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FOREWORD

In conducting the research described in this report, the investigators adhered
to the "Guide for Laboratory Animal Facilities and Care, ' as promulgated by
the Committee on tte Guide for Laboratory Animal Facilities and Care of the
Institute of Laboratory Animal Resources, National Academy of Sciences -

National Research Council,
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P The various subjects covered in this report are listed in the Table of Contents,
{ Abstracts of the individual investigations are included on the DD Form 1498

introducing each work unit report, and names of investigators are given at the
beginning of each report,
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Project 3A061101A91C IN-HOUSE LABORATORY INDEPENDENT RESEARCH
Task 00, In-House Laboratory Independent Research

Work Unit 160 Hypersensitivity in the immunopathology of helminthic
infections

Investigators
Principal: E. H. Sadun, Sc.D., Lib. Doc.
Associate: R. W. Gore, J. S. Williams

1. Homocytotropic antibody response to parasitic infections,

Many parasitological articles are currently devoted to problems
related to immunity. Although Erlich (1907) and the Sergent brothers
(1918) had already established some of the roles ©f gcquired immunity
in trypanosomiasis and malaria, up to the secoxd Quarter of the century
most parasitologists ware reluctant to recognire ‘tnat immunity plays an
important role in parasitic infections. This reluctance was a result of
+the paucity of immunological knowledge in general and of the unique com-
plexities of life cycles, size and metabolic requirements of animal
parasites. Taliaferro (1929) in his classic publication on the immunology
of parasitic infections had pointed cut that the large size and accessi-
bility of parasites provide a great advantage in immunological investi-
gations. Because of their size, parasites can be observed in vivo in
relation to the host reaction and are a convenient source of large quanti-
ties of antigens for analysis and purification. However, the size and
complexity of parasites also confront immunoclogists with a baffling array
of antigens, same of which are stage specific and others which are common
to other parasites or to antigens of the host.

In the past decade there has been an explosion of information per-
taining to immunologr in general, and the study of parasitic diseases has
felt its impact. Numerous publications which have appeared recently des-
cribe the development of immuno-diagnostic techniques, and evaluate them
under field conditions., Same of these publications point out the complex-
ities of parasitic antigens) others deal with identification and purifi-
cation of parasitic antigens; and still others explore factors which on
one hand may be important in host resistance and on the other in the
production of diseases through allergic or hypersensitivity mechanisms.

A summary of information available on homocytotropic antibodies in
parasitic infections is much more meaningful if viewed from a perspective
of the potential achievements of these studies rat®™<r than on past accomp-
lishments. Yet, this review is particularly spprOpriate at this time,
since in recent years there has been a considerable increase in the number
of investigators interested in homocytotropic antibodies in parasitic
infections and new findings are being reported at a rapid psace.




Hypersensitivity is an acquired state which develops as a result
of exposure to some external harmful antigenic agent. Based on the
time-scales with which the reactions occur, WZersensitivity is divided
into immediate-type and delayed-type. This actuelly reflects fundamental
differences in mechanisms. The immediate-type reactions are those which
are mediated by serum antibodies and whose first manifestations occur
within minutes of the contact of antigen with antibody. Delayed-type
hypersensitivity reactions appear to be independent of serum antibodies
and dependent upon sensitized cells. They differ from immediate-type
reactions in at least the following respects: 1) the intradermal in-
jection of antigen into a previously exposed animal initiates a slowly
evolving, indurated and erythematous reaction which reaches a peak within
48 hours and wanes slowly during the following weeks; 2) the serum of a
sensitized subject does not confer passive sensitivity to a non-sensitized
recipient; 3) lymphoid cells from a reactive donor confer passive sensi-
tization to a normal subject.

In this discussion of immediate hypersensitivity only minimal consid-
eration will be given to the diagnostic and protective aspects to be de-
rived. This review is not intended to be all-inclusive and the list of
individual studies published on immediate hypersensitivity in parasitic
infections is somewhat incomplete. Although for reasons of greater famil-
iarity undue emphasis may have been placed on investigations with which
the author and his collaborators have been directly involved, this should
by no means be construed as a suggestion that these studies are of greater
significance than others which might have been omitted or mentioned only
briefly. It is hoped that even though this report discloses some wide
gaps in our present knowledge of the immediate hypersensitivity cf para-
sitic infections, it will serve the purpose of stimulating further col-
laborative research between parasitologists and immunologists and will
lead to the development of more fruitful approaches to these problems
in terms of immunological concepts.

