, to 368/mm2 297. In a study
from Lund, Sweden in 1982, serial serum ECP measurements were made after oral challenge of
eighteen patients with cows milk intolerance 1946. No consistent patterns emerged. In seven, serum
ECP levels fell, whereas in five others it rose before falling again.
6.6.2.2. Allergic proctitis.
Allergy to milk, and soy proteins in babies, can give rise to a severe eosinophilic inflammatory
reaction in the colon, and rectum 321, 874. Fifteen infants with this disorder were studied in Boston,
U.S.A., in 1986 689. Their disease began at less than six months of age, and all were under two years
old when they presented with rectal bleeding alone, or in combination with diarrhoea. Eight had
increased blood eosinophil counts, reaching 1.9 x 109/L in one. In most cases there was a diffuse
increase of eosinophils in the rectal lamina propria, together with a focal infiltration of the epithelium
by eosinophils. They all recovered when the dietary antigens, to which they had become sensitized,
were stopped.
6.7. Crohns disease.
There is a small body of evidence that eosinophils are an important feature of the lesions of Crohns
disease. For example in a study on 114 patients with Crohns disease treated by curative resection
of the terminal ileum, and part of the colon, there was a recurrence rate of 72 per cent within the first
year, and ileal biopsies at this stage showed a marked inflammatory cell infiltrate in the lamina
propria, containing numerous eosinophils, with fusion, and blunting of the villi 1534. These abnormal
histological features were not always associated with symptoms.
In 1980, ultrastructural studies on surgical specimens from 13 patients with Crohns disease showed
that some eosinophils had become partially degranulated, with loss of many of the granule cores 484,
488
. When considered in relation to the degranulation of mast cells, and damage to vascular endothelium, autonomic nerves, and muscle cells in these sites, it was suggested that eosinophil constituents
could be responsible, in part, for these changes.
6.8. Colonic diseases.
Eosinophils may be a prominent component of the lesions in inflammatory bowel diseases.
6.8.1. Ulcerative colitis.
Little is known about the properties, or possible roles of eosinophils in ulcerative colitis, although
they became more prominent in the blood, and/or rectal mucosa as the disease progresses, and
becomes chronic. Genetic factors may be involved, as Indian patients in one series had a blood
eosinophilia at presentation 155, whereas there was no increase in the number of tissue eosinophils in
another series of Caucasian patients with a first severe attack of ulcerative colitis 1935. Rectal biopsies have usually shown increased numbers of eosinophils just prior to 1100, or during relapses.
In 1966, during a trial of dietary treatment of ulcerative colitis, measurements were made of the

number of blood, and colonic eosinophil numbers. There was little relationship between them,
although in some patients, blood counts rose during relapses, when the tissue eosinophil counts
were highest 1955. A report in 1987 failed to find a direct relationship between the number of eosinophils
in rectal biopsies, and the severity of ulcerative colitis, or an unfavourable response to treatment 1558.
Eosinophilic enterocolitis has been described in dogs, cats, and in a captive orangutan, which had
diarrhoea with malbsorption, steatorrhoea, and a blood eosinophilia of up to 7.2 x 109/L. The
lamina propria of the small intestine, and colon contained many eosinophils, and there was stunting
of villi. The diseases responded to treatment with oral prednisolone 326. A dog with marked thickening of the colon, and mucosal ulcers with a marked eosinophilic infiltrate, has been described in
Holland. The animal did not have an increase in marrow, or blood eosinophils, but did have thrombi
on the heart valves, with emboli in several organs 1836.
6.9. Rectal diseases.
Increased numbers of eosinophils in rectal biopsies are seen in a number of different disorders.
These include parasitic infections, inflammatory bowel disease 773, and allergic proctitis due to dietary allergens in children, where the eosinophil infiltrate is largely confined to the crypts 689.
6.10. Liver, and biliary tract diseases.
Many different types of eosinophil-rich granulomas can produce an eosinophil infiltrate in the liver.
Other major causes are parasitic infections, drug hypersensitivity reactions, and involvement in malignant diseases. There are two reports of chronic active hepatitis with an eosinophilia 1357, 761. Both
patients improved with steroid treatment. Acute liver rejection with a marked eosinophil infiltrate
following liver transplantation, has also been noted in one patient 1656. Patients with HES often show
an infiltrate of eosinophils into the liver.
Sometimes, large numbers of eosinophils are found in gallbladders removed for cholecystitis. In one
series of 625 resected gallbladders, reported in 1972, 16 contained many eosinophils 592. The infiltrate consisted almost entirely of eosinophils in three patients, all of whom were young women. The
eosinophils were mainly subserosal, and in the muscle coats of the gallbladder. There are other case
reports of patients with an eosinophilic infiltrate into the gallbladder 1050, including patients with
eosinophilic infiltrates into the cystic duct, and lymph nodes 241, and a patient with hepatic echinococcosis 1531. An eosinophilia has also been noted in a patient with primary sclerosing cholangitis 1269.
6.11. Pancreatic diseases.
An acute pancreatitis can occasionally cause a marked eosinophilia 1252, and there are reports of three
patients with an unusual combination of partial lipodystrophy, pancreatitis, and eosinophilia 1654, 1367.
Although alcohol-related pancreatitis is rarely found associated with an eosinophilia, in 1985, a
report from Toronto, Canada, suggested that the pain of chronic pancreatitis related to alcohol,
could be due to a toxic effects of eosinophils on nerves in pancreatic perineural areas 946. This was
based on the finding of a correlation between the number of eosinophils in these sites, and pain
severity, in resected pancreatic tissues from 50 patients with chronic pancreatitis.
7. Chapter C 07. Diseases of the mouth.
Eosinophils are not prominent in most of the diseases that affect the mouth, and teeth, except for
eosinophilic granuloma, which can affect the jaws, and adjacent teeth. Eosinophils are probably not
an important part of the protective mechanism of the mouth against infectious agents. The reason
for this is not known, but it may be related to the different types of epithelial barrier which are found
in each part of the gastrointestinal tract: eosinophils are commonest in sites where there is columnar
epithelium.
There is an unusual type of chronic (traumatic) inflammatory ulcer of the oral cavity, which is often
rich in eosinophils. Eighteen cases had been reported by 1981. The features have been the subject
of reviews in 1983 511, 1984 1639, and 1986 1992. It is a rare but benign disease of the oral cavity, and

usually affects the tongue, and occurs in all age groups. It has been described under a number of
different names, and is unrelated to histiocytosis X. It can last for several weeks, but may be treated
consevatively with steroids. In 1987, a patient with this disease was reported to have multiple linear
ulcers, and fissures on the tongue, in association with Waldenstroms macroglobulinaemia 2010.
8. Chapter C 08. Respiratory tract diseases.
The respiratory tract, like the gastrointestinal tract, is one of the major sites for eosinophil localization in tissues, in a wide variety of diseases. As in the gut, it has been suggested that this is because
eosinophils are involved in the protective mechanisms of columnar epithelium. The capacity of
eosinophils to secrete toxic basic proteins, which can kill a variety of potential pathogens, and
damage the airways, and their ability to make molecules which affect the functions of smooth muscle, and goblet cells could also be important in these sites. The eosinophil EPO-H2O2-halide system
can kill type II pneumocytes in vitro, and could produce tissue injury in patients with asthma, and
pulmonary eosinophilia 24.
The special relationship between eosinophils, and mast cells in the lung has been a subject of research for many years, as discussed in Chapter A04. A consensus view is now emerging that
eosinophils are involved in inducing tissue mast cell degranulation. The earlier view, that they were
involved in inhibiting mast cell mediated products, now seems rather unlikely.
The principal disorders in which eosinophils are involved in respiratory tract diseases are allergic,
and hypersensitivity disorders, but the presence of particularly large numbers of eosinophils in intrinsic asthma is an important fact which cannot be explained on the basis of an exogenous allergic
stimulus, producing eosinophil localization within the lung. It suggests that the factors involved in
localizing eosinophils in the lung, are produced locally within the lung itself.
Eosinophils are only rarely found in normal lung tissue, and their presence in moderate, or larger
amounts is always associated with a disease process, either in the main bronchi, or the peripheral
lung tissues. It is unusual to find eosinophils in sputum, except when there is damage, and loss of the
respiratory epithelium. Eosinophils may be involved in stripping epithelial cells from bronchi, and
there is experimental evidence to support this view.
Measurements of the amounts of eosinophil granule components in bronchial secretions in different
diseases has now begun, but it is not yet clear whether this is useful in distinguishing between
different lung diseases, or following the effects of treatment.
There are many disorders affecting the respiratory tract in which eosinophils are prominent, and a
number of classifications have been proposed. In 1952, it was recommended that a distinction
should be made between patients with, and without asthma 369. In 1981, Schatz, and colleagues
suggested that classifications should be based on the aetiology of the respiratory disease 1567, and I
used this approach in my review of this topic in 1983 1684. It is also useful to subdivide these diseases
on an anatomical basis, into those which predominantly affect the bronchi, lung, and pleura.
8.1. Sputum eosinophils.
Sputum is readily available from most patients with respiratory tract disease. It is best to look for
eosinophils in unstained sample, viewed under a cover slip on a glass slide. If necessary, the sputum
can be smeared, and stained with one of the Romanowsky stains. In patients with a history, and
other signs of asthma, the presence of large numbers of eosinophils, without many other inflammatory cells, favours this diagnosis, aspirin-sensitive asthma, eosinophilic pneumonia, or bronchopulmonary aspergillosis. The presence of few eosinophils, and many neutrophils favours a chest infection, with, or without one of the other causes of chest disease. Other components of the sputum
which are worth looking for are Curschmanns spirals, Charcot-Leyden crystals, corpora amylacea,
ciliated epithelial cells, and macrophages, including lipid ladened macrophages.
8.2. Bronchoalveolar lavage.

The introduction of bronchoalveolar lavage (BAL) in the early 1970s, has led to a greater knowledge of the nature of the cells, and components which are secreted into the bronchial lumen, and
bronchoalveolar spaces in different disorders. Comparisons are usually made between the components in bronchial washings, and in segmental washings. The largest yields of alveolar eosinophils
have been from patients with eosinophilic pneumonia 429, 715, but they are also prominent in BAL fluid
from patients with allergic bronchopulmonary aspergillosis, asthma, and asbestosis 1506.
Eosinophils were not found in BAL fluid from 18 non-smoking normal subjects in 1987 525. Smokers have both a mild increase in blood eosinophil counts 922, and increased numbers of eosinophils in
BAL fluid.
In 1984, a study at the N.I.H., Bethesda, U.S.A. showed that in patients with interstitial lung diseases, often more than 5 per cent of BAL cells obtained by BAL were eosinophils 409. The highest
proportions of eosinophils were seen in patients with idiopathic pulmonary fibrosis (44 per cent of
patients had greater than 5 per cent eosinophils), and they were also seen in fluid from some patients
with sarcoidosis, hypersensitivity pneumonitis, collagen-vascular diseases, histiocytosis-X, and chronic
eosinophilic pneumonia.
The use of BAL to study the cellular, and protein content of the bronchi, in patients with asthma has
been carried out in France, the U.S.A., and in other countries since about 1980. It was found to be
a safe procedure in patients with mild symptomatic asthma, both before 676, and after bronchial
challenge 1203.
8.3. Bronchial diseases.
Asthma, and hay-fever are the commonest cause of a raised blood eosinophil count in western
countries. The suggestion that eosinophils might be involved in the pathogenesis of several diseases
affecting the bronchi, and interstitial tissues of the lung has been a major stimulus for research into
the association between eosinophils, and respiratory diseases.
8.3.1. Asthma.
The presence of eosinophils in the blood, and sputa of patients with asthma has been known since
1889 693. Later, histological studies showed that there were often many eosinophils in the bronchial
submucosa of patients who died from asthmatic attacks, although this was not always the case 1276,
667
. The functions of eosinophils in these lesions were unknown, but their presence in the blood, and
sputum was taken to indicate that an allergic reaction was taking place in the lungs. This was useful
in distinguishing patients with exacerbations of asthma, from those who had acute respiratory infections, in whom blood eosinophil counts usually fell.
Later, as knowledge of the possible pathogenetic roles of mast cells in asthma developed, experiments were done with blood eosinophils, to see whether they were able to detoxify products which
were secreted from mast cells. The outcome of this work was interpreted in some centres as showing a beneficial role for eosinophils in asthma.
It is only in the last decade that knowledge of the toxicity of eosinophils themselves for human
tissues, has led to different experiments being done to see whether eosinophils could induce some of
the pathophysiological features of asthma. Many of these ideas developed from studies at the Mayo
Clinic which were reviewed in 1985 660, and 1986 604. Today, it seems probable that eosinophils may
produce acute, and chronic effects on the lungs in asthma, through their capacity (1) to secrete
leukotriene C4, which can cause bronchial smooth muscle contraction, (2) to secrete PAF-aceter
which produces bronchial hypersensitivity, and vascular permeability 1352, (3) to secrete toxic granule
basic proteins, including MBP, and EPO, which can induce mucosal cell desquamation, and injury to
ciliated epithelial cells, which help to reduce bronchial tone 574, and remove mucus, and injured
epithelial cells, (4) to release reactive oxygen products, which can cause direct membrane damage to
respiratory cells, and (5) to stimulate mucus production from goblet cells. Figure C08-1.
Fig. 8-1: Eosinophils, and asthma.
Current clinical research is now designed to test these hypotheses. Experiments are beginning to
show that in spontaneous, or bronchial challenge-induced asthma there are alterations in blood,

sputum, and bronchoalveolar eosinophil structure, metabolism, activation, and functions. Eosinophils
from patients with asthma have many of the properties required to mediated toxic-effector functions
against normal tissues, although the overall importance of these findings in spontaneous attacks of
asthma is still not known.
Antigen challenge of patients with mild asthma is beginning to show how these alterations in the
properties of eosinophils come about. At the same time, it has become clear that eosinophils are
probably more important in producing some of the features of the late asthmatic response after
antigen challenge, than the acute changes which are linked more closely to the presence in the lungs
of other inflammatory cells, such as mast cells, neutrophils, and macrophages. The efficacy of
steroids in preventing late (nocturnal) asthmatic reactions, following antigen challenge, and their
variable effects in the acute response, confirms that the pathogenesis of the two events is different.
As steroids are effective inhibitors of eosinophil degranulation in vitro, this finding supports an
important role for eosinophils in late stage reactions. There are also animal models of late phase
asthma, which have shown that granulocyte depletion, at the time of antigen challenge, prevents the
late response, and the increased bronchial reactivity 1032.
The possibility that eosinophils may cause some of the serious features of asthma has led several
pharmaceutical companies to search for drugs which may inhibit eosinophil activation, and degranulation. In most of these studies, human, or animal eosinophils have been stimulated in vitro, with,
and without test drugs. There are also several more ambitious projects in experimental animals, to
study the systemic effects of drugs on eosinophil reactions in the lungs, peritoneum, and other sites
(see below). The fruits of these experiments may well extend to other diseases where eosinophils
are also thought to have deleterious effects.
8.3.1.1. The histopathology of asthma.
The pathology of fatal asthma has shown large numbers of eosinophils associated with areas of the
desquamation, bronchial plugging, and basement membrane thickening, which are the characteristic
features of the late stage. Eosinophils are usually found around bronchial vessels, in the parenchyma
of the lung, and under the submucosa. The most marked histopathological feature in light, and
electronmicrographs of bronchial biopsies from patients with asthma is damage to ciliated, and other
epithelial cells. This finding was reported in 1985, in a study of 24 endobronchial biopsy samples
from different levels of the respiratory tract, in eight patients with asthma, who were studied by
Laitinen, and colleagues in Finland 1021. Eosinophils were not seen in any of these samples.
The presence of MBP in histological sections of the lungs of patients with asthma was shown in a
study, which was reported in 1982, using fluorescein-labelled rabbit antibodies to MBP. After digestion of lung sections, the MBP was visualized in tissue eosinophils, and along the lining of bronchioles
close to areas of damage to bronchial epithelium, and mucus plugs. It was suggested that MBP was
secreted into the lungs, and that it could have been responsible for the mucosal damage 563.
8.3.1.2. Blood eosinophils in asthma.
Although an eosinophilia has been thought to be a hallmark of intrinsic asthma 1568, this is not always
the case. For example, among 15 patients with extrinsic, and 12 with intrinsic asthma not on steroids, who were studied in Holland, mean blood eosinophil counts were only 0.29 and 0.24 x 109/L
respectively 221. This shows that an increase in blood eosinophil counts is not a prerequisite for this
disease, especially in its milder forms. But in patients with an eosinophilia, there may be a link
between blood eosinophil counts, and bronchial responsiveness, as measured by the histamine PC20
method 1760.
It has been taught for many years, that alterations in the number of eosinophils in the blood, and/or
sputum can be useful for predicting steroid responsiveness, and monitoring steroid treatment. However, in a study in 1983 on acute exacerbations in eleven patients with chronic asthma, three had
normal blood eosinophil counts. Measurements of the total number of eosinophils present in the
sputum per day were more useful in predicting the response to steroids, and monitoring its effects 95.
The number of light density eosinophils in the blood may be a more useful measure of their involve-

ment in asthma. This possibility arises from a study, which was reported from the Mayo Clinic in
1985, showing that the proportions of light density eosinophils in the blood of normal people, patients with asthma, and patients with HES were 10 per cent, 35 per cent and 95 per cent respectively
611
. There was a correlation between the log eosinophil count, and the per cent light density eosinophils
among 22 patients studied. Further studies on the relationship of the number of light density eosinophils
to disease activity, and responses to treatment are awaited with interest.
There is a possibility that blood eosinophils from patients with extrinsic, and intrinsic asthma are
more activated than in normal people. This stems from the finding, in a study which was reported in
1986 1752, that when blood eosinophils from 26 patients with extrinsic asthma, and 27 with intrinsic
asthma were incubated with the calcium ionophore, they released significantly more LTC4 than
normal subjects: 23.5 +- 14.8, 24.6 +- 20.6, and 8.3 +- 7.7 ng/106 cells, respectively. However this
was not seen in a previous study in 1984 1603, on 32 other patients.
Little is known about the properties of eosinophils in asthma, although it was shown that the content
of arylsulphatase in the light density eosinophils of patients with asthma was normal 921.
8.3.1.3. Serum eosinophil protein levels in asthma.
In 1977, work in Scandinavia showed that resting serum ECP levels were lower in patients with
asthma, than normals, or patients with an eosinophilia due to other causes, although EDN/EPX
levels were invariably raised 1853. This was not due to a defect in eosinophils, as the ECP content of
blood eosinophils in patients with asthma was normal 382. There was also no difference in the diurnal
variations in blood eosinophil counts, or serum ECP levels in patients with asthma, compared with
controls 384. In twelve patients with asthma who were given an inhalation challenge, the serum ECP
level rose at one hour, while blood eosinophil counts fell at three hours, only rising to higher levels
at 24 hours. There was no relationship between the peak serum ECP levels, and the severity of late
reactions. As the EDN/EPX levels did not follow this pattern, it was suggested that serum ECP was
being cleared at a different rate from EPX 383.
8.3.1.4. Sputum eosinophils in asthma.
Large numbers of eosinophils in sputum are a feature of several diseases, especially eosinophilic
pneumonia, and aspirin-induced asthma. They are also increased in other forms of asthma, and
bronchial allergic responses. They are easily seen in phasecontrast preparations of fresh sputum, but
it is also possible to carry out accurate differential counts on stained smears 1858. However they are
best assessed, and quantified in timed samples. In 24 hour collections of sputum from a group of 11
patients with asthma, the mean number of cells was 8 x 107, and 26 per cent were eosinophils 95.
8.3.1.5. Sputum eosinophil protein levels in asthma.
In a study on 15 patients admitted to hospital with asthma, the MBP content of the sputum was 0.3
to 92 ug/ml, geometric mean 7.1 ug/ml. Raised levels in sputa from a consecutive series of 100
patients with a variety of chest diseases, showed that high sputum MBP levels were related to the
presence of asthma, and not other diseases. In a later study, by the same group, on 116 patients with
a variety of respiratory diseases, including 10 patients in hospital with asthma, raised sputum MBP
levels were again correlated with the presence of asthma 460. As 10 ug MBP/ml was previously
found to be capable of causing damage to human bronchial epithelium in tissue culture 1247, it was
suggested that the MBP in these patients was causing direct mucosal injury 606.
The amount of CLC protein in sputum was raised in patients with asthma, but it was also high in
other respiratory diseases, suggesting that this measurement does not have as high a discriminant
value as sputum MBP assays 460. LTC4 was not detected in the sputum of 17 patients with asthma,
although it was detected in sputum from patients with cystic fibrosis 1295.
8.3.1.6. Bronchoalveolar lavage in asthma.
By 1987, over 12 studies had been reported on the use of BAL to assess the number of inflammatory
cells in the lower airways of patients with asthma. They all showed a similar picture: that in most
patients eosinophils were increased in BAL fluid, but that they were only a small proportion of the
recovered cells: less than 1 per cent 448, 579, 971, except in patients with aspirin-sensitive asthma 676,

when larger numbers were found.
Data on 171 patients who were studied in Montpelier, France, were summarized in 1987. There
were often no excess eosinophils in the lavage fluid in asymptomatic patients, and the mean number
of eosinophils in 50 ml fluid in 93 symptomatic patients was only 7 x 105. No excess eosinophils
were found in patients taking steroids 675. In another study, reported in 1987, it was found that only
0.6 +-1.0 per cent of the cells in BAL fluid from 14 patients with mild asthma were eosinophils 525.
Even though they are present in small numbers, BAL eosinophils are metabolically active, and can
develop chemoluminescence in vitro 333, and synthesize LTC4, and 15-HETE 1037.
In 1987, two studies were reported on MBP concentrations in BAL fluid from patients with mild
asthma. In London, U.K., the amount of MBP correlated with the number of eosinophils in BAL
fluid (Wardlaw A. 1987, personal communication), whereas in Ontario, Canada, MBP levels were
not elevated 971.
8.3.1.7. Bronchial challenge in asthma.
As a number of environmental antigens have been identified as causes of asthma, especially the
house dust mite faecal particles, it has become possible to study the events which follow bronchial
challenge. The response in the lungs has followed several patterns. In some patients there is an
acute increase in bronchial resistance, which disappears after about four hours. In others there is a
late phase reaction, occurring between four, and 12 hours after challenge. Some patients have
both reactions. These two types of response are mediated by different mechanisms. Eosinophils
may take part in both events, but they are believed to be especially important in the late phase
reactions, by secreting LTC4, and toxic granule basic proteins 220.
There is no consistent alteration in blood eosinophil counts during the late phase reaction following
antigen challenge of patients with asthma. This reaction is not usually associated with a leukocytosis,
or fever, although patient may feel hot, and sweat excessively. About half of the patients develop an
eosinophilia in a study in 1986 1386. In a study from Scandinavia in 1979, the blood eosinophil count
fell slightly at three hours, and then increased at 24 hours 383. However in a report from London,
U.K., in 1985, eleven patients with late phase reactions to inhaled allergens had raised blood eosinophil counts at 24 hours, whereas this did not occur in six with single reactions, or after methacholine challenge. The initial blood eosinophil counts were related to the methacholine reactivity in
the 11 patients 481.
In 15 patients with asthma, who were studied at the Mayo Clinic, and reported in 1985, plasma MBP
levels correlated with the number of blood eosinophils 611. An eosinophil chemotactic activity was
reported to be present in the serum, and to correspond to the times of bronchospasm, in 10 patients
with seasonal asthma, who developed biphasic, or late phase reponses after bronchial challenge 1204.
In 1985, de Monchy, and colleagues in Holland reported on the results of bronchoalveolar lavage,
which was done six hours after antigen challenge, in six patients with asthma due to house dust
antigens. The number of eosinophils was greater than in control subjects, or patients who only had
early reactions 416. Twelve atopic patients were studied in Iowa City, in 1986 1205. Lavage eosinophils,
which were increased in number at four, and 24 hours, were also found to have lost their central
cores. Taken together, these studies supported the view that eosinophils are particularly involved in
the late asthmatic reactions to inhaled antigens. This was confirmed in a study from Chile which was
published in 1987, in which bronchoalveolar cell numbers were assessed in the late phase asthmatic
reactions induced by antigen challenge in six patients 449.
The results of a similar study in Padua, Italy, in patients challenged with toluene diisocyanate which
was causing occupational asthma, showed similar increases in the number of bronchoalveolar
eosinophils in six late responders, but not in six early responders, or six normal subjects. As there
was also an increase in neutrophils, it was suggested that late asthmatic reactions, and the associated
increase in airway responsiveness, could be induced by both cell types during airway inflammation
527
. In a study on 44 patients in 1987, with asthma due to plicatic acid from red cedars, BAL with
bronchial biopsies, after bronchial challenge showed many eosinophils in lavage fluid, but little neu-

trophil infiltrate 1022. Although eosinophils were seen infiltrating the bronchial epithelium, and submucosa, no relationship was seen between the number of eosinophils, and sloughing of bronchial
epithelial cells, albumin leakage, or airflow obstruction. It was suggested that macrophages were
responsible for the sloughing. There was a small increase in blood eosinophil counts at 24 hours.
A useful assessment of the effects of bronchial challenge on the human bronchial mucosa, and BAL
cells was reported from Iowa City, in 1987 1206. The local effects on the lower bronchi were assessed
in 11 asthmatic patients with a history of late reactions. There were six controls. An immediate
pallor was followed by reactive hyperaemia, oedema, and bronchial narrowing. The challenge site,
and a control site were relavaged at 48 or 96 hours. Eosinophils were a significant component of the
BAL fluid at both times, whereas neutrophil counts rose initially, then returned to normal at 96
hours. Eosinophils were also found to be degranulated at both times, and macrophages had ingested
intact eosinophil granules.
In a study reported from Holland in 1985, in which BAL was done six hours after antigen challenge,
in six patients with late phase reactions due to house dust antigens, the ECP/albumin ratio in the
lavage fluid was greater than in control subjects, or in patients who only had early reactions 416.
8.3.1.8. Asthma, and parasitic infections.
There has been an interest for many years in the occurrence of asthma in populations having many
parasitic infections. The importance of this is that eosinophils induced by one disease could affect
the other 1803, either by altering the severity of the asthma 18, or by influencing the capacity of the
individual to resist parasitic diseases. Although these possibilities have not been investigated adequately, it seems likely that any effects are probably minor 721.
This was supported by a study from Papua New Guinea in 1985, where it was found that the incidence of hookworm infections in asthmatic, and control patients was equal, 75 per cent 464. However a study in this region in 1980 had shown that patients with asthma had significantly less parasite
eggs in their stools than parasitized patients without asthma 1612.
8.3.1.9. Intrinsic asthma.
In patients with intrinsic asthma, who are often of a older age group than those with extrinsic
asthma, blood eosinophil counts are often higher. This has not been explained, and it is not known
whether this is linked in any way to morbidity, and mortality in this patient group.
8.3.1.10. Aspirin-induced asthma.
The syndrome of asthma, drug intolerance, and nasal polyps (AIA) has been known for many years
2
. It is caused by a number of drugs, including aspirin, and other non-steroidal, antipyretic analgesic
drugs, and some food colourants. The clinical details of this triad have been described in a number
of papers from the West, and recently from Osaka, Japan. There were eighteen patients, six males,
and 12 females. The mean age of onset for rhinitis was 25, and for asthma 32 years. Thirteen had
nasal polyps, eight had urticaria, and 15 sinusitis. Fourteen of 16 patients had a blood eosinophilia,
but no relationship with skin test results, or IgE levels was found 1301. It has been suggested that this
syndrome results from an effect of these cyclo-oxygenase pathway inhibitors causing an over production of SRS-A, and altered prostaglandin synthesis. This would cause bronchoconstriction.
8.3.2. The Churg-Strauss syndrome
The classic post mortem study of patients with asthma, who developed a disease with granulomas
containing necrotizing vasculitic lesion with many eosinophils affecting many different tissues, and
high blood eosinophil counts, was carried out by Churg, and Strauss in 1951 323. This disease, which
is named after them, may present with a granulomatous pulmonary eosinophilia, and there may be
considerable difficulty in diagnosing it, if tissue is not available for biopsy. It was previously known
under a variety of different names, which are sometimes used today, and I suspect that many of the
earlier descriptions of patients with eosinophilia, respiratory tract disease, and involvement of the
pleura, pericardium, peritoneum, kidneys, gut etc. (many of whom were called polyarteritis nodosa)
would be classified today as having the Churg-Strauss syndrome. A possible example of this is
polyserositis, which was described in eight patients in 1941. Six of the patients in this report

developed pleural effusions; three had ascites containing many eosinophils, and two developed constrictive pericarditis, which was confirmed at post mortem 754. Occasionally a disease similar to the
Churg-Strauss syndrome can occur without the presence of a vasculitis. Two patients of this kind
were reported in 1986 1833.
The aetiology of the syndrome is unknown, but it may be exacerbated by an excessive eosinophil
inflammatory response to allergens, as was reported in six patients who developed systemic vasculitis with an eosinophilia after allergic hyposensitization therapy. In these patients, the eosinophilia
continued after the treatment had been stopped 1402.
8.3.2.1. Clinical features of the Churg-Strauss syndrome.
Characteristic clinical features of the disease are a family history of asthma, or a recent presentation
with asthma 728, and a marked peripheral blood eosinophilia. In a group of 43 patients reported from
Paris, France in 1987, the average blood eosinophil count was 8.2 +- 6.2 x 109/L 728. Granulomas
can occur in many different tissues including the pericardium, heart, gastrointestinal tract, skin, and
peripheral nerves where they produce a mononeuritis multiplex. The eosinophil count can fluctuate,
and may occasionally be normal 1030. A patient with the Churg-Strauss syndrome has been described
with an eosinophil-rich vasculitis affecting the sural nerve 1303. In previous patients, nerve damage
has not been reported with eosinophil infiltrates, although this probably occurs frequently. Asthma
is one of the principal features of the disease, and this was emphasized in a paper describing 10
patients in Lille, France, in 1984. In three, BAL fluid contained many eosinophils 1274.
8.3.2.2. Cardiac complications of the Churg-Strauss syndrome.
The cardiac complications of the Churg-Strauss syndrome are particularly dangerous, as they can
give rise to arrhythmias, and sudden death. This probably accounts for the high mortality of the
disease. Long term effects of the disease are also suspected: Among three patients with this disease,
who were seen at the Brompton Hospital, London, two had pericardial involvement, and one progressed to a dilated cardiomyopathy 410. There has been a special interest in this disease at the
Hammersmith Hospital, London. Our work there showed deposition of the activated form of ECP
and EDN/EPX in two patients at post mortem. These deposits, and activated eosinophils, were
found within the heart of a patient who died with an arrythmia, and in the spleen, and other tissues of
both patients. The close apposition of the eosinophil granule proteins to damaged cardiac myocytes
suggested that they could have caused the myocyte necrosis 1737.
8.3.2.3. Treatment of the Churg-Strauss syndrome.
Immediate treatment with large doses of corticosteroid treatment can be life-saving 320, but even
with steroids, immunosuppressive drugs, and plasma exchange, the mortality rate is 16 per cent 728.
The use of alternate day steroids to treat the Churg Strauss syndrome is not recommended during
the active phase of the disease. For example, in an account of a patient with widespread mononeuritis multiplex, 100 mg prednisolone on alternate days failed to control the disease 643. Pulse methylprednisolone has been effective in one a patient whose disease was resistant to prednisolone 1122.
8.3.3. Respiratory hypersensitivity.
Inhaled antigens can give rise to many different types of respiratory tract damage. There may be
reversible bronchial obstruction, or extensive damage, giving rise to fibrous tissue formation.
Eosinophils are probably involved in both types of response, and are prominent in the peripheral
airways of patients with fibrosing alveolitis.
Many organic, and chemical dusts can give rise to hypersensitivity pneumonitis, which was first
recognized in maple bark strippers, and in farmers working with mouldy hay. In 1986, an association was found with exposure to the neoprene rubber thermoinjection process, which produced an
eosinophilia in 10 of 18 people 1771. There may be a genetic component in susceptability to these
diseases, which are due to both antibody, and cell-mediated reactions to the inhaled antigens in the
lungs 33.
8.3.3.1. Extrinsic allergic alveolitis.
In some patients with moderate, or severe respiratory tract involvement, often with X-ray changes,

and defects in respiratory gas exchange, rather than obstruction, eosinophils can be a prominent
feature of their disease.
8.3.3.2. Hayfever.
Hayfever is the commonest cause of a moderately raised blood eosinophil count in western countries. This causes difficulty in defining the normal blood eosinophil count, as patients with mild
disease may not report that they have it. A longitudinal study on 16 children with hayfever, and 16
with hayfever, and asthma was reported in 1986 from Aarhus, Denmark 785. The main findings were
that the blood eosinophil counts increased in both groups during the pollen season, and it was
greatest in those with asthma. Asthma sufferers also had the greatest alteration in exercise-induced
bronchoconstriction, suggesting that the two may have been related.
In patients with chronic hayfever, and allergic rhinitis, who develop polyps, eosinophils are often a
prominent component of the nasal washings, and the mucosa of the polyps. It is possible to obtain
them in nasal washings, and their properties may then be studied.
8.3.4. Acute, and chronic bronchitis.
Bronchitis is seldom associated with an eosinophilia. Although eosinophils are found in the sputum
of patients with chronic bronchitis, their numbers are much less than is seen in asthma 1655. The
presence of large numbers of eosinophils in the sputum of these patients suggests that the epithelium
may have been colonized with fungi, especially aspergillus spp..
8.4. Lung diseases.
There are a wide range of parenchymal lung diseases in which eosinophils are an important component. They range from granulomatous, and vasculitic disorders, to the large group of patients
classified as having pulmonary eosinophilia. Their causes are usually unknown, and they present a
challenge for diagnosis, and treatment in many instances. In patients with a parasitic, fungal, or
bacterial hypersensitivity reaction, the pulmonary eosinophilia probably develops as a reaction to
antigens released from these organisms. However, there is little evidence for an allergic cause of the
lung disease in patients with cryptogenic pulmonary eosinophilia.
In many of these patients, chest radiographs may show pulmonary infiltrates, which can be characteristic of the disorder (eosinophilic pneumonia), and more marked than was suspected from the
clinical features. Investigations often prove to be difficult to interpret. There is also no consensus
view about the diagnostic groupings, and pathological descriptions of these lung disorders, which
makes the topic difficult to review.
8.4.1. Pulmonary eosinophilia.
Pulmonary eosinophilic syndromes are characterized by the presence of an interstitial inflammatory
reaction in the lung, containing large numbers of eosinophils. The blood eosinophil count is often
raised as well.
Some classifications of pulmonary eosinophilia have as their basis, the occurrence of asthma in some
patients 369, 1804. The principal difficulty with this approach is that asthma can occur (albeit rarely in
some diseases) in every clinical syndrome associated with pulmonary eosinophilia. I have argued 1684
that it is better to separate pulmonary eosinophilic syndromes of extrinsic, or known cause (secondary pulmonary eosinophilic syndromes), from diseases of unknown pathogenesis (cryptogenic pulmonary eosinophilic syndromes). The second group consists of three main subtypes: (a) acute, and
(b) chronic disorders, which may respond well to steroids and are usually easy to manage, and (c)
more severe syndromes, which are chronic with multi-system involvement, and are usually difficult
to treat, with multi-system involvement. The more serious disorders includes the chronic eosinophilic pneumonias, and some vasculitis, and granulomatous diseases of the lung, such as Wegeners
granulomatosis.
8.4.1.1. Loefflers syndrome.
The classical description of patients with a fleeting infiltrate, and moderate eosinophilia was made in
1932, by Loeffler in Switzerland 109. Two of the five patients who had recurrent infiltrates developed
blood eosinophil counts of only 7 per cent and 9 per cent. Symptoms were mild in all of the patients.