I. Reactions Mediated by Anaphylactic Antibodies

Antibodies to parasites and their products are easily demonstrated
in the blood of infected humans or animals. This is not surprising when
one considers the complex structure of the invading organisms, the various
stages of this life cycle and their many secretions and metabolic products
which may serve as antigens. Moreover, many parasites may harbor a di-
verse array in various stages of development and decay and may be con-
taiminated by the products of these cells. This mosaic of antigens in
various parasites stimulates the production of a remarkable multitude
of antibodies which are found in different immunoglobulin classes.

Nearly 80 years ago, when antibodies were demonstrated by toxin
neutralization, agglutination, precipitation and by hemolysis, immuno-
logists believed that the antibodies responsible for each manifestation
were different from one to another. However, the idea was reversed by
several findings which indicated that the same antibody molecules could
be responsible for different immunological reactions.

6
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The unitarian theory; i. e., one and the same anlibody being respon-
sible for different immunologicel manifestations, has been accepted for
a long time despite the heterogeneity of antibodies with respect to
physicochemical properties. 1In addition to 7S gamma globulin, 19S anti-
body was detected in 1939. Twenty years later, a third type of gamma
globulin which is antigenically related but distinct for 7S and 195 gamma
globulin was found by immunocelectrophoresis. It is now established that
biological properties of antibodies differed depending on immunoglobulin
classes and subclasses, and that the functions of the antibodies are based
on certain structures in the Fc portion of the molecules. Five main classes
of antibodies (IgG, IgA, IgE, IgM and IgD) have been described in man, and
..milar classes are gradually being characterized in other animals. Detailed
descriptions of the immunoglobulins and their properties have been presented
in several recent reviews.

It may be pertinent here to indicate that, a) the antibodies involved
in the conventional serologic tests (Precipitin, fluorescent antibody,
agglutination and complement fixation tests) belong mostly to the IgG and
IgM classes of immunoglobulins, the latter being the most primitive immuno-
globulin both ontogenetically and phylogenetically; b) IgA, although present
in serum, predominates in many mucous secrctions; and c) IgE, found in
minute amounts, is Produced primarily in tissues adjacent to mucous sur-
faces. The only identified function of the IgE immunoglobulins is in the
mediation of immediate hypersensitivity reactions such as local and sys=-
temic anaphylaxis. One type of homocytotropic (reaginic) antibody resides
in this fraction.

The term homocytotropic antibody was introduced by Becker and Austen
to describe a unique function of an immunoglobulin, i. e. the capacity to
attach to certain target cells of the same species so that subsequent con-
tact with antigen leads to the noncytotoxic release of pharmacologic me-
diators of anaphylaxis from that cell. Tissue or cells with homocytotropic
antibodies fixed to the surface are referred to as sensitized. Two types
of homocytotropic antibodies have been described; one fixes to the skin
for a relatively brief period (2 to 6 hours) after intradermal injection
for optimal antigef~induced local increase in vascular permeability as
measured by the extravasation of the dye. This antibody has an electro-
phoretic mobility of gamma-l, a sedimentation coefficient of 7S and the
capacity to fix to tissue and bind antigen, and withstands heatirg at
56 C for U4 hours or reduction and alkylation. The second antibody,
referred to as skin sensitizing or reaginic antibody, is associated with
the IgE immuncglobulin class. It is capable of fixing to skin after
intradermal injection for days or weeks and continues to elicit antigen-
induced vascular permeability. This antibody has the electrophoretic
mobility of a fast gamma glcbulin, a sedimentation coefficient of
approximately 8S, is heat labile, and is susceptible to inactivation by
reduction and alkylating agents. Human homocytotropic (reaginic) anti-
body is capable of sensitizing tissues of monkeys and chimpanzees, but
not those of other animals. In humans the only homocytotropic antibodies
described so fer 8r'¢ reaginic and belong to the immunoglobulin class IgE.
In lower animals (mouse, rat, guinea pig, rabbit) both reagin-like

7
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homocytotropic antibodies and other nonreaginic (heat stable 7S) homocyto-
tropic antibodies have been rzported. The human reaginic antibody was
found in the serum after development of hypersensitivity to various anti-
gens and appeared to mediate immediate skin reactivity, the Prausnitz-
Kustner (PK) reaction, certain systemic reactions, and in vitro antigen
induced release of histamine from actively or passively sensitized leuko-
cytes.

Sensitized tissues, following antigen challenge in vivo or in vitro
release one or more of the following pharmacologically active substances
(mediators): histamine, serotonin, kinins, slow reacting substance, lyso-
somal enzymes, and eosinophilic chemotactic factor. The sources of these
substances (target cells or substrate) vary in different species, but have
usually heen attributed to neutrophilic leukocytes, mast cells, entero-
chromaffin cells, basophils, platelets, macrophages and eosinophils, The
release of pharmacologically active substances produces a series of rapid,
explosive and evanescent reactions which vary in different animnls de-

pending on the shock organs tor that species. The role of these substances

in the host-parasitc relationship has not been defined.

Cutaneous anaphylaxis, a clinical manifestation of mediator release,
can be elicited by the intradermal injection of antigen into a sensitized
individual or animal or through intradermal injection of antibody into
the skin of a normal animal with subsequent antigen challenge injected
intravenously. The latter is referred to as passive cutaneous anaphylaxis
(PCA). A bdblue dye (Evans or pontamine blue) which is injected intraven-
ously prior to or at the time of antigen challenge binds to plasma pro-

teins and is a convenient indication of the increased vascular permeability

occurring 5 to 10 minutes after antigen interaction with homocytotropic
antibody. Benaceraff, Ovary and their cowor¥<rs, White and coworkers,
Mota, and Mota and Peixoto have shown that tfie various antibodies pro-
duced by a given species differ greatly in t¢the kinds of anaphylactic
reactions which they can mediate.

The term "cytophilic" has been used to describe immunoglobulins which

have a special tendency to become attached to the surface of certain cells,

not by virtue of their antibody combining sites, but of same other config-
urational property of the molecule. When these attach to cells of the
same or closely related species (usually those of the class IgE) they are
referred to as homocytotropic; when instead they attach tc cells of un-
related species (those of other immunoglobulin classes) they are termed
heterocytotropic.

II. All=rgic Response of the Host

A. Protozoan Infections

Although delayed hypersensitivity has been demonstrated or postulated
for a variety of protozoan infections such as leishmaniasis, trypanoso-
miasis, toxoplasmosis, and amebiasis, the antigens of parasitic protozoa
are in general relatively Ineffective in stimulating immediate hypersen-

sitivity.
8
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Suggestive evidence of homocytotropic (reaginic) antibodies being
stimulated by a protozoan has been presented in Trichomonas foetus in-
fections in cattle. The immune reaction to this parasite is localized
in the uterus and according to Robertson, anaphylactic reactions may
follow repeated sensitization. Since no precise information is avail-
able as to the immunoglobulin class to which this anaphylactic antibody
belongs, further studies with modern immunochemical techniques are
warranted.

Infection with African trypanosomiasis produces the liberation of
f short chain peptides with kinin-like activity in mice, rats, rabbits and
cattle.

The release of kinin is associated with antigen reaction and has
been responsible for changes in vascular permeability that lead to some
of the abnormalities occurring in diseased animals., Seed and Gam postu-
lated that host tissue antigens released by hypersensitivity-induced cell
destruction are responsible for an autoimmune condition which plays an
important role in the pathogenesis of trypanosomiasis. Monkeys and guinea
pigs infected with T. cruzi, the agent of American trypanosomiasis, de-
veloped cytophilic antibodies. The antibodies detected in the skin of
guinea pigs were 7S and those detected in monkeys were defined as "beta-
2A." The latter were sensitive to mercaptoethanol and were tentatively
designated as reaginic antibodies.