Loefflers syndrome is now seldom seen, or described in publications, and is probably due to ascaris,
and other parasitic infections in childhood.
8.4.1.2. P.I.E. syndromes.
Patients with eosinophilic inflammatory reactions in the lung, similar to eosinophilic pneumonia, but
of less severity have been designated as having the pulmonary infiltrates with eosinophilia (PIE)
syndrome. They showed similar clinical features to those described below.
8.4.1.3. Chronic eosinophilic pneumonia.
Chronic eosinophilic pneumonia, which became widely known following a pathological study in
1969 281, is the most severe form of cryptogenic pulmonary eosinophilia. It requires hospital treatment, and careful follow-up. The principal difficulties are in distinguishing it from infective lesions,
emboli, and malignant diseases involving the lung.
About 50 per cent of these patients have preceding adult-onset asthma, but most are not atopic.
Patients usually present with fever, night sweats, weight loss, cough and dyspnoea, which becomes
progressively worse over several days, or weeks.
Twenty seven patients with cryptogenic pulmonary eosinophilia were described in 1973, among a
group of 43 patients with pulmonary eosinophilia of different causes, who were seen during a two
year period at the Brompton Hospital, London. Interestingly, two of the patients later developed
polyarteritis nodosa 1170. In 1976 a detailed description was published of a further 15 patients who
were seen in this hospital. Ten were women (mean age 35 years), and five men (mean age 42 years).
Eight had had previous attacks of asthma. The mean blood eosinophil counts were 4.3 x 109/L,
range 0.8-12.8 x 109/L. The principal clinical features were anaemia, weight loss, and fever, in
addition to their respiratory symptoms. Four had splenomegaly, and three hepatomegaly. One also
had hilar node enlargement. In each case, there was a dramatic resolution after treatment with steroids. Some patients had minor elevations in serum IgE. The pathology of the lung lesions was
described in lung biopsies from three of the patients 1805.
In 1977 four women with this disease were reported from Salt Lake City, U.S.A., and their features
were correlated to give a picture of this disease as seen in all 27 patients whose details had been
published up to this time 41. They were nearly all women, with breathlessness, weight loss, fever, an
eosinophilia, and peripheral alveolar infiltrate in chest radiographs.
Details of a further eight patients with chronic eosinophilic pneumonia were described in 1978.
Four were allergic to penicillin 1382.
Although the pathogenesis of cryptogenic pulmonary eosinophilia, presenting as eosinophilic pneumonia, is unknown, in one series about half the patients had intrinsic asthma which began within five
years of diagnosis 1562. Other series have shown a lower incidence of preceeding asthma 1382. However relatives often have a history of atopy in relatives, drug hypersensitivity, or allergic rhinitis. A
strong genetic element in the diseases was suggested in a report from the U.K. of cryptogenic
pulmonary eosinophilia in identical twin sisters, aged 25, and 29 years 113 . Both responded well to
treatment with steroids.
Six patients with chronic eosinophilic pneumonia were reported from Chapel Hill, U.S.A. in 1986
854
. Two had atypical features with diffuse abnormalities on chest radiographs. They developed the
adult respiratory distress syndrome, which responded slowly to treatment with steroids.
About two-thirds of the patients have raised blood eosinophil counts which can be over 5 x 109/L 281,
and are generally higher in this group of patients than in those with pulmonary eosinophilia of known
cause 1170. However in 13 per cent of histologically confirmed cases, a raised blood eosinophil count
was intermittent, or absent 591.
Pulmonary function tests can show airway obstruction in addition to restricted volumes, and reduced diffusing capacity 1245.
Chest radiographs show areas of patchy consolidation, which are usually peripheral, with dense and
ill-defined areas that lack lobar, or segmented distribution. They may be unilateral, or bilateral, and
the latter give the appearance of a photographic negativeof pulmonary oedema 281. In 1977, six-

teen patients in a large series of 24 with pulmonary eosinophilia had these characteristic ground
glass abnormalities, which related to areas where positive lung biopsies were obtained. Details on
81 other patients with pulmonary eosinophilia were assessed in this comprehensive paper 615. Opacities may recur in the same site on several occasions.
These radiological features, in association with an eosinophilia (or occasionally without) are sufficiently distinct for a diagnosis of chronic eosinophilic pneumonia to be made without a lung biopsy.
However, in some patients with an atypical illness, bronchoscopy, with BAL (looking for large
numbers of eosinophils), and/or trans-bronchial lung biopsy may be required to establish the diagnosis.
BAL has been used to diagnose 715, and to follow the effectiveness of steroid treatment of eosinophilic pneumonia 429. In 1987, large amounts of prostaglandin E2 were found with many eosinophils
in BAL fluid from two patients with eosinophilic pneumonia, which fell after steroid treatment 1302.
In a study on four patients with eosinophilic pneumonia seen in Israel, blood eosinophil counts were
0.78-1.8 x 109/L, and BAL showed that eosinophils made up 23-76 per cent of the cells recovered in
the fluid 715.
In BAL of three patients with eosinophilic pneumonia, one with polyarteritis nodosa, and one with
a drug hypersensitivity pneumonitis, who were studied in Lille, France, in 1986, light density, and
degranulated eosinophils were noted to have an increased capacity to generate chemoluminescence
after stimulation with alveolar macrophage supernatants. They also possessed IgE on their surface
1451
.
By 1981, there had been over 60 published case reports of the histological appearances of chronic
eosinophilic pneumonia 591. The focal areas of infiltration contain eosinophils, mononuclear cells,
and occasional plasma cells. Granulomas with giant cells, and Charcot-Leyden crystals also occurred 1078. Bronchiolitis obliterans, and vasculitis were sometimes noted, and eosinophils in the
lesions were frequently degranulated. Deposits of IgG, and IgA have been seen by immunofluorescence.
Electronmicroscopy, and tissue immunofluorescence studies for MBP showed extensive eosinophil
degranulation in one patient 1463, with deposits of MBP, and free granules within the pulmonary
microvasculature, in the lesions of another patient with chronic eosinophilic pneumonia, reported
from Galveston, U.S.A., in 1987 695. MBP was found in the lung, and pleural fluid of a patient
studied at the Mayo Clinic in 1986 712.Intracytoplasmic inclusions in other patients have been interpreted as Birbeck granules, but recent work has shown that these were probably phagolysosomes
1463
. As there was also exfoliation of alveolar lining cells, with clustering of eosinophil granules
against a denuded basement membrane, it was suggested that these eosinophils may have contributed to the damage which occurred in the respiratory parenchyma.
Over 80 per cent of the 31 reported patients responded to steroid treatment. This resulted in a rapid
resolution of clinical and radiological features. Oblique, or vertical lines may persist in chest radiographs, and cavitation can develop in rare instances. This disease is a chronic one, and lesions can
recur in previously affected parts of the lung after steroid treatment has been stopped. For this
reason a long follow-up period is important. As spontaneous remissions occur in less than 10 per
cent, almost all patients require some form of treatment. Corticosteroids usually produce such a
dramatic response, that this can be used to confirm the diagnosis.As little as 10 mg prednisolone on
alternate days may be effective.
Treatment is usually continued for several weeks after clinical, and radiological resolution is complete. Unfortunately 30 per cent of patients, in whom steroids have been stopped, relapse, and
require further treatment. Some patients may require long-term corticosteroid therapy. One group
of patients had to be treated for a mean of four years to control relapses, and some patients needed
treatment for eight years 1382. There appears to be no place for inhaled steroid derivatives in treating
chronic eosinophilic pneumonia. Although clinical, and radiological appearances may resolve rapidly, lung function tests appear to be slower to improve, and these are useful to monitor relapses.

Blood eosinophil counts, red cell sedimentation rates, and chest radiographs can also be helpful to
detect relapses at an early stage.
8.4.2. Pulmonary fibrosis.
Studies on BAL cells in patients with cryptogenic pulmonary fibrosis usually show an increased
number of eosinophils 1968, although this is not so in all series 1616.
However, when large numbers of eosinophils are present, patients have more severe disease, and a
worse prognosis. This was first shown at the Brompton Hospital, London, U.K., where serial BAL
was also shown to help in management 1806. The initial observation was confirmed in 1987, in a
group of 27 patients who were studied in Iowa, U.S.A. 1399, and in Denver, U.S.A. 1892.Increased
numbers of eosinophils have also been seen in BAL fluid from patients with the CREST syndrome,
and interstitial fibrosis 1388.
The reasons why an eosinophilia in BAL may have a poor prognostic value in pulmonary fibrosis,
compared with other disease such as eosinophilic pneumonia, and histiocytosis X, where the eosinophil infiltrate is usually greater, may be related to the different sites in which eosinophils localize in
the lungs in these diseases 1076, and the capacity of eosinophils to induce a fibrotic reaction, under
certain circumstances.
A guinea pig model of interstitial lung disease has been described, in which guinea pigs were given
aerosols of polymyxin B for four weeks. They developed an eosinophilic alveolitis, but no fibrosis.
In this model, it was found that alveolar eosinophils, but not blood eosinophils were able to kill
foetal lung fibroblasts spontaneously 1726.
8.4.3. Wegeners granulomatosis.
Wegeners granulomatosis is occasionally associated with an eosinophilia, although the necrotic
lesions in the lungs, and kidneys seldom contain eosinophils. A wide range of pulmonary eosinophilic syndromes can be associated with vasculitic, and granulomatous reactions in the lungs.
Although apparently distinct syndromes have been defined, the illness in individual patients often
does not correspond with them. This difficulty is seen in occasional patients who present with
chronic eosinophilic pneumonia, but who then develop a systemic vasculitis. For this reason these
disorders are best described as a spectrum of diseases 545. A general description, and a modern
attempt to provide a rational classification of these diseases was put forward by A. Churg in 1983 322.
Earlier work stressed the importance of pulmonary involvement in polyarteritis nodosa. For example, in the widely quoted study of Rose, and Spencer in 1957 1516, of 111 patients with polyarteritis,
14 had lung involvement, 10 of whom also had a peripheral blood eosinophilia. However, these
patients had many features which suggest today that they had Wegeners granulomatosis, in which
the characteristic histological features would be necrotizing vasculitis, and eosinophil accumulation.
At present, polyarteritis involving the lungs is rarely diagnosed, probably because of the distinctions
which are now being made between the various types of vasculitis. Granulomatous disorders which
produce pulmonary eosinophilic syndromes are much more common 1844, 828.
The proportion of patients with Wegeners granulomatosis who develop an eosinophilia varies from
60 per cent in some series, to none in others 546. It has been suggested that a preceeding history of
pulmonary infection is an important feature which distinguishes this type of granulomatous disease
from the Churg-Strauss syndrome. Lesions are usually better defined than in other diseases with
pulmonary eosinophilia, and cavitation can occur leaving areas of scarring.
Extrapulmonary lesions are an important feature, and involve the upper respiratory tract, kidneys,
eyes, brain, skin, and other sites. In these patients the pulmonary lesions can recur at an early stage
during relapses, and chest radiographs are useful to monitor the progress of the disease. Cyclophosphamide appears to be of particular benefit in Wegeners granulomatosis, and patients are usually
also treated with high doses of corticosteroids initially.
8.4.4. Lymphomatoid granulomatosis.
Lymphomatoid granulomatosis is a somewhat similar disease to Wegeners granulomatosis, but it is
much less common than other granulomatous diseases of the lung with eosinophilia 1079. This dis-

ease, which is often fatal, is characterized by lesions containing a mixture of inflammatory cells
infiltrating blood vessels, and tissues, without necrotizing vasculitis. Cavitating lung nodules appear, and lesions also occur in the skin, and kidneys. The upper respiratory tract is seldom affected.
Patients may show leukopenia, unlike other forms of granulomatous, and vasculitis disorders affecting the lung. Early treatment with cyclophosphamides, and corticosteroids may reduce the high
mortality.
8.4.5. Eosinophilic granuloma of the lung.
Another rare cause of eosinophilia, and pulmonary disease is eosinophilic granuloma of the lung.
This was first described in 1951, and over 200 patients have been reported since then. It was
discussed in 1986 2017. It occurs in 20 per cent of patients who have the histiocytosis X group of
diseases.
Patients usually present with bilateral reticulonodular lesions, which may be found in chest radiographs carried out to investigate nonspecific respiratory symptoms. Pneumothorax is an important
complication, and 10 per cent of the patients have hemoptysis: six of 74 patients in one series 1068. In
these patients granulomas, with eosinophil infiltrates, may also develop at sites outside the lung,
including the skeletal system, brain, and other systems. Patients with localized disease respond well
to treatment with corticosteroids, and cytotoxic drugs, but diffuse disease can be rapidly fatal.
The lesions are small nodules, which centre on small airways, and develop into fibrotic areas 341.
Electronmicroscopic studies on the abnormal histiocytic cells in lung washings, and lung biopsies
show characteristic cytoplasmic rod-shaped bodies (X-bodies) 1014. When these are found in lung
washings, and used in conjunction with the staining of Langerhans-type cells with CD6 monoclonal
antibodies, it is possible to make a firm diagnosis.
Experimental work on the induction of granulomas in the lungs of rabbits, has suggested that prostaglandin E2, and other cyclooxygenase products, may be important in the development of eosinophil-rich granulomas after the inhalation of toxic substances 746.
8.4.6. Obstructive lung diseases, and pulmonary emphysema.
The chronic effects of obstructive lung disease, which give rise to pulmonary emphysema, are rarely
associated with an increased number of eosinophils in the blood, and tissues.
8.4.7. Sarcoidosis.
Sarcoidosis is characterized by macrophage, and lymphocyte infiltrates into tissues, and eosinophils
are not a prominent part of the disease pathology.
8.4.8. Adult respiratory distress syndrome.
Studies in Uppsala, Sweden have implicated eosinophils in the adult respiratory distress syndrome
(ARDS). This conclusion was based on the finding of high ECP levels in serum 736, and BAL fluid,
which correlated with the severity of the lung disease. The study was carried out on 12 patients with
ARDS, 15 patients undergoing major surgery, and 17 having minor surgery 1228. BAL was done just
after anaesthetic induction. Patients having major surgery also had BAL one hour after surgery was
completed. Patients with major surgery had higher levels of BAL fluid ECP after surgery, increasing
from 25 to 50 ug/L, but blood ECP levels did not increase. Eight patients with severe ARDS had
mean lavage fluid ECP levels of 200 ug/L. The highest level was 272 ug/L in a patient who subsequently died. In four less severely affected patients, lavage fluid contained 75 ug/L. Serum ECP
levels were only slightly elevated in most ARDS patients, but the highest serum level was 107 ug/L,
in a fatal case. As very few eosinophils were found in the blood, it was suggested that eosinophils
were trapped in the lungs, where they degranulated, and may have caused tissue injury. Neutrophil
lactoferrin, and myeloperoxidase were also increased in the lavage fluid 739, suggesting that neutrophils
were affected in much the same way as eosinophils.
8.5. Pleural diseases.
Several of the parenchymal diseases of the lung, which are associated with an eosinophilia, can also
affect the pleura. Reactive eosinophilic pleuritis 73, is a disease of unknown cause, which can give
rise to a spontaneous pneumothorax. The pleural biopsy shows sheets of histiocytes, mixed with

eosinophils in the pleural tissues.
8.5.1. Pleural effusions.
Eosinophils have been noted in pleural effusions since 1894. Particular note is taken of the presence
of eosinophils in pleural fluid when they comprise 10 per cent, or more of the cells in the effusion.
Five to eight per cent of pleural effusions are of this type. Eosinophilic pleural effusions have been
seen in a wide variety of diseases, especially following introduction of air into the chest, trauma 389,
infections, including tuberculosis 1210, and more rarely in patients with a malignancy, benign asbestos
lesions, pulmonary infarction, sarcoidosis 480, and rheumatological diseases, including systemic sclerosis 456. In a series of 30 patients, reported in 1979, trauma was involved in 11, and an allergy in
eight, but no cause was seen in 11 1854. This report commented on the large numbers of lymphocytes
in these effusions, and the benign course of the effusions in most patients. In 1974, a study on 78
patients with an eosinophilic pleural effusion showed that 48 had tuberculosis, and six a tumour. No
definite diagnosis was made in 16, even after pleural biopsies had been taken 993. In 1981, a study
from Finland found that tuberculosis was no longer an important cause of an eosinophilic pleural
effusion 1401. Occasionally, an eosinophilic pleural effusion develops in patients with viral respiratory
diseases 836. An historical review of 343 published patients was done in 1985, and showed no clear
association with any single disease, although the presence of an eosinophilic effusion reduced the
likelihood of a malignant disease, or pulmonary tuberculosis, compared to other benign diseases 17.
A negative correlation between an eosinophilic pleural effusion, and malignant disease was also
found in a study of 334 patients in Sweden in 1985 1159, and in 36 patients studied in Israel in 1985
1959
. In about 10 per cent of eosinophilic pleural effusions no cause can be detected, although some
of these may be due to asbestos, as half of known asbestos-associated pleural effusions are eosinophilic. These idiopathic cases usually resolve spontaneously, and empirical treatment for other
diseases, such as tuberculosis is probably unwarrented in most instances.
9. Chapter C 09. Diseases of the ear, nose, and throat.
9.1. Diseases of the ear.
The external ear may be involved in a number of diseases which affect other parts of the skin,
including Kimuras disease, and angiolymphoid hyperplasia with eosinophilia. Eosinophils have
been seen in the exudate from the ear in a proportion of patients with chronically discharging ears,
(17 per cent in one series of 84 patients 1306), but the reasons for this are not known.
In otitis media, eosinophils are occasionally found in cytological preparations, but they are seldom
present in any large numbers, except in patients with aspergillus infections.
9.2. Diseases of the nose.
Eosinophils are not found normally in the nose, although large numbers can be found in patients with
allergic nasal diseases. Early reports described eosinophils in the nose of normal children under six
months of age, but this was not confirmed in a groups of 22 children aged two days to 12 months,
who were studied in San Francisco, U.S.A. in 1985 335. Although patients may occasionally have
focal lesions in the nose rich in eosinophils due to such rare disorders as nasal tumours, and the
Churg-Strauss syndrome, the majority of patients with nasal symptoms, and eosinophil accumulation in the nose, or in the blood, have allergic rhinitis, with or without nasal polyps. An important
non-allergic form of rhinitis which does not appear to have an allergic cause (NARES) can also
present with many eosinophils in nasal washings. Occasionally, patients with allergic bronchopulmonary aspergillosis can also present with allergic rhinitis 707.
9.2.1. Rhinitis.
Rhinitis is usually divided into allergic, and non-allergic types. Allergic rhinitis may be perennial, or
seasonal. A general review was published in 1984 1381. The nasal smear contained eosinophils in 71
per cent of one group of 770 patients with allergic rhinitis studied in Helsinki, Finland in 1984 171.

Nasal eosinophilia is more common in those with perennial allergic rhinitis, than in seasonal allergic
rhinitis. Nasal eosinophil levels are related to blood eosinophil counts, but as there may be a significant difference in the numbers of eosinophils recovered from each nostril, the association is not
close.
Non-allergic rhinitis has been described both in adults, and children 1529. It has many different causes,
including drug reactions, aspirin sensitivity, vasomotor rhinitis, and NARES. NARES is associated
with more than 5 per cent eosinophils in nasal smears. (Occasionally a 25 per cent lower limit is used
to make this diagnosis). In a study from Providence,U.S.A., in 1985 on 78 patients with non-allergic
rhinitis who had negative skin tests, 61 per centhad vasomotor rhinitis, 33 per cent NARES, and 6
per cent sinusitis. Among the 25 patients with NARES, three had mean blood eosinophil counts of
0.95 x 109/L. These are sometimes classified separately as BENAR (Blood Eosinophilia NonAllergic Rhinitis) syndrome. There is some evidence that patients with non-allergic rhinitis, and an
increased number of eosinophils in nasal secretions respond best to medication 1248.
9.2.2. Nasal polyps.
Nasal polyps, in patients with chronic rhinitis, are often rich in eosinophils, and nasal secretions from
these patients usually contains large number of these cells 600. The proportion of polyps which
contain eosinophils varies from 26 per cent in Japan, to 94 per cent in several parts of Europe 811, 231.
The incidence of atopy in patients with eosinophilic polyps is one in four, and about half have
asthma. Polyps in children with cystic fibrosis contain few eosinophils 1666.
A recent study on nasal polyps from 77 patients in Tokyo, Japan, showed that 43 (56 per cent)
contained eosinophil infiltrates. Thirty per cent were atopic. IgG-immune complexes were found in
five of the six polyps studied 1298, and IgE has also been detected in nasal polyps 600. Polyps also
occur in patients with aspirin sensitivity, who may have a marked blood eosinophilia. The incidence
of nasal polyps in patients with aspirin-induced asthma ranges from 60-100 per cent 1301. In a recent
study on 22 nasal polyps, it was found eosinophils were responsible for the formation of large
amounts of 15-HETE in this site, but their role(s) within, and on the surface of polyps remains
unknown 1649.
9.2.3. Paranasal sinus diseases.
Aspergillus infections of the sinuses have been noted to be able to cause a marked eosinophil-rich
infiltrate in this site 920. In 1987, the clinical features of allergic fungal sinusitis due to Curvularia
lunata were described 1127.
9.3. Pharyngeal, and laryngeal diseases.
The pharynx, and larynx may contain many eosinophils in rare individuals with tumours, granulomatous diseases, or rheumatoid arthritis. In 1985, three patients were described in Norwich, U.K.,
with an eosinophil-rich fibrotic reaction in the submucosa of the upper respiratory tract, and subepiglottic region of the larynx 1496. Their illnesses may have been related to primary eosinophilic
granuloma of the larynx, which was described in three patients in 1981 603.
10. Chapter C 10. Diseases of the nervous system.
Eosinophils are not normally found within the nervous system, and their presence there is always
evidence for a disease process. Much of the recent interest in the relationship between eosinophils,
and the nervous system has centred on the capacity of ECP and EDN/EPX to cause demyelination in
experimental animals. However, there is no direct evidence that ECP, or EDN/EPX injure the brain
in man, and high levels of ECP in the cerebrospinal fluid do not seem to cause demyelination.
However, it is possible that one ormore of the eosinophil effector mechanims may accentuate lesions
in the meninges, and within the brain in inflammatory disorder where they are prominent, and
further work in this area will be of interest. The peripheral nervous system is commonly affected in
patients with hypereosinophilia, but it is not known whether eosinophil constituents affect nerve

conduction.
10.1. Central nervous system diseases.
Few primary diseases of the central nervous system result in eosinophil accumulation within the
brain, and it is very seldom that they give rise to a peripheral blood eosinophilia. The common forms
of cerebrovascular diseases do not give rise to eosinophil infiltrates.
10.1.1. Diseases affecting meninges, and eosinophils in the cerebrospinal fluid.
The finding of eosinophils in the cerebrospinal fluid (CSF) is uncommon 1007, except in countries
where eosinophilic meningitis due to Angiostrongylus cantonensis is prevalent, and gives rise to the
highest CSF eosinophil counts. This was reviewed by Kuberski in Honolulu in 1981 1008. A number
of other parasitic diseases produce an increase in CSF eosinophils 167, including echinococcosis,
cysticercosis, and toxoplasmosis. It can also occur in other infectious diseases, including (rarely)
tuberculous meningitis, coxackie B meningitis 313, chronic lymphocytic choriomeningitis, and Rocky
Mountain spotted fever 367. The other main causes are neoplastic diseases, including lymphocytic
leukaemia 967, 1360, 995, Hodgkins disease 1716, 295, 1375, 809, 260, myeloproliferative disorders 861, pneumococcal meningitis 302, following myelography, and surgical operations on the brain 872, and the presence
of shunts in children treated for hydrocephalus 1808. Other causes are meningeal carcinomatosis 352,
cerebral eosinophilic granulomas 1638, and drug hypersensitivity reactions, such as gentamycin hypersensitivity, which induced a blood, and CSF eosinophilia in a patient with a ventricular shunt 1216, and
ibuprofen, which produced an aseptic meningitis 1462. There is only one report of a minor increase in
CSF eosinophils in a patient with HES 1900. The meninges can be infiltrated with eosinophils in some
patients with central nervous system involvement in eosinophilic leukaemia.
In one series of patients with meningitis, measurements of ECP in the cerebrospinal fluid showed
that patients with the highest levels had the slowest recovery 740.
In 1985, ultrastructural studies were carried out on subdural hematomas from five patients in whom
eosinophils were seen in the outer membranes of the haematomas. They appeared to be degranulated,
and free granules with altered matrix were found outside the cells. It was suggested that eosinophils
might release constituents which could contribute to the increase in fluidity of chronic subdural
haematomas causing further leakage of blood into the capsule of the hematoma 1965.
10.2. Peripheral nerve diseases.
There are no specific disorders in which the peripheral nerves, or cranial nerves are involved by
eosinophils, although cranial nerve lesions, and peripheral damage is common in patients with
hypereosinophilia. The pathology of these lesions has not been investigated, but it is possible that
the damage is vascular in origin, probably due to occlusion of central, and perineural blood vessels.
In 1986 four patients were described from Stanford, U.S.A., who had multiple peripheral nerve
lesions in association with an eosinophilia. They also had chronic sinusitis, and asthma, and responded to steroids, with relapses. Biopsies failed to show any vasculitic lesions, although these
could have been localized, and difficult to detect. Whether these patients fall into the HES clinical
spectrum remains to be seen. It was postulated that eosinophil granule components might have
caused the nerve lesions 461.
10.3. Schizophrenia.
Although there is no clinical evidence to suggest that eosinophils are involved in schizophrenia, a
study from Uppsala, Sweden, in 1982, showed raised serum levels of ECP in several patients 743. As
these correlated with raised serum lactoferrin levels, it was suggested that these changes might
accompany an alteration in inflammatory reactions which have been noted previously in schizophrenia.
11. Chapter C 11. Eye diseases.
The principal eye diseases associated with eosinophils, are parasitic, and allergic diseases.

11.1. Conjunctival diseases.
The presence of eosinophils in tarsal conjunctival scrapings is a feature of a number of hypersensitivity disorder such as vernal conjunctivitis, seasonal allergic (hay fever) conjunctivitis, atopic conjunctivitis, and other non-specific allergic diseases. In some patients with these diseases it may be
difficult to demonstrate the eosinophils in tear fluid, or scrapings, although they are present in
conjunctival biopsies 1. Occasionally only eosinophil granules may be seen 602. Other causes of an
eosinophil-rich conjunctivitis are filarial infections, and the Churg-Strauss syndrome 1613.
11.1.1. Vernal conjunctivitis.
In vernal conjunctivitis, which often starts in childhood, and is associated with itching, and mucus
secretion, eosinophils can be a prominent cell type in the affected tarsal conjunctiva. In ten patients
with vernal conjunctivitis, biopsies showed the presence of many eosinophils in the epithelium, and
the substantia propria. As similar features were seen in 38 per cent of the biopsies of the tarsal
conjunctiva from 15 patients who wore hard or soft contact lenses, and who had developed a similar
clinical picture of giant papillary conjunctivitis, it was suggested that the two diseases were related
31, 30
. Both MBP, and CLC protein were detected in significant amounts in the tears from five of
seven patients with vernal conjunctivitis 1809.
11.1.2. Seasonal, and perennial allergic (hay fever) conjunctivitis.
Allergic conjunctivitis is an IgE-mediated acute allergic reaction in the conjunctiva, due to air-borne
allergens, especially pollens. It gives rise to relatively mild symptoms, but these can last for several
months, and a large number of people are affected each year. It responds well to treatment with
antihistamine, and 2 per cent disodium cromoglycate. The conjunctival fluid usually contains
eosinophils, and raised levels of IgE. In one study on 25 patients with seasonal allergic conjunctivitis, and 14 with perennial allergic conjunctivitis, eosinophilis were found in carefully prepared samples of tear fluid in 25 per cent and 43 per cent respectively. Seventy eight per cent of the patients
with perennial allergic conjunctivitis had higher levels of IgE antibodies in their tears than in serum,
suggesting that house dust mite antigens were responsible for their disease 392.
The rabbit, and guinea pig conjunctival sacs have been used for many years as sites in which to test
for immediate hypersensitivity reactions to drugs, and chemicals. It has been suggested that this
assay detects the presence of mast cells sensitization with IgE. It was also proposed that antigen
caused them to release histamine, which attracted blood eosinophils into the conjunctival epithelium
1953
.
11.2. Corneal diseases.
The significance of finding eosinophils in the human cornea has been reviewed in 1986 1080. They
have been seen in failed corneal transplants, and smaller numbers were seen in a wide variety of
other corneal diseases.
11.3. Retinal diseases.
One of the best known causes of an eosinophilic lesion in the retina are Toxocara canis infections,
which can produce a diffuse unilateral subacute neuroretinitis 1333, in addition to focal lesions, which
may mimic a retinoblastomas.
11.4. Diseases of the orbit.
There are several reports of eosinophilic granulomas affecting the orbital frontal bones, and the
lateral orbital wall 553.
12. Chapter C 12. Urological diseases.
Eosinophils are prominent in the urological system in several parasitic diseases, in a variety of granulomatous, and allergic diseases, and in patients undergoing renal, or peritoneal dialysis, Figure C121. The presence of eosinophils in the urine can be of diagnostic value in a number of diseases.
Fig. 12-1: Eosinophils in urological diseases.

12.1. Kidney, and ureteral diseases.
Drug-induced interstitial nephritis, and acute tubular necrosis can both produce an eosinophil-rich
infiltrate into the kidneys, and eosinophiluria. In a study reported in 1987,on 81 patients, 28 of
whom had a hypersensitivity reaction to non-steroidal inflammatory drugs, or antibiotics, both types
of renal lesion were detected by renal biopsy 1025. Eosinophil-rich allergic reactions to drugs can also
produce glomerular lesions 49. See page 564.
12.2. Renal dialysis, and eosinophils.
Patients with renal failure often have a small increase in blood eosinophil counts, and their serum
ECP levels are usually raised 738. In a study from Denmark, in 1987, 13 per cent of 99 patients about
to start maintenance hemodialysis had mean counts of 0.8, range 0.4-2.7 x 109/L, and many of them
were male 601. Renal haemodialysis can produce a rapid fall in blood eosinophil counts. This was
well documented in 1980, in eight patient whose blood eosinophil counts fell to 80 per cent of the
initial levels. They gradually returned towards normal by three hours 125. Haemodialysis also decreased the density of white blood cells, possibly as a result of the formation of C5a by the dialysis
membrane 1071.
It has been known for over 20 years that treatment of end-stage renal failure by either peritoneal
dialysis, or haemodialysis, can induce a marked increase in the number of eosinophils in the peritoneal fluid, and occasionally in the blood.
As eosinophils are rarely seen in the peritoneal fluid from patients with bacterial peritonitis, a search
for eosinophils in cloudy peritoneal fluid can be a useful, and rapid way to distinguish these two
types of peritonitis 1673.
Peritoneal fluid from patients having ambulatory dialysis can also be a useful source of eosinophils,
which have traversed into tissues, for structural, and functional studies. In one report from Washington D.C., U.S.A. in 1986, 0.3 to 288 X 108 eosinophils were obtained from each bag 583.
12.2.1. Peritoneal dialysis, and eosinophils.
There are many reports of an eosinophilia in patients undergoing maintenance peritoneal dialysis. In
1981 three patient were reported from Newcastle-upon-Tyne, U.K. 688, and ten were described in the
U.S.A. 826. Eight more were reported in 1982 1673. Twenty-nine patients with this complication were
reviewed in 1985, and previous cases were reviewed 304. The typical clinical features of these patients were that two weeks, to four months after implantation of the peritoneal catheter, they developed a cloudy peritoneal fluid, without having fever, abdominal pain, nausea, vomiting, or rebound
tenderness, which are characteristic of a peritoneal infection. They did not have a skin rash, or
itching. The fluid contained as many as 1.9 x 109 white blood cells /L, and up to 95 per cent were
eosinophils. Some patients also developed a blood eosinophilia. In most patients the fluid became
clear again after several days, or weeks, without the use of antibiotics. Quantitative counts of
peritoneal fluid eosinophils, and blood eosinophils, and the time course of disappearance of peritoneal eosinophilia was assessed in 61 patients in Pittsburgh, U.S.A., in 1984 1423, and it was found that
the counts fell from initial high levels, and continued to fall at six months.
The cause(s) of this eosinophilic response has been the subject of considerable interest in the last few
years. One possibility was that they had become sensitized to impurities released from the tubing,
bags, or fluids used for the dialysis. Ethylene oxide was considered to be a possible sensitizing
agent 708, as it can be eluted from dialysis tubing 1378. Plasticisers in dialysis bags were also considered 1265. An explanation of this kind was supported by a study in 1986 which showed that the
frequency of tubing changes was linked to the incidence of eosinophilia 90.
The possibility that eosinophils in the peritoneal fluid appear as a result of the entry of air into the
peritoneal cavity was tested in two patients on continous ambulatory peritoneal dialysis (CAPD) in
1985. The number of eosinophils increased from a mean of 1.5 to 50 in one patient, and from 0 to
60 x 109/L in the other, during the week following air injection, showing that this could be a factor
in the appearance of eosinophils in peritoneal fluid 394. In 1987 the same group reported that a
peritoneal fluid eosinophilia was produced in four of five patients on CAPD by the injection of 100-

500 ml air into the peritoneum. With the larger amounts of air, the eosinophilia persisted for five
weeks 395.
12.2.2. Haemodialysis, and eosinophils.
Nephrologists have known for many years that patients with end stage renal failure on haemodialysis
can develop an eosinophilia. As the highest counts were usually seen in patients who had been on
dialysis the longest, and as a raised serum IgE level was more common in haemodialysis patients
with an eosinophilia than those without 1288, 1875, it was natural to suppose that an allergic reaction to
a component in the dialysis fluid was responsible. However alterations in the rinsing procedure did
not affect the development of the reactions in a study reported in 1984 1875.
Among a group of 240 patients undergoing haemodialysis in Lisbon, Portugal, 14 per cent had
blood eosinophil counts greater than 0.4 x 109/L. The mean eosinophil count was 0.613, and the
range 0.410-1.780 x 109/L. Thirty one per cent of the HBsAg positive patients who were on coil
dialysis had an eosinophilia. There was no difference in the incidence of eosinophilia between patients on coil,and on capillary dialysis machines, and there was also no relationship to their parathyroid status 1436.
In studies from Uppsala, Sweden, reported in 1982 742, and 1984 388, it was found that blood eosinophil, and neutrophil counts fell during the first ten minutes of haemodialysis, although they subsequently returned to normal levels. During the first two hours of dialysis, the serum ECP level also
rose. It was then seen that, when fresh blood containing eosinophils was passed through a dialyser,
the ECP level rose steadily, so that at two hours it was 76 times higher that at the start, and the
eosinophil count had fallen to 67 per cent of the initial level. This effect on eosinophils was most
marked when cuprophane membranes were used. It was suggested that during hemodialysis, the
contact of eosinophils with the dialysis membrane caused them to release their constituents into the
blood. These would not attach to the membrane, as experiments showed that only 10 per cent of
added ECP bound to dialysis membranes. This possibility was supported by a study from Italy in
1985, which suggested that MBP was released from eosinophils, and that this neutralized some of
the heparin anticoagulation which their patients were receiving 1556. Dialysis membranes can cause
complement activation, with aggregation, and stimulation of neutrophils degranulation in the lungs.
Whether eosinophils could also be affected by complement activation products in this way is not
known.
Microangiopathic changes in the skin of patients undergoing haemodialysis were reported in 1987,
from a group of 63 patients with end stage renal failure in Japan. There was marked basement
thickening of epidermal capillaries, and it was suggested that this was due to inflammatory reactions
induced by uraemic toxins. As some of these patients has an eosinophilia, it was thought possible
that eosinophils could have been involved in the production of these vascular changes 835.
12.3. Eosinophilic cystitis.
Eosinophil cystitis, which was originally defined in 1960 as eosinophilic granuloma of the bladder,
is a rare disease. Only 39 cases were reported by 1982 1087, although by 1987 there were a total of 50
case reports. It is more common in men than women, and there may be a history of allergy, or
previous trauma to the bladder. These patients had episodes of haematuria, frequency of urination
with dysuria, and suprapubic pain. At cystoscopy there were raised erythematous mucosal lesions
which often looked like polyps, or even tumours. In the acute stages of the disease, the mucosa,
submucosa, and muscularis of the bladder wall was found to be infiltrated with many eosinophils,
and mast cells, with muscle necrosis, and surrounding oedema.
Later, chronic inflammation lead to fibrosis, especially of the superficial layer, and this required
urinary diversion, and cystectomy in some patients 1623. About one third had an eosinophilia. One
patient with eosinophilic cystitis also had Glanzmanns thrombasthenia 195.
Light microscopy, and EM studies on biopsies from the bladder of a 63-year old woman with eosinophilic cystitis showed giant cells ingesting eosinophils, and free granules 44. An assay for ECP in
urine was developed in 1986, and it was recommended as a useful technique for identifying patients

with eosinophilic cystitis 595, but this was not confirmed in a study the following year 1121.
Eosinophilic cystitis can cause obstruction of the ureteral orifices with eosinophil-rich inflammatory
tissue 1219. This may necessitate surgical resection, and reimplantation of the ureters, and/or repeated hydrostatic dilatation 1308. Rarely, the ureters only are effected by a similar process 775, or an
eosinophilic granuloma 1814.
An allergen provocation test with tomatoes in a 35-year old woman with eosinophilic cystitis
showed an eosinophil-rich infiltrate into the bladder, and it was suggested that this, or similar allergens could be the cause of this disease in some patients 1551.
Eosinophilic cystitis can also occur in children, when it appears to have a more benign course than in
adults 1727.
12.4. Eosinophils in the urine.
Eosinophils can occur in the urinary sediment, with other inflammatory cells, in a wide variety of
diseases, as reviewed in 1987 359. In a study from Chicago, U.S.A., in 1985, eosinophils were found
in the urine of 65 of 470 patients whose urine was specifically examined. Infections in the upper, and
lower urinary tract was responsible in 29 (45 per cent), and nine patients had acute interstitial nephritis 360. About 60 per cent of patients with interstitial nephritis have eosinophiluria 321, 1728 , but the
incidence can be even higher. Eosinophiluria was found in ten of 11 patients with drug induced
acute interstitial nephritis, reported in 1986 1284. Other diseases where they have been seen include
rapidly progressive glomerulonephritis, acute prostatitis, and occasionally acute cystitis, and
postinfectious glomerulonephritis. A patient with systemic atheroembolism, renal damage, and
eosinophiluria was described in 1986 2018.
12.5. Prostatic diseases.
Eosinophils are prominent in the prostate gland in several types of granulomatous prostatitis, including (1) allergic eosinophilic prostatitis, in which eosinophil-rich granulomas are found in patients
with asthma, or other allergic diseases, (2) non-specific granulomatous prostatitis, and (3) posttransurethral resection prostatitis. Seven patients at the Johns Hopkins Hospital, Baltimore, U.S.A.
with eosinophil-rich granulomatous prostatitis, were described in 1984 522. Three had nonspecific
granulomas, and four had post-transurethral resection granulomas. Two other cases of non-allergic
eosinophilic prostatitis were described in 1984 1978, 1481.
12.6. Renal allograft rejection.
In renal transplant patients, an increase in blood eosinophil counts is invariably associated with an
acute rejection episode 1-4 days later, but it is not related to the extent of the cellular infiltrate into
the graft 1036. In one patient, the eosinophilia returned to normal four days after the removal of a
rejecting graft 1596. Eosinophils are usually present within rejecting renal allografts, where they may
play a role in the rejection process itself, by causing further tissue injury. This possibility was discussed in 1986 following an analysis of acute rejection episodes in 112 patients with renal allografts,
which showed that an increased percentage of eosinophils in the blood, and in renal biopsies was
linked to a poor outcome from rejection episodes 1901.
13. Chapter C 13. Female genital tract diseases, and pregnancy.
It has been known for many years that eosinophils are prominent in the endometrium of rodents
undergoing oestrus. Experimental studies have looked for oestrogen receptors on rodent eosinophils,
and an effect of eosinophils on the endometrium. This work has been based on the hypothesis that
eosinophils may release a number of molecules, including leukotrienes, during oestrus which could
affect the permeability of uterine blood vessels. However, in man, eosinophils do not appear to have
oestrogen receptors, and only small numbers are found in the endometrium. The presence of large
numbers of eosinophils in the human genital tract is always abnormal. The principal disorder of the
genital tract in which eosinophils are prominent is carcinoma of the cervix as described in Chapter

C04. There have been no studies using monoclonal antibodies to look for secreted eosinophil products in the uterus in different diseases. There may be a role for MBP in pregnancy, although there is
no evidence that eosinophils are involved in gestation.
13.1. The uterus, and uterine diseases in man.
The number of eosinophils in the human uterus varies during the menstrual cycle, so that they are
least during the luteal phase, when implantation may occur 286. They are mainly localized, with
larger numbers of neutrophils, in the endocervix, and lower uterine segments. It has been suggested
that peroxidases, which are produced by granulocytes in these sites, may have a protective role
against bacterial infections 1445. A marked cervical eosinophil-rich infiltrate, of unknown cause, was
reported in 1977 in a baby who died at birth, with dysplastic kidneys, and hypoplastic lungs 377.
13.1.1. The uterus in animals.
There is an extensive literature, much of it from Tchernitchins group in Chile, on the occurrence of
eosinophils in the rodent uterus. This was reviewed in 1986 656. Their main conclusions were that
oestrogens induced eosinophils to localize, and degranulate in the wall of the uterus, where they
contributed to the large amounts of uterine peroxidase which is present in late oestrus. It is not
known whether these eosinophils induce a vascular permeability increase that occurs at this time, or
whether they have a role in protecting the rodent uterus from infection.
13.2. Pregnancy.
Although there is either no change in blood eosinophil counts during pregnancy, or a slight fall 1424,
plasma, and serum MBP levels (but not ECP, EDN/EPX or CLC protein levels) have been found to
increase to about 7.5 ug/ml, at 20 weeks, when it levels off, only returning to previous levels at term
1128
. MBP has been detected in the placenta, in anchoring villi, placental X-cells, and giant cells 1882,
and this may be the source of the serum MBP in pregnancy. Pregnancy-associated MBP appears to
be identical with eosinophil-derived MBP 1129. As there was a relationship between increased plasma
MBP levels late in the third trimester, and the onset of spontaneous labour, it was suggested that
plasma MBP levels could be useful in predicting when this was about to occur 1881. An increase in
plasma MBP has also been noted in the pregnant gorilla, cynomologus monkey, and rhesus monkey,
and MBP was also found in primate placental X cells 1880.
14. Chapter C 14. Cardiovascular diseases.
Eosinophils have an important relationship with a number of heart diseases. Recent research has
suggested that eosinophils may cause endomyocardial fibrosis, both in patients with a marked, and
persistent eosinophilia, and in tropical endomyocardial fibrosis. There are also a range of inflammatory heart muscle disease in which eosinophils are often found, including cardiac rejection, drug
reactions affecting the heart, and the Churg-Strauss syndrome. Cardiac involvement in systemic
diseases producing an eosinophilia is usually a serious prognostic sign, and many of these patients
develop arrhythmias, or heart failure. It is therefore important to examine the heart carefully in all
patients who have an eosinophilia. Any abnormalities which are detected at the bedside, or following electrocardiograms (ECGs), and chest radiographs should be followed up with further studies,
providing treatment is not delayed, as many of these disorders can progress rapidly.
14.1. Diseases of the heart, and pericardium.
14.1.1. Pericardial diseases, and pericardial effusion.
There is an unusual eosinophilic disease of unknown cause, which gives rise to constrictive pericarditis. In a study from Hawaii, U.S.A., reported in 1984, three patients were described with constrictive pericarditis, in whom eosinophils were found in the resected tissue. In one of them there was a
blood eosinophil count of 2.2 x 109/L. They were treated successfully by pericardectomy 1867. I have
also seen two women, aged 45, and 65 years with this disease, and both needed pericardectomies.
Granulomas were not found in the pericardium, and there was no evidence for a systemic illness to

account for their pericardial lesions, and eosinophilia, although one had a history of asthma. Details
of the first patient were published in 1978 358. The second patient had a similar history, although her
eosinophilia persisted, despite continuous treatment with steroids for over 10 years.
There are very few reports of the discovery of large numbers of eosinophils in pericardial fluid, but
they have been described in patients with asthma, malignant lymphomas, Hodgkins disease, and
drug reactions. A 28 year-old woman was described in 1964, who had pulmonary eosinophilia, and
pericarditis, in whom the pericardial fluid contained 11.3 x 109/L white cells, 96 per cent of which
were eosinophils 733. Four previous case reports of eosinophils in pericardial fluid were discussed in
a case report in 1983, of a woman with asthma, and blood eosinophil counts of 6.2 x 109/L, who
developed a pericardial effusion, containing 540 ml, and 80 per cent eosinophils 885.
14.1.2. Cardiac allograft rejection.
Rejection of the transplanted human heart is usually associated with an increased inflammatory
infiltrate. In a study on 18 transplants, reported in 1987 from the Johns Hopkins Hospital, Baltimore, U.S.A., more eosinophils were seen in biopsies showing myocyte necrosis, than in pre-rejection biopsies, but they were not useful as a predictor of rejection episodes 792.
14.1.3. Coronary heart disease.
As coronary artery occlusion induce blood neutrophils to localize in areas of ischaemia, and necrosis, with some extension of the areas of myocardial injury 1690, it is important to consider whether
eosinophils can also be localized in the areas of myocardial ischaemia. This is of potential importance as eosinophils can produce large amounts of reactive oxygen species, and secrete their cardiotoxic proteins.
Raised levels of serum ECP were reported in 1979, in a group of Swedish patients admitted to
hospital with a myocardial infarction, even though none of them had an eosinophilia. This report
suggested that eosinophils might be involved in the inflammatory response to myocardial injury,
although they are seldom seen in histological sections of myocardium. This study also showed that
treatment of normal individuals with 0.5 mg methylprednisolone did not alter serum ECP levels,
although it caused blood eosinophil counts to fall, suggesting that the rise in serum ECP following
myocardial infarction was not a steroid-induced effect 741. Eosinophils may also affect the long-term
outcome of a myocardial infarction, as a study from Nashville, U.S.A., in 1985 found that cardiac
rupture following myocardial infarction seems to be related to the presence of an increased number
of eosinophils in the area of myocardial damage 74.
14.1.4. Myocardial diseases.
Eosinophil infiltrates can also be found in the heart in a wide variety of inflammatory disorders,
which we have reviewed in 1985 1700.
They include eosinophilic, and tropical endomyocardial fibrosis, which are reviewed in the next
Chapter, drug hyperesensitivity reactions 170 (see page 563), cardiac transplantation, and a poorly
defined disorder called necrotizing eosinophilic myocarditis 793. Focal areas of vasculitis, and granulomatous reactions, as seen in the Churg-Strauss syndrome, can also give rise to large numbers of
eosinophils in areas of myocardial injury. Parasitic diseases, such as trichinosis, can also induce
areas of myocardial injury rich in eosinophils 40. Congestive cardiomyopathy is the end result of a
wide range of different types of myocardial injury. We raised the possibility that some patients may
have a disease process involving cardiotoxic eosinophil constituents has been raised in one small
study in which we found that serum ECP levels were higher than normal 1698.
14.2. Vascular diseases.
Eosinophils are often found with mast cells in the adventitia of veins in the lung, intestine, and other
sites, but the presence of eosinophils in the vessel wall itself is uncommon, except in vasculitic
disorders.
The occurrence of thromboemboli complications in patients with a persistent eosinophilia, especially HES, is an important clinical observation, suggesting that eosinophils could produce effects on
the endothelium, or platelets. Although there is limited work in this area, it has been shown that

ECP can (a) produce changes in the intrinsic coagulation system, (b) reduce thromboxane production by isolated endothelial cells, and (c) occasionally stimulate platelet aggregation 398. The relative
importance of these processes in thromboembolic complications of hypereosinophilia are not known,
and it is also not clear whether therapy to prevent platelet aggregation is beneficial in patients with
a persistent hypereosinophilia.
14.2.1. Atherosclerosis.
Eosinophils are not a component of atherosclerotic lesions. However patients who develop the
multiple cholesterol emboli syndrome, with visceral infarction, due to the release of cholesterolrich plaques, for example during arterial catheterization, may have a marked eosinophilia, with thrombocytopenia, and hypocomplementaemia. Biopsies may be needed to distinguish this syndrome
from vasculitic diseases 1984 . An eosinophilia occurs in 80 per cent of reported patients with
atheroembolic renal disease, according to a literature review made in 1987. The eosinophilia is
often mild, and may last only a few days 914.
14.3. Vasculitis.
A large number of diseases have a vasculitic element which can contain many eosinophils. A useful
review of these diseases was published in 1985 1504, and the difficulties in providing distinct categories of arteritis were discussed in 1986 303.
Polyarteritis nodosa is the best known example of a systemic vasculitis, without granulomatous
inflammation, and many textbooks on general medicine state that it is an important cause of a marked
eosinophilia. This stemmed from early reports 1464, and difficulties at that time in distinguishing
polyarteritis nodosa from the Churg-Strauss syndrome which does give rise to a marked eosinophilia.
However both diseases are closely related and in the classification of patients with vasculitis put
forward by Dr. Anthony Fauci in 1983 543, they were combined under the general term  polyarteritis
nodosa group of systemic necrotizing vasculitis.
Although hypereosinophilia is not a characteristic of classical polyarteritis nodosa 545, these patients
often have a mild, or a transient eosinophilia 1581, 1246. A moderate increase in blood eosinophil counts
is also common in patients with microscopic polyarteritis with crescentic, and necrotizing glomerulonephritis. This was discussed in a study on polyarteritis nodosa, and necrotizing glomerulonephritis, from Florida, U.S.A. in 1987 370.
Serum antibodies, which stain the cytoplasm of circulating neutrophils, are a recently discovered
finding in patients with necrotizing vasculitis. These were found in two patients who also had an
eosinophilia. One was a 17-year old boy with the Churg-Strauss syndrome, and cardiac involvement, and blood eosinophil counts of 18 x 109/L, and the second was a 55-year old man with pulmonary eosinophilia, and a blood eosinophil count of 4 x 109/L 1891.
Wegeners granulomatosis which was first described in the 1930s, is a systemic disease which gives
rise to necrotizing granulomas in the upper, and lower respiratory tract, glomerular lesions, and
injury to the skin, joints, and peripheral nerves. It mainly affects the respiratory tract, and is discussed in Chapter C08.
Temporal arteritis can be found in young adults, and there is a recent case report of this disease in a
young adult with an eosinophilia of 28-48 per cent of 9.9-13.9 x 109/L total white blood cells 187.
Spontaneous dissection of the left anterior descending coronary artery, which was reviewed in 1982
1505
, has been described in 54 people who developed chest pain, or died suddenly. A striking feature
ia an eosinophil-rich inflammatory reaction in the adventitia, with dissection in the outer third of the
vessel. The coronary sinus can be involved in a similar disease process as described in a 44 year-old
woman in Sydney, Australia in 1980 206.
14. Chapter C 14 a. Endomyocardial fibrosis.
14.1. History.

Eosinophilic endomyocardial fibrosis (E-EMF) was probably first seen in 1893 in a 31-year old
woman who had a tumour in the neck, with a blood eosinophil count of 57.6 x 109/L. At post
mortem the right ventricular endocardium was found to be covered with a greyish-white mural
thrombus 1485. In 1936 Professor W. Loeffler published detailed clinical descriptions of two patients
in Basle, Switzerland, who had E-EMF, although at that time it was called endocarditis parietalis
fibroplastica, or Loefflers endomyocardial fibrosis. His first patient was a woman of 45 who died
one year after presentation, with severe right, and left sided eosinophilic endomyocardial disease.
The second was a 37year old man who died after 21 months, with similar complications. In one
patient the heart disease was associated with a severe illness whereas the second patient presented
with heart failure without a systemic illness. Another difference was that the eosinophilia increased
in one patient whereas it disappeared shortly before death in the other 1092. An English translation of
Lofflers seminal paper was published in 1948 1059, and the disease was reviewed in a German paper
published that year 158.
A second form of this disease, called tropical endomyocardial fibrosis (T-EMF), as it is mainly
confined to tropical regions, has been known since 1946 145. For several years these diseases were
considered to be distinct, although the possibility that there was a disease spectrum ranging from
tropical endomyocardial fibrosis to Loefflers endomyocardial fibrosis on the other, was suggested by Davies, and Ball, as early as 1955 406. Histological studies in the 1970s demonstrated that
they were pathologically indistinguishable, despite the different clinical settings in which they were
found. In the first of these studies, in 1970, detailed post mortems were carried out on three men
aged 25, 26 and 35 who died with HES. The findings supported the possibility that tropical
endomyocardial fibrosis might be a later stage, or an inactive form of E-EMF1500.
In the second, a comparative pathological, and clinical review of 90 patients with E-EMF was
carried out in 1973. The eosinophilia was of unknown cause in 50 per cent, reactive in 25 per cent
(polyarteritis, asthma, drug sensitivity, Hodgkins disease, and carcinomas), and due to eosinophilic
leukaemia (or HES) in 25 per cent. Among 30 hearts examined, 10 were in the acute necrotic stage,
with an illness lasting a mean of 5.5 weeks, eight were in the later thrombotic stage, with an illness
of 10 months, and 12 were in the fibrotic stage, with an illness lasting 24.5 months. Figure C14a-1.
Samples from 16 patients in the thrombotic, and fibrotic stages of E-EMF were compared with 32
specimens from patients with T-EMF, and no significant pathological differences were found. It was
concluded that T-EMF, and E-EMF had a similar pathogenesis, such as a toxic effect of eosinophils
on the myocardium 209.
Fig. 14-1: Eosinophilic endomyocardial fibrosis.
By 1972 the frequent occurrence (20 per cent or more) of E-EMF in patients with eosinophilic
leukaemia, (two rare disorders occurring together with high frequency), led to the suggestion that
there might be an intimate cause-effect relationship between the two disorders, similar to that of the
cardio-pulmonary lesions in the metastatic carcinoid syndrome:
forceful cardiac contractions might cause excessive destruction of eosinophils, and a continued
high concentration of their chemicals, and hydrolytic enzymes within the heart. This in turn may
cause endocardial inflammation, and injury. In prolonged eosinophilia, regardless of etiology, this
sort of change is likely to occur more frequently, and to be more severe. It would appear that the
endocardial lesion is the result of the eosinophilia ... 1962.
It is now thought likely that eosinophils are important in the development of the endocardial lesions
in both forms of the disease. This association has been most clearly demonstrated in E-EMF, and
there is strong circumstantial evidence that a similar, but more slowly progressive disease occurs in
the tropical form of the disease.
However the praedilection of the endocardium for this type of damage has not been explained, but
it does raise the possibility that regional differences in disease susceptibility within the heart may
account for a number of other focal, or diffuse cardiac diseases of unknown cause. It also shows
how an inflammatory response can give rise to distant effects on other otherwise normal tissues,

especially when the inflammatory process is prolonged.
Twenty six patients with E-EMF were described during the period 1936-57, and reviewed by Weiss
Carmine. Several patients had arteritic lesions, and thrombo-emboli were also noted to be an important feature of the disease 1903. Another review was published in 1955 804.
A second major review of E-EMF was carried out in 1963 with details of 14 further patients, including three more of their own, by Brink, and Weber (1963). This paper suggested that high blood
neutrophil counts might be associated with endomyocardial fibrosis,although this has not been substantiated subsequently 207.
During the past decade, the development of effective invasive techniques for studying the heart have
enabled clinicians to diagnose both diseases at an earlier stage than was previously possible. The
advent of 2-D echocardiography, endocardial biopsy, and surgical treatment, has also enabled clinical, and experimental studies to be carried out on the nature, and pathogenesis of EMF.
We reviewed the clinical features, and pathophysiology of E-EMF in 1983 1318, 1985 1319, and 1987
1691, 1689
.
By 1980, over one hundred patients with E-EMF had been described 1893. Because an underlying
eosinophilic disorder, which was often HES, often dominated the clinical picture, the heart disease
was usually described in less detail. However, the general awareness that cardiac complications
were the main presentation in at least half of the patients with HES, and that over 80 per cent would
finally develop heart disease 1683, stimulated detailed cardiological studies on these patients.
Two series of patients with HES, who have a high incidence of E-EMF, have been studied over more
than a decade in the U.S.A. 1366, and by us in the U.K. 1694.
Although EMF, with or without an eosinophilia, was initially only known in Uganda 404, and Nigeria,
there have been detailed reports from a number of other countries in the last few years including
South India, in 1983 402, 310 and 1986 104, Ivory Coast in 1985 163 Venezuela in 1983, 1457, Brazil in
1984 284, Japan in 1985 1743, Thailand in 1984 1719, Spain in 1982 1828, the Middle East in 1985 549, and
France in 1983 471. In french speaking regions, no attempt was made to distinguish the tropical
forms of the disease from the eosinophilic form. In other countries, they are usually described
separately.
In 1979, an analysis of the cardiological features of E-EMF was reported from the N.I.H., Bethesda,
U.S.A. 1366. This paper reviewed 65 previous case reports, in which 57 per cent had histological
features of E-EMF, combined with descriptions of a further 26 patients. M-mode echocardiograms
were thought to show an increased left ventricular wall thickness and raised left ventricle mass in 18
of the 22 patients (82 per cent). It was suggested that this was an early feature of cardiac involvement in HES, and might be helpful in following the progression of the disease. In seven of eight
patients, who did not show a good response to treatment with prednisolone, with or without hydroxyurea, there appeared to be a progression of echocardiographic abnormalities, whereas in eight
of 10 patients adequately treated, this did not occur. Although this was one of the first detailed
descriptions of the disease, using a combination of echocardiography, and ventricular
angiocardiograms, cardiac biopsies were not done in any of the 26 patients. Three of the 26 patients
died: one following busulphan treatment,one with a possible arrhythmia, and one with the Budd
Chiari syndrome. Although only one patient had emboli, because of the likely presence of thrombi
in the left ventricle of some patients, it was recommended that anticoagulation should be carried
out. Several patients had angiographic evidence for coronary artery disease, but this was not a
clinical problem in any of these patients.
The cardiological features of E-EMF seen in outpatients range from apparent normality, in patients
at the first stage, to gross heart failure in patients in the late fibrotic stage of the disease. In 1974, a
review of the cardiovascular complications which occurred in the N.I.H. patients with HES, and
eosinophilic leukaemia, showed that they were the same, and that the endocardial lesions were
indistinguishable from those seen in T-EMF 1499. A further report from the same centre was made in
1983 755.

The awareness of the high incidence of eosinophilic heart disease in patients with a persistent eosinophilia has made many clinicians more alert to the earlier signs of cardiac involvement: asymptomatic murmurs, micro-embolic disease, especially splinter haemorrhages, minor strokes, and nonspecific ECG abnormalities 262 Today, eosinophilic heart disease can be recognized when it gives rise
to a number of different abnormalities, besides a restrictive cardiomyopathy. In the most recent
series of 14 patients, which was published in 1985 by Take, and colleagues in Japan 1743, five patients
had acute carditis, three had electrical disturbances, three had ventricular dilatation, and three had a
restrictive cardiomyopathy.
14.2. Eosinophilic endomyocardial fibrosis.
The clinical features of the underlying eosinophilic disorders may mask or affect the clinical presentation of the heart disease, which is usually diagnosed at a late stage in the development of the
cardiac pathology, although methods are now available for recognizing this at an early stage.
14.2.1. Eosinophilic diseases with endomyocardial fibrosis.
By definition, E-EMF always occurs in patients with an eosinophilia.
It can occur in patients with any of the principal causes of a chronic eosinophilia. For example a 52
year old man was described in 1959, who had tuberculosis, treated with isoniazid, and PAS. He
developed an eosinophil count of 14 x 109/L, and died later with E-EMF. Other early work, describing patients with infections, an eosinophilia, and endomyocardial disease were also reviewed in this
report. These included patients with syphilis, malaria, tonsillitis, amoebiasis, dengue fever, and
allergic reactions to parasites, including Loa loa 1486. In Western countries the commonest disease
association is HES, but it also includes parasitic diseases, chronic drug reactions, and tumour-induced eosinophilia.
E-EMF complicating HES can occur in infancy, and childhood. Examples include:
- a girl aged five years, who died within a month of presenting with HES. At post mortem, there
were thrombi in the left ventricle, and right atrium, and emboli in a pulmonary artery, but there was
no endomyocardial fibrosis, probably because the illness was of such short duration 1479.
- a child aged seven years, who developed HES. She died after a 10 month illness, and was found to
have bilateral E-EMF, with peripheral emboli originating from the left ventricle 982.
- a 9-year old boy died after a 10 month illness due to HES, and showed the features of E-EMF at
post mortem 1324.
- a boy aged 12, who was found to have an eosinophil count of 170 x 109/L. Three years after the
onset of his illness, he died with congestive cardiac failure, due to bilateral E-EMF 1075.
E-EMF is an important complication of eosinophilic leukaemia. A review in 1961 showed that,
among five of nine patients with acute eosinophilic leukaemia with blast cells, five had cardiovascular abnormalities. Seven of the 11 patients, who only had mature blood eosinophils (which might
today be called HES), also had heart involvement. This is a total of 12 case of heart disease in 20
patients, (60 per cent) 156. In 1978 E-EMF was described in a patient with Phi positive chronic
myeloid leukaemia, and a hypoplastic right ventricle 1651.
Although it is unusual for patients in Western countries with E-EMF to have a parasitic infection, in
1972 a 40 year old woman was described who died with E-EMF, and an eosinophilia of 60-70 per
cent, and who was found to have a 10 metre-long Taenia saginata worm in her intestines 50. Patients
with E-EMF, and fascioliasis have also been reported from France in 1975 386, and 1978 1434.
Patients with a drug-induced hypersensitivity disease may develop E-EMF. In 1946 a 41 year old
man was described, who had been treated with neoarsphenamine for syphilis, and developed an
eosinophilia of 2.5 x 109/L, with heart failure, which was found to be due to E-EMF 492. In 1959, EEMF was described as a complication of an eosinophilia due streptomycin hypersensitivity 624.
Vasculitic diseases with an eosinophilia are also known to be able to lead to the development of EEMF, including the Churg-Strauss syndrome 1029.
E-EMF has been seen in patients with lymphocytic leukaemia-associated hypereosinophilia 180, 629.
An unusual clinical story of a woman with chronic eosinophilic pneumonia, who developed

hypereosinophilia, and E-EMF, was given in a clinico-pathological conference in 1980. When she
was 31, she developed pulmonary infiltrates with an eosinophil count of 6.4 x 109/L. This improved
on treatment with prednisolone, 13 mg per day. At age 35, after the steroids had been stopped, and
the eosinophilia had recurred, she developed chest pain, and went into severe heart failure with an
enlarged heart, and a pericardial effusion. A right ventricular biopsy showed E-EMF in the acute
necrotic stage. Treatment with steroids, warfarin, and digoxin, resulted in an improvement. The
discussion by Dr Shelly Wolff, centered on the differential diagnosis of this unusual combination of
clinical problems. It illustrated the wide range of eosinophilic disorders in which E-EMF can occur
2014
.
14.2.2. Clinical features.
There are now over a hundred case reports of patients with E-EMF.
As the majority of patients with E-EMF have HES, the most extensive studies have been carried out
in this group of patients, and most is known about the clinical features of the disease in this setting.
About half the patients presented with late stage disease, and half the developed it during the subsequent several years. The age, and sex incidence of the patients reflect that of HES: a mean age of
37 years.
In the late stage of the disease it has many features in common with other forms of restrictive
cardiomyopathy, and it can be confused with pericardial constriction. This difficulty in distinguishing constrictive pericarditis, and E-EMF was well illustrated by a case report from the Johns Hopkins
Hospital in 1952. The correct diagnosis was only made when surgery was carried out to remove
what was thought to be a constricting pericardium 1176. Loeffler himself described the ways in which
E-EMF is now known to affect cardiac function: endocardial thickening prevents normal diastolic
relaxation of the ventricles, and thrombotic masses decrease the capacity of the ventricles 1093.
Unlike T-EMF, ascites is uncommon, and oedema of the face and upper extremities is not often
seen, even when the patients are in gross heart failure, with persistently high right atrial pressures,
and pulmonary oedema.
The main features at the bedside are signs of chronic heart failure, with wasting, and oedema, and
heart murmurs which are most marked in patients with mitral incompetence.
E-EMF is invariably associated with a systemic disorder giving rise to the eosinophilia. This ranges
from a malignant process, which may remain hidden for several months, or years, and HES, to rare
cases of eosinophilic leukemia. In some patients with acute eosinophilic leukemia their blood disease may progress so rapidly that they do not have time to develop cardiac disease before they die.
14.2.3. Investigations of E-EMF.
The investigations of E-EMF can be considered under two headings: outpatient investigations, and
inpatient invasive studies designed to determine the extent of the lesions, and the potential value of
surgery.
The cardiac silhouette is generally normal in patients with the early, or later stages of E-EMF, until
heart failure supervenes. In occasional patients calcification can be seen in lateral chest radiographs,
although this is much more common in T-EMF. Marked calcification was reported in one patient
1057
. When pulmonary oedema occurs, this has no special features. Pleural effusions, and pericardial
effusions are sometimes seen.
14.2.3.1. Electrocardiography in E-EMF.
Electrocardiograms (ECGs) are normal until the later thrombotic, and fibrotic stage of the disease
have developed, when there are repolarization changes, characteristic of endocardial lesions. Following the development of heart failure, a number of other abnormalities in the ECG can develop,
but none of these are diagnostic.
Holter monitoring has generally not been of great help, except in defining the types of arrythmias
that often develop sporadically in patients who have the late stage of the disease, and who may be
improved by anti-arrythmic therapy. However, as arrythmias usually respond to successful cardiac
surgery (valve replacement with, or without endocardectomy), arrythmias seem to be more related

to heart failure than to involvement of conducting system, or other sites by the fibrotic process 336.
Conduction defects have been reported on several occasions 910. Arrythmias were a problem in a 48
year old man with E-EMF, who had conduction defects, a wandering atrial pacemakers, and intermittent 2:1 dissociation, which required treatment with a pacemaker 1652. Another example was in a
79 year old man who developed complete heart block 1467. This study also reviewed 65 other cases
of E-EMF, and found that 19 (29 per cent) had conduction disturbances. An His bundle electrogram
has been carried out on a patient with E-EMF. Right atrial pacing showed increased Pl-A interval
from 25 msec to 100 msec, followed by Mobitz type 1 block. This suggested that there was a
conduction delay in the atrium, and AV node, possibly due to fibrous tissue. Details of the catherization,
and angiocardiography findings in this patient were also published 705. It may be very difficult to
place a transvenous pacing electrode into the right ventricle, due to the presence of thrombus, and
fibrosis in the cavity,1583, and an open procedure may be preferable.
Ventricular fibrillation has been documented in a few patients.
14.2.3.2. Echocardiography in E-EMF.
Echocardiography is the most useful technique for defining the structural changes within the heart,
and the abnormalities in the ventricular wall which are characteristic of endomyocardial fibrosis.
M mode echocardiograms are most useful in defining the mitral valve defect that occurs in the late
stage of the disease. M-mode echocardiography findings were described in 1977 in ten patients with
HES studied at N.I.H., Bethesda,U.S.A. Symmetrical thickening of the left ventricle of greater than
11 mm, with increased left ventricular mass (greater than 275 g) was reported in all the patients.
These observations have not been confirmed in other series of patients with E-EMF, and they remain
puzzling 191.
2-D echocardiography, which can be combined with colour coded enhancement of the images, has
provided clear evidence during life of the sites of involvement of the heart in endocardial fibrosis,
and the abnormalities in the septal wall, and the presence of thrombi within the heart. It has become
the technique of choice in first-line investigations of patients suspected of having endomyocardial
disease 182, 1509. Unfortunately, only patients in the late stage of the disease show abnormalities which
can be considered characteristic of this disorder. These include enhanced echos from the endocardium in either ventricle, septum, and the base of the posterior papillary muscle.
In 1980 the findings were published of 2-D echocardiography in 21 patients at N.I.H. 1366. In nine
patients who had clinical evidence of mitral regurgitation, the 2-D echo features were correlated
with the gross features seen at operation, or at post mortem. In six patients who had peripheral
emboli, the presence of thrombus, or thickening of the posterobasal wall of the left ventricle was
detected, and it was suggested that this was the site of origin of these emboli 703. Three patients with
HES were described from Philadelphia, U.S.A., in 1983, with cardiac dilatation on echocardiography
434
. Mural thrombi have also been clearly shown by echocardiography1009, and computed tomography 1377. In 1987, pulsed Doppler echocardiography showed the marked contribution of right atrial
systole to pulmonary flow, in a woman with HES, and a large right ventricular thrombus 1446.
A detailed report on echocardiographic studies on E-EMF was reported from Hungary in 1982 1058,
and this led to the correct diagnosis in six of eight patients 69.
In London, M-mode, and two-dimensional echocardiography were done on nine patients with EEMF, among our series of patients with HES looked after at Hammersmith Hospital. The value of
this series, which was also published in 1982, was that all the patients had undergone full cardiological investigations, and the extent and staging of their heart disease was known. Amplitude processed 2-D echocardiography appeared to be more sensitive than conventional 2-D echocardiography
in detecting areas of increased relative echointensity. M-mode echocardiography only showed nonspecific abnormalities, but was particularly useful in assessing the functional defects in myocardial
function, and mitral valve disease. It was also clear from this study that echocardiography was not
as sensitive as endocardial biopsy in detecting the earlier stages of the disease. This limitation may
be important if echocardiography is to be used to monitor the effects of treatment on the progression