Two types of cytophilic antibodies in sera from patients infected
with Leisamania brazi’.iensis were detected. The antibodies fixed in the
skin of guinea pigs were of the 7S type and those in the monkey were
"beta~-2A.," He postulated that these antibodies are responsible for the
symptomatology of this infection. However, the presence of homocyto-
tropic antibodies has not been demonstrated in this leishmaniasis even
though it has been stated by Goodwin: "It is likely that vascular
damage and kinin release may be related to the allergic reactions that
occur when antibodies are formed to successive antigenic variants of the
parasite.”

The anoxemia-induced tissue damage in malaria also has been attributed
to the release of pharmacologically reactive substances. Furthermore, a
pharmacologically active agent, presumably histamine, has been demonstrated
in the blood of monkeys infected with malaria. It has beern postulated that
a similar factor may be responsible for plasma leakage and hemoconcentra-
tion in P. falciparum infections. However, mediator release can also
cccur by nonimmunological mechanisms,

Immediste and delayed hypersensitivity to Entameba histolytica was
observed in patients hospitalized with severe amebiasis and in asympto-
matic individuals. The authors could not detect homocytotropic anti-
bodies in monkeys which received sera from these patients, although
passive cutaneous anaphylactic reactions in guinea pigs were obtained.
Immediate hypersensitivity was observed more frequently in invasive
clinical amebiasis, whereas delayed hypersensitivity was more common
in the asymptomatic group.

9




Alimentary hypersensitivity induced by Giardia lamblia infection
has been reported. Biopsy of the duodenum showed marked eosinophilic
infiltration of the lamina propria. Since the syndrome with Giardia
infection was concomitant with ingestion of meat of mammalian origin,
it was postulated that meat might provide the appropriate environment
for maximal liberation of parasite excretory allergens of that parasite
metabolic products may serve as haptens, with the allergy being a result
of the degradation products of the mammalian muscle. A third possibility
was that Giardia infection induces a tissue sensitization in which there
is an allergy to one or more components of the diet.

Therefore, it is concluded that homocytotropic (reaginic) anti-
bodies in protozoan infections have not been convincingly demonstrated
as of the present time. However, one must consider the possibility that
failure of detection might be due to the scarcity of proper antigens and
not necessarily to the absence of these antibodies.

B. Helminthic Infections

Contrary to the findings with protozoan infections, there is no
problem in demonstrating homocytotropic antibodies in the blood of humans
or animals infected with helminths. In fact, most parasitic worm infec-
tions elicit an immediate type of hypersensitivity and the development
of high titer reaginic antibodies. This may be aided by the uniquely
complex helminth life cycles which permit intimate contact with the
mucosae of the respiratory or gastrointestinal systems at some stage
during the migration of the paracsite within the mammalian host.

The nearly universal capability of helminthiases to stimulate the
immediate type of hypersensitivity has been used widely in immunodiag-
nosis for more than half a century. Intradermal tests of the histamine
type have been described for ¥he presumptive diagnosis of such human
infections as ascariasis, creeping eruption, dracontiasis, enterobiasis,
filariasis, strongyloidiasis, hookworm infection, *trichinosis, diphyl-
lobothriasis, echinococcosis, taeniasis, paragonimiasis, clonorchiasis
and schistosomiasis, These intradermal reactions, although very useful
for 1iagnosing helminthic infections, do not necessarily provide precise
information on the presence, time course development or role of reaginic
antibodies in parasitic infections.

Many helminthic infections cause various manifestations of imme-
diate hypersensitivity such as eosinophilia, edema, dermatitis, asthma,
acute diarrheas and in some cases anaphylactic shock, but most of the
efforts designed to detect, define immunochemically and classify homo-
cytotropic antibodies are directed toward only a relatively few infec-
tions. In some of these e{€orts, reagin-like antibodies with
characteristics similar or identical to those of human IgE immunoglob-
ulin class have been defined, whereas in others the antibodies which
induce the allergic response to parasites have not been clearly defined
or nave been ascribed to IgA or IgG immunoglobulin classes.