of endocardial fibrosis, as it may not be able to detect structurally small, but functionally significant
deteriorations in cardiac performance 397.
14.2.3.3. Cardiac catheterization in E-EMF.
Before the introduction of echocardiography, E-EMF was often mistaken for constrictive pericarditis, and cardiac catheterization, with pressure studies, was then the only technique for providing a
definitive diagnosis of the disease prior to operation. One of the first patients in whom this was
done, was reported in 1956 327.
Intracardiac pressure studies are used today to help in the assessment of pulmonary hypertension,
the work of each side of the heart, and to assist in functional studies on the possible effectiveness of
steroids, and other drugs in preventing the progression of the disease to the later thrombotic, and
fibrotic stages. Angiocardiography, which is usually carried out at the same time, is also helpful in
defining the extent of the lesions, and the effects of these lesions on ventricular function. Angiocardiography is particularly good at demonstrating intracavity thrombi.
We published the results of detailed cardiovascular assessments of 11 patients with E-EMF who
were studied at Hammersmith Hospital, between 1975, and 1981 401.
The characteristic lesions of endocardial fibrosis have been described in many patients with E-EMF.
Good examples of this are given for two patients reported from St. Thomas Hospital, London in
1976 152, and a 45 year old man, described in the U.S.A. in 1977. The latter patient died 14 months
after the onset of heart failure due to biventricular E-EMF, complicating HES. He underwent a
variety of cardiac investigations, including catherization, with pressure studies, and cardiac biopsy,
and although his blood eosinophil counts were reduced with hydroxyurea, and vincristine, his disease appeared to progress 734. An earlier report in 1974 of right sided catheterization showed almost
complete obliteration of the ventricle 179.
Pressure studies during left ventricular catheterization of a woman in 1987 with an eosinophilia of
6.068 x 109/L showed a 90 mm Hg subaortic gradient, while the catheter was pulled back from the
apex to the aortic root. This was interpreted as evidence for an obstructive cardiomyopathy, but
was more likely due to thrombus which was also demonstrated in the cavity 1214.
Cardiac biopsy of E-EMF has been carried out since 1972. Histological studies on these biopsies,
and post mortem material have defined the three stages of the disease. It has become one of the
principal methods for diagnosing it in its early stages. This technique has the theoretical advantage
that it samples the endocardium, which is the principal site of the lesion being studied 1456. Occasionally, the endocardium is so thickened by fibrous tissue that it may not be possible to obtain a biopsy.
As the fibrotic areas are surrounded by softened areas of acute inflammation, the myocardium may
also be perforated. There are also several examples of pericardial haematoma which have resulted
from cardiac biopsy.
The use of endocardial biopsy to help in the diagnosis of endomyocardial fibrosis, has been used in
London, U.K., since 1976, when the findings in two patients were reported 152, and in the U.S.A.
since 1980 616, 1278. The experience at N.I.H. were reviewed in 1982 544.
Right ventricular biopsy is most commonly carried out, because the lesions of E-EMF are always
bilateral. If the tropical form of the disease is suspected, it may be also necessary to carry out left
ventricular biopsy, because the lesions can occasionally be restricted to the left side of the heart.
In the earlier stages of the disease, biopsy of the septal wall can usually provide diagnostic material.
Generally four to seven biopsies are taken. In the late stage of the disease fibrotic lesions may not be
easily sampled, and the catheter may move to unaffected endocardium from which normal samples
may be obtained. This means that careful placement of the bioptome is essential.
14.2.3.4. Histopathology of E-EMF.
The histological appearances of E-EMF show involvement of the endocardium, underlying areas of
the myocardium, small vessels, and interstitial tissues in the granulation tissue layer of the heart.
These lesions are confined to the inflow tract, and part of the outflow tract of the heart, where a
rolled edge is often seen in post mortem samples. Occasionally, thrombi can be found attached to

the mitral, or tricuspid valve leaflets, and less commonly to the walls of the atria.
Results of histological studies of E-EMF, using both light, and electronmicroscopy, were reported
from the U.K. in 1981 87, and 1982 1314, Denmark in 1977 86, and Japan in 1985 1588, 1264.
Electronmicroscopy of eosinophilic heart disease has shown the presence of degranulated cells within
the heart.
14.2.4. Treatment of E-EMF.
The treatment of E-EMF depends on the stage at which it is diagnosed. In the early acute necrotic
stage, the aim is to prevent progession of the disease. In the later thrombotic phase, the goal is to
prevent emboli, and further disease progression. In the final stage it becomes necessary to treat
heart failure, and to consider the use of surgery.
As yet there is no medical treatment which will prevent the progression of E-EMF, although we have
preliminary evidence that prednisolone 5-15/d slowed the progression of the disease. The insensitivity of echocardiography in following the progression of the disease, except in the later stages, is
clearly a difficulty here, and cardiac biopsy has not been carried out routinely in treated, and untreated patients, to determine which form of therapy might be most effective.
The recognition that endocardial thrombi were clinically important 1753, and that thromboembolic
complications were the most common cause of death in patients with E-EMF 1694, has led to the
general use of anticoagulation in this disorder. However, there is no convincing evidence that this
has resulted in a reduction in vascular occlusive episodes. Indeed, we have looked after several
patients who developed large emboli after anticoagulation was begun.
Heparin may not as effective as warfarin in controlling the formation of clots in patients with HES.
This was seen in a patient who had mitral, and tricuspid valve replacement with Bjork-Shiley prostheses for E-EMF, and was then treated with subcutaneous heparin eight hourly, instead of warfarin.
One month later he was admitted to hospital with a thrombosed mitral valve, and peripheral emboli.
The mitral valve was replaced with a porcine graft. When the coagulation response to heparin was
assessed, he was found to need over twice the expected amount of heparin, and it was recommended
that the activated clotting time should be carefully assessed in these patients, in view of their increased thrombotic tendency 751.
Anti-platelet drugs, including aspirin, and dipyridamole have also been used, but again, their efficacy
in this condition has not been proven. Anticoagulation should to be continued for life after cardiac
surgery for E-EMF 1533.
Medical treatment which improves the underlying eosinophilic disorder in patients with HES, in turn
may prevent the progression of heart disease in these patients, but no long-term reports have yet
been provided of their use, of different forms of medical treatment, such as chronic steroid treatment, cytotoxic drugs, or other medication. Steroids may benefit patients by inhibiting eosinophil
granule secretion, and as a result, the amount of granule toxin present within the heart. This was
shown to have occurred in a51 year-old woman with the acute necrotic stage of E-EMF, complicating asthma, and a radiculopathy, who was treated with prednisolone 60 mg/day for several days,
followed by tapering lower doses. Cardiac biopsies were done before this, and two months later,
when the acute changes had resolved 963.
14.2.4.1. Surgery.
At one time the apparently bad prognosis of the underlying eosinophilic disorder discouraged surgeons from attempting a surgical approach to E-EMF. However, the outlook of the underlying
eosinophilic disorder has improved so much in the last decade, that surgery has become a worthwhile form of treatment in patients with severe endomyocardial fibrosis.
There is no consensus view about the stage at which surgery should be carried out, whether the
mitral valve should be preserved 1950, the type of valve that should be used, and the possible danger
of an increased thrombotic tendency affecting the new valve. Prior to 1980, early work in Switzerland, and the U.S.A. had led some surgeons to suspect that valve replacement would not benefit
these patients due to the high incidence of thromboembolic complications. Indeed, occasional pa-

tients have been described who developed prosthetic valve endocarditis. Three of the patients in the
series at N.I.H., Bethesda, U.S.A. who developed heart failure complicating HES had atrioventricular valve replacements. One patient had recurrent thrombotic involvement of the valves despite
anticoagulation, and after these had been replaced with pig allografts, the patient died with Staphylococcus aureus endocarditis. The other two patients, one of whom also had removal of a left
ventricular thrombus, did much better post-operatively, although there was little improvement in
pulmonary hypertension. This report emphasized the serious feature of the hypercoaguable state in
this disease, the importance of carrying out valve replacement early, before irreversible changes
have occurred in the lungs, and other organs as a result of the heart failure, and the possible value of
steroids 756. This danger was seen in a 45-year old Finnish woman with asthma, and an eosinophilia
of 9.4x109/L who developed intracardiac thrombi. Removal of the thrombus, and replacement of
the mitral valve with a Bjork-Shiley tilting disk valve, only prolonged the life of the patient for 14
months, as she died after the prosthesis had become blocked with thrombus, despite treatment with
anticoagulants 839. A patient with HES in India, was reported to have died from a pulmonary embolus from the right ventricle, in 1985 1469. Removal of a large intracavity thrombus can be successfully
carried out, as described in 1982, in a patient with an underlying malignant eosinophilic disorder 589.
Each centre has its own approach as to how surgery should be carried out. The principal points to
emphasize are that the restricting fibrotic tissue can be removed successfully, and that it does not
recur at the sites of surgery. The lesions may be more difficult to see at operation than in angiograms,
and the extent of fibrous tissue removal should be decided pre-operatively. A plain of cleavage can
be found in some patients, but in others a ragged surface will be left, but this does not cause any
special postoperative problems. The valves should be replaced with the best known material on
which thrombi will not form, in view of this high risk in these patients.
When mitral valve incompetence suddenly occurs in a patient with left ventricular disease, the effects are much more serious that when a similar process occurs on the right side of the heart, and
surgery then becomes urgent, Surgery for E-EMF was first carried out in 1972 in London, and this
patient still remains well in 1987.
By 1985, there had been reports of the use of surgery in 41 patients with E-EMF.
Four of these patients were operated on in Budapest, Hungary between 1979, and 1984. Two
required thrombectomy, two had bilateral valve replacements, and two two died. Although an
eosinophilia persisted in the two survivors, there was no evidence for recurrence of the endocardial
disease, and the patients were much improved 69, 68.
In 1980, we published details of the first two patients at Hammersmith Hospital with severe E-EMF
who underwent open heart surgery. One patient, with predominant right ventricular disease, was
treated by right ventricular endocardectomy with tricuspid, and mitral xenograft valve replacement.
In the second patient, it was only necessary to replace the mitral valve. Both patients showed marked
clinical improvement post-operatively, which was documented by cardiac catheterization, and angiography. Our review of the results of surgery on 22 other patients with endocardial fibrosis, some of
whom had an eosinophilia, showed equally encouraging results overall. In none of these patients
was there any evidence for recurrence of the endocardial lesions, or progression of the heart damage
for periods of up to seven years 399.
Three patients with HES, and E-EMF were reported from St. Thomas Hospital, London in 1976.
One of them, a 47 year old man, underwent mitral annuloplasty, and coronary bypass surgery, and
remains well 13 years later 152.
Probably the first patient to have surgery for E-EMF in the U.S.A. was a 16 year-old boy with HES,
and heart failure, who had a Hancock mitral valve replacement on 1 Apr 1976. However his disease,
including the heart failure, progressed, and he died 19 months later 1826. Mitral valve surgery was
also successful in a 23 year-old black woman with blood eosinophil counts reaching 8.75 x 109/L,
who had E-EMF causing mitral regurgitation. This responded well to mitral valve surgery 15. A
further account of the successful use of surgery for endomyocardial fibrosis was reported from

Huston in 1981 706, but there has been no comprehensive survey of the North American experience
of surgery for EMF.
In 1985 it was proposed that it might be easiest to destroy the thickened endocardium by laser
photoablation, using the focused beam of a carbon dioxide laser, or argon laser light delivered through
a 200-microns optical fiber 852, but this has not been described to date.
14.2.5. The pathogenesis of E-EMF.
The first suggestions that E-EMF, and T-EMF might have a common pathogenesis was made in the
Ivory Coast in 1956 636, and in Nigeria in 1970, where it was proposed that the eosinophil leucocytes
in susceptible persons, by some unknown mechanism, caused endo- and myocardial damage 208.
Subsequent papers have emphasized this possibility, describing the way in which eosinophils might
be damaged as they hit the wall of the ventricle, where they could release toxic substances, or
binding to thrombotic material on the endocardium, and damaging underlying contractile tissues.
We first became interested in these possibilities in 1975, and our subsequent experimental studies
have confirmed that eosinophils have a marked propensity to damage myocardial cells through a
unique series of interactions with cardiac cells.
Why the lesions are localized to the endocardium in this disease is still unknown. The two main
possibilities are that the thrombus layer on the endocardium concentrates the cells, and the toxic
proteins, so that the underlying tissue receives the largest amounts of toxic granule constituents.
The second possibility is that endocardial cells have a metabolic, or structural difference from other
parts of the heart, and other tissues, which makes them susceptible to eosinophil-mediated damage.
The peculiar blood supply to the cells in this region indicates that they might differ from other parts
of the heart in their response to inflammatory cells, but this has yet to be documented.
14.2.5.1. Human studies.
In 1976, we reported that a distinctive feature of these patients, which was linked to the development of E-EMF, was the presence of vacuoles, and a decreased number of specific granules in many
blood eosinophils. This was documented in four patients, who had more than 1 X 109 eosinophils /
L, which were vacuolated, and contained reduced numbers of crystalloid granules. A higher proportion than normal of these patients eosinophils Fc gamma R for rabbit IgG-coated erythrocytes, and
could phagocytose erythrocytes coated with rabbit IgG, or human C3b, suggesting that a large
proportion of the blood eosinophils were activated, or stimulated in these patients 1696.
As eosinophils had been shown to be able to damage some antibody-coated parasites in vitro, a
study was done at N.I.H. in 1978 to see whether eosinophils could kill antibody-coated heart cells in
vitro. Blood eosinophils were isolated from 10 patients with HES, and their cytotoxic capacity was
assessed against antibody-coated human, or chicken red blood cells, Chang cells, and Girardi human
heart cells during an 18 hour assay. As only 15 per cent of the Chang, or Girardi heart cells had been
killed, and only 33 per cent, and 43 per cent of human, and chicken red blood cells respectively were
lysed, it was concluded that eosinophils were unlikely to damage the heart in this way 1367. A direct
effect of eosinophils, or their products on the heart seemed more likely, as seen in post mortems
showing eosinophils microabscess in the heart 1385.
At that time our principal reason for believing that E-EMF was caused by eosinophils, was that it
was described in any of the many diseases which produce an eosinophilia. The only common pathogenic feature of these different diseases was the presence of a marked increase in blood eosinophils
1317, 2015, 1692, 1688
.
There are few examples of E-EMF developing in patients with eosinophilic leukaemia, because they
usually die from leukaemic complications soon after diagnosis. However, a patient has been described who had a marked blood eosinophilia with blast cells in the circulation, and who developed
endomyocardial fibrosis 1095.
There are several case reports of carcinoma of the lung-induced E-EMF, in which the onset of the
heart disease could be correlated with the eosinophilia. We reviewed these reports in 1985, and
added details of a patient of our own in 1985 1701.

One of the first papers to describe this association was reported from London in 1975. The patient
was a 51 year-old man with a large cell carcinoma of the lung, who was studied over a two year
period before he died in heart failure, and was found to have biventricular E-EMF at post mortem.
He also had alcohol-induced flushing attacks, violent headaches, and eosinophil counts which rose
as the tumour mass increased, and fell after excision of the main tumour mass, and subsequent
radiotherapy. It was suggested that E-EMF was the result of an allergic response to the tumour,
involving eosinophils 117.
In 1978, a patient was studied in detail in Boston, U.S.A., 871. In this case report, the association
between degranulated eosinophils in the blood, and the development of heart disease was particularly well documented, supporting the view that eosinophil granule products might be involved in
the development of the heart disease.
Another report of a similar disease process were published in the U.S.A. in 1982 1647, and 1983 1961.
One of the most striking demonstrations of the interaction between eosinophils, and the heart, is in
an ultrastructural study from Japan, where a degranulating eosinophils were seen adjacent to a
cardiac myocyte, in a cardiac biopsy from a patient with eosinophilic endomyocardial disease 1264.
Figure C14a-2. A monoclonal antibody which only binds to activated eosinophils 1742 can be used to
look for the presence of these cells in the blood, but no formal study has yet been carried out to see
whether the number of activated cells in the circulation can be used to define, or monitor patients
most likely to develop E-EMF.
Fig. 14-2: Degranulating eosinophil in a cardiac biopsy.
There is a growing body of evidence that eosinophils may stimulate the coagulation system, not only
by effects on the clotting sequence 1148, 381, 1849, but also by affecting endothelial cells, and platelets 1049.
Patients with a marked eosinophilia, and E-EMF, appear to be forming thrombi continually, as judged
by high serum levels of platelet factor 4, beta thromboglobulin, and high fibrinogen (Davies et al.
1986, unpublished). The possible importance of this mechanism in the induction of E-EMF has been
outlined in an echocardiographic study in which thrombi were considered to precede and/or augment the fibrotic process, leading to atrioventricular valve dysfunction. It was suggested that scar
formation in the ventricles in patients with E-EMF was the result of the organisation, and incorporation of thrombus into the ventricular cavity wall 703, although this has not been seen in other
studies.
In 1987, we reported the results of an immunopathological study on cardiac tissues taken at necropsy,
or at cardiac biopsy, from 18 patients with E-EMF, to look for the presence of the toxic eosinophil
granule proteins within the heart. Serial sections were stained for MBP by indirect immunofluorescence, and for ECP, EDN/EPX, and activated eosinophils with alkaline- phosphatase-linked
monoclonal antibodies. Activated eosinophils, and secreted eosinophil granule proteins were mainly
detected within the necrotic, and later stage thrombotic lesions, in areas of acute tissue damage in
the endocardium, and in the walls of small blood vessels. These findings suggested that eosinophil
granule proteins could be causing the cardiac muscle damage, and vascular injury which leads to the
development of endomyocardial fibrosis 1733.
Several disease which give rise to a persistent eosinophilia are not commonly associated with eosinophilic heart disease. These include bronchial asthma, cryptogenic eosinophilic pneumonia 41,
hayfever, and other allergic disorders. This implies that there may be protective factor(s) in the
blood of these individuals, or that the stimuli which cause eosinophil degranulation in these diseases
are different, and only affect eosinophils which are distant from the heart.
14.2.5.2. Experimental studies.
Direct evidence that eosinophil granule proteins were involved in the killing of heart cells has come
from our studies on isolated rat heart cells which were killed in a dose dependent manner by secretion products from human blood eosinophils 1736. These produced an alteration in the plasma membrane of isolated myocytes, which stimulated increased oxygen uptake to provide additional ATP. A
second mechanism was shown to involve a direct toxic effect of eosinophil granule proteins on

cardiac mitochondrial enzymes. 2-oxoglutarate dehydrogenase was inhibited in a stochiometric
fashion, and pyruvate dehydrogenase was also inhibited. These were sufficiently potent, and irreversible effects for it to be clear that heart cells would die if these proteins could traverse the plasma
membrane, and reach mitochondrial constituents.
There is recent confirmation for the effects of eosinophil cationic proteins on cell membranes, as
they can induce pores to form in the surface of lipid bilayers 1986.
Two of the most toxic cationic proteins in eosinophil granules, ECP, and EDN/EPX, both have
ribonuclease activity, and are probably evolved from a common gene 661. Whether ribonucleases
have a predilection for the endocardium has not yet been studied, but this could explain the unusual
distribution of cardiac necrosis, and fibrosis in this condition. Other possibilities which have been
considered are the special blood supply to this part of the heart, or physical effects of the blood
stream within the cavity of the heart affecting the inflow tract, and apex of the ventricles.
Future work on endocardial fibrosis will be concentrating on the nature of the eosinophilic disorders
themselves which give rise to this disorder; the nature of the stimuli which induce eosinophil secretion within the heart, and the factors within the endocardium which localize the lesions to these
unusual anatomical sites. It is hoped that when more is known about these, effective forms of
therapy, and prevention of E-EMF may become available, and it may be possible to distinguish
patients in the tropics at risk of developing T-EMF.
14.3. Tropical endomyocardial fibrosis.
Tropical endomyocardial fibrosis (T-EMF), was first described in 1946 in african troops serving in
the Middle East by Bedford, and Konstam 145. They summarized their finding of 40 african troops,
mainly from West Africa who had unexplained heart failure. Some of the patients had an eosinophilia, and many had parasitic infections. Post mortem examination of 17 showed an obvious and
extensive subendocardial fibrosis, with fibrous areas resembling shallow infarcts in the ventricles,
adherent to which was organized antemortem clots. The disease was rediscovered by J.N.P.Davies
in 1948 in Uganda. It occurs in regions five degrees north, and south of the Equator in Africa, India,
and South America. Sporadic cases occur in other parts of the world. Most patients who present in
the U.K. have lived in the tropics for several years before the disease presents 210. In parts of Nigeria
21 per cent of acquired heart disease is due to this disease 43, and it is equally common in parts of
South India. It has many features in common with eosinophilic endomyocardial fibrosis, and the
diseases are pathologically indistinguishable. However, the different clinical backgrounds of the
patients with each type of heart disease was the reason why the two disorders were treated separately for many years.
It now seems likely that the pathogenesis of both disorders is linked to a marked blood eosinophilia,
and eosinophil granule deposition within the endocardium in the early stages of the heart disease. In
the case of the tropical form of the disease, evidence to support this has been difficult to obtain. Few
patients are seen in the early stages of the disease, and so no cardiac biopsies have been done at a
time when the lesions are developing. The tropical form of the disease may progress slowly, so that
the heart has time to hypertrophy, and most patients only present when they develop heart failure. In
1982, a workshop on endomyocardial fibrosis was held in London, with contributions from Africa,
India, and South America, and Europe. The clinical features of the various forms of the disease in
each of these parts of the world was presented, with work on pathology, pathogenesis and treatment
1320
.
14.3.1. Clinical features of T-EMF.
T-EMF occurs in a younger age group than the eosinophilic form of the disease. Children are
affected as well as teenagers. Occasionally the disease is seen in older people. It occurs equally in
males, and females 1597. In some patients the disease is unilateral, affecting the right ventricle only in
15 per cent of cases, and the left ventricle only in five per cent of cases.
These patients usually come from poor, malnourished communities, who presumable have a high
parasite worm burden, although no comparison has been done of this in relation to unaffected peo-

ple living in the same region. A marked association with filarial infections has been noted in Nigeria
855
, but this is unlikely to be an important cause of the disease in patients with EMF in South America.
On the other hand in Kerala, South India, where filariasis is hyperendemic, this may be the major
parasite inducing an eosinophilia, hypergammaglobulinaemia, and subsequent endocardial damage
1861
.
The classical clinical appearances of patients in the late stage of T-EMF include an oedematous face,
and eyelids, ascites, relatively few heart murmurs, but a markedly enlarged heart, and no ankle
oedema 405. The patients looks malnourished, and chronically ill, but the heart failure appears to be
remarkably well compensated for in many cases. Goodwin has noted that marked right ventricular
disease with almost complete obliteration of the ventricular cavity in T-EMF, is seldom seen in EEMF 697.
Thrombotic, and embolic lesions are uncommon, and retinal abnormalities, which are common in
HES, have not been reported in T-EMF.
T-EMF is seldom associated with gross heart murmurs even in the late stage of the disease, in
contrast with E-EMF, where a murmur is almost invariably present. Amongst a group of five patients in Ibadan, Nigeria, with clubbing of the fingers, and cyanosis, the cardiac murmurs most often
noted were an opening snap, and a mid-diastolic murmur at the apex 535. The classic features of a
restrictive cardiomyopathy are present in most patients in the late state of the disease. Occasionally
patients may have a markedly dilated left and/or right ventricle, particularly in the tropics, and in rare
cases, it may be difficult to distinguish endocardial fibrosis from constrictive pericarditis.
The differential diagnosis includes Ebsteins anomaly 29. Atrial fibrillation, myocardial calcification,
and pericardial effusions are more common in endomyocardial fibrosis, than in Ebsteins anomaly 102.
A comparison of the ECG findings in 18 patients with Ebsteins anomaly,and 20 with right ventricular T-EMF was published from South India in 1982 863. Other important differential diagnoses are
rheumatic heart disease, cardiac tumours, ventricular thrombi, and congenital heart diseases presenting in later life.
14.3.2. Investigations in T-EMF.
Now that surgery has become available for T-EMF, investigations need to be as thorough as in the
eosinophilic form of the disease. In tropical countries chest radiographs, and echocardiograms are
most useful, but cardiac catheterization is usually carried out prior to surgery. Investigations for
associated disorders such as parasitic infections are obviously important in patients in the tropics,
and these should be treated before surgery is done.
The cardiac silhouette is usually markedly increased, with or without pulmonary infiltrates, and
occasionally marked calcification can be seen 1258. ECGs show axis deviation, repolarization changes,
and rhythm abnormalities in proportion to the degree of heart failure.
14.3.2.1. Echocardiography in T-EMF.
Echocardiography is the most useful single investigation of T-EMF, and several groups have now
been reported their findings.
M-mode echos provide measurements of the degree of mitral valve involvement, and the abnormalities in the septal wall. These are helpful prior to cardiac surgery, but cannot be used for diagnostic
purposes, as they may be found in other cardiac disorders. There have been several echocardiographic
studies on EMF 265. M-mode echocardiographic findings have been well described in one group of
21 patients 635.
2-D echos provide a clearer picture of the left and right ventricles, and the extent of endocardial
fibrosis. In our studies in Kerala, South India, we found that it was helpful to use colour coded 2-D
echocardiography to define the sites of fibrosis 1860. Abnormalities in the movement of the ventricle
can help to distinguish ischaemic, and dilated ventricular muscle diseases from T-EMF, in which
ventricular contractility is often well maintained, and infundibular contractility is enhanced. This
was seen in a 2-D echocardiography study in Venezuela, which also demonstrated the value of this
technique in distinguishing T-EMF from Chagas heart disease which is common in that region.

Preservation of the left ventricular apical systolic inward motion in T-EMF contrasted with other
diseases which caused apical abnormalities 14.
14.3.2.2. Cardiac catheterization in T-EMF.
Cardiac catheterization is rarely carried out in T-EMF, except in patients who are to undergo surgery. The procedure is not without danger, especially in patients with severe, and long-standing
heart disease with rhythm abnormalities. It is rarely carried out for diagnostic purposes, although
this may occasionally be necessary when 2-D echocardiograms are difficult to interpret.
In South India, the results of cardiac catheterisation of patients with T-EMF were described in 1983
310
. The appearances of minimal involvement of the right ventricle in patients with predominant left
ventricle disease have been reported 1559. Selective coronary angiography was done in 24 patients
with T-EMF in the study carried out in the Sree Chitra Tirunal Institute for Medical Sciences and
Technology, Kerala, South India. Eight had right ventricular disease, two left ventricular disease,
and 14 biventricular disease. Abnormalities included a vascular blush, localized ventricular filling
from the region of the blush, and tortuosity of the coronary arteries, lending support to the suggestion that mural thrombi could be important in the development of the endomyocardial lesions 103.
Post mortem coronary angiograms have been reported from Japan 840. In four cases studied in China
in 1983, massive enlargement of the right atrium was noted 1088.
The outline of the left, and right ventricles is clearly shown to be abnormal in classical
angiocardiographic studies.
Cardiac biopsies have been carried out on a small number of patients with EMF, since it was first
reported in 1971 1662. The procedure can be especially difficult in patients in gross heart failure, and
because heavy deposits of fibrous tissue can resists the jaws of the bioptome.
14.3.2.3. Histopathology of T-EMF.
The gross appearances of T-EMF have been well described, and reviewed: The thickened endocardium may end in a thick-rolled edge in the outflow tract, and granulation tissue often extends from
the thickened endocardium into the underlying myocardium 1313. The post mortem, and histological
appearances of T-EMF are indistinguishable from those seen in the late fibrotic stage of the eosinophilic form of the disease 1501.
The post mortem histological features of T-EMF have been reviewed in studies from Uganda 1598,
and South India 912. The imunohistochemical features in some patients in South India have also been
published 911.
Only a few ultrastructural studies on T-EMF have been published. The appearances in two patients
who were studied in France were reported in 1977. One showed the classical appearances of pure
fibrosis, which was acellular, and associated with degenerative changes in the heart muscle cell; the
other consisted of young fibrous tissue with numerous fibroblasts secreting a copious fibrillary substance which may have been the precursor of collagen fibres 719. In 1984, the ultrastructural features
of the lesions were described in seven patients in South India. The eosinophils showed alterations in
their granule morphology, which were similar to those seen in patients with E-EMF 1005.
14.3.2.4. Extra-cardiac lesions in T-EMF.
Although there is little clinical evidence for involvement of skeletal muscle in the process which
leads to T-EMF, in 17 of 20 consecutive, angiographically proven cases of EMF in South India,
there was evidence for myopathic changes in electromyograms of skeletal muscle, which was more
pronounced than in a control group of patients with heart failure due to other causes. However
light-microscopic study of the quadriceps muscles in eight of these patients showed no abnormality
72
.
Renal involvement, although well known in HES, has only recently been noted in T-EMF. Glomerular lesions included capillary wall thickening, basement membrane duplication, mesangial expansion,
and interposition, intraluminal fibrin, and dense subendothelial deposits. These changes were thought
to result from the deposition, and organisation of immune complexes 393.
Feminization, which is not seen in patients with E-EMF in temperate climates, has been described in

patients in Nigeria with T-EMF. This was related to low serum testosterone levels. 185. Interestingly,
the same group also found raised serum immunoreactive prolyl hydroxylase protein levels, galactosylhydroxylysyl glucosyl transferase activity, and type III procollagen aminopropeptide levels in the
serum of some of these patients 186.
14.3.3. Treatment of T-EMF.
At present the treatment of T-EMF is largely limited to the late fibrotic stage, when surgery is the
only effective treatment for patients who may have been in heart failure for several months, or years.
Preparation for surgery is clearly important, and bedrest combined with carefully regulated diuretic
treatment is usually required. A problem with diuretics is that the cardiac output depends to some
extent on a high filling pressure, so treatment should be given carefully, and over several weeks, in
order to prevent a sudden fall in cardiac output.
14.3.3.1. Surgery.
By 1985, there had been reports of the use of surgery in 94 with T-EMF 69, and many more have been
carried out successfully since then. Surgery for endomyocardial fibrosis is now carried out in each
of the major areas of the world in which this disease occurs, and the success rate has been much
higher than might have been expected a decade ago. This is largely because the underlying myocardium remains intact in the majority of patients, and the relief of incompetent valves, and removal of
restricting fibrotic tissue can return the cardiac output to near normal.
The main issues to consider before surgery is carried out, are whether the procedure should involve
valve repair, or replacement, endocardectomy, and/or thrombus removal. A small number of patients with dilated hearts, and poorly functioning left ventricular muscle, may not benefit from any of
these procedures 1792, emphasizing the importance of considering surgery before the cardiac disease
has led to irreversible myocardial injury. Occasionally, it may be possible to remove localized areas
of fibrosis from the left ventricle, leaving the mitral valve intact 1259.
In 1971, Dubosts group in Paris began to use open heart surgery to treat endomyocardial fibrosis.
His patients came from the Gabon, a French colony with a high incidence of filariasis, especially Loa
loa. The importance of this pioneering work was not immediately recognized outside France, although it is now clear that Dubosts, and Carpentiers group have operated on more patients with
this disease than any other outside the tropics 1450, 637. The techniques, and results of cardiac surgical
treatment in five patients with T-EMF treated in Paris, were reviewed by Dubost, and his colleagues
in 1976, and 1977. The operations included endocardectomy on the left, and/or right side, and valve
replacements, with Starr, or Bjork prostheses, or heterografts. Survivals ranged from two to 56
months, or more 469, 470.
Between 1975-85 four women with T-EMF in Budapest, Hungary, had endocardectomy, and two
had thrombectomy successfully performed, among a group of 11 patients with endomyocardial fibrosis. One had bilateral valve replacement. The outcome was successful in all four patients 69.
The indications for surgery for T-EMF in French speaking areas in the tropics have been defined 163,
and the extensive work in Abidjan, Ivory Coast have been reported. Results in 55 operated patients
were given in 1985 1199. Twenty patients were reported in an earlier paper from the same centre 1200.
The value of mitral valve repair in four patients was also described by this group 1201. Difficulties in
diagnosing localized left ventricular disease affecting the mitral valve has also illustrated in a report
of six patients in the same centre 1202.
The indications, and results of cardiac surgery were reported from South India in 1983: from Kerala
1827
, and Tamil Nadu 311. In Kerala 17 of 25 patients with T-EMF were followed up for a mean of
over 13 months after endocardectomy, and atrioventricular valve replacement. Although there was
no change in right ventricular shape after endocardectomy, left ventricular shape was restored to
near normal. This study, like earlier reports, stressed that the benefits were mainly a result of the
correction of mitral regurgitant lesions, and an improvement in ventricular compliance 104. Successful surgical correction of T-EMF has been carried out in India, in a child only 12 years old 878.
In Recife, Brazil, thirty patients with T-EMF were submitted to endocardial decortication, and atrio-

ventricular valve replacement between 1977, and 1981, and the benefits of cardiac surgery were
considerable 1238.
As T-EMF is rarely seen in the U.S.A., there have been no large series of surgically treated patients,
although I know of one who had an unsuccessful cardiac transplant in 1983. Similarly, in other parts
of the world, only occasional reports have been published. One of these was from Tehran, Iran, in
1979, of successful decortication of the right ventricle, mitral valve repair, and tricuspid valve replacement 1606.
14.3.4. Pathogenesis of T-EMF.
Many different pathogenetic mechanisms have been proposed for T-EMF, but there is still no generally accepted explanation for why it is largely limited to regions close to the equator, and to the
poorer people living in these areas. As it may occasionally develop in western visitors to these
places 210, 719, it is likely that environmental factor(s) are involved. There is little evidence for a
familial susceptibility, although the disease has been seen in more than one member of a family in
Kerala (Vijayarhagavan 1985, personal communication).
The unusual geographical distribution of T-EMF, especially its high incidence in Rwandan immigrants to Uganda, compared to the local population, led to the suggestion that genetic factors might
be important, in addition to environmental factors, such as diseases causing an eosinophilia. However, as a comprehensive epidemiological study on the prevalence and natural history of T-EMF is
not available, it has not been possible to determine the relative importance of genetic, and other
factors 832.
In Nigeria, where T-EMF is a disease of the rain-forest belt, several prospective studies are under
way to look at these questions 533. The finding of raised IgM levels, with normal IgG, and IgA
levels, in some patients in Nigeria, strengthens the case that an unusual response to an infectious
disease may underly this disease 279, 864.
There has been circumstantial evidence for many years that an inflammatory reaction might be the
initiating event in the development of T-EMF. In 1965 Parry, and Abrahams noted in Nigeria that in
some patients who developed T-EMF, a constitutional illness could preceed clinical cardiac disease.
In patients who were judged to be at the earlier stage of the disease, there were often inflammatory
cells, and necrosis in the endocardium 1370. Shaper in Uganda in 1972 detected antibodies to heart
muscle antigens in some patients, but there was a closer association of this disorder with malaria
antibody levels 1599. He suggested that some unknown mechanism induced both the heart damage,
and the eosinophilia which is often associated with the disease 1597.
14.3.4.1. Eosinophils, and T-EMF.
The suggestion that eosinophils could be responsible for the endocardial lesions in T-EMF stems
from the clear evidence that they are involved in causing the eosinophilic form of the disease. There
are also reports in western countries of patients who had a marked eosinophilia, which disappeared
several years before they were shown to have endomyocardial fibrosis 1868. Unfortunately, T-EMF is
seldom diagnosed at an early stage, and there are few reports of accurate eosinophil counts in this
disease. However 12 of the first 24 patients with T-EMF who were reported by Davies in 1948 had
an eosinophilia 403. In a detailed study reported in 1967 on 16 patients with T-EMF in Uganda,
although absolute eosinophil counts were not reported, six had eosinophil differential counts of up
to 64 per cent 350. In 1977, mean blood eosinophil counts in 15 patients with T-EMF in Uganda were
1.13 x 109/L, compared with 0.72x 109/L in a control group, but the range of counts was similar, and
the differences were not significant 1376.
Amongst a group of 77 patients who were studied in 1967 in Nigeria, 33 (43 per cent) had eosinophil counts greater than 1.0 x 109/L 855. Several surveys are continuing in West Africa, and India,
where there is some evidence that patients with an eosinophilia may later develop T-EMF. In Venezuela, a small prospective study was carried out on 14 patients with an eosinophilia for a mean of
14.5 months, but echocardiography, and clinical studies showed no abnormality 14. It may be more
important to assess the numbers of degranulated eosinophils, rather than total eosinophil counts, as

two patients with T-EMF in the Venezualan study were noted to have degranulated blood eosinophils
14
. In a study on 10 patients with T-EMF in Nigeria, serum ECP levels were not statistically different
from 15 controls. This may have been because they were in the late stage of the disease 1813.
An alternative view is still held, which stems form early work in Uganda, showing connective tissue
swelling in the endocardium, and inner myocardium at post mortem 351. This view proposes that the
cardiac injury is primarily the result of an immediate hypersensitivity reaction, in which eosinophils
only play a secondary role 39. These issues were discussed by Falashe in 1985 534.
There has been a strong possibility for many years that some patients with filariasis may go on to
develop EMF. Amongst a group of 77 patients who were studied in 1967 in Nigeria, 70 (91 per
cent) had Loa Loa. This study was one of the first to suggest that there might be an association
between filariasis, an eosinophilia, and the development of T-EMF in this area 855. There is a suggestion from India that obstruction of heart lymphatics in lymphatic filariasis could produce T-EMF 1478,
but there is no supporting evidence for this.
The possibility that filariasis, and eosinophilia may lead to the development of T-EMF was examined
in a prospective study on 1,956 patients aged less than 20 in northern Nigeria, which was reported in
1981. Forty-four patients (2.2 per cent) had eosinophil counts greater than 3 x 109/L. Twenty-two
patients had filariasis (loaiasis), with mean eosinophil counts of 1.48 x 109/L, and all responded to
treatment with diethylcarbamazine. Thirteen patients had heart disease at presentation, and eight
were found to have T-EMF, even though their eosinophil counts had returned to normal with treatment. Angiocardiograms were done in six patients. One patient died, and was shown to have TEMF at post mortem. This study adds further evidence to the possibility that a chronic eosinophilia
due to filarial infections can lead (over several months, or years) to the development of endomyocardial
fibrosis. This sequence of events was documented in a six-year old boy in this series 38. Full details
of his illness were published later: He was admitted to hospital with acute filariasis, and despite
effective treatment, and disappearance of the eosinophilia, he died 2 years later with predominant
right-sided T-EMF 39.
By 1981, 25 europeans resident in the tropics had been reported to have developed T-EMF. Nineteen had a marked eosinophilia, and 15 had microfilaria in their blood. Disappearance of the eosinophilia at the late stage of the heart disease has also been noted in some of these patients 39.
14.4. Animal models of endomyocardial fibrosis.
There is some hope that an animal model of EMF could be produced. For example, in male SpragueDawley rats, endomyocardial fibrosis, which mostly affected the left ventricle, was observed one to
14 weeks after a course of treatment with the carcinogen N-nitrosomorpholine 1169. Endomyocardial
lesions were also seen in mice which were given a lethal infection of Plasmodium berghei 503.
14.5. Comparisons of E-EMF, and T-EMF.
In 1983 Olsen in London, U.K. reviewed the concept which unites T-EMF, and E-EMF 1316. He felt
that the evidence linking these apparently separate diseases together, with a common pathogenesis
(eosinophil-mediated cardiac injury), means that endomyocardial fibrosis should now be classified
as a specific heart muscle disease, rather than a cardiomyopathy, which by difinition is of unknown
aetiology 1315.
In the same year, we reported the results of a comparative study of T-EMF, and E-EMF in patients
with HES, in London, to try to explain the different clinical features of the two disorders. Fortyseven patients with T-EMF were studied in South India, and eight in Brazil. Their clinical features
were compared with eleven patients with E-EMF studied in London. Figure C14a-3. The patients
in Britain were older than the patients in the tropics, and the male predominance in the U.K. was not
found in the other patient group. In Britain, half of the patients presented in the acute necrotic stage
of the disease, whereas patients in the tropics only presented in the late stage. This was linked to the
association of endomyocardial fibrosis in London with HES, which has a mean age incidence of 37,
whereas in the tropics, the patients were from poor malnourished communities, with heavy parasite
loads, especially filariasis. Another important difference was that isolated right, or left ventricular

disease was found in a quarter of the patients in the tropics, whereas this did not occur in patients in
London. In order to account for these differences, it was suggested that the rate at which the heart
disease developed in these different regions was determined by the underlying disorder producing
the eosinophilia. In temperate climates, the systemic effects of toxic eosinophil granule proteins
was thought most likely to produce bilateral rapidly progressive disease, whereas in the tropics, the
eosinophilic disorder might be more chronic, and the effects could be limited to one or other side of
the heart, depending on where eosinophil degranulation was induced to occur 402.
Fig. 14-3: A comparison of eosinophilic, and tropical endomyocardial fibrosis.
15. Chapter C 15. Diseases of the blood.
Although any disease which affects the bone marrow may affect eosinophil production, this is
seldom commented on, and primary disorders which principally, or exclusively affect eosinophils are
relatively rare.
15.1. Inherited diseases affecting eosinophils.
A few inherited blood disorders such as Omenns syndrome (see p 306), and other immunodeficiency diseases, can be associated with a marked increase in blood eosinophil counts. Other inherited disorders can produce defects in eosinophils. For example they occur in eosinophils from
patients with gangliosidase deficiencies. This was shown in 1985 in blood, and bone marrow samples from four patients with GM1 gangliosidosis type I. The cells contained poorly stained, and
unevenly spaced granules, many of which were larger than normal, and had abnormal ultrastructural
appearance 647.
Several of the major immunodeficiency diseases which are noted mainly for their effect on neutrophils
also affect eosinophils. These include chronic granulomatous disease, the inherited Pelger-Huet
anomaly, and the Chediak-Higashi syndrome.
15.1.1. Eosinophil peroxidase deficiency.
The only genetic disorder confined to eosinophils is peroxidase (EPO) deficiency, which has been
noted sporadically. Genetic defects in neutrophil myeloperoxidase are common. The gene for this
tetrameric protein was cloned in 1987 881, and it was found that the deficiency was due to the
inheritance of abnormal myeloperoxidase gene(s) which did not undergo correct post-translational
processing. There is also a case report of a patient with deficiency of the neutrophil cationic proteins
defensin, and gelatinase 1147, but genetic abnormalities in the eosinophil basic proteins, ECP, EDN/
EPX, and MBP, has not yet been noted.
EPO deficiency occurs either as a complete, or partial deficiency. Interestingly, members of the cat
family, and some other animals have blood eosinophils which do not stain for peroxidase 1810. See all
Chapter B-01.
In 1968, two children aged 3, and 7 were found by Presentey to have blood eosinophils which had
hypersegmented nuclei, decreased numbers of granules, and complete absence of staining for EPO,
and phospholipids. Myeloperoxidase was unaffected 1437. This appeared to be a new inherited
enzyme deficiency 1439, which was due to an autosomal recessive defect 1440.
He then made a detailed assessment of the staining characterisitics of EPO-deficient eosinophils
from two families, which showed that as Sudan black staining phospholipids were also reduced,
phospholipids were probably associated with EPO in eosinophil granules1438. By 1976, he had extended his studies to more families, and was able to show shown that this anomaly was not associated with clinical problems 897.
In a six year study of 63,465 Jews resident close to Rehovet, and in Galilee, Israel, he reported in
1982 that there were 74 with complete absence of EPO, and phospholipid deficiency in blood eosinophil granules. These people were mainly Yemenite Jews. It was shown to be an autosomal
recessive trait, and in 14 individuals, more than one member of a family was affected. Partial loss of

peroxidase staining was seen in 14 people. None of the EPO deficient people had a related clinical
disorder, and they were able to produce an eosinophilia normally. It was suggested that this deficiency could be used as a useful genetic marker in affected populations 1444.
Although complete EPO deficiency is very rare in Caucasians, twins with this defect were reported
from Lille, France, in 1987 1060. As yet no functional studies have been reported using EPO-deficient
eosinophils. It is not known, for example, if they can kill parasites in vitro, or degranulate normally,
and whether they have a normal complement of the other basic proteins. Ultrastructural studies
have showed enlargement of the cores of the granules, and thinning of the matrix region, where
EPO, and phospholipid are usually found 1441, 1060.
Partial EPO deficiency is seen less commonly, but the use of automated flow cytochemistry, which
uses peroxidase staining, has brought some case to light. In 1980, partial deficiency of
myeloperoxidase, with complete absence of EPO, was detected using an automated Hemalog D
machine. The patient was a 48-year old man with intellectual deterioration due to ceroid lipofuscinosis:
Kufs disease. Electronmicroscopy studies showed many eosinophil granules did not stain for peroxidase. It was thought that the peroxidase deficiency did not explain the neurological disorder, as
other patients with complete EPO deficiency have not had cerebral diseases200. However, partial
deficiency of EPO in a 4-year old Turkish boy with mental retardation was also noted in Holland
using a Technicon H-6010 automated flow-cytochemical analyzer. The residual peroxidase activity
was almost completely cyanide resistant 805, like the peroxidase in normal blood eosinophils 1226.
15.1.2. Other inherited blood diseases affecting eosinophils.
The Chediak Higashi syndrome affects many species, besides man. The eosinophils are structurally
abnormal with giant cytoplasmic granules. These probably arise from the fusion of pre-existing
granules 531.
In the X-linked form of chronic granulomatous disease, there is an abnormality in a gene which
codes for a transmembrane protein, which anchors cytochrome b558 to the plasma membrane. The
nature of the defects in the other genetic forms of the disease have not yet been defined 1147. In 1986,
a report on the eight patients seen at N.I.H., Bethesda, showed that they all had a minor increase in
blood eosinophil counts. Eosinophils in four patients had a small capacity to form formazan from
nitrobluetetrazolium salts, and it was suggested that this could produce a false positive result in this
test for the disease 1498.
An autosomal dominant trait, in which eosinophils, and basophils contained unusual cytoplasmic
crystalline inclusions was described in 1978. This did not appear to have caused any clinical problems 1793. In 1981, a familial trait in eosinophil, which contained more that five cores per granule,
was also reported 1361.
The Pelger-Huet anomaly can occur as an inherited, or an acquired abnormality in eosinophils. An
example of the inherited form was described in 1987 in a three year-old boy, who had blood eosinophil granules which were reduced in number, and contained crystalloids of many different shapes
1332
.
The acquired form of Pelger-Huet may be more common, as it occurs in patients with myeloproliferative diseases 1153, and it can be limited to the eosinophil series. The fourth example of this defect
in eosinophils from a patient with myelofibrosis was described in Italy in 1980 588.
15.2. Fanconis anaemia.
Abnormalities of eosinophil development have been seen in occasional patients with Fanconis anaemia. Abnormal crystalloids were seen within eosinophil granules in one patient. In another patient
there were nuclear pockets, and eosinophil granules contained globular material, with some
autophocytic vacuoles in the cytoplasm 120.
15.3. Cyclical haematopoiesis, and eosinophils.
Several patients have been described with cyclical alterations in the number of eosinophils in the
bone marrow, and blood 16, 513. This appears to be part of a disturbance of haematopoisis which
affects some, or all of the blood cells, and produces maturation arrest, for a period, at the myelocyte,

or myeloblast stages of differentiation. The most significant alteration is in blood neutrophil counts,
which fall periodically. About 20 per cent of these patients have a moderate eosinophilia 1028.
15.4. Acquired platelet dysfunction with eosinophilia.
The syndrome of acquired platelet dysfunction with eosinophilia, which is mainly seen in children in
tropical countries, has been known for over a decade 1223. Although its pathogenesis is unknown, it
has been linked to the presence of intestinal nematode infections 1010. Most publications on this
syndrome have come from Singapore, Thailand 1729, Singapore, and India.I have seen several patients with the syndrome in Kerala, South India. There is also a report of a patient in the U.S.A. 140,
and another in the U.K.: This was a girl aged 8.5 years, who returned from a visit to Malaysia with
multiple painless bruises. Her blood eosinophil count was 1.66 x 10.9/L. Her bleeding time was 20
minutes, and her platelets did not aggregate with collagen. Immune complexes were also found in
her serum. It was suggested that the disease could be either due to a defect in the platelets, making
them unable to release ADP after stimulation with collagen, or that there was a storage pool effect
of immune complexes on blood platelets 1255. Seven adults aged 19-21 years were reported from
Singapore in 1984 1767. The defect can be partially corrected by platelet transfusions 769.
15. Chapter C 15 a. The idiopathic hypereosinophilic syndrome, HES. I. Clinical features.
The idiopathic hypereosinophilic syndrome (HES) is a term used to cover a variety of eosinophilic
diseases, in which the cause is unknown, but which share a number of unusual features. Figure
C15a-1. The term was introduced by Hardy, and Anderson in 1968 753, and then used it to cover
both malignant, and non-malignant diseases affecting the eosinophil series. The first patient with
HES was probably reported in the the U.S.A. in 1912 1711. The first case report of HES in the U.K.
(from Durham) was published in 1922. This was a man who had an eosinophil count of 23.8 x 109/
L. It was noted that the eosinophils had more lobes than normal, and that the cytoplasm contained
vacuoles, and smaller numbers of granules than normal. These cells were able to form crystals
(possibly Charcot-Leyden crystals), after they had been incubated at 37o. The crystals were soluble
in hot water, 2 per cent acetic acid, and sodium hydroxide. It was thought that this patient had an
eosinophilic leukaemia but, in retrospect, it is possible that he had HES 1172.
Fig. 15-1: The principal complications of HES.
In 1938 a detailed clinical description was made of a 35 year old man who died with HES, complicated by heart disease, and cerebral thrombo-embolic disease. Eighteen earlier reports were reviewed: Fourteen of the patients were male, and five female. They were aged between six and 54.
Eleven had died, and six had post mortems. Four had heart failure, two cerebral haemorrhages, and
five had thrombi in the heart 1458. This was not a complete review, as it did not include the patients
already described by Loeffler in 1936 in German.
By 1969 there were at least 48 reported cases of eosinophilic leukaemia, and details of five were
reported by Benvenisti, and Ultmann 157. In 1971 three patients with HES were reported from St.
Thomas Hospital, London, two of whom died from endomyocardial fibrosis 1607.
In 1975, the syndrome was redefined by Wolff, and his colleagues at the N.I.H., Bethesda, U.S.A.
325
. They argued that a clear distinction of eosinophilic leukaemia was now possible, and they restricted HES to patients with a non-malignant, but persistent eosinophilia of more than 1.5 x 109/L,
with evidence for organ damage, such as endomyocardial fibrosis, skin lesions, and respiratory tract
involvement. This was reviewed in 1980 438.
The diagnosis is made by the exclusion of other distinct diseases, such as parasitic infections, which
can give rise to a similar clinical picture. Even after a diagnosis of HES has been made, it is important to bear in mind that any of these diseases, such as tumours, parasitic diseases, and hypersensitivity disorders may only become apparent later. The main reason for classifying patients as having
HES is that they share a number of serious complications, many of which are probably caused by

toxic effects of eosinophils on normal tissues. Although HES appears to occur world-wide, and
there are over 100 reports of patients with the disease, only two centres have described their clinical
experience with more than 10 patients with HES. Most haematologists in large hospitals have had
experienced of treating these patients, but they are also seen in other clinical departments, especially
departments of cardiology, dermatology, and neurology, because of the wide range of organs affected in this group of diseases.
The problems involved in distinguishing eosinophilic leukaemia from nonmalignant (leukaemoid)
diseases with a marked eosinophilia, were carefully studied by Bousser in 1957 198. As these diseases were rare, questionnaires were sent to well known haematology centres in France, and abroad,
to obtain their experience of diagnosing, and treating patients with high blood eosinophil counts of
unknown cause. As a result, it was clear that there were two distinct diseases. In one group of
patients, death was usually the result of heart failure. These patients also had pulmonary infiltrates,
and central nervous system disease. This illness was clearly different from eosinophilic leukaemia
which affected a smaller number of patients. As there seemed to be no overlap between the two
diseases, he proposed that the main treatment for patients who did not have the malignant form of
the disease should be steroids, and anticoagulants. He stressed the importance of continually searching
for possible causes of the eosinophilia, (allergic, and parasitic diseases for example), as specific
treatment would be curative.A small number of patients with HES also develop a malignant bone
marrow disorder, several years after they presented with HES 1345.
In 1969, a group was set up at the National Institutes of Health (N.I.H.), Bethesda, U.S.A. by Dr
Shelly Wolff, to study patients with unusual vasculitic diseases. As a result of this interest, patients
began to be referred who had hypereosinophilia, which they defined as a blood eosinophil count
greater than 1.5 x 109/L. Many of them did not have a vasculitis, which was surprising, as polyarteritis nodosa was considered at that time to be one of the main causes of a marked eosinophilia.
However, they all had a number of serious clinical complications, which fell into a single syndrome,
which they called the hypereosinophilic syndrome. This was the first time that a significant number
of these patients had been studied. Their results have formed the basis for all the subsequent work
which has been carried out on this syndrome 325.
They showed that the blood eosinophil counts were almost always persistently greater than 1.5 x
109/L, and (by definition) no cause for the eosinophilia could be found. In addition, a majority of the
patients had evidence for tissue damage. Their first report described the clinical and haematological
features of 14 patients, all of whom were male, and a comprehensive review of the English language
literature brought to light 57 other patients with the same syndrome, 91 per cent of whom were also
male. As the mean survival time of the earlier patients was only nine months, and as many deaths
appeared to have been due to myelotoxic side-effects of cytotoxic drug therapy, treatment was more
expectant in their own patients. In patients with evidence of active tissue injury, steroids were given
first, followed by busulphan, chlorambucil, and 6-mercaptopurine in patients who remained ill. No
attempt was made to bring eosinophil counts into the normal range: treatments was based on the
extent, and severity of ongoing tissue damage. This approach resulted in a marked improvement in
survival. The N.I.H. series of 50 patients was reviewed in 1982 544.
It is likely that HES embraces a number of different diseases. Although most of the patients initially
studied at N.I.H. did not have a malignant disease, (many have been followed up for more than 15
years), several had circulating myeloblasts, and raised serum B12 levels, with low folate levels,
basophilia, and low alkaline phosphatase scores, suggesting that their illnesses was related to chronic
myeloid leukaemia 325.
15.1. Disease processes underlying HES.
It is still not known whether HES is an intrinsic bone marrow defect in which eosinophils, or their
precursors themselves are at fault, or whether a factor, or regulatory mechanism affecting eosinophil production is abnormal. In 1982, it was reported that a 26 year-old woman with HES, and
pulmonary lesions, E-EMF, and a blood eosinophil count of 54 x 109/L had given birth to a healthy

boy with a blood eosinophil count of 55 x 109/L 278. At one month it was still 61 x 109/L, but it then
began to fall, so that it was 13 x 109/L at four months, and in the normal range at eight months. It
was suggested that the maternal eosinophilia had induced the eosinophilic response in the baby, but
no special studies were done on this possibility. If this reaction were due to an eosinopoietic factor
from the mother, its effect must have persisted for a remarkably long time. The activity of injected
CSFs on eosinopoiesis are lost within a three days.
No genetic studies have been reported on whether eosinophils in patients with HES are derived from
a single clone, and no patient with HES has yet receive a bone marrow transplant, which might help
to clarify this question. There are also no reliable animal models of the disease.
A number of patients with HES have a preceeding parasitic, or allergic illness in which an eosinophilia probably occurred. In these patients, it is tempting to suggest that this was the initial
stimulus which led to the persistent eosinophilia. Two patients with eosinophilic leukaemia, who
were studied in South Africa, also had schistosomiasis. This finding suggested to these authors, that
chronic stimulation of eosinophil proliferation might have been followed by a structural change in an
adjacent part of chromosome 12, where eosinophil proliferation may be regulated, possibly involving the c-Ki ras 2 gene, which is present at 12p12.1 943. It is hoped that studies will develop along
these lines into the genetic basis of eosinophil proliferation in normal, and malignant diseases.
15.2. Variants of HES.
It is possible to describe four clinical variants of HES which show some overlap.
- Some patients with HES have asthmatic symptoms, or a hypersensitivity, or allergic disorders.
They may have raised serum IgE levels, suggesting that the disease has an allergic basis. The
symptoms, and signs of disease in these patients usually responds within a few days to treatment
with steroids, and their blood eosinophil counts can return to normal while they are taking steroids.
- A second group of patients with HES have a disease which gives rise to few symptoms or signs,
despite the presence of a persistently raised blood eosinophil count. Treatment is not needed, and
the disease may be of little inconvenience to the patient.
- In a third group of patients, who form the majority of patients with HES, there are one, or more,
less serious complications of the disease, which requires treatment. This may range from coughing
attacks, and skin lesions, to endomyocardial fibrosis. Treatment is again symptomatic, and in periods of relative quiescence of symptoms, the patients often feel well. Blood eosinophil counts are
consistantly raised, on, or off treatment. They have a life-long illness, and their lesions can progress.
- Patients in the fourth group present with the more serious complications of the disease, such as
heart failure, and vascular occlusions, including strokes, or diffuse central nervous system involvement. These patients often have the highest blood eosinophil counts, and their blood eosinophils are
often hypogranular. Eosinophil production in these individuals appears to be poorly regulated,
compared to other patients with HES. For this reason cytotoxic drug treatment, in addition to
steroids, may be required to suppress their bone marrow, and to help patients to recover from acute
episodes of their illness, which generally recur at intervals of several weeks, or months.
15.3. Animal models of HES.
It would be of great value if an animal models of HES could be developed. This may well be
possible, now that methods have been devised for producing a marked eosinophilia in rodents by
treating them with cyclophosphamide, followed by an allergic, or parasitic eosinopoietic stimulus.
We came across this possibility in 1980, when six LOU strain rats were infected with T. spiralis two
larvae/g, two days after a heat wave. They developed eosinophil counts of up to 32 x 109/L. There
was thrombus within both ventricles, extensive eosinophil infiltration into lymphoid tissues, and
lungs, and one rat had cirrhosis 1699. It would be worth seeing whether recombinant GM-CSF, or IL5 could be used to develop a model of HES in rodents.
A spontaneous hypereosinophilic disorder has been well-defined in cats. Six were described in 1981
783
, and in 1985, three cats which had the disease for four months, 1.5 years, and 3.5 years, were
found at necropsy, to have many mature eosinophils in lymphatic tissues, the liver, and subendocardium,

but without endomyocardial fibrosis 1173. Two dogs with a similar disease were described in 1983 702.
15.4. Patients affected.
HES is a sporadic disease which does not appear to have a strong genetic element in its pathogenesis,
as there are no reports of the disease occurring in more than one member of a family. The remarkable sex incidence of HES, (and a number of other eosinophilic disorders), has yet to be explained.
Nine males with the disease are reported for each female affected.
The mean age of onset of HES is 37 years, and few cases have been reported in childhood, or old
age. The youngest child with the disease was aged 5.5 years at presentation 325. A review of
previously published cases of hypereosinophilia of unknown cause in children was published in
1987. There were only 18, which emphasizes the rarity of HES under the age of 15. Five of the
children died with a leukaemic process, and the others probably had HES 27.
Examples of HES in children under 13 years of age include:
- A five year old girl described in 1973, who died 25 days after she presented with abdominal pain,
vomiting, and fever. Her blood eosinophil counts rose from 78 to 126 x 109/L. She also had cardiac,
central nervous system, renal, liver, and spleen involvement 1479.
- A seven-year old boy reported in 1950, who presented with an eosinophil count of 10 x 109/L, and
had skin, heart, lymphatic, and joint involvement. Although the marrow was said to contain 53 per
cent blast forms, he was alive 12 years later after treatment with only adrenocorticotrophic hormone
(ACTH), making it probable that he had HES, not eosinophilic leukaemia as originally proposed 458.
- A seven-year old boy described in 1942, who had an eosinophil count of 79 x 109/L, with cardiac,
respiratory, joint, and thrombotic complications. He died 11 weeks after presentation with coronary
artery thromboses 512.
- An eight-year old boy described in 1956, who presented with respiratory, cardiac, and abdominal
symptoms. His liver, and spleen were enlarged, and his blood eosinophil count was 79 x 109/L.
Treatment with ACTH reduced the size of these organs, and the eosinophil count was lowered to
7.7 x 109/L. However, the eosinophil count rose again, and he died six months later, after the
marrow eosinophils had become increasingly immature. There was thrombus, and fibrosis in the
heart, and eosinophilic infiltrates in tissues. Vascular changes were also noted in the spleen, and
kidneys 514.
- A 10 year old boy discussed in 1956, who developed an illness which affected his skin, cornea,
heart, kidneys, joints, and muscles. His liver, and spleen were enlarged. The eosinophil count rose
to 10.5 x 109/L. He also had a marked increase in serum immunoglobulins. Surprisingly, treatment
with ACTH increased the eosinophil count, although the immunoglobulin levels fell. This disease
appears to be different in many ways from classical HES 514.
- A six-year old girl described in 1984, who had an eosinophil count of 4.8 x 109/L, with heart, skin,
kidney, lung, and liver disease, while taking anti-tuberculous drugs. She died three, and a half years
later. The possibility of rifampicin-induced hypersensitivity was a possibility in the aetiology of her
eosinophilia, especially as she had circulating immune complexes, and a glomerulonephritis, but the
illness was diagnosed as HES 582.
- A nine year old boy described in 1985, with blood eosinophil count of 64 x 109/L, and heart, central
nervous system, skin, respiratory, and lymphatic involvement. He died six months later with
endomyocardial fibrosis 791.
- A seven year old girl described in 1958, who had an eosinophil count of 18 x 109/L, with heart,
central nervous system, skin, respiratory, and lymphatic involvement. She died after 10 months,
with severe heart lesions, and peripheral emboli 982.
- A nine-year old boy described in 1985, who had a blood eosinophil count of 64 x 109/L, with heart,
central nervous system, skin, respiratory, and lymphatic involvement. He died six months later with
endomyocardial fibrosis 791.
- Two Indian children aged three, and five years, described in 1983, who had abdominal pain, and a
cough respectively. Although their blood eosinophil counts were between 4 and 9 x 10 9/L, no

clinical complications developed during follow-up periods of over 18 months 1602.
- a preterm boy described in 1981, who died aged four days with a perforation of the terminal ileum,
which was infiltrated with eosinophils, as were his kidneys, lymph nodes, bone marrow, portal tracts
of liver, gall bladder, and bile duct. 1254.
15.4.1. Demography.
All races appear to be affected, although no accurate statistics are available. Besides the patients
described above, there are also reports of HES from Scotland 151, Eire 1461, France 1024, 509, 526 , Italy 334,
and Austria 1571. Most of the patients described in the U.S.A., and England were white, although
several were blacks 530, 325, 2016, 1900. Although HES was only described in temperate climates until
recently, and it may be very difficult to distinguish it from chronic parasitic diseases, there are now
several reports of HES from India 1841, 1602, 1469.
15.5. Presentation.
HES may present in a number of different ways. Sometimes the raised blood eosinophil count is
found accidentally. In the N.I.H. series this occurred in 12 per cent of patients 544. However in
others, a serious illness leads to urgent hospital admission, and the diagnosis soon becomes clear.
Most patients fall between these two extremes, and present with thrombotic complications, coughing, weight loss, or general malaise. The frequency of symptoms, and signs in the N.I.H. series 544
was tiredness in 26 per cent, cough in 24 per cent, breathlessness in 16 per cent, muscle pains or
angioedema in 14 per cent, a rash, or fever in 12 per cent, and retinal lesions in 10 per cent.
15.6. Nonspecific symptoms.
Sweating is a common feature of HES, and some patients also have a low grade fever. Although
eosinophils were thought at one time to be able to produce endogenous leukocyte pyrogen 1207,
which is now known as IL-1, this now seems to be unlikely, although no formal study has been done
on this, using eosinophils from patients with HES, and a fever.
Twelve per cent of the N.I.H. series of patients presented with fever. It is seldom due to an infection,
and the large amount of sweating in some patients is out of proportion to the rise in body temperature.
Few patients have weight loss, unless the disease is active, and they have lost their appetite. They
seldom develop a catabolic state, as seen in some patients with malignant diseases.
Some patients with a marked eosinophilia have been found to have alcohol-related symptoms, such
as flushing attacks, redness of the face, weakness, nausea, and diarrhoea. I have one patient with
HES, who had these symptoms, with a lymphoma-induced hypereosinophilia. It has also been
reported in a patient with eosinophilic leukaemia, in 1984 1351, and in a patients with bronchial carcinoma-induced hypereosinophilia 117.
15.7. Cardiovascular complications.
Cardiovascular complications are amongst the most serious features of HES. The principal ones are
eosinophilic endomyocardial fibrosis (see Chapter C14a), and thromboemboli. Arterial calcification has also been noted in three patients with HES 1286, 646.
15.8. Thromboembolic complications.
Eosinophils are able to affect the coagulation system by actions on endothelial cells, platelets, and
clotting factors. IL-1 has been found to be a potent inducer of tissue factor-like procoagulant
activity, and this maybe an important event in intravascular coagulation produced by immunological,
and inflammatory diseases 164. For this reason it is not surprising that small vessel, and large vessel
thrombotic occlusions are an important feature of HES, and may well cause the death of patients if
they are not recognized, and treated. Extensive cardiac ventricular intracavity thrombi, and emboli
can develop in some patients with HES.
A striking example of this was described in 1977 in a 30 year old Japanese man who presented with
thrombophlebitis, and an eosinophil count of 109.7 x 109/L. He was treated with prednisolone, and
busulphan until his death three years later, when he had also developed eosinophilic heart disease.
At post mortem the heart was found to contain a large mural thrombus below the mitral valve,

overlying fibrous endocardium. Thromboemboli were also seen in other organs: the spleen, kidneys,
liver, and brain 846. A Swedish patient with similar cerebral, renal, and pulmonary infarcts, and
thrombotic endocarditis, was reported in 1979 847.
The principal small vessels which are known to be involved, include small vessels in the nail beds of
the fingers, where they produce splinter haemorrhages 1460, and retinal vessels, which were occluded in as many as 80 per cent of patients in one series.
Large vessel occlusions probably occur mainly as a result of emboli leaving the wall of the left
ventricle. These have been noted most commonly in femoral arteries, and the lower aorta, but can
also occlude coronary arteries, or give rise to minor strokes, and major thrombi in the central nervous system.
Other forms of arterial disease can also affect the large vessels of patients with HES. Two patients
with arterial calcification were described in 1971 1286. There is also a report of the development of
thromboangiitis obliterans requiring amputation of the legs in a 47 year-old man with HES 556. This
patient also had an occluded temporal artery, with eosinophils infiltrating the vessel wall. It was
suggested that these vascular lesions had occurred as a result of eosinophil-dependent damage to the
vessel wall, but the patient was also a smoker.
15.9. Respiratory tract complications.
One of the main presenting features of HES is an intractable nocturnal cough which wakes the
patient, and forces him to cough repeatedly for several minutes. A small amount of sputum may be
produced. These coughing attacks can occur during the day, and may be very disabling. Chest
radiographs are normal before, and during these attacks. In one patient, I was able to show that
large numbers of blood eosinophils were being sequestered in the lungs during an attack.
Pulmonary infiltrates are often seen in patients with HES. These have to be distinguished from heart
failure, embolic lesions, infective episodes, and tumour deposits, which can also give rise to an
eosinophilia 521. When lung infiltrates in patients with HES are biopsied, they usually show an
interstitial infiltrate of mononuclear cells, and eosinophils 493. In a report in 1984 on a patient with
progressive infiltrates, the eosinophils were found surrounding, and infiltrating small pulmonary
arterioles 797.
In 1982, details were given of a patient with HES, and endomyocardial fibrosis with heart failure,
who had respiratory failure, due to respiratory infiltrates. His lung lesions cleared within two weeks
of treatment with steroids 93.
15.10. Digestive system complications.
Many patients with HES complain of indigestion, and discomfort in the abdomen, but it is uncommon for them to have diarrhoea, gastrointestinal bleeding, or other serious problems affecting the
gut. When they do occur, a careful search should be made for the site of the abnormality, and the
nature of the organ involvement can vary considerably. Detailed inpatient investigation may be
required. Unusual complications include small bowel obstruction 1652, and jaundice due to pancreatic involvement 526.
There are now several patients with HES, who have developed ulcers in mucous membranes. Two
patients with oro-genital ulcers were reported from the Mayo Clinic in 1982 1054. This preceeded
other more serious complications of HES, such as heart disease. We are also looking after a patient
with HES, and lichen planus, which is producing severe pain in the mouth, and pharynx, and has
been refractory to a wide variety of drugs.
Diarrhoea occurs in about 20 per cent of patients with HES, and the bowel wall may be infiltrated
with eosinophils 325, 1694. In one of our patients who had repeated attacks of gastrointestinal bleeding,
this was eventually shown to be due to a vascular malformation in the ileum. In another patient,
persistent diarrhoea was the presenting feature for an eosinophilic disorder which was subsequently
shown to be eosinophilic leukemia.
The liver can be enlarged in patients with HES, and biopsies often show the presence of many
periportal eosinophils. One patient with the Budd-Chiari syndrome complicating HES was reported

from Creteil, France, in 1985 509.
15.11. Skin complications.
A wide variety of skin lesions have been noted in patients with HES. These were reviewed in 1979,
when the findings in eight patients at N.I.H. were described 937. They were usually mild, with erythematous pruritic papules, and nodules, or urticaria, and angioedema. There was a variable response to treatment with steroids. It was reported in 1984 that an intensly pruritic erythematous
rash in a patient with HES, responded to oral sodium cromoglycate 200 mg, four times daily. Topical steroids had no effect 1952.
Many patients have itching of the legs, and scratch marks are common. Some patients show marked
dermatographism, but this does not appear to correlate with any features of the illness, and a few
patients may have urticaria within two minutes of applying pressure to the skin for 30 seconds, a
condition not seen in other type of pressure urticaria 908.
Eczematous skin lesions can occur in HES, but they have no diagnostic features.
Papules, and macules are common in patients with HES 937. An unusual skin disorder was seen in a
man of 24 with HES who had pruritic papules involving many parts of his skin. He also had an
enlarged liver, and an eosinophil count of 2.7 x 109/L. Treatment with prednisolone gave some
benefit, but dapsone was more effective. On the basis of the results in this patient, and a review of
three others, it was suggested that dapsone might be helpful in other patients with similar skin
complications 1279. The term hypereosinophilic dermatitis was used to describe this skin abnormality.
In other patients, localized abnormalities occur in the skin, which may ulcerate. We have looked
after one patient with severe ulcerating lesions, which appeared several weeks before she died. They
were associated with thrombi in dermal arterioles 1694. Similar lesions were described in a patient
with HES in Puerto Rico in 1982 1550. We have also noted three patients with HES, who were later
found to have lymphomatoid papulosis 1926. In these patients we suggested that the T cell abnormality which gave rise to the skin disorder, could also induced the eosinophilia.
15.12. Nervous system involvement.
The central nervous system is often involved in patients with HES, and individual peripheral nerves
can also be affected. Many patients have psychological problems, although no formal studies of this
have been carried out. Several of the major neurological complications of HES were defined in a
detailed study in the U.K., in 1971 627. Four patients were described who had optic ataxia, and
paralysis of visual fixation. Post mortem studies in one patient showed brain infarcts, with subintimal fibrous tissue in the left posterior cerebral artery. These were also present in a 59 year old man,
who had cerebral infarcts, and emboli, but without arteritis. These central nervous system complications only seem to occur in the most seriously affected patients, who seldom live for more than
one or two years after they have developed. It is not known whether they are the result of microemboli,
or local thrombosis in cerebral vessels, or a more subtle effect of the disease on the brain tissues.
The ways in which HES causes neurological problems is still not known, although a number of post
mortems have been carried out on these patients. There have been no reports of demyelination, or
loss of Purkinje cells, which occurs when ECP, or EDN/EPX are injected into the cerebrospinal fluid
of experimental animals. As high levels of these proteins have been detected in the cerebrospinal
fluid in a variety of eosinophilic disorders, it is probable that these effects of the eosinophil basic
proteins in animals are unimportant in human neurological complications of HES. This area needs
further work, and its importance may only come to light when experimental studies have been done
using isolated nerve cells, and purified eosinophil constituents.
15.12.1. Central nervous system complications.
Patients with HES may have diffuse central nervous system disease, or focal lesions, or combinations of these. The commonest abnormality is an alteration in their capacity to think rationally. This
has been difficult to define, but I have noticed it especially during periods when my patients have had
progressive disease. Neurological disease affecting the N.I.H. group of patients with HES was