10

_‘,‘.____——#




Y

In addition to being important inducers of homocytotropic antibody,
helminths have long been known for their unique ability to evoke eosino-
philia appears characteristically in many instances of allergy. An
increase in the number of eosinophils, either local or general, usually
is associated with local hypersensitivity reactions. This enhancement
in number is so commonly associated with hypersensitivty reactions of
the immediate type, that according to Raffel abnormal numbers of eosino-
phils in any disease of unknown etiology should suggest the probability
of an allergic component. More recently Samnter called attention to the
fact that eosinophils participate conspicuously in allergic reactions,
and he noted the particular effectivensss of a derivative of Ascaris
worms in the induction of eosinophilia.

High levels of circulating eosinophils are usually observed in
those helminthic infections in which the association of the parasite
with the host tissues 35 the clcsest, Examples of this are seen in
eosinophilic meningitis due to infection in man of Angiostrongylus
cantonensis, a worm which normally inhabits the pulmonary arteries of
rats. Loeffler's syndrome or pulmonary eosinophilia is another compli-
cation of helminthiases. The symptoms produced include spasmodic bron-
chitis and bronchial asthma accompanied by massive leukocytosis most of
which is eosinophilic. This may be caused by a passage to the lungs of
parasites of man such as A. lumbricoides or by nonhuman parasites such
as Toxocara canis or T. cati. Tropical eosinophilia or eosinophilic
lung is also a resplratory tract condition which is associated with
elevated eosinophil numbers. The fact that the signs associated with
this condition frequently subside after administration of antifilarial
drugs, suggests that tropical eosinophilia might be a form of filariasis.
Infection with larvae of Brugia g&l@{; of monkey origin or B. pahangi of
feline origin produced the classiCdl symptoms of the disease which were
terminated by treatment with antifilarial drugs. This led to the belief
that the disease was due to infection with non-human filarial parasites.
Lung biopsies performed on patients with tropical eosinophilia showed
eosinophilic foci surrounding the generating microfiilariae. Therefore,
tropical eosinophilia or eosinophilic lung has been ascribed to filarial
worms that become established in a normal host and produce an unusual
degree of hypersensitivity. On that basis this disease has been defined
as an immediate hypersensitivity reaction. As pointed out by Andrews
however, it is important to remember that while eosinophilia is commonly
associated with immediate hypersensitivity, this dyscrasis may also be
a prominent sign in a number of other ‘isorders which thus far have not
been identified with certainty as ha*!.. hypersensitivity components.

In his presidential address to the American Society of Parasitologists,
he lamented that "little is known about the actual incidence of allergic
morbidity and mortality due to hypersensitivity to helminth parasites."
Although information on these aspects is accumulating rapidly, major
gaps in our knowledge still exist.
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Ascaris and related nematodes.

Many descriptions of toxic effects following the administration of
Ascaris extracts to animals have appeared in the literature. Symptoms
resembling those of anaphylactic shock occur after intravenous injection
of Ascaris tissues. Similarly, digestive disturbances and degenerative
changes have been observed following oral administration of Ascaris body
fluid. Ascaris extracts caused an increase in tonus and in the rate of
contraction in the isolated intestine of several species of mammals and
produced vomiting and diarrhea. An aquecus extract of Ascaris lumbri-
coides and Parascaris equorum was woxic to horses, guinea pigs, dogs and
rabbits but not to mice and rats. Weinberg and Julien found that the
body fluid of P. equorum when instilled into the eyes of horses caused
acute conjunctivitis and edema of the eyelids. These results were prob-
ably manifestations of immediate hypersensitivity, although they might
have been due to toxic products. However, evidence of hypersensitivity
produced by tissues and fluids of Ascaris has been presented in infected
individuals in laboratory workers who frequently handle worms and in
animals experimentally sensitized. Even minute amounts of volatile sub-
stances from A. lumbricoides are sufficient to induce phenomena of imme-
diate hypersensitivity. The mere odor of fluids from A. lumbricoides may
be sufficient to bring about severe symptoms, and lsboratory coats worm
while handiing this nematode may induce allergic rhinitis in a sensitive
person. ©Sensitization to Ascaris protein was also observed after infec-
tion with other nematodes. The fact that antibciies are involved in the
mechanism of Ascaris allergy was demonstrated by transferring sensitivity
by means of the P-K reaction in humans and in dogs. Oliver-Gonzalez re-
ported that guinea pigs injected intraperitoneally with the serum from
rabbits immunized with whole w>tm material developed anaphylactic symptoms
when challenged with Ascaris ZIfltestine, blood or body fluids but not when
challenged with culicle, muscle, egg or sperm hamogenates of the worm.
Sprent was able to demonstrate that homogenates of body fluid, intestine,
cuticle, muscle and ovary of A. lumbricoides from the pig failed to pro-
duce symptams of shock when injected intravenously into mice, rabbits and
guinea pigs, provided that no previous sensitization had occurred. How-
ever, these substances were shown to cuase active anaphylactic sensiti-
zation of the guinea pig to the same antigen, skin sensitivity and
precipitins in rabbits, and skin reactions in persons sensitized to
Ascaris. Guinea pigs infected with the larvae of A. lumbricoides,