assessed in 52 patients, and reported in 1985. Thirty-four (65 per cent) had neurological abnormalities, including encephalopathy, peripheral neuropathy, and focal lesions. Seven patients had more
than one of these abnormalities
In the N.I.H. series, five patients were described who had a distinctive encephalopathy, characterized by changes in behaviour, confusion, loss of memory, and ataxia. They had upper motor neuron
signs, with increased muscle tone, deep tendon reflexes, and a positive Babinski sign. Two had
epileptic fits 1233. The nature of the alteration in brain function is not known. In our series of
patients, four of whom had post mortems, no lesions were found in the brain, and this was also the
case in a post mortem of another patient with HES, and confusion, reported from Texas, U.S.A. in
1985 1900.
Major complications of HES are repeated minor, or major strokes which can cause the patients
death. These are usually multifocal, and can involve any of the major centres of the brain. They
probably involve occlusions of vessels by emboli from the left ventricle 1383, and possibly by local
thrombus formation. At the N.I.H., six patients had focal central nervous system disease, which was
transient. Five others with these features also had heart disease, suggesting that they may have had
thromboemboli, and two had recurrent attacks 1233.
15.12.2. Eye diseases.
Although only one patient with retinal haemorrhage was reported amongst a group of 52 patients
with HES at the N.I.H.1233, we have found retinal abnormalities in many of our patients with HES,
Figure C15a-2. This was documented in 12 of our patients in whom lesions were visible, either by
direct examination, or by fluorescent retinal angiography 296. Defects were the result of vascular
occlusions affecting the retinal, and choroidal vessels, possibly by emboli, such as probably occurs in
patients with HES, and splinter haemorrhages. One patient developed showers of splinter haemorrhages, and had coincidental retinal lesions. Other case reports of patient with HES, and retinal
vascular lesions were reported from Louvain, Belgium, in 1980 1073, and from Creteil, France in 1982
540
.
Fig. 15-2: Retinal vascular occlusion in a patient with HES.
15.12.3. Peripheral nerve diseases.
Several types of peripheral nervous system disease may develop in patients with HES 151, 717. These
include mononeuritis multiplex, symmetrical sensorimotor neuropathy, multifocal neuropathy, and
radiculopathy. In some patients it may be difficult to distinguish nerve involvement in HES, from
other causes of a neuropathy, and an eosinophilia, especially vasculitic, and granulomatous disease.
This is well shown in a study on three patients with a peripheral neuropathy reported from Palo Alto,
U.S.A., in 1983 462, and in these patients the presence of allergies, asthma, and granulomas, mitigated against a diagnosis of HES.
Mononeuritis multiplex is common in patients with HES, involving the peritoneal nerve, and other
long nerve supplying the legs, and arms. They may cause considerable pain, and discomfort, but
tend to resolve over several weeks, sometimes leaving no residual abnormality. An example of this
was in a 16 year old man in Kuwait, who also had respiratory, and cardiac involvement, which were
eventually fatal 507. Another patient was described in 1985 1233.
A sensorimotor neuropathy was described in 1982 544, and 23 patients among 52 with HES at N.I.H.
had various forms of sensorimotor loss. Three other had a radiculopathy 1233. Seven of these patients, three of whom had clinical evidence of peripheral nerve injury, underwent nerve conduction
studies, electromyograms, and sural nerve biopsies. These showed axonal neuropathy, axonal loss,
and some demyelination. It was suggested that these changes could have been produced by EDN/
EPX 1928. A patient with HES, and a purely motor neuropathy was described in 1986. This patient
also had bilateral facial palsies, and focal central nervous system lesions 1162.
Multifocal neuropathy in HES has been described in 1975 325, 1983 462, and 1985 717.
15.13. Musculoskeletal complications.
Many patients with HES have aches, and pains, which are often poorly localized. Muscle biopsies

have shown no specific abnormalities. Bony deposits of primitive eosinophils are a feature of eosinophilic leukaemia, but it has only been reported in one patient with HES, who also had hypercalcaemia 646.
Joint involvement is also unusual, but there are a number of patients with a disease similar to rheumatoid arthritis who have a marked, and persistent eosinophilia for many years. We are looking
after a woman with this association, who has had HES, and rheumatoid arthritis for 24 years. A 58
year old man with an eosinophilia of 4.5 x 109/L, was described in 1967 who developed swollen,
tender, and stiff joints. His skin became doughy, and erythematous. The erythrocyte sedimentation
rate was 68 mm/h. Although he was treated with steroids, his eosinophil counts increased, splenic
infarcts occurred, and he died in heart failure. However, as blast cells eventually appeared in his
blood, and these were also found infiltrating into the heart, he may have had eosinophilic leukaemia
1404
.
Skeletal muscle wasting associated with eosinophil infiltrates may develop in a few patients with the
hypereosinophilic syndrome 1652, although muscle biopsies usually show no specific abnormalities.
15.14. Renal complications, and hypertension.
About 10 per cent of patients with HES have renal complications, but less than this have hypertension. One of the first was reported in 1965 1293. There are also some reports of renal interstitial
eosinophil infiltrates, and vascular damage to renal arteries, shown by intimal proliferation, and
medial injury 1351. These vascular changes have also been seen in other sites 308.
Renal impairment with glomerulonephritis has been described in a small number of patients with
HES, and eosinophilic endomyocardial fibrosis 1661. In two cases,which were reported in 1969, the
renal damage may have been due to associated infections in the heart. A post mortem on a 25 year
old man who died 1.75 years after onset of his illness, showed thickened glomerular basement
membrane, with fibrinoid necrosis of arterioles, but he was also found to have vegetations on the,
aortic and mitral valves. A second man, aged 35, with eosinophilic heart disease complicated by
bacterial endocarditis, and myocardial abscesses, had renal disease during life. Similar glomerular
lesions were found at post mortem 1502.
Several patients with HES have had hypertension, and impaired renal function. This has been shown
to be associated with arteriolar thickening in renal biopsies, and it has been suggested that eosinophils
might be involved in damaging blood vessels in these areas. The hypertension responds to therapy,
but the renal impairment does not appear to improve. No patient with HES has progressed to endstage renal failure.
15.15. Breast involvement.
A single report of breast involvement was reported in 1985 1772. This was a 56 year old woman with
HES who developed swollen, painful, red breasts, in which the ducts were heavily infiltrated with
eosinophils, and contained areas of necrosis, but no fibrosis. The skin was indurated, and the breasts
were stony hard. This lesion resolved following treatment with steroids.
15. Chapter C 15 b. The idiopathic hypereosinophilic syndrome, HES. II. Investigations.
The clinical investigation of HES involves an assessment of the nature, and mechanisms of the
complications which are usually the presenting features of the illness, and a careful search for the
underlying causes which may only become apparent several months, or years, after the patient
becomes ill. As this disease is usually life-long, it is suggested that patients be admitted to hospital
for several days for a careful assessment of each of the major organ system which might be involved
at the time, or subsequently, and in order for a careful long-term plan of management to be organized. It is also recommended that these patients be reviewed at one of the major centres where there
is a special interest in the disease, although their subsequent care can be carried out in the outpatient
departments of most district hospitals. As many organ systems can be involved, patients may need

to be seen by different specialists for this initial workup.
This chapter will outline the special investigations which have proved to be useful in discovering the
nature of the underlying abnormalities in the eosinophil series in this disorder. Details of cardiological studies are given on page 439.
15.1. Blood eosinophils in HES.
An unusually high blood eosinophil count in patients with HES is the first investigation which points
to this diagnosis. Figure C15b-1. Nearly every patient with HES has an eosinophilia throughout his
life, with counts remaining remarkably constant in the majority of patients. In a few patients with
the aggressive forms of the disease, the counts may rise to higher levels,but these can return towards
their previous levels after treatment, and they may then persist at this level for several years, before
relapses occur. The majority of patients with HES have eosinophil counts between 2 and 20 x 109/
L. The highest count I have seen recorded in HES is 220 x 109/L 1009. There is no direct relationship
between the eosinophil count, and the severity of the clinical complications. Some of the highest
blood eosinophil counts have been found in patients with the more benign forms of the disease.
Serial blood eosinophil counts have only been published in a relatively small number of patients, but
the management of these patients is greatly helped by graphing their blood counts on log paper, over
a prolonged period. This is important if minor fluctuations in the counts are not to be overinterpreted
as signs of alterations in the underlying disease process.
Fig. 15-1: Blood sample from a patient with HES.
A wide range of special studies have been carried out on blood eosinophils from patients with HES,
and many of the papers published on the properties of eosinophils are describing HES eosinophils.
Comparisons of their properties with eosinophils from other disorders are still limited, but it is likely
that differences will be found. Some of these may be linked to the increase rate of production of
eosinophils in HES, but others may be due to the underlying abnormality in the eosinophil series,
which probably occurs in some patients with HES.
15.1.1. Eosinophil density.
In a study reported from the Mayo Clinic in 1987, blood eosinophils from 10 normal people had a
mean peak density in Percoll of 1.088 g/ml, and only 10 +- 7 per cent (mean +- SD) had a density less
than 1.082, which was defined as the cut off point to distinguish normal density from light density
eosinophils. In four patients with HES, the mean peak density was much lower: 1.075, and 97 per
cent of the eosinophils were of light density. The density of blood eosinophils correlated with their
MBP 1389. Current research in several centres is looking at how normal eosinophils could become
lighter in density. The first successful in vitro technique, reported in 1987 1522, involved the use of
prolonged culture with endothelial cells, or their products.
15.1.2. Morphology of blood eosinophils in HES.
It has been known for many years that blood eosinophils in patients with a marked eosinophilia may
be structurally abnormal, and these were often thought to be leukaemic. For example in 1919, a
patient with eosinophilic leukaemia in New York, U.S.A., was seen to have many blood eosinophils
with fewer eosinophilic granules than normal. This important observation was recorded in a painting
1600
, Figure 15b-2. Similar findings were reported in 1960 308.
Fig. 15-2: Degranulated blood eosinophils.
15.1.2.1. Light microscopy of HES blood eosinophils.
In blood smears, eosinophils from patients with HES show a range of abnormalities, which include
hypersegmentation of the nucleus,cytoplasmic vacuoles, a decrease in the number of specific granules, and granules of smaller size than normal. Measurements of the proportions of cells in the blood
which show these abnormalities may be of clinical value in distinguishing HES from other causes of
an eosinophilia. The presence of many degranulated eosinophils in a blood smear, can be striking.
When there are more than 1 x 109 /L, it is likely that the patient has HES, and eosinophilic
endomyocardial fibrosis.
Hypersegmented blood eosinophils with decreased numbers of granules, and vacuoles are not con-

fined to patients with HES. For example eosinophil peroxidase deficiency can occur with these
abnormalities in blood eosinophils 1437, and I have seen them in a patient with severe tropical (filarial)
eosinophilia.
Histochemical, and immunocytochemical studies on HES blood eosinophils have shown several
qualitative differences from normal eosinophils, but they have not been studied sufficiently to know
whether these can be used in diagnosis. The alterations were well illustrated in a detailed study in
1964 on the morphological, and histochemical characteristics of blood, and bone marrow eosinophils
from a 38 year-old man with  eosinophilic leukaemia, which would be diagnosed today as HES.
Abnormalities in the neutrophil series were also seen 3.
15.1.2.2. Ultrastructural studies on HES blood eosinophils.
Blood eosinophil ultrastructure in patients with HES shows several features consistent with the
possibility that they are activated, and secreting their granule contents.
Scanning electronmicroscopic studies on human blood eosinophils from patients with HES, have
shown no surface features to distinguish them from eosinophils, or neutrophils in normal individuals.
As yet, no studies have been done to see if activated eosinophils develop ridges, and projections
which are found in other cells which are stimulated.
The first detailed morphometric study on HES blood eosinophils was carried out in 1986, on peripheral blood eosinophils from a woman aged 41 with HES, and a blood eosinophil count of 202 x 109/
L. The principal findings were that the eosinophils were larger in size than normal, with a 34 per
cent increase in volume, and 19 per cent had three or more nuclear lobes. Mitochondria were more
numerous, and 50 per cent larger than normal. The volume of the specific granules was 35 per cent
smaller than normal, and there were slightly less of them than normal. These findings suggested that
in this patient blood eosinophils were metabolically more active than normal, and that the granules
were undergoing dissolution, or secretion 1659.
A detailed ultrastructural study was carried out in Seattle, U.S.A., in 1987, on five patients with
HES. The mean diameter of the crystalloid granules was reduced to 82 per cent of normal, and there
were only 27 per cent of the normal number of granules. Lipid bodies were prominent in the cytoplasm, and in two patients, some eosinophils were found to contain Charcot-Leyden crystals 780.
There are two reports on ultrastructural appearances of blood eosinophils in patients seen at the
Mayo Clinic. In the first, published in 1976, there were unusual electron-dense inclusions in the cells
1661
. The appearances of the cells in three other patients were reported in 1987. Over 90 per cent of
the eosinophilis were of light density: less then 1.082. The total number of granules were the same
as in normal people, although the granules were of smaller mean area than normal: 0.14 u2, compared to 0.26 u2. The eosinophils were of the same size, with the same number of lipid bodies, and
equal proportions of eosinophils with reversed staining were seen 1389. The reasons for this are not
known, but it was suggested in 1975 that the hypogranular eosinophils could be less mature than
normal 455.
Freeze-fracture studies of HES blood eosinophils have shown the presence of membrane structures
similar to those seen in blood neutrophils 780.
15.1.3. HES blood eosinophil cell membrane components.
The plasma membrane of blood eosinophils from patients with HES has been studied using a variety
of different techniques. In 1976we showed that HES blood eosinophils had more Fc gamma R, and
complement receptors than normal 1738. In one patient with HES it was found that the cell surface
charge was low, similar to that of stimulated normal blood eosinophils 127.
We have raised monoclonal antibodies to HES blood eosinophil membrane constituents 1734. These
recognized a number of structures which were also present on neutrophils, but which were occasionally found in greater amounts on the surface of HES blood eosinophils, than on normal eosinophils.
The nature of the membrane antigens which they bound to, has still to be defined, but they appear to
be components of the membrane which are involved in activating the cells to secrete.
15.1.4. Constituents in HES blood eosinophils.

Many of the studies which have described the purification of eosinophil constituents have used
blood eosinophils from patients with HES, as they are the easiest to obtain. However, in some
patients with HES, there is less ECP, and MBP in blood eosinophils than normal. In the past, this led
to difficulties in measuring the absolute quantities of the different basic proteins in human eosinophils.
The reasons why there are less of these proteins in these patients cells is not known, but could be
due to either reduced synthesis in the marrow, or to preferential secretion from the blood cells. A
study in 1983 on blood eosinophils from six patients with HES showed that they contained 6.3-63.5
more MBP than ECP. This may have been related to the amount of degranulation that has occurred,
as this ratio was smallest when the cells contained the highest concentration of ECP 9.
Blood eosinophils from patients with HES have a lower, and a more variable content of MBP than
normal 7. The MBP content of blood eosinophils, with a density less than 1.082, in four patients
with HES was 3,670 +- 368 ng/106 cells, compared to 8,619 +- 1,445 ng/106 cells in normal subjects
1389
. The content of ECP in blood eosinophils from patients with HES is usually less than normal 1944.
There are no reports on the eosinophil content of EDN/EPX, or EPO in HES blood eosinophils.
Cytochemical electronmicroscopy has shown that acid phosphatase was unmasked in eosinophil
granules from one patient with HES 127. Blood eosinophils from patients with HES have over twice
the capacity to secrete LTC4 in response to stimulation with A23187, as eosinophils from normal
blood: 69 ng compared with 38 ng/106 eosinophils 1915. There is a case report describing PAF-acether
production by blood eosinophils from a 32 year-old woman in Brazil, who had HES, with cerebral,
and retinal vascular occlusions, and endomyocardial fibrosis. These produced 4 x 10-10 M PAFaceter per 1 x 106 eosinophils, and it was suggested that this could have contributed to the development of her thrombotic lesions 299. HES eosinophils produce large amounts of PAF in response to
the calcium ionophore A23187 898.
15.1.5. Metabolism of HES blood eosinophils.
Many metabolic studies on human eosinophils have been carried out using blood eosinophils from
patients with HES. An example of this was the study done by Mickenberg, and colleagues in 1971.
They isolated blood eosinophils from a 45 year-old man with HES, eosinophilic endomyocardial
fibrosis,and multiple embolic episodes. The cells capacity to kill bacteria, and metabolize glucose
after a phagocytic stimulus was compared with blood eosinophils from other patients with an eosinophilia. After incubation of the patients eosinophils with bacteria, more of the organisms were
killed at two hours, than when control eosinophils were used. There was also a higher oxidative
capacity for 1-14C-glucose in the patients eosinophils compared to controls, either resting, or after
phagocytosing particles in vitro 1207.
Similar studies were done in 1981, on nine patients with HES, with blood eosinophil counts between
2.1 and 7.2 x 109/L, by Bass, and colleagues. They showed that the patients blood eosinophils had
a higher uptake of deoxyglucose than normal, both resting, and after stimulation with zymosan
activated serum, than normal blood eosinophils 127. The amount of superoxide produced by purified
eosinophils from a patient with HES was shown to be related to the degree to which the cells were
stimulated 1419.
15.1.6. Motility, and chemotaxis of HES blood eosinophils.
Histamine diphosphate induced purified blood eosinophils from four patients with HES, and one
other patient, to migrate up a concentration gradient, but random motility was not increased. At
high concentrations of histamine, migration was inhibited 328. In a paper published from Lille,
France in 1987, it was found that light density blood eosinophil from four patients with HES migrated less well towards LTB4 than normal density eosinophils from the same patients. The sera
from five patients with HES was found to be as effective as LTB4 in inducing eosinophils from other
patients without HES, to migrate into polycarbonate filters, eg. the sera contained chemotactic
activity. This activity was found in 600 kDa, and 240 kDa fractions. Preincubation of normal
density HES eosinophils with this active sera reduced their capacity to migrate towards LTC4, and
fMLP. From these results, it was suggested that the sera of these patients with HES contained two

(deactivating) components which might inhibit the capacity of their blood eosinophils to leave the
circulation, and that this could explain their high blood eosinophil counts 700. Unfortunately some
data was missing from this report, and it did not address the question of why HES blood eosinophils
should be able to migrate in vitro, if they had already been deactivated in vivo.
15.1.7. Activated blood eosinophils in HES.
The monoclonal antibody EG2, which distinguishes activated from nonactivated blood eosinophils
1742
, has shown that a variable proportion of eosinophils in the blood of patients with HES a reactivated. So far, no study has been carried out to see whether this can be clinically useful in determining the degree of activation, or severity of complications in these patients.
15.1.8. Secretion from HES blood eosinophils.
The capacity of HES blood eosinophils to secrete their granule contents in response to stimuli, such
as complement-coated particles, is very variable when different patients are studies. The reason for
this is not clear. However, in any one patient, the secretory response to a set stimulus is reproducible, and this has enabled studies to be carried out on the effects of drugs on eosinophil secretion.
In 1987, blood eosinophils from five patients with HES were isolated, to study the amounts of EPO
which were secreted following stimulation with opsonized zymosan, and the calcium ionophore
A23187. Under optimal conditions, 23 per cent of the EPO was secreted following stimulation with
A23187, which was seen to induce vesiculation of granule contents, and fusion of adjacent granules
in electronmicrographs. Opsonized zymosan also induced vesiculation, with granule fusion, and
secretion into the endocytic vacuoles, but only 13 per cent of the EPO was secreted 780.
15.1.9. Cytotoxic capacity of HES blood eosinophils.
The capacity of HES blood eosinophils to kill a variety of targets has been assessed: They have been
shown to be able to kill a number of antibody, and complement-coated parasites, and nucleated cells
1367
.
15.1.10. The half-life of injected blood eosinophils.
Isolated blood eosinophils have been labelled with 51Cr or (111)In, and reinjected into patients with
HES. This has shown that they have the unusual capacity to marginate in the circulation for 1-2
hours, and then to re-emerge with a subsequent prolonged half-life compared to blood neutrophils,
or eosinophils in patients with parasitic diseases 385, and I have similar unpublished data on five other
patients injected with (111)In-labelled blood eosinophils.
15.2. Serum, and plasma constituents in HES.
Plasma MBP levels in four patients with HES were 2.928 +- 1.567 ug/ml compared to 0.307 +0.038 ug/ml in 10 normal subjects 1389. In one patient with HES, large amounts of ECP were found
complexed to alpha 2 macroglobulin 1398.
Several patients with HES have been noted to have high serum B12 levels 910, 575, 1461, 1024. In the large
study from the N.I.H., Bethesda, U.S.A., in 1981, it was the commonest haematological abnormality in 32 patients with HES 573. In 1984, serum cobalamin (vitamin B12), and unsaturated B12
binding capacity were measured in 16 patients with HES 2002. They were markedly elevated, and this
was principally due to an increase to R binders (transcobalamins I and III). The cell source of this
additional B12-binding capacity is not known. A proportion may have come from neutrophils,
which normally contain over four times as much unsaturated B12 binding proteins as normal
eosinophils. In a study in 1984 on partially purified eosinophils from a patient with HES, transcobalamin
1 was detected at 10 ng / 108 eosinophils: half the amount found in normal neutrophils 22.
Although Strath, and Sanderson in 1986 detected an eosinopoietic activity in the sera of mice infected with Mosocestoides corti 1714, they have had no success in developing a reliable assay system
using human sera. However in 1987, the serum from six patients with hypereosinophilia, who were
studied in Hamburg, West Germany, induced additional production of eosinophils in 12 day liquid
cultures of normal bone marrow 954.
15.3. Bone marrow features of HES.
In patients with HES, up to 80 per cent of the dividing cells in the bone marrow may be of the

eosinophil lineage. There are no morphological features distinguishing these dividing eosinophils
from eosinophils in normal bone marrow, but additional studies with these cells have shown that
there are important abnormalities in up to ten per cent of these patients. The quantity of reticulin,
and fibrous tissue in the bone marrow is often increased. In the majority of patients the red cell
series is well-preserved. There is a report of one patient with polycythaemia and HES 1842. Platelet
production is normal, or increased, although the blood platelet count is usually low, due to platelet
consumption. The neutrophil production is usually not affected, although some patients have unusually basophilic granules in a proportion of their neutrophils. A normal neutrophilia can develop in
patients with HES, who developed a bacterial infection 124.
Between 1968 and 1979, 32 patients with HES, who presented at N.I.H., had bone marrow, and
other haematological studies done. A retrospective analysis of their clinical, and haematological
features, enabled each one to be given a numerical score, which was proposed as a simple method
for deciding on the severity of the disease, and the necessity for different forms of treatment 573.
There are a small number of patients with HES, who have a marked increase in fibrous tissue in the
marrow. Examples of this include:
- a patient reported as having eosinophilic leukaemia in 1969 157.
- a 57 year old man with refractory heart failure, and an eosinophil count of 12.4 x 109/L in 1972 572.
- a 65 year old man with blood eosinophil counts of up to 13 x 109/L in 1972 638.
- three patients reported from Copenhagen, Denmark, in 1986. It was suggested that eosinophils
could be producing a factor, such as platelet-derived growth factor, which could induce the fibrotic
reaction 1046.
- four patients were reviewed in 1974 in a report which also described a 16 year old black patient
who died in a blast cell crisis, and was found to have endocardial disease 710.
15.3.1. Bone marrow culture in HES.
In 1981, we measured the number of eosinophil colonies which could be grown from the bone
marrow, and blood of four patients with HES. The total number of colonies which grew from the
marrows of two of the patients was not different from normal, but the proportion which were eosinophilic was increased. No eosinopoietic effect of the patients lymphocyte conditioned medium
was found 774. In 1982, 13 patients with H.E.S. at N.I.H., were assessed for the number of CFU-Eo
which grew from bone marrow,and blood. In seven, normal numbers were found. In five, increased
numbers developed, and in three of these, bone marrow cells produced excess CSF. One patient
produced a smaller number of colonies than normal. None of them showed the in vitro growth
characteristics of leukaemic cells 176. This study demonstrated that there may be heterogeneity in
HES, depending on whether there is a defect in eosinophil progenitor cells, or in the cells which
produce CSFs.
15.3.2. Cytogenetic studies in HES.
A wide range of chromosomal abnormalities have been described in patients with a persistent eosinophilia. Some of these patients have an eosinophilic leukemia, either of the acute or chronic form.
Whether any of these patients should be included under the general term of HES is questionable. My
own feeling is that, once a cause has been found for hypereosinophilia, the illness should be placed
in a separate catagory from HES. The cytogenetic defects in eosinophilic leukemia are described in
Chapter C 04.
15.4. Immunological investigations in HES.
The commonest immunological abnormality in patients with HES is a raised immunoglobulin level
in serum. This is nearly always polyclonal, mainly affecting IgM, IgG, and/or IgE. Defects in
lymphocytes have been less consistent.
The clinical significance of a polyclonal increase in serum immunoglobulins in patients with HES is
not known, as it does not appear to be related to any particular clinical complication. Occasionally,
as reported in 1976, in a 56 year old London man, a paraprotein can be present 152.
Although many tests of T lymphocyte numbers, and functions have been carried out in patients with

HES, no consistent abnormality has been detected 1369.
It was reported in 1983 that blood mononuclear cells from a 54 year old man with HES, who had
eosinophil heart disease, (but no thromboembolic episodes) produced three, or four times more
procoagulant activity than normal monocytes on stimulation with endotoxin in vitro. As this abnormality returned to normal during treatment, it was suggested that this might be a cause of thromboembolic complications which are common in patients with HES 1373.
15.5. Coagulation studies in HES.
We have carried out coagulation studies in nine patients with HES, and compared them with normal
subjects. There were marked elevations in the levels of B-thromboglobulin, platelet factor 4, fibrinogen, factor VIII, C:Ag, and R:Ag. In one patient, eosinophil supernatants produced platelet
aggregation in vitro. As many of these patients had a low platelet count with increased numbers of
bone marrow megakaryocytes, it was probable that there was continuing spontaneous coagulation
even when there was no clinical evidence of thrombotic lesions 398. It would be interesting to study
patients with an eosinophilia of other causes, to see whether eosinophils induce these coagulation
abnormalities. Abnormalities in fibrinolysis, and increased procoagulant activity secretion from
monocytes in patients with HES would also be worth studying.
15. Chapter C 15 c. The hypereosinophilic syndrome, HES. III. Course of the disease, and treatment.
The management of HES has to take into account the life-long nature of the disease, its propensity
to relapse, and remit, the prevention, and treatment of complications as they occur, and the avoidance of harmful side effects of powerful drug therapy which may be employed.
A number of charts of the course of the disease in individuals with HES have been published see for
example some of patients charts 1694. Studies on the survival rate of patients with the disease have
shown a progressive improvement since the early sixties, when therapy was based on current treatments for leukaemia. The realization that a leukaemic disease process was not present in the majority of patients with HES has altered this approach, and now very few patients die from complications
of their treatment. A breakdown of patients into the groups described in Chapter C15a can be
helpful. Patients (1) with allergic features are given steroids intermittently in relation to symptoms,
(2) with disease of mild severity are treated with low doses of steroids, and anti-platelet drugs, (3)
with moderately severe disease are treated with moderate doses of steroids, intermittent courses of
hydroxyurea, and anticoagulants, and (4) with severe progressive disease are treated with high doses
of steroids, continuous hydroxyurea, or another cytotoxic drug, with intermittent injections of vincristine, and anticoagulants. Treatment can enable most patients to lead normal lives, and hospital
admissions can be kept to a minimum. Many patients are surviving for more than 10 years after
diagnosis. Two patients, who were reported in 1971, survived for 11 and 17 years after the onset of
their illness 1487. On the other hand,other patients, especially those who develop the thromboembolic
complications involving the central nervous system may die within a few days, or months. All
patients are at risk from developing endomycardial disease, and major vascular occlusions.
15.1. Treatment of HES.
Radiotherapy was one of the first treatments to be given to patients with HES. This was reported in
1912 in two patients. One had an eosinophil count of 7 x 109/L, and was in heart failure. There was
a transient increase in the eosinophil count immediately following each treatment, but no long term
reduction was seen 75. A second patient with a persistent eosinophilia of 4.5 x 109/L was given an
unspecified amount of irradiation.The blood eosinophil count increased to 8.1, and then fell to 3.2 x
109/L the following day 1034. Despite these intriguing findings, no formal study of the effects of
irradiation on patients eosinophil counts has been published subsequently.
Splenectomy was first used by Giffin in 1919, to treat a patient with a persistently high blood eosi-

nophil count at the Mayo clinic. The patient was a 31 year-old man, who had eosinophil counts of
up to 16 x 109/L. He died four years later from obliterative endocarditis, pericarditis, and cirrhosis
642
. In 1922 splenectomy in a patient with HES led to an increase in blood eosinophil counts 1172. In
1971 splenic irradiation was used in a patient with HES, without obvious benefit 1286.
The use of modern drugs to treat HES began with corticotropin, and then steroids in the late 1950s.
Corticotropin (ACTH) was first used in 1953 to treat a 61 year old woman with hypereosinophilia,
and this producing a fall in her blood eosinophil counts 1523. The development of anti-neoplastic
drugs in the 1960s was soon followed by the use of these compounds to treat HES, but the outcome
was generally bad, as patients died from infections due to agranulocytosis. Bone marrow transplantation has not been attempted in this condition, although it is possible that it could cure some patients in whom the disease is confined to the marrow. The difficulty has been to decide whether the
disease would recur in the transplanted marrow.
15.1.1. Steroids in HES.
In 1978, a review of the value of drug treatment in 24 patients seen at the N.I.H., showed that some
responded to steroids, and others to cytotoxic drugs. Among these 24 patients, 15 were give steroids. Five improved, five showed little change, and five did not improve. The five unresponsive
patients were also given hydroxyurea, and four responded favourably. Six patients did not need to
be treated with steroids or cytotoxic drugs. Ninety six per cent of the patients survived for over
three years, and 77 per cent for over10 years 1368. This series was extended, so that 32 patients had
been seen by 1980, when their treatment was reviewed again 1575. Six had no specific therapy.
Twenty six were given steroids, nine of whom responded. Seventeen were treated with cytotoxic
drugs, of whom nine responded, but four had progressive disease despite these treatments. Additional details were published in 1981 573, 1574 .
Most patients with HES receive steroids at some time during the course of their illness, to treat the
less serious complications, such as coughing attacks, malaise with sweating, and uncomfortable
skin lesions. Doses of between 7.5 mg, and 20 mg/day are usually given, and the lowest dose which
is effective is maintained for several weeks. Alternate day therapy is used in some centres, but it has
not been particularly useful in my hands. Few patients have suffered from the serious complications
of steroid therapy, although some have developed mild diabetes, hypertension, or a cushingoid appearance. One patient was described in 1982 who developed disseminated tuberculosis 540.
It was suggested in 1978 that steroids may be particularly effective in treating patients with HES
who have a history of asthma, and pulmonary infiltrates. This was put forward as a result of the
successful treatment of two patients, a man aged 57, and a woman aged 54, who also had asthma
with pulmonary infiltrates, high serum IgE levels, cardiovascular involvement, and rheumatoid arthritis. One of these patients had a mononeuropathy, and the other purpura 237. In the N.I.H. series
of 32 patients, 14 of 17 with splenomegaly at presentation did not respond to steroids, but three of
nine who did not have splenomegaly responded well 1574. The reasons for this are not known.
Steroids may improve patients symptoms by their capacity to inhibit eosinophil production, and the
release of mature eosinophils from the marrow. This effect has been studied in rats. Injection of
5mg cortisol into the peritoneum of normal rats, 66 hours after injection of 3H thymidine, reduced
blood eosinophil counts, but the percentage of labelled blood eosinophils was not lowered, suggesting that eosinopoiesis was not altered by single doses of steroids. However, when several doses
were given over a three day period inhibited the emergence of labelled eosinophils from the marrow
was inhibited 36.
Steroids also reduce the secretion of eosinophil granule components, which may cause some of the
complications of HES.
Oral steroids usually produce a fall in blood eosinophil counts during the first few hours, or days
after starting therapy, but they then usually return to their pretreatment levels. This can be a useful
way of distinguishing steroid-sensitive allergic diseases from HES. However, as mentioned above,
in asthma-associated HES, steroid treatment can return the patients symptoms, and blood counts to

normal within a few days 27.
There have been no formal studies on the possible benefits of high dose pulse therapy with steroids
on rapidly progressive disease, although these have been used occasionally.
Troleandomycin 250 mg/day, which has steroid sparing effect in asthma 1869, was used successfully in
a 26 year-old woman with HES, after she failed to respond to steroids, and hydroxyurea 493.
15.1.2. Anti-neoplastic drugs in HES.
Many different anti-neoplastic drugs have been given to patients with HES, but the ones which are
most commonly used today, are those which are effective in chronic myeloid leukaemia. The point
at which to change from steroids alone, to steroids with cytotoxic drugs should be judged on the
clinical state of the patient, and not on a wish to produce a remission, or to lower high blood
eosinophil counts in the absence of signs of continuing tissue damage. Treatment should also be
based on the principle that HES is usually a non-malignant, and life-long disease, so that the longterm acceptability of each treatment, and its side effects are of great importance.
Doses of hydroxyurea between 1 and 2 grams per day appear to be effective in patients with more
severe forms of the illness, and blood eosinophil counts may return to near normal with a combination of steroids, and hydroxyurea 93.
Vincristine has been particularly effective in patients with hypereosinophilia (a) who do not respond
to steroids,and hydroxyurea,or (b) who have serious complications which would benefit from a
reduction in eosinophil production, or (c) who have thrombocytopenia. Vincristine is also effective
in patients with eosinophilic leukemia, and its variants.
One useful regime in adults with the most active forms of the disease is to give 1.5 grams of hydroxyurea, and 10-15 mg prednisolone per day, with 1.5 mg of vincristine intravenously at two week
intervals. One of our patients has remained well, and at work on this treatment for five years,
marrying, and having two healthy children. There are several case reports of its use in HES 1839, 334.
Intravenous cytarabine, and oral 6-thioguanine, was given successfully to a patient with HES in
1982 489.
15.1.3. Anticoagulation, and anti-platelet drugs.
As many patients with HES have thrombotic, and embolic complications, and as endomyocardial
lesions are commonly coated with thrombus, many patients are treated with oral anticoagulants.
However there is no proof that these prevent thromboembolic disease in these patients, and several
patients in our care have had major embolic episodes after effective anticoagulation has been introduced. Most patients are treated with warfarin, and the dosage is carefully regulated with blood tests
every two weeks. As this treatment is likely to be continued for the rest of their lives, care should be
taken in deciding which patients might benefit.
The anti-platelet drugs, aspirin and dipyridamole, are also often prescribed for these patients, on the
basis that platelet aggregation could be an important feature, and in view of the low risk of side
effects from these drugs, they are commonly given. Again, there is no controlled study to show that
they are effective.
15.1.4. Leukaphoresis, and plasma exchange in HES.
Leucaphoresis in patients with extremely high blood eosinophil counts is effective in lowering the
viscosity of the blood, but there is no evidence at present that this is of therapeutic benefit in patients
with an eosinophilia 1421, despite a report from Boston, U.S.A. in 1974 that it could have helped a
patient with a drug-induced hypereosinophilic state. This was 25 year-old woman who had a hypersensitivity reaction to sulphisalazole. She developed myositis, myocarditis, and a vasculitis, with an
eosinophilia of 10 x 109/L. On two separate days, 22 and 9.6 x 1010 cells were removed, and she
improved during the subsequent two weeks 506. However, the fall in blood eosinophil counts was
probably mainly due to stopping the sulphonamide. A therapeutic leukaphoresis was also done in
1979 in a 18 year old New Zealand boy, with HES, and retinal disease 178.
Surprisingly, plasma exchange produces a larger, and more consistent fall in blood eosinophil counts
than leucaphoresis. This may be because some plasma components are involved in retaining eosinophils

in the circulation. Davies, and I reported in 1982, a comparison of the effects of plasma exchange,
and leukapheresis on blood eosinophil counts in four patients with HES 400. In three patients there
was a larger percentage fall in eosinophil counts following plasma exchange (90 per cent, 83 per
cent, and 35 per cent) than following leukapheresis (38 per cent, 27 per cent and 35 per cent). Serial
plasma exchanges continued to be as effective on three consecutive days. These findings suggested
that there might be a plasma factor retaining eosinophils within the circulation, and that removing it
allowed eosinophils to become marginated. This might not always be beneficial, and it is not recommended that plasma exchange should be used as a treatment for the hypereosinophilic syndrome,
until more is known about its effects.
15.1.5. Bone marrow transplantation in HES.
If HES is due to a defect in dividing eosinophil precursors in the bone marow, then marrow ablation
followed by marrow transplantation could be curative. However as HES may have a number of
different causes, and there is no way of distinguishing between them at present, there has been a
natural reluctance to consider this therapeutic option, except in patients who appear to have a clonal
(malignant) eosinophilic disease.
16. Chapter C 16. Diseases in neonates, and infants.
In normal infants less than 28 days old, the eosinophil count is less than 0.70 x 109/L, 515, although
occasionally counts of 1-2 x 109/L have been found in otherwise normal babies 1898. In a study on
cord blood samples, which were collected from 242 babies of five different ethnic groups living in
London, U.K., there was no difference in eosinophil counts between the groups. This suggested that
raised blood eosinophil counts, which were previously reported in Indian, and African infants, may
have environmental causes 301.
The discovery of an eosinophilia in neonates, and in infants is not often described, although it may be
quite common: 22 per cent in one series 1038. Cord blood contains more eosinophils, and more
progenitor cells than adult peripheral blood, and is a good source of GM-CSF 1989, so neonates
appear to have a well develloped capacity to produce high blood eosinophil counts. In one series of
21 neonates receiving surgical treatment in Milwaukee, U.S.A., in 1979, 14 (67 per cent), had blood
eosinophil counts greater than 740/109/L 959.
16.1. Premature infants.
A number of preterm, but otherwise normal infants have been reported to develop a marked eosinophilia soon after birth. The reasons for this are not known. Twenty of 38 premature infants, who
were described in a report from the University of Arizona, U.S.A., in 1979, develop an eosinophilia
greater then 1.0 x 109/L, which began 19 days after birth, and lasted for two weeks. It was suggested that the eosinophilia was linked to the development of an anabolic state 641. In 1982, a
prospective study of 45 premature infants found that preterm babies had the highest blood eosinophil counts, especially when they had been subjected to invasive procedures 166. A second prospective study in 1983 in Johannesburg, South Africa, on six premature babies, who developed
mean blood eosinophil counts of 2.7 x 109/L three weeks after birth, and four comparable babies
who did not have an eosinophilia, suggested that the eosinophilia was part of a biphasic granulopoietic
response in infants 1521.
16.2. Familial, and genetic diseases.
Relatively few newborn children with familial, or genetic diseases have been described with an
eosinophilia. A syndrome of hereditary or familial eosinophilia has been previously noted, in
which several members of a family, including children, were found to have a raised blood eosinophil
count 1155. As it has not been reported for the past 20 years, it may not exist today.
In a study on eight people with Downs syndrome in Australia, the morphology of bone marrow, and
blood eosinophils was normal, except for an increase in the percentage of marrow eosinophils with

three, or more nuclear lobes. As this is the reverse of the findings in neutrophils, it is likely that the
mechanisms which regulate nuclear lobation in neutrophils, and eosinophils are different 62.
Intrauterine blood transfusions, with exchange transfusions, can produce a hypersensitivity reaction,
with a rash, eosinophilia, thrombocytopoenia, and lymphopoenia. This was described in 21 of 35
(60 per cent) neonates in San Fransisco, U.S.A., in 1982 319. It did not appear to be a graft-versushost reaction, as it did not occur when intrauterine transfusions alone were used, and its cause
remains to be determined.
16.3. Eosinophilic diseases in infants.
Malignant diseases are an important causes of a marked eosinophilia in infants. The malignant
process may involve the eosinophil series, as in eosinophilic leukaemia, or act indirectly. Examples
include:
- eosinophilic leukaemia in a one-year old girl who died three months after presentation with widespread tissue infiltration with eosinophils, and thrombi 424. I have details of a similar case in a
neonate in London.
- two infants with lymphoblastic leukaemia, and a marked eosinophilia 1936, 629.
Occasionally a marked eosinophilia of unknown cause can occur in infants. One example was of an
18 month-old child who had an eosinophilia reaching 47.6 x 109/L. A lymphocyte-derived factor
may have been involved, as conditioned medium from the childs blood cells induced marrow cells to
make more eosinophil colonies in agar than normal 108. In 1987 it was reported that a boy aged 5.5
months had developed a marked eosinophilia, skin lesions, a hemiparesis, and hepatosplenomegaly.
His blood eosinophil counts rose to 115 x 109/L. He was treated with steroids, hydroxyurea, and the
eosinophilia disappeared 15 months after presentation 1958. Clearly, this illness had much in common
with HES in older children, and adults, but I do believe that HES should not be diagnosed unless the
eosinophilia persist.
Pertussoid eosinophilic pneumonia is a diseases of unknown cause, which produces a severe bilateral eosinophil-rich infiltrative inflammatory response in the lungs of infants. Twenty three cases
were reviewed in 1977 1296. High immunoglobulin levels suggest that it might be an infectious
disease, but no pathogen has yet been isolated from the lungs in this disease. It appears to have a
good prognosis.
17. Chapter C 17. Skin diseases.
The normal skin contains very few eosinophils, but they are found in large numbers infiltrating from
venules into lesions as different as atopic eczema, bullous pemphigoid, lymphomatoid papulosis,
drug reactions, and insect bites. In these diseases, many eosinophils in the skin show ultrastructural
evidence for secretion of their granule contents 2006, and the amount of deposited eosinophil granule
material can be extensive. This leaves little doubt that eosinophils are an integral part of the pathogenic processes in these lesions. However, the ways in which this occurs, and the different clinical
manifestations of these disorders, suggest that there is no single disease mechanism which eosinophil serve in the skin. These may include alterations in permeability leading to oedema 1055, the
stimulation of fibrous tissue deposition, the formation of bulli, itching, and chronic inflammatory
injury. Figure C17-1. .IE
Eosinophils and skin diseases.
Research on the relationship between eosinophils, and skin diseases is just beginning. It is only in the
last few years, that a close a relationship of eosinophils to scleroderma, Wells syndrome, recurrent
angioedema, and filarial dermatitis has begun to be described, and explained. This is obviously an
important area for research on the properties of eosinophils in disease, in view of the accessibility of
the skin for experimental studies, and the large background of research on the pathogenesis of skin
disorders. There is little related work on animals, although the characterization of ectoparasite-

induced eosinophil responses in guinea pigs, and other animals has been studied in Yale University,
U.S.A. since the late 1970s.
Several diseases give rise to a marked eosinophilic infiltrate into the fatty tissues of the skin, producing the histological appearances of eosinophilic panniculitis. This term is not particularly helpful
when considering the possible roles of eosinophils in skin diseases, as there is no suggestion that
eosinophils interact with fat cells. A description of 18 patients seen at the Mayo Clinic, U.S.A., with
this histological appearance was made in 1986. The diseases encompassed by this term included
erythema nodosum, immune vasculitis, eosinophilic dermatitis, Wells syndrome, injection granulomas,
and lymphomas affecting the skin 1940.
17.1. Dermatitis.
Eosinophil-rich inflammatory diseases of the skin associated with itching occur in several welldefined skin disorders. The numbers of eosinophils in the lesions varies considerably from patient to
patient, and there is no unifying concept about how eosinophils are involved in these disorders, and
some unusual skin disorders of this type remain to be classified. For example, a 66 year old man has
been described with papules, pruritus, and urticarial lesions on his thigh, and trunk, with an eosinophilia of up to 1.6 x 109/L, and raised serum IgE, which responded to a short course of treatment
with ketotifen. Differences with Kimuras, and Wells syndrome were outlined 1570.
17.1.1. Atopic dermatitis.
Eosinophils are clearly involved in atopic dermatitis, as large amounts of secreted MBP were seen in
the skin of 18 patients studied at the Mayo Clinic. The distribution of the MBP followed a fibrillar
pattern, similar to that seen in the lichenified lesions of untreated onchocerciasis. As few intact
eosinophils were seen in the skin, the extent of eosinophil involvement in atopic dermatitis has
probably been underestimated in the past. It was suggested that MBP deposition occurred as a
consequence of an IgE-mediated late phase reaction, and that they contributed to the tissue damage
present 1052.
As eosinophils are involved in the development of late phase asthmatic responses, and skin test
reaction in patients with atopic dermatitis are often delayed, an experimental study was carried out
to examine the possible role of eosinophils in atopic dermatitis. Fifteen patients with atopic dermatitis, 10 atopic patients with asthma, and rhinitis without atopic dermatitis, and 10 non-atopic subjects were studied to see whether epicutaneous patch tests with aqueous allergen preparations, and
intracutaneous tests would give different inflammatory reactions in skin than normals. Eosinophils
first appeared in the dermis at two to six hours, and in the epidermis at 24 hours. Dermal eosinophils
were activated (stained with antibody EG2), whereas epidermal eosinophils were non-activated, and
often lay adjacent to Langerhans cells. It was suggested that eosinophils might influence the late
responses in the skin, possibly by affecting the capacity of Langerhans cells to present antigens in
the skin of atopic patients 222.
17.1.2. Urticaria.
There are many different forms of urticaria, which are often distinguished by their mode of induction, and by the type of cellular reaction which develops. Chronic urticaria in children, which is often
associated with an eosinophilia, is usually of unknown cause 760. Intact eosinophils are only found in
urticaria in which there is an acute inflammatory response, such as delayed pressure urticaria 376.
Typical of the types of eosinophil-rich urticarial skin lesions, which are difficult to define, is a report
of a 68 year-old man with widespread itching papular eruptions, following an episode of facial
oedema. He had raised blood eosinophil counts, and IgE, and skin biopsies showed a diffuse perivascular infiltrate of eosinophils. It responded to treatment with steroids 1834.
In 14 patients with urticarial vasculitis, we noted the presence of activated eosinophils in biopsies
from seven with dense perivascular infiltrates 1532, and secreted ECP was seen in the dermis of 12 1742.
Deposits of MBP had also been seen in the skin of patients with chronic urticaria in 1983 1392, and in
the skin lesions of 10 patients with pressure urticaria. The extent, and intensity of anti-MBP staining
was not related to the number of intact eosinophils in the tissues. Deposits were seen in both

spontaneous, and induced lesions. It was suggested that eosinophil mediators, particularly MBP,
were involved in the development of oedema in the skin 1393.
Recently, MBP, ECP, and EDN/EPX have been shown to produce a dose-related wheal-and-flare
reaction after intradermal injection into human skin, and MBP has also been found in the late phase
of the immediate wheal-and-flare reaction (Leiferman, Haugen, and Gleich 1987, personal communication).
Itching papular eruptions preceeded by angioedema have been described in a 68 year old man who
developed a blood eosinophil count of up to 9 x 109/L. Several forms of treatment were ineffective,
until he was given PUVA therapy. After a three month course, his symptoms, and eosinophilia
disappeared, and no abnormalities were found during the next two years 1835.
17.2. Episodic angioedema with eosinophilia.
The syndrome of episodic angioedema associated with an eosinophilia was described at the Mayo
Clinic in 1984. Four patients were reported, who had recurrent attacks of angioedema with weight
gain of up to 18 per cent, urticaria, fever, and blood eosinophil counts of up to 95 x 109/L. They
were aged four, seven, 16, and 28 years. Three were male, and one female. Steroid treatment
appeared to help the patients over each episode. MBP was found in skin biopsies, and high serum
MBP levels were measured. Blood eosinophils had ultrastructural features of degranulation. Only
one patient had raised serum IgE levels. It was suggested that eosinophils induced the oedema, and
weight gain, through an effect of their granule proteins, and LTC4 on blood vessels, and adjacent
mast cells.Although these patients had features of HES, it was suggested that they had a distinct
disorder, as follow-up for five to 37 years has shown no signs of visceral organ involvement 672, 673.
A related disease, in which recurrent oedema was restricted to the face, was described in 1985 in
two patients, who had an eosinophilia. One had a high level of serum MBP. In both patients, skin
biopsy samples showed a nonspecific mononuclear cell infiltrate,with deposits of extracellular MBP
1664
.
Other patients with episodic angioedema, with eosinophilia have been described. They include:
- a two and a half year old girl in Boston who had monthly attacks of angioneurotic oedema, in
which she gained up to 20 per cent of her total body weight, with malaise, and fever, preceded two
days earlier by pruritic papules. She had pulmonary infiltrates on one occasion, which resolved 10
days later. The blood eosinophil count was 17.2 x 109/L in an attack, and 6.8 x 109/L on recovery.
A slight increase in serum IgE (154 IU), and IgM (2.1 g/L) were found. MBP was found in a skin
biopsy, and a few scattered eosinophils were also seen there. Thirty two per cent of her CD4
positive blood lymphocytes expressed HLA-DR antigens. Steroid treatment resolved the oedema in
four days, and eosinophil counts were transiently reduced, but they returned to high levels, reaching
58 x 109/L at their highest 919.
- the only child reported from the N.I.H. series of patients with HES in 1975, who was a ten year-old
boy with had attacks of fever, angioneurotic oedema, malaise, and an eosinophilia which responded
to steroid treatment 325.
- a 64 year-old man, reported from Creteil, France, in 1987, who had eight years of cyclical fever,
itching, diffuse muscle pains, and angioedema lasting 5-7 days, which recurred with regular 28 day
cycles. Blood eosinophil counts rose to 30 x 109/L during these episodes from baseline levels of 1.52 x 109/L. No MBP deposition was seen in biopsies of stomach, skin, or muscle. As there was no
evidence for cardiac injury, or other serious complications of HES, it was suggested that the diseases was the result of a cyclical stimulation of eosinophil progenitor cell proliferation 261.
- a 65 year old man described in 1985 in the U.K., who presented with episodic facial angioedema,
and associated eosinophilia up to 14 x 109/L. Marrow cultures grew an increased number of eosinophil colonies than normal, and T suppressor cell counts in his blood were increased 407.
- a 12 year old boy described in 1986 in Australia, who had episodic facial, and peripheral angioedema
for seven years, and an associated eosinophilia up to 48 x 109/L. No excess eosinophil colonies grew
from his bone marrow, and no excess CSF production was detected 796.

In one of the patients with episodic angioedema, and an eosinophilia of 13 x 109/L who was studied
at the Mayo Clinic, 90 per cent of the blood eosinophils were of density less than 1.082, and they
contained only 37 per cent of the MBP found in normal eosinophils: 3,197 compared to 8,619 ng/
106 eosinophils. In this patient plasma MBP levels were 7.8 times more than in normal plasma:
2,408 compared to 307 ng/ml 1389.
These descriptions appear to be distinct from earlier reports of patients with eosinophilia with a
vasculitis, angioedema, and hypocomplementaemia. A six-year old girl with the latter disease was
reported from Beirut, Lebanon, in 1977 630. Biopsies of her skin, and muscle showed many eosinophils
in the walls of blood vessels, which also contained deposits of immunoglobulins, and C3. Her illness
responded to steroid treatment.
In 25 patients with cancers treated with recombinant IL-2 - activated autologus peripheral blood
cells, 16 gained more than 10 per cent of their initial initial weight, and 20 had pulmonary oedema.
Although no mention was made in the publication of this study 1518, or in other reports of patients
treated with IL-2, in a personal communication from one of the group doing this work, it was stated
that a marked eosinophilia of up to 20 x 109/L can develop, and 24 of their patients had greater than
5 per cent circulating eosinophils.
It has been suggested that treatment of patients with IL-2, which causes an eosinophilia, fluid accumulation, and respiratory difficulties, is due to stimulation of eosinophil proliferation, and eosinophil
secretion by T cell factors which have been produced in response to the IL-2. This possibility was
based on the finding that eosinophils secrete LTC4, and PAF, and can damage endothelial cells in
vitro. It was also suggested that the anti-tumour effect of IL-2 might be mediated via eosinophils,
and that steroids, which inhibit eosinophil functions, could prevent the oedema caused by IL-2
treatment 1001.
Another syndrome, which may have a common pathogenesis with episodic angioedema with eosinophilia, comprises oedema, hypergammaglobulinaemia M, eosinophilia, and tiredness. Several
patients have been described 1160, and although the disease persists, they seem to have an excellent
prognosis.
17.3. Skin eruptions in pregnancy, and in infancy.
Eosinophils are one of the main cell types found in the nonspecific pleomorphic skin lesions which
are sometimes seen in pregnancy. They occur with histiocytes, and lymphocytes in the dermis, and
epidermis 1241, but their pathogenesis is unknown.
Skin diseases in infants which can give rise to a marked eosinophil-rich exudate include erythema
toxicum neonatorum, and acropustulosis, which was described in a baby in 1982 1119.
17.4. Scleroderma syndromes.
There are several subgroups of the diseases which fall into the broad classification of the scleroderma syndromes. Localized forms of skin thickening can occur, which may be extended on the
arms, and legs. In some patients there is more generalized disease, systemic sclerosis. An eosinophilia can occur in any of these, but a marked blood eosinophilia is most commonly seen in
eosinophilic fasciitis. Eosinophils are usually not a prominent part of the lesions themselves, and
eosinophilic fasciitis might be better called fasciitis with an eosinophilia. Eosinophilic fasciitis is
reviewed in Chapter C 05.
17.5. Bullous skin diseases.
Several different bullous diseases of the skin can be associated with the presence of eosinophils both
in the blood, and in the skin lesions. The most striking example of this is bullous pemphigoid. In
1968, the term eosinophilic spongiosis was introduced for the histological appearances of many
eosinophils in the skin, with patchy areas of swelling of the connective tissue. It was thought at first
that these features were confined to patients with pemphigus, but it has been shown subsequently,
that this can also occur in bullous pemphigoid, bullous impetigo, pruriginous erythematous exanthema, and melanoerythroderma. In one 68 year-old woman with the latter diagnosis, who was
reported in 1986, her blood eosinophil count was about 5 x 109/L, the serum IgE level was raised,

and she had eosinophilic spongiosis, with deposits of IgG in the epithelium 482.
17.5.1. Bullous pemphigoid.
It has been known for nearly 100 years that this disease can occur with large numbers of eosinophils
in the inflammatory lesions, and blood 238. It has been suggested that the lesions are due to binding
of antibody to the basement membrane, where complement is activated. This induces eosinophils to
release toxic molecules directly onto the basement membrane zone, to produce a loss of dermoepidermal adherence, which causes blister formation 1548. In 1982 it was shown that eosinophils in
the lesions had ultrastructural features to suggest that they could be degranulating, and damaging
the basement membrane 487. Eosinophil granule proteins have been found in the bullous fluid of
some of these patients, and eosinophil peroxidase has been found along the basement membrane 468.
Eosinophil activating factors, which might be involved in triggering eosinophil degranulation, have
also been extracted from blister fluid 1840.
Treatment is difficult. In 1987 a 48-year old man with bullous pemphigoid lesions containing many
eosinophils responded to treatment with tetracycline. It was suggested that drugs which can inhibit
the binding of tRNA to mRNA, and so block protein synthesis, could be effective in this disease by
inhibiting the toxic properties of granulocytes, including eosinophils 1781.
17.5.2. Dermatitis herpetiformis, and linear IgA disease.
Eosinophils were prominent in the skin of six of 26 patients (23 per cent) with dermatitis herpetiformis
reported from London, U.K., in 1983 181. In linear IgA disease there is a continuous, and homogeneous band of IgA along the basement membrane of the skin, and the formation of subepidermal
bullae. It is closely linked to dermatitis herpetiformis, although it does not occur in patients with
intestinal diseases. Eosinophils can be prominent in, or below the bullae. They were seen in this site
in seven of 30 patients studied in London, U.K., who were reported in 1983 181.
17.6. Incontinentia pigmenti.
This rare inherited disease, is named after the characteristic areas of increased skin pigmentation,
which occur in whorls, stripes, and other angular shapes. These are present at birth, or first appears
in the newborn period, and in 60 per cent of children they are associated with neurectodermal
defects. The lesions begin with an inflammatory (vesiculobullous) phase, which may be extensive.
The patients are usually afebrile, and they may have a marked increase in eosinophils in the lesions,
and blood. The inflammatory phase may evolve through a verrucous phase, to the pigmented stage,
which fades with age. In Sendai, Japan, an eosinophil chemotactic factor was defined, with LTB4,
in the eosinophil-rich lesions 1745.
17.7. Eosinophilic pustular folliculitis.
Eosinophilic pustular folliculitis (Ofujis disease) was first described in 1970 in three young Japanese
patients who had a marked eosinophil infiltrate into areas of pruritic follicular papulopustular eruptions, and a high blood eosinophil count 1297. Since then other patients have been reported from
Japan 1744, North America in 1985 1118 the U.S.A. in 1986 865, 453, 346, including three patients with AIDS
1657
, Italy in 1985 1289, and France in 1986 1859.
This is a rare disease, in which there are recurrent, sterile, papulopustules, and plaques which increase in size. They are commonest in hair-bearing areas, although the palms, and soles can also be
involved. Microscopy shows subcorneal, and intrafollicular abscesses containing many eosinophils,
or neutrophils, with spongiosis of the outer root sheath, and a dense infiltrate of eosinophils around
dermal vessels. Occasionally, tinea infections can mimic this disease 1016. It also occurs in dogs 1582,
and in both species it is a chronic disease, with a variable response to steroids. Dapsone was effective in one patient 1705.
17.8. Psoriasis.
Eosinophils can be a prominent component of the skin lesion in some patients with psoriasis 1706, and
there may be an increase in blood eosinophil counts, especially in patients with psoriatic arthropathy.
17.9. Erythema nodosum.
Occasionally, erythema nodosum can be associated with an eosinophilic panniculitis, and a marked

eosinophilia 1940.
17.10. Lymphomatoid papulosis.
There are a small number of patients with lymphomatoid papulosis who have large numbers of
eosinophils in their skin lesions 1240, in addition to atypical lymphocytes. Occasionally the lesions
may contain more histiocytes than lymphocytes, and it has been suggested that these may be a
separate form of the disease 1181. In 1988 we reported three patients who had lymphomatoid papulosis,
and the hypereosinophilic syndrome 1926. As the dermal lymphocytes had some of the phenotypic
features of helper cells, we suggested that the eosinophilia could have been due to the secretion of an
eosinopoietic cytokine, such as IL-5, from these atypical T cells.
17.11. Erythema annulare.
Increased numbers of eosinophils have been found in the skin lesions of patients with granuloma
annulare. They were present in 18of 45 biopsies (40 per cent) in a study reported in 1985 1631. They
are also found in other cutaneous granulomas, such as necrobiosis lipoidica, and reactions to insect
bites.
18. Chapter C 18. Immunological diseases.
Diseases of the immune system are often associated with an eosinophilia, especially the hypersensitivity group of disorders, and immunodeficiency diseases. This is not surprising in view of the
importance of T cell regulation of eosinophil production, and the capacity of lymphokines to affect
the properties of eosinophils.
18.1. Autoimmune diseases.
Although eosinophil infiltration into affected tissues has been observed in experimental animals injected with autologous endocrine tissues, a blood eosinophilia with eosinophils in the affected organ
seldom occurs in autoimmune diseases. However Addisons disease can rarely present with an
eosinophilia. I reported my studies on one patient in 1976 1679. There is also some clinical, and
experimental evidence to suggest that eosinophils could be involved in the development of certain
types of diabetes mellitus. In 1978, an eosinophil infiltrate was found in the pancreas of a premature
baby, born to a diabetic mother 116. An eosinophil infiltration into the islets of Langerhans has been
noted in guinea pigs, in which diabetes was induced by immunization with pancreatic tissues. In
1987 it was noted that BB rats, which develop diabetes spontaneously,developed an eosinophilia at
the onset of diabetes 1020.
18.2. Drug hypersensitivity reactions.
The normal immune response to allergens often includes eosinophils, and it is likely that they play an
important role in protecting lymphoid tissues against potentially toxic, or harmful products which
enter the body through afferent lymphatics. This mechanism may occasionally lead to a detrimental
host response such as occurs during drug hypersensitivity reaction.
Eosinophils can be involved both in immediate hypersensitivity, and in chronic or delayed hypersensitivity responses. In each case, the blood eosinophil count is usually raised as well as there being
large numbers of eosinophils in the lesions themselves. In hypersensitivity diseases, blood eosinophil counts are seldom as high as can be seen in patients with HES, although this can occur in drug
hypersensitivity reaction.
Drug reactions are an important cause of an eosinophilia 1681. The finding of a raised blood eosinophil count in patients taking drugs, can be useful as an early warning of potentially dangerous
hypersensitivity reactions, which could lead to permanent tissue injury, or even death. The eosinophilia forms part of an immediate hypersensitivity reactions, or delayed cell-mediated response to
the drug, or its breakdown products. Most of the diagnostic tests which are used to decide whether
a drug is responsible for an adverse reaction are based on these two possible mechanisms.
It is not known why these reactions occur in some patients, except that they can be dose-related, and

it is it clear why eosinophils are involved in some hypersensitivity reactions, and not others. No
work has been done on how eosinophils could be involved in drug reactions, either as effector cells
of the imune response, or as protective cells against the damaging effects of drugs, and their
metabolites. Most reactions end when the drug treatment is stopped, but steroid treatment can be
valuable, accelerating recovery from cell-mediated reactions. Very rarely, a drug-induced eosinophilia may progress to a chronic persistent eosinophilia.
In the majority of patients it is not difficult to recognize this complication of drug treatment. Problems mainly arise when the drug history is incomplete, or when several drugs are being used to treat
a disease which may itself give rise to an eosinophilia.Then special investigations are worthwhile to
determine the aetiology of the eosinophilia, especially when drug treatment ought to be continued.
There does not appear to be any common chemical, or pharmacological feature to these agents to
account for the development of the eosinophilia. In treated patients the incidence of eosinophilia is
probably less than 0.1 per cent except for a few treatments, such as sodium aurothiomalate therapy,
which can produce an eosinophilia in 20-50 per cent of treated patients 491. The prevalence of druginduced eosinophilia is, however, relatively common in hospitals, largely because drugs are so widely
prescribed there. Figure C18-1.
Fig. 18-1: Drug-induced hypersensitivity reactions with an eosinophilia.
18.2.1. Clinical features of drug hypersensitivity diseases.
Allergic, and hypersensitivity reactions to drugs can occur without any alterations in blood eosinophil counts, and acute anaphylactic reactions are usually not accompanied by an eosinophilia.
There is also work to suggest that a drug-induced eosinophilia may not be relate to the occurrence
of toxic side effects in patients taking D-penicillamine 1648. Drug-induced hypersensitivity reactions
with an eosinophilia usually only develop after several weeks or months of treatment, but it may
recur rapidly, when the drug is taken again. This suggests that an immune response has developed.
Sometimes it can be difficult to recognize that an eosinophilia is drug-related, especially when it is
overshadowed by other complications. Failure to do so may be responsible for the development of
progressive lesions which may be fatal. Useful clinical features which suggest that an eosinophilia is
due to drug treatment are fever, skin rashes, lymphadenopathy, splenomegaly, pulmonary infiltrates,
and (more rarely) hepatic, renal or cardio-toxicity. However, in a review of drug fever, which was
published in 1987, fever was infrequently associated with an eosinophilia 1126.
The eosinophilia that accompanies drug reactions ranges from just above normal, to very high levels, but the majority of affected patients have counts between 1 and 10 x 109/L. The eosinophilia
may take several weeks to return to normal after the drug has been stopped.
Fever with an eosinophilia may be the only clinical manifestation of a drug reaction, and this is well
described for hypersensitivity to the penicillin, barbiturate, and hydantoin groups of compounds. In
1987, details were given of a 15 year-old boy who developed a hypersensitivity reaction to phenytoin, with blood eosinophil count of 2.1 x 109/L. A review of 17 similar patients aged two to 21
years with hypersensitivity reactions to phenytoin showed that an eosinophilia occurred in 76 per
cent 1435.
18.2.1.1. Reactions affecting the skin.
Skin reactions with an eosinophilia are common in patients taking antibiotics, antifungal agents, and
allopurinol 234, 1027 . Fatal angioedema due to bleomycin was reported in 1984 958. The varied skin
lesions which have been described under the general term of eosinophilic panniculitis, are often due
to a drug reaction, although this can be difficult to prove 1940. Carbamazepine-induced erythema
multiforme with an eosinophilia has been described in a patient in 1984 1187.
18.2.1.2. Reactions affecting the lung, and heart.
Pulmonary hypersensitivity reactions can develop with an eosinophilia in patients taking nitrofurantoin 1131, sulphonamides 1807, 293, 1825, penicillin, mephenesin, and azathioprine 1601, methotrexate 1924,
bleomycin 1988, chlorpropamide 153, tolbutamide, carbamazepine 1708. Occasionally the reaction can
progress to fibrosis 1519, and naproxen 578.

Several drugs which are used to treat pulmonary tuberculosis can cause damage to the lungs with an
eosinophilia. These include para-aminosalicylic acid 1635, isoniazid, rifampicin, and capreomycin
sulphate (16 of 38 patients in one series) 1335.
Eosinophilic myocarditis is an important complication of some types of drug-induced hypersensitivity reactions. Twenty four patients with this reaction were reviewed in New York, U.S.A., in 1982
555
. Twenty had died suddenly, and it was recommended that a careful search for this dangerous
reaction should be made in patients with a drug-induced eosinophilia. Pericardial lesions can also
develop. Sodium cromoglycate produced an allergic response in a 46 year-old woman who presented with pericardial symptoms, and signs, and a blood eosinophil count of 12.5 x 109/L, which
resolving when this drug was stopped 1642.
18.2.1.3. Reactions affecting the kidneys.
Both glomerular, and tubular injury can occur during eosinophilic hypersensitivity reactions to drugs
49
. Glomerular lesions may develop during treatment with penicillins, amphotericin B, sulphonamides, and phenylbutazone 1061.
lnterstitial nephritis, in which there is an eosinophil infiltrate into areas of renal damage, can complicate treatment with a wide variety of drugs. It was reviewed in 1980 1083. Offending drugs include
penicillins, including methicillin, and ampicillin (4 of 7 patients in one series) 105, cimetidine, nonsteroidal antiinflammatory drugs, and allopurinol 1183, 748.
It has been suggested that the interstitial lesions are due to the production of antitubular basement
membrane antibodies 190. Although a peripheral blood eosinophilia is not always found in druginduced interstitial nephritis, when it occurs, it can be marked, and persist for weeks after stopping
treatment. Phenytoin can cause marked eosinophil infiltration into the kidneys 1611, 1171, as can cephalosporin 1856, sulphasalazine 314.
Rarely, drugs can cause an eosinophilic reaction in the bladder, as described in a patient taking an
antiallergy drug in Japan 1261.
18.2.1.4. Reactions affecting the liver.
Many drugs are able to produce a granulomatous hepatitis, in which eosinophils are a prominent
feature. In a series from Charleston, U.S.A., published in 1981, they accounted for 29 per cent of
granulomas in liver biopsies 1182. Drug reactions only rarely produce extensive hepatic injury with
eosinophil infiltration, and a peripheral blood eosinophilia. Phenothiazines are probably the commonest type of drug causing liver injury, and eosinophilia, with jaundice of an obstructive type. A
patient with carbamazepine-induced acute cholangitis and hypereosinophilia was described in 1987
1031
. Other drugs which have been reported to induce liver injury include tolbutamide, chlorpropamide, 1999, and allopurinol 1636. Eosinophilic hepatitis has also been seen in patients with juvenile
rheumatoid arthritis treated with aspirin: six in one series 1489, and acute rheumatic fever treated with
high doses of aspirin: 10 of 11 in a series from South Africa 645.
18.2.2. Drugs which induce hypersensitivity reactions.
Many different types of drug can induce an eosinophilia 1957. Especially important causes of an
eosinophilia are antibiotics, and fungicides, drugs acting on the central nervous system such as
phenytoin 763, anticoagulants such as phenindione, and chlorophenindione, and with them adverse
reactions usually becomes apparrent one to three months after treatment has started 1090, anti-inflammatory and anti-neoplastic drugs, including dacarbazine 1372, and oral hypoglycaemic agents. Even
small inorganic substances such as potassium iodide have been shown to produce eosinophilic hypersensitivity reactions as high as 63 x 109/L 857. Radiographic contrast media, which may release
small quantities of free iodine, can also produce an eosinophilia, and mild urticaria (21 of 101 patients undergoing intravenous urography in a series in Boston, U.S.A., 1865), but this is rarely of
clinical importance 1425.
18.2.3. Susceptibility to drug hypersensitivity reactions.
Although as many as 10 per cent of patients in hospital have adverse reactions to drugs, and approximately 11 per cent of these are hypersensitivity reactions 830, and skin rashes may develop in 5-7 per

cent of patients receiving ampicillin and amoxicillin 1431, the prevalence of hypersensitivity reactions
with an eosinophilia is probably less than 1 per cent. For example, although penicillin, and cephalosporin, and their related derivatives are highly immunogenic in man, and are well known for their
capacity to produce an eosinophilia 109, 430, allergic reactions develop in only about 1 per cent of
treated patients 817.
Renal failure is an important predisposing factor in the development of drug-hypersensitivity reactions. The reasons for this are not known, but may involve slow elimination of immunogenic
metabolites. The incidence, and severity of reactions to allopurinol is also increased in acute and
chronic renal failure 300. However, in many patients with renal failure who develop an eosinophilia,
it may be difficult to incriminate the drug responsible for the reaction. We have seen eight patients
with renal failure who developed an eosinophilia of unknown cause, and who were receiving several
different drugs. In each case resolution of the eosinophilia occurred as renal function improved,
suggesting that the response was in some way associated with the excretion of a sensitizing agent.
In one of these patients tartrazine was suspected to be the cause of the eosinophilia, and the eosinophilia closely followed renal function 205. Tartrazine may be a common cause of an eosinophilia in
patients with renal failure. It is a yellow dye which can also give a red, or green colour, and it is
widely used in foodstuffs, and medications. The incidence of hypersensitivity reactions to drugs is
also increased in patients with liver failure 1999, probably for the same reasons. However, eosinophilia does not seem to develop as frequently as in renal failure.
The main genetic factor known to predispose to drug-induced eosinophilia is slow acetylator status,
which is important in patients taking drugs which are altered by this pathway, such as the sulphonamides. For this reason, some reactions are dose related, and slow elimination through the liver or
kidneys then becomes more important. Patients with atopy, or a family history of allergic diseases
do not appear to have a higher risk of developing drug hypersensitivity reactions, although there is
the possibility that they may be more severe when they do occur. A previous history of drug reactions or allergic diseases is often held to increase the likelihood of hypersensitivity reactions developing to other drugs 829, but this has not been substantiated in the case of penicillin sensitivity 817.
Patients with asthma also rarely develop hypersensitivity reactions to drugs. But when it occurs in
them it may be particularly severe. It should be noted that there is a rare syndrome of asthma, nasal
polyps and eosinophilia which is regularly aggravated by aspirin ingestion 644.
18.2.4. Mechanisms of drug hypersensitivity reactions.
18.2.4.1. Introduction.
Drugs produce hypersensitivity reactions by binding to proteins, forming larger immunogenic hapten-protein conjugates. This usually leads to the production of antibodies which can form immune
complexes with the drug. Large amounts of circulating complexes can injure blood vessels, producing the clinical features of serum sickness (type III reactions). IgE antibodies may be produced.
These are present on the surface of mast cells, and combine with the drug to give acute type I
reactions including urticaria, angio-oedema, and anaphylatic reactions. However, the most important mechanism in drug-induced eosinophilic hypersensitivity reactions is T lymphocyte dependent:
the cell-mediated (type IV) reaction. Histologically, the main features of drug-induced lesions are a
mononuclear cell, and eosinophil-rich inflammatory reaction in all three layers of the walls of small
arteries, arterioles, and venules, without the presence of a necrotizing vasculitis, or fibrinoid necrosis 1251.
18.2.4.2. IgG-mediated reactions.
Many drugs give rise to small amounts of IgG antibodies but generally these have no clinical significance. Eosinophilic hypersensitivity reactions to nitrofurantoin often occur in patients with higher
IgG antibodies to the drug than in control patients, but as some patients with the highest IgG antibody levels do not have reactions, it is likely that other factors are also involved. In the majority of
patients who develop allergic reactions to the penicillin group of drugs there is no correlation with
IgG or IgM antibody levels 2004. However, in a few patients, immune complexes can develop, caus-