P. equorum, Trichinella spiralis and Paraspidodera spp. were found to

be hypersensitive to Ascaris body fluid. Guinea pigs infected with

A. lumbricoides manifested anaphylactic shock when injected intravenously
with extracts prepared from A. columnaris, Toxascaris leonina and
Phytoloptera maillaris but not by extracts prepared from Trichinella
spiralis nor by those from three cestodes and a trematode. The changes
in the histamine content and the mechanisms cf the shock induced by
anaphylaxis-like reactions produced by Ascaris have been studied by
Rocha and Grana.

The first indication that homocytotropic (reaginic) antibodies
were involved in Ascaris hypersensitivity was provided by Weiszer et al.
They demonstrated cutaneous react%f%;y'by skin testing and passively
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transferred it to the skin of monkeys. The artibody activity was lost
after heating at 56 C and was foundi to reside in the same fraction of a
Sephadex G-2Q0 eluate as the human reaginic sera. Normal rhesus monkeys
were also shown to produce reaginic anvibodies when injected with Ascaris
crude extracts or with an electrophoretically isolated Ascaris fraction.
Ishizaka et al. showed that monkeys immunized with Ascaris extract pos-
sessed detectable amounts of a serum protein that cross reacted with
antisera specific for human IgE. The physicochemical properties of this
monkey protein such as electrophoretic mobility, molecular size and be-
havior on col'min chromatography also resemtled those of human IgE. The
sedimentation velocity of the monkey protein was likewise comparable with
that of ruman IgE and significantly faster than that of IgG. They con-
cluded that this monkey protein represents a distinet immunoglobulin
class corresponding to human IgE and that IgE formation may be stimulated
by parasitic infections. Strejan and Campbell sensitized rats with crude
Ascaris extracts as well as with chromatograph:cally isolated fractions.
They found that when these fractions were administered with killed

B. pertusis organisms as adjuvants, they _licited homocytotropic anti-
bodies in relatively high titers. They called attention to the fact

that Ascarirs extracts are much more important inducers of homocytotropic
antibodies than standard protein antigens such as ovalbumin or bovine
serum albumin., The histamine releasirg capacity of one fraction was not
inhibited by specific rabbit anti-rhesus immunoglobulins (IgA, IgG, IgM).
This suggested that the histamine release factor which they identified

as an immunoglobulin may be an IgE-like antibody. Booth and his coworkers
identified in dogs an antibody which can transfer sensitivity to Ascaris
and which is analogous to human IgE immunoglobulin. Winsor observed that
sensitization of guinea pigs to A. lumbricoides antigen can be elicited
not only by infection and by parenteral injection of crude antigens from
adult worms, but also by exposure to air passed over whole Ascaris.