ing serum sickness, accompanied by an eosinophilia, and complement activation. This has been
described in a patient given cephalothin 199.
18.2.4.3. IgE-mediated, and mast cell-mediated reactions.
IgE-mediated (anaphylactic) responses to drugs have often been incriminated in the development of
drug-induced eosinophilia. Penicillin allergy is the best known. Here bivalent penicilloyl-haptens
cross-link IgE antibodies on the surface of mast cells, and induce the secretion of mast cell mediators. In other drug reactions the involvement of IgE has been conjectural, and largely based on
increased total IgE levels in serum, such as in patients with allergic reactions, and eosinophilia after
treatment of rheumatoid arthritis with gold salts 408. Among 50 patients who received sodium
aurothiomalate, 20 developed an eosinophilia. Of these, 35 per cent had raised IgE levels, whereas
only 11 per cent among the other patients showed increased levels. Unfortunately, specific IgE
antibodies to gold salts or their metabolic products have yet to be defined, and the possible importance of an eosinophilia as a useful indicator of an adverse reaction to gold salts was not confirmed
in two other studies 876, 935.
As mast cells degranulate during acute allergic reactions to drugs, a number of diagnostic tests for
drug hypersensitivity have been developed using basophil degranulation in vitro. These are technically difficult, as basophils can degranulate non-specifically, so they are now seldom done, except in
specialized laboratories. Another test which has now been largely abandoned, is serial measurements of blood cell accumulation in skin abrasions, to which glass coverslips or chambers containing
the drug have been applied (skin windows). It is not clear what type of response this measures, and
it is difficult to interpret.
18.2.4.4. Cell mediated (Type IV) reactions.
It is probable that most drugs produce an eosinophilia by stimulating T lymphocyte responses in
vivo. This is studied by incubating patients blood lymphocytes with the suspect drug, and measuring the degree of lymphocyte proliferation by the uptake of 3H-thymidine. This mitogenic response
has been widely used in attempts to find the drug responsible for hypersensitivity reactions, and
there are a number of reports where a positive response has been detected using lymphocytes from
patients with a drug-induced eosinophilia 1484. Positive results with this type of test have also been
reported in patients with hypersensitivity reactions, and an eosinophilia, which developed during
treatment with antituberculous drugs, and nitrofurantoin 89. Five of seven patients with an eosinophilia due to carbamazepine had lymphocytes which showed a positive mitogenic response. In
the other two patients, a positive response was seen only in samples taken several months later,
possibly due to a depression of lymphocyte responsiveness by the illness itself. These patients also
produced positive patch tests for the drug, suggesting that delayed (type IV) hypersensitivity had
developed 818.
The value of the mitogenic response in diagnosis has, however, been questioned. For example, in a
group of patients with asthma who developed hypersensitivity reactions to sodium cromoglycate
(cromolyn sodium) there was no difference in lymphocyte responsiveness to the drug compared
with other unaffected asthmatic patients. However, by measuring lymphocyte-derived migration
inhibitory factor, which is secreted during delayed hypersensitivity reactions, it was possible to discriminate between the two groups 1605. Other drugs, in which mitogenic responses have been correlated with hypersensitivity reactions, and an eosinophilia, include phenytoin 1611, and allopurinol 1146.
Evidence that lymphocytes are involved directly in these responses also comes from studies on
circulating lymphocytes, which may show a number of morphological abnormalities, for example in
patients with phenytoin hypersensitivity 1702.
These findings fit in well with experimental work in animals on the role of T-lymphocytes in the
induction of eosinopoiesis. Basten, and Beeson 136, showed that an eosinophilia did not occur in rats
injected with T. spiralis larvae unless they possessed normal T-lymphocyte populations. A similar
conclusion was reached in regard to basophilopoiesis in recent studies in rats infected with T. spiralis. Congenitally T-lymphocyte-deficient rats did not show either basophilia, or eosinophilia when

infected 1300. However, it is not known whether the same lymphocyte subpopulation induces both an
eosinophilia, and delayed (type IV) reactions, or whether one response influences the development
of the other.
In further experimental studies, the importance of inflammatory lesions in the induction of eosinophilia was clearly demonstrated 1872. In the absence of an inflammatory reaction, stimuli which
would normally produce an eosinophilia appeared to be ineffective. How far this was due to a nonspecific effect of the inflammatory reaction on the immune response, or a direct effect of these
reactions on eosinopoiesis was not clear. However, it may be useful to consider whether a druginduced hypersensitivity reaction has an underlying inflammatory reaction if there is an associated
eosinophilia.
18.2.5. The roles of eosinophils in drug reactions.
Although tissue eosinophils are a prominent component of tissue lesions in patients with hypersensitivity reactions, it is not known what part they play there, and they are not involved in acute
anaphylactic reactions 669. It is possible that they are involved in the production of chronic tissue
injury in drug hypersensitivity reactions, but as they are rarely associated with endomyocardial fibrosis, their effects are probably localized.
Blood eosinophils in these patients may contain many vacuoles 347, and degranulated eosinophils
have been seen in the blood, 1443, and in drug-induced tissue lesions. Tissue eosinophils containing
vacuoles have been seen in skin window preparations in a group of 45 allergic patients. The
maximum number of vacuolated eosinophils (42 per cent) was seen four hours after the drug was
applied to the skin 451. However, it is not clear whether eosinophils contribute in any way to the
clinical, or pathological consequences of these reactions.
18.3. Graft-versus-host disease.
A mild eosinophilia is common in chronic graft-versus-host (GvH) disease, but occasionally the
blood eosinophil count can be strikingly high. Blood eosinophil counts did not correlate with increases in IgE levels in 14 patients with GvH disease 1494. In one patient reported in 1986, an
eosinophilia due to GvH disease after a bone marrow transplant was also accompanied by polymyositis 1812.
18.4. Immunological deficiency syndromes.
Immunological deficiency syndromes in childhood, and later life, and several acquired immunodeficiency syndromes can all be associated with a marked increase in eosinophil counts. At first sight
this seems surprising in view of the role of T cells in eosinophil production. However, in these
disorders it is likely that there is an imbalance in the regulation of the production of lymphokines,
which leads to an over production of lymphokines with eosinopoietic activity from other cells, such
as endothelial cells.
Children with severe defects in cell mediated, and humoral immunity, such as the severe combined
immune deficiency syndrome may have a marked eosinophilia 896. See also Omenns syndrome,
Chapter C04.
A number of children with hypogammaglobulinaemia, and Pneumocystis carinii pneumonia have
been found to have an eosinophilia. In a five month-old child with this syndrome, and a blood
eosinophil count of 14.2 x 109/L, who was reported in 1987, the eosinophilia disappeared after he
was treated with intravenous gammaglobulin 1380.
18.5. Absence of eosinophils.
Occasionally, blood films may have less than three eosinophils per 200 white blood cells, although
eosinophils are present in the bone marrow. As I have found that germ-free rats, and mice have very
few blood eosinophils, this may be a reflection of the absence of stimuli, which might otherwise
increase the eosinophil count, rather than an abnormality in these individuals. In hospital practice,
low eosinophil counts are also sometimes seen, but it is very rare for this to occur in serial blood
samples. This was studied in 1987 in 24 300 patients admitted to hospital in Pittsburg, U.S.A. Only
24 had blood eosinophil counts of less than 0.010 x 109/L, and in each case this was linked to current

steroid treatment, or the presence of a serious underlying disease 1003.
There are a small number of patients with a variety of immunodeficiency syndromes, which are often
associated with a thymoma, or asthma, who have no eosinophils in their marrow, blood, or peripheral tissues, as judged by staining with eosin, and other similar stains. During the 1950s, and 1960s,
there were several single case reports of this association 696, 1474, 587, 1870. The syndrome was reviewed
in 1968 by Good, and colleagues, who had made several of the earlier descriptions of these patients
877
. In 1977 five patients with this syndrome were discussed in a short review 2011, and an additional
patient was mentioned in a review in 1977 147. Other reports of patients with no eosinophils are:
- a 52 year-old man in Uppsala in 1977, who had a wide range of recurrent, and persistent infections,
including chest infections, tuberculosis, multiple warts, recurrent gastroenteritis, a persistent salmonella infection, and scabies. He also had a haemolytic anaemia, selective IgA deficiency, asthma, and
an absence of eosinophils, and basophils in his marrow, and blood. A small number of mast cells
were found in tissues. The plasma was found to induce white cells from normal individuals to
degranulate, suggesting that newly formed cells were unable to reach maturity in this patient 899.
- a woman in the U.S.A. in 1981, with episodic urticaria, and rhinitis who had no circulating eosinophils,
or serum MBP 596. She had 0.4 per cent basophils, and normal immunoglobulins. In 1984 it was
reported that she had an eosinophil-specific serum inhibitor of CFU-Eo growth 1262.
- a 59 year-old woman in Brussels, Belgium in 1982, who had no eosinophils in her blood, or
marrow for at least eight years after she had recovered from an episode of drug-induced agranulocytosis 1765. The lack of eosinophils was thought to be due to a defect in the marrow environment for
eosinopoiesis, as she had normal numbers of CFU-Eo, and could make Eo-CSA, and she did not
have an antibody preventing the growth of immature eosinophils.
- a man aged 55 years reported in London, U.K., in 1983, who had a spindle cell thymoma, with
hypogammaglobulinaemia. Two years after he had a thymectomy, blood, and marrow eosinophils
disappeared, and eosinophils were noted to be absent in skin allergen patch test sites. As there was
a marked increase in his blood T lymphocyte suppressor activity, it was possible that suppressor
cells were inhibiting T lymphocytes which would normally stimulate eosinophil production 1221. This
report also suggested that an alternative mechanism for his lack of eosinophils. It was possible that
the defective T cells might be the ones which would normally supply the helper functions for
eosinopoieis 1220.
- a 52 year old woman described in 1984 with asthma, diabetes, and seasonal rhinitis, with a history
of drug allergy, who had a mild leucocytosis, but no blood eosinophils. Her serum IgG inhibited
CFU-Eo growth specifically, and it was suggested that the eosinopoenia was due to an autoimmune
process 1262.
-a second patient with reported from Uppsala in 1988, who had no blood or marrow eosinophils or
basophils, although there was a low level of serum ECP level 900. The cause of the eosinopoenia in
this patient was not determined.
18.6. Hypergammaglobulinemia E, and infection syndrome.
The syndrome of recurrent pyogenic infections, and high serum IgE levels is occasionally associated
with a marked eosinophilia. Two boys with recurrent infections, very high serum IgE levels, and
poor secondary antibody responses, and reduced delayed hypersensitivity reactions, with a marked
eosinophilia were described in 1972 227. In 1975 serum IgE levels of over 200,00 U/ml, and increased numbers of IgE-staining B cells, were noted in a patient who had blood eosinophil counts of
4 to 18 x109/L 1379.
In 1976 eleven other patients with this syndrome were reported from Minneapolis, U.S.A. They all
had recurrent staphylococcal abscesses involving the skin, and the respiratory tract, chronic
eczematous dermatitis, and high levels of serum IgE. In ten patients the peripheral blood eosinophil
count was 10 per cent or more of the total white blood cell count 379. A patient was reported from
Denmark, in 1980 144, and 16 patients, who were seen at N.I.H., Bethesda, U.S.A., were reviewed in
1983 457. Six had blood eosinophil counts above 1 x 109/L, and eosinophils were also present in

abscess fluid, and sputum.
A. Appendix A. Research Groups working on eosinophils, and eosinophilic diseases, 1988.
There are many scientific, and clinical centres with an interest in the study of eosinophils, and eosinophilic diseases. The following list includes the major centres which have published several english
language papers on eosinophils, in the period immediately preceeding 1988.
A.1. Australia.
- Division of Human Immunology, Institute of Medical and Veterinary Science, Box 14 Rundle Mall
Post Office, ADELAIDE, South Australia 5000. Dr. Mathew Vadas. Genetic factors and eosinophil production. Colony stimulating factors, and eosinopoiesis. Eosinophil activation.
- The Walter and Eliza Hall Institute of Medical Research, Post Office, Royal Melbourne Hospital,
MELBOURNE, Victoria 3050, Australia. Dr. Donald Metcalf. Eosinophil CSFs.
A.2. Chile.
- Laboratory of Experimental Endocrinology, University of Chile Medical School, Casilla 21104,
Correro 21, SANTIAGO, Chile. Dr. Andrei Tchernitchin. The relationship between oestrogens,
and eosinophils in the uterus of rodents.
A.3. France.
- Centre dImmunologie et Biologie Parasitaire, Institut Pasteur, 1 Rue du Professeur Calmette,
59019 LILLE, Cedex, France. Dr. Monique Capron. Eosinophil-dependent killing of parasites.
IgE receptors on human eosinophils. The properties of light density, and activated eosinophils.
A.4. Italy.
- Clinica Malattia Infettive, Universita La Sapienza, ROME, Italy. Dr. C. DeSimone. Eosinophil
activation, and cytotoxicity.
A.5. Japan.
- Clinical Research Centre for Rheumato-Allergology, National Sagamihara Hospital, KANAGAWA,
Japan. Dr. H. Saito. Eosinophil malignancies. Eosinophil cell lines.
- Department of Pathology, Kumamoto University Medical School, Japan. Dr. M. Hirashima. Eosinophil chemotactic factors.
- Department of Medicine and Clinical Immunology, Dokkyo University School of Medicine, MIBU,
Tochigi-Ken 321-02, Japan. Dr. Sohei Makino. Eosinophils in asthma. Eosinophil heterogeneity.
A.6. Sweden.
- Research Dept. 2.E. Blocket Floor EB-14, University of Lund, Lund Hospital, S-221 85 LUND,
Sweden. Dr. Inge Olsson. Purification, and characterization of ECP. Biosynthesis of eosinophil
granule proteins.
- University Hospital, Department of Clinical Chemistry, S-751 85 UPPSALA, Sweden. Dr. Per
Venge. Separation, and properties of ECP. Characterization of EDN/EPX. Eosinophils and coagulation. Eosinophils, and lymphocyte proliferation. The involvement of eosinophils in asthma, and
other diseases.
A.7. U.K.
- Immunology Division, Cambridge University Department of Pathology, Tennis Court Road, CAMBRIDGE CB2 1QP, U.K. Dr. Anthony Butterworth. Eosinophil-parasite interactions, especially
eosinophil killing of schistosomula. Eosinophil activating factors.
- Beechams Group Research, Biosciences Research Centre, Great Burgh Yew Tree Bottom Road,
EPSOM, Surrey KT18 5XQ, U.K. Dr. Harry Smith. Effects of drugs on rodent eosinophils.
- Department of Allergy and Clinical Immunology, The Cardiothoracic Institute Brompton Hospital, Fulham Road, LONDON SW3 6HP, U.K.Dr. Barry Kay. Eosinophil chemotactic factors. The
properties of eosinophils in the blood, and BAL of patients with asthma. Eosinophil leukotriene
production.

- National Institute for Medical Research, Mill Hill, LONDON NW7 1AA, U.K. Dr. Colin Sanderson. Liquid culture of murine, and human eosinophils. T cell clones making eosinopoietic factors.
Murine, and human eosinophil differentiation factor (IL-5).
- Department of Immunology, St. Georges Hospital Medical School, Cranmer Terrace, London
SW17 ORE, U.K. Dr. Christopher Spry. The clinical features of HES, and other diseases with an
eosinophilia. Preparation of monoclonal antibodies to eosinophil granule, and secreted components, and eosinophil membrane antigens. Mechanisms of eosinophil secretion. The pathogenesis
of eosinophilic endomyocardial fibrosis, and tropical endomyocardial fibrosis.
- Agricultural Research Council, Poultry Research Centre, Roslin, MIDLOTHIAN EH25 9PS, U.K.
Dr. M.H. Maxwell. Avian eosinophils.
A.8. U.S.A.
- Building 31, National Institutes of Allergy and Infectious Diseases, NIH, BETHESDA, Maryland,
MD 20205, U.S.A. Dr. Tony Fauci. The idiopathic hypereosinophilic syndrome. The properties of
eosinophils in patients with hypereosinophilia.
- Laboratory of Parasitic Diseases, National Institutes of Allergy and Infectious Diseases, National
Institutes of Health, BETHESDA, Maryland 20205, U.S.A. Dr. Eric Ottesen. Eosinophil interactions with filaria, and other parasites.
- Harvard-Thorndyke Laboratory, Department of Medicine, Beth Israel Hospital, 330 Brookline
Avenue, BOSTON, Massachusetts MA 02215,U.S.A. Dr. Peter Weller, and Dr. Stephen Ackerman.
Characterization of the components in human eosinophil granules, and cell membrane. The biochemistry of the Charcot-Leyden crystal protein, lysophospholipase. Eosinophil-complement interactions. Lipid metabolism in eosinophils.
- The Seeley G Mudd Building, Room 604, 250 Longwood Avenue, BOSTON, Massachusetts
02115, U.S.A. Dr. K. Frank Austen, and Dr. John David. Eosinophil chemotactic factors. Eosinophil-mast cell interactions. The constituents in eosinophils. The production of leukotriene C4,
and other lipid mediators. Extended culture of human eosinophils. Eosinophil activating factors.
Properties of activated eosinophils.
- Division of Allergy, New England Medical Centre Hospital, Tufts University School of Medicine,
BOSTON, Massachusettes 02142, U.S.A. Dr. Stephanie Pincus. Guinea pig, and human eosinophils
biochemistry, and responses to parasitic infections.
- Department of Microbiology, Vanderbilt University School of Medicine, NASHVILLE, Tennessee, U.S.A. Dr. Dan Colley. Murine eosinophils. Eosinophil-parasite interactions. Eosinophil
activation. T cell involvement in eosinophil functions in vivo.
- Research Laboratory for Allergic Diseases, Mayo Clinic and Foundation, ROCHESTER, Minnesota 55905, U.S.A. Dr. Gerry Gleich. The isolation, and biochemistry of eosinophil granule components, especially MBP. Study of the roles of eosinophils in diseases. Clinical disorders in which
eosinophils may have a pathogenetic role, especially asthma, and allergic diseases. MBP in pregnancy.
- School of Medicine, University of California Medical Centre, SAN FRANCISCO, California,
94143, U.S.A. Dr. Ed Goetzl. Eosinophil-derived lipid mediators of inflammatory reactions. Eosinophil chemotactic factors.
- University of Washington. SEATTLE, Washington 98195, U.S.A. Dr. Seymour Klebanoff. Eosinophil peroxidase. The interaction of EPO with mast cells, and parasites. Eosinophil ultrastructure,
and secretion.
B. Appendix B. The scientific literature on eosinophils.
Over 400 papers on eosinophils, and eosinophilic diseases are published each year. Only one third of
the literature on eosinophils is in journals which are readily available in most medical schools; one

third is in less commonly taken journals, and a third is in literature which is difficult to retrieve.
The principal journals in which papers on eosinophils have appeared during the last decade, and
which are indexed in Medline in decreasing order of frequency of publication are: the Journal of
Immunology, Blood, the Journal of Allergy and Clinical Immunology, the New England Journal of
Medicine, the American Journal of Tropical Medicine and Hygiene, Annals of Internal Medicine, the
Lancet, Annals of Allergy, Clinical and Experimental Immunology, Immunology, Internal Archives
of Allergy and Applied Immunology, the American Journal of Medicine, Archives of Dermatology,
and the Journal of Experimental Medicine.
The National Library of Medicine Medline MEZZ database has indexed 8 759 articles, 6 283 in
English, on eosinophils, and eosinophilic diseases under the Medical Subject Headings eosinophils,
and eosinophilia, since it began in 1966. 3 825 of these were published from 1977, up to the time
that this book was completed on 15 January 1988. 1977 was chosen as the starting date for this
review, as this was the year in which Beeson, and Bass published their comprehensive book on The
Eosinophil 147. A free text search of the MEZZ database for the same period led to the selection of
a further 300 references, providing a core material of 4 125 references, many of which also had
abstracts. These were downloaded, and read into a Cardbox-Plus reference database on my own
microcomputer. Over 1 000 photocopies were obtained of selected articles, which could not be read
in my Medical School libraries, or at the library of the Royal Society of Medicine, London. As the
work of extracting information from these references, and preparing the book proceeded, 1 173
earlier references, and related material was added to the database, so that my database finally contained 5 298 references on eosinophils, and eosinophilic diseases. Over one third of these references
are discussed in this book. The order of the Chapters on eosinophils in disease, and individual
diseases broadly follows the listings in the Medline Medical Subjects Headings Tree Structure, to
make it easier to search for subsequent references from the Medline databases.
As this book was designed to be a source, and synthesis of information on human eosinophils, and
diseases affecting eosinophils in man, animal studies were only included where they related to human
eosinophils, except for one Chapter which centres on eosinophils in normal animals.
B.1. Books, and reports of meetings.
Few books have been written on eosinophils. The most comprehensive on The Eosinophil, was
published in 1977 by Paul Beeson, and David Bass 147. It describes eosinophil production, their
structure, biochemistry, and occurrence in a wide range of clinical disorders, and reviewed 1 485
references in a scholarly, and critical fashion. This book was the first to bring together clinical
information about diseases in which eosinophils were either common, less common, or rare. It also
gave a detailed, and balanced account of experimental studies on eosinophils in animals, and man. It
remains an indispensible source of information on the literature dealing with eosinophils in disease.
In 1979, on the centenary of the discovery of the eosinophil by Paul Ehrlich, a meeting was organized at Brook Lodge, Michigan, U.S.A. The proceedings were published, with chapters from different groups in several parts of the world. It is one of the most useful reviews of the properties of
eosinophils, and their constituents 1134.
The proceedings of a small meeting at the Royal Society of Tropical Medicine and Hygiene in
London in 1980, was published as a supplement to Transactions 226.
1n 1981, the First International Workshop on the Eosinophil was held in Fukuoka, Japan, and the
presentations were published in 1983. This is the most recent book on the properties of eosinophils
1982
. This meeting was one of the first occasions in which eosinophil activation was discussed in
detail by several groups.
B.2. Review articles in books, and journals.
There are many articles relating to eosinophils which are useful for obtaining an overview of various
aspects of eosinophil cell biology, and their occurrence in disease. It is difficult to learn about these,
as multi-author books are not indexed in reference databases, and many reviews are provided in the
introduction, and discussion sections of more detailed papers. In this section, articles are listed

which provide a detailed assessment of the literature, and provide useful sources for further reading.
B.2.1. Published in 1914-1976.
1914: Schwarz E. Die Lehre von der allgemeinen und ortlichen Eosinophilie. 2 758 references 1580.
1975: Chusid M J, Dale D C, West B C, Wolff S M. The hypereosinophilic syndrome: analysis of
fourteen cases with review of the literature. 94 references 325.
B.2.2. Published in 1977.
Butterworth A E. The eosinophil and its role in immunity to helminth infection. 239 references 248.
Gleich G J. The eosinophil: structure and biochemical composition. 30 references 651.
Gleich G J. The eosinophil: new aspects of structure and function. 26 references 652.
Kay A B. Eosinophil leucocytes: recruitment, localization and function in immediate-type hypersensitivity. 30 references 925.
B.2.3. Published in 1978.
Konig W. (Structure and function of the eosinophil leucocytes. 56 references 997.
Spry C J. Eosinophils as effector cells in disease. 51 references 1680.
Zucker-Franklin D. Eosinophil function related to cutaneous disorders. 45 references 2006.
B.2.4. Published in 1979.
Schiffmann E, Gallin J I. Biochemistry of phagocyte chemotaxis. 300 references 1569.
Weller P F, Goetzl E J. The regulatory and effector roles of eosinophils. 210 references 1912.
Olsson I, Venge P. The role of the eosinophil granulocyte in the inflammatory reaction. 81 references 1330.
Kay A B. The role of the eosinophil. 53 references 926.
Sullivan T J. The role of eosinophils in inflammatory reactions. 156 references 1725.
Olsen E G. Spry C J. The pathogenesis of Lofflers endomyocardial disease and its relationship to
endomyocardial fibrosis. 138 references 1317.
B.2.5. Published in 1980.
Weller P F, Goetzl E J. The human eosinophil: roles in host defense and tissue injury. 179 references
1913
.
Slater J M, Swarm O J. Eosinophilic granuloma of bone. 227 references 1643.
Valone F H. Modulation of human neutrophil and eosinophil polymorphonuclear leukocyte chemotaxis: an analytical review. 149 references 1830.
Spry C J. Eosinophilia and allergic reactions to drugs. 67 references 1681.
B.2.6. Published in 1981.
Root R K, Cohen M S. The microbicidal mechanisms of human neutrophils and eosinophils. 313
references 1513.
Tavassoli M. Eosinophil, eosinophilia, and eosinophilic disorders. 350 references 1759.
Butterworth A E, David J R. Eosinophil function. 7 references 252.
Zucker-Franklin D. Eosinophils. 55 references 2008.
Smith J A. Molecular and cellular properties of eosinophils. (A review). 137 references 1650.
Schatz M, Wasserman S, Patterson R. Eosinophils and immunologic lung disease. 76 references 1567.
B.2.7. Published in 1982.
Ackerman S J, Durack D T, Gleich G J. Eosinophil effector mechanisms in health and disease. 117
references 4.
Hudson G, Maxwell M H. Eosinophil leucocytes. Granules and cell functions. 269 references 824.
Dessein A J, David J R. The eosinophil in parasitic diseases. 234 references 440.
Bass D A. Eosinophil behavior during host defense reactions. 168 references 124.
Kay A B. Complement receptor enhancement by chemotactic factors. 20 references 927.
Spry C J. The hypereosinophilic syndrome: clinical features, laboratory findings and treatment. 123
references 1683.
Spry C J, Kumaraswami V. Tropical eosinophilia. 100 references 1695.
B.2.8. Published in 1983.

Schrader J W. Bone marrow differentiation in vitro. 425 references 1576.
Gleich G J, Ackerman S J, Loegering D A. Procurement and purification of eosinophils. 118 references 655.
Gleich G J, Loegering D A, Frigas E, Filley W V. The eosinophil granule major basic protein:
biological activities and relationship to bronchial asthma. 20 references 662.
Klebanoff S J, Henderson W R Jr, Jong E C. Jorg A, Locksley R M. Role of peroxidase in eosinophil
function. 82 references 976.
Cohen S G, Ottesen E A. The eosinophil, eosinophilia, and eosinophil-related disorders. 429 references 339.
Favara B E, McCarthy R C, Mierau G W. Histiocytosis X. 68 references 547.
Engle W A, Schreiner R L, Baehner R L. Neonatal white blood cell disorders. 89 references 515.
B.2.9. Published in 1984.
Butterfield J H, Maddox D E, Gleich G J. The eosinophil leukocyte: maturation and function. 433
references 246.
Gleich G J, Loegering D A. Immunobiology of eosinophils. 176 references 659.
Butterworth A E. Cell-mediated damage to helminths. 310 references 249.
Hayashi H, Honda M, Shimokawa Y, Hirashima M. Chemotactic factors associated with leukocyte
emigration in immune tissue injury: their separation, characterization, and functional specificity.
278 references 772.
Malmsten C L. Leukotrienes: mediators of inflammation and immediate hypersensitivity reactions.
341 references 1149.
Weller P F. Eosinophilia. 31 references 1905.
Kay A B. Eosinophils. 109 references 928.
Schwartz L B. Hypereosinophilic syndrome: a review. 34 references 1578.
B.2.10. Published in 1985.
Olsen E G, Spry C J. Relation between eosinophilia and endomyocardial disease. 82 references 1319.
Spry C J. Synthesis and secretion of eosinophil granule substances. 44 references 1687.
Kay A B. Eosinophils as effector cells in immunity and hypersensitivity disorders. 89 references 929.
B.2.11. Published in 1986.
Gleich G J, Adolphson C R. The eosinophilic leukocyte: structure and function. 450 references 656.
Rocco V K, Hurd E R. Scleroderma and scleroderma-like disorders. 430 references 1507.
Frigas E, Gleich G J. The eosinophil and the pathophysiology of asthma. 81 references 604.
Gleich G J. The role of the eosinophilic leukocyte in bronchial asthma. 45 references 654.
Gleich G J. The functions of eosinophils. 34 references 653.
Colley D G, Stewart S J, Duncan E K, Secor W E. The role of the eosinophil in host defense. ?
references 344.
B.2.12. Published in 1987.
Reynolds H Y. Bronchoalveolar lavage. 226 references 1488.
Gleich G J, Adolphson C R, Slifman N R, Loegering D A, McKeen D J. Purification, neurotoxic and
enzymatic activities of human eosinophil-derived neurotoxin and human eosinophil cationic protein.
31 references 657.
Capron M, Capron A. The IgE receptor of human eosinophils. 20 references 269.
Denburg J A, Otsuka H, Ohnisi M, Ruhno J, Bienenstock J, Dolovich J. Contribution of basophil/
mast cell and eosinophil growth and differentiation to the allergic tissue inflammatory response. 59
references 431.
Hogan T F, Koss W, Murgo A J, Amato R S, Fontana J A, VanScoy F L. Acute lymphoblastic
leukemia with chromosomal 5; 14 translocation and hypereosinophilia: case report and literature
review. 41 references 806.
Spry C J. Eosinophils and endomyocardial fibrosis: a review of clinical and experimental studies
1980-86. 115 references 1691.

Silberstein D S, David J R. The regulation of human eosinophil function by cytokines. 64 references
1627
.
Koeffler H P. Syndromes of acute nonlymphocytic leukemia. 102 references 987.
Legends to Figures:
Frontispiece: Two blood eosinophils, one of which is activated, and stained with a monoclonal
antibody (EG2), which only binds to the secreted form of the eosinophil granule proteins, ECP, and
EDN/EPX. From 1687, with permission.
Figure A02-1. Factors affecting eosinophil differentiation. The earlier cells are probably stimulated
by multi-CSF, and possibly by IL-2. GM-CSF induces further differentiation, and in the final step,
Eo-CSF induces the dividing cells to become eosinophils.
Figure A03-1. The separation of human blood eosinophils by isopycnic density gradient centrifugation on discontinous metrizamide. Eosinophils are found between the denser bands. Blood eosinophils
from patients with an eosinophilia can be separated into light density, and normal density eosinophils,
with this method.
Figure A03-2. The principal structures seen in electronmicrographs of mature human eosinophils.
This schematic cell has not yet been stimulated to secrete its granule contents, which remain packaged in the granules. The presence of the Charcot-Leyden crystal, and the lipid body are mainly seen
in stimulated, or tissue eosinophils.
Figure A03-3. The synthesis of eosinophil granule constituents. The proteins undergo a complex
series of alterations, from the time that they are synthesized, to when they are secreted from the cell.
At present most is known about the storage proteins, as these can be extracted easily.
Figure A03-4. The localization of different eosinophil granule constituents within the granule. The
crystalloid is comprised of MBP, and the remaining components are present in the surrounding
matrix.
Figure A04-1. The different types of immunological receptors found on human blood, and tissue
eosinophils. The spatial distribution of the receptors, and their relationship with each other remain
to be determined.
Figure A04-2. Monoclonal antibodies to human eosinophil membrane antigens. Antibodies which
bind to eosinophils, and neutrophils , can be distinguished from antibodies which bind to eosinophils,
T cells, platelets, and pre-B cells .
Figure A05-1. Development of eosinophils, leading to their activation, and degranulation. At each
stage, eosinophils secrete some of their constituents. In the bone marrow, this occurs after they are
synthesized, and possibly in response to CSFs. When non-dividing eosinophils are stimulated with
activating factors, they secrete some granules constituents, and become metabolically active, so that
immunological signals can induce them to degranulate, and to synthesize, and release newly-formed
mediators.
Figure A05-2. Differential secretion by eosinophils. There is evidence that the strength, or the
type of immunological stimuli applied to eosinophils, affect the type of molecules secreted. Inflam-

matory signals appear to cause the secretion of each of the main effector molecules, whereas IgE
stimulation may only cause the secretion of some of these.
Figure A05-3. Stages in the emigration of eosinophils from post-capillary venules into inflammatory
lesions. Each of the stages a to e may be regulated separately. The first steps are probably the
most important in determining the extent of eosinophils localization in tissues.
Figure A06-1. The range of effector functions of eosinophils: an overview of the major areas in
which eosinophils are believed to be involved in inflammation.
Figure A06-2. Eosinophil activating factors. These are derived from adjacent cells in tissues. Several cell types produce each of these activating factors. The way in which they interact, and the
importance of each one in different diseases has still to be determined.
Figure A06-3. Eosinophil-dependent cytotoxic mechanisms. These occur either at short range,
with parasites, and at surfaces, to which they have become attached, or at a distance, through the
secretion of their granule proteins, which localize in sites of injury.
Figure A06-4. The effects of eosinophils, and their products on other cells. In some cases, the
interaction occurs in both directions.
Figure C03-1. The main types of parasitic diseases in man, and the tissues they affect.
Figure C04-1. The principal tumours which are associated with an increase number of eosinophils in
the blood, or in the tumour, or in both.
Figure C06-1. Eosinophilic gastroenteritis. Involvement of each of the layers of the intestine produces different syndromes. Submucosal lesions can be polyploid, or diffuse. Adapted from 1685, with
permission.
Figure C08-1. Eosinophils, and asthma. Eosinophils are associated with each of the major structural abnormalities seen in the bronchi of patients with asthma.
Figure C12-1. Eosinophils in urological diseases.
Figure C14a-1. Three stages in the development of eosinophilic endomyocardial fibrosis. Modified
from 1693, with permission.
Figure C14a-2. Electronmicrograph of an eosinophil adjacent to a cardiac myocyte. The eosinophil
granules have undergone changes in electron density, and electron-dense material appears to be
discharged from one of the granules close to the surface of the heart cell. This was obtained from a
left ventricular cardiac biopsy in a 68 year old Japanese man with HES. Eosinophils in the heart
muscle were also activated. From 1264, with permission.
Figure C14a-3. A comparison of EMF in temperate, and tropical regions. Although differences are
seen in the clinical settings in which these diseases occur, the pathogenesis of the heart damage is
probably identical. Adapted from 402, with permission.

Figure C15a-1. The principal complications of the idiopathic hypereosinophilic syndrome, HES.
Figure C15a-2. Photograph of the retina of a patient with HES, and thromboembolic occlusion of a
major retinal artery, producing a quadrantic hemianopia. Photographed by Mr. James Govan, and
reproduced with permission.
Figure C15b-1. A blood sample obtained from a patient with HES on presentation, containing 180
x 109 eosinophils/L blood. He responded rapidly to treatment with steroids, and remains well six
years later on prednisolone 5 mg/d.
Figure C15b-2. Degranulated eosinophils in the blood of a patient with an eosinophilia, and eosinophilic heart disease. This painting was produced in 1919 by L.G. Shapiro 1600. Identical appearances are seen in blood samples from patients with HES today.
Figure C17-1. Eosinophilic diseases involving the skin, and the effects they may produce there.
Figure C18-1. Drug-induced hypersensitivity reactions, and the major target organs affected by
eosinophils, and other inflammatory reactions in these patients.