When tested by the P-K test, guinea pig sera reacted to an Ascaris
fraction believed to be the allergen described by Hogarth~Scott. He
observed that the airborne antigens from hemolymph reacted with sera
from sensitized guinea pigs as well as with human reaginic sera, and
concluded that the active allergen is present in the worm hemolymph and
metabolites. A homocytotropic (reaginic) antibody which reaches high
titers during Ascaris infections in guinea pigs was reported by Dobson,
et al., This antibody was considered analogous to human IgE antibody

and differs from other guinea pig anaphylactic antibodies by virtue of
its greater moclecular weight, its sensitivity to heat and mercaptoethanol,
and by its ability to sensitize homologous skin sites for prolonged periods
of time and to remain active at high dilutions. Further studies revealed
that the reaginic activity was not absorbed by rabbit anti-guinea pig

IgM and IgG, but was absorbed by rabbit anti-guinea pig IgE antisera.

An 85 and 11S component were detected by sucrose sedimentation of guinea
pig IgE. The 11S reaginic fraction had a greater skin sensitizinp activity

than the 8S camponent. They could not exclude the possit ' '° that a
distinct reaginic antibody other-than 85 IgE is present . nea pigs.
The reaginic activity in a canine reaginic antiserum again.! Ascaris

antigen was studied by Patterson et al. who concluded that because of
similarities of the characteristics of tt uiine and human reagin, the
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canine immuoglobulin with reaginic activity should be considered to
the IgE equivalent. The IgG, IgA and IgM antibodies to A. lumbricoides
antigen were measured in the sera of normal and allergic_persons by
Parish who suggested that reagins are not necessarily confined to a
single class of immnoglobulins. Further work on the heterogenicity of
IgE has confirmed these observations.

Homocytotropic antibody formation against dinitrophenylated Ascaris
extracts was selectively suppressed in rats by the passive administeatioa
of homologous antibody against the same antigen. The suppression was
preferentially directed to the homocytotropic antibody response while
the hemagglutinating antibody formation was unaffected. The results
indicate the presence of a "feed back" regulation in the homocytotropic
antibody response. Whole body x-irradiation greatly suppressed the
production of IgG antibody and resulted in a defective humoral feed back
regulation. Homocytotropic antibody formation was greatly enhanced and
prolonged by splenectomy and thymectomy in adult rats. However, in con-
trast to a'ult thymectomy, neonatal thymectomy caused a loss of the ability
to produce homocytotropic antibodies to the dinitrophenylated Ascaris
extracts,

Specific homocytotropic (reaginic) antibody measured by passive cu-
taneous anaphylactic tests in baboons and monkeys was detectable jun te
sera of patients with proven vicceral larva migrans. These patients Y“.ad
10 to 15 times the normal level of IgE as determined by the radio immuno-
sorbent test. Johannson et al, found that whereas bacterial and viral
infections ar~ < ¢ mincr importance in raising IgE levels, parasitic
infectionc ;ive rise t gh. IgE concentrations in individuals without
atopic marif=ctations. ‘cry high IgE levels were found in an unselected
grour ¢ Ethiopian children who had on the average about 20 times as high
Tek v2>ls as healthy Swedish children of the same age. When children
w ~lected for Ascaris infection, a mean IgE level 28 times higher

. “hat of the Swedish children was found.

Nipoostrongylus braziliensis,

In 196k Ogilvie reported that rats infected with N. braziliensis
developed a skin sensitizing antibody in the third week after an initial
infection. This antibody persisted for many months even in the absence
of subsequent reinfection. However, after a second infection, there was
an abrupt rise in antibody titer. This skin sensitizing antibody had
many cf the properties of human reagin., It was heat labile and persisted
in the skin so as to produce a PCA reaction after a 72-hour latent pericd.
It produced passive cutaneous anaphylaxis in the skin of the rat but did
not sensitize the skin of other species. Rats vaccinated with fresh ex-
tracts of adulk worms with Freund's camplete adjuvant produced precipi-
tating antibodies indistinguishable in gel diffusion tests from those
produced by repeatedly infected rats. However, vaccinated animals did
not produce reagins but contained blocking antibodies which when incu-
bated with antigen in vitro prevented the PCA reaction. Reagin produc-
tion following initial infection was delayed in neonatally thymectomized
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rats and in immunologically immature newborn rats, and further there

wa~ a reduced anamnestic response after reinfection. Conversely,
splenectomy in adult rats had no effect on the level of reaginic anti-
bodies. Reagins could not be detected in young rats suckled by immune
mothers, although they were found in the milk and the sera of the mothers.

Attempts were made to characterize physicochemically the homocyto-
tropic antibody developing in the rat following infection with N.
braziliensis and to define the antigen which combined with the rat hom-
ocytotropic antibody. The rat reaginic antibodies to N. braziliensis
were shown to be intermediate in molecular size between 7S and 198
globulins and migrated with fast immunoglobulins but could not be re-
lated to either IgG or IgA rat immunoglobulins. The same serum fractions
which gave homologous passive cutaneous anaphylaxis also produced systemic
anaphylaxis. The antigenic material for both the homologous PCA and
systemic anaphylaxis seem to be a protein with a molecular weight of
approximately 12,000 to 17,000.

Washed peritoneal mast cells obtained from actively infected rats
or normal mast cells passively sensitized in vitro with serum from in-
fec.ed rats released histamine upon contact with worm antigen. ILagran-
ulation of mast cells occurred at the site of PCA reactions. Both the
PCA and mast cell disruption were maximal 5 minutes after antigen
challenge in the rat reagin system. However, the skin reaction was not
primarily dependent on or associated with mast cell disruption, since it
was possible to induce skin reaction when the mast cells had been dis-
rurted oy other means and, conversely, skin reactions could be ocbtained
without significant mast cell disruption. The appearance and course of
sensitization of rat peritoneal mast cells and pleural cells was followed
by measuring antigen induced release of histamine in vitro. Two peaks of
sensitivity were detected. The first was observed approximately one month
after initial infection and soon after a second infection, *ne second peak
was seen after a fourth infection. These results were similar to those
¢vtained in the investigation of systemic anaphylaxis in vivo with N.
braziliensis by Keller. - -

Trichinella spiralis.

Infection with T. spiralis elicits an immediate type hypersensitivity
demonstrable by in vitro and in vivo immunological techniques. Allergic
manifestations such as muscle pain, fever, skin rashes, edema and eosino-
philia usually accompany heavy infections with this parasite. Most of
these characteristic signs reach their peak between the 12th and 20th
day following infection and tend to subside at the time when the larvae
achieve maximal growth. These symptoms could be related to irritation
and mechanical damage due to migration of the larvae. The eQsinophilia
precedes the development of serological reactions or positive skin re-
actions. However, the presence of eosinophils in the initial invasion
of striated muscle fibers and in the muscle walls of the arterioles often
accompanied by inflammatory changes resembling those seen in periarther-
itis nodosa or serum sickness, suggest an allergic or immune reaction.
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Allergic sensitization has been demonstrated in experimentally
infected guinea pigs and mice. Intravenous or intracardial injection
of antigens into T. spiralis infected animals produced ¢goevralized ana-
phylactic reactions and frequently death. Such sensitivity was demon-
strable soon after infection and persisted for many months, possibly for
the life of the host. Sensitization of individual tissues was also
shown by: 1) in vitro exposure of intestinal tissues from infected
guinea pigs 10 somatic and metabolic antigens of Trichinella, and in
some cases heterologous worm antigens, which resulted in mus cu.la.r con-
tractions and 2) exposure of subcutaneous mast cells of mi.e to similar
antigens which produced cell disruption with release of granula.r contents.
However, mast cell disruption was not produced with antigens from other
worms. Such sensitivity of intestinal and subcutaneous tissues could be
passively transferred to normal animals by injections of serum containing
anti-Trichinella antibodies from homologous hosts, Antiserum from rabbits
only poorly sensitized mouse subcutaneous tissues, Although some of thes<
studies are suggestive of reactions elicited by reaginic =ntibodies, it is
not possible to determine with certainty whether gamma E antibodies are
involved in them.

spiralis infection has recently been shown to elicit the forma-
tion of homocytotropic antibodies in man, mice, guinea pigs and rabbits.
PCA activity in rabbits was detected as early as two weeks after feeding
the infected larvae; it did not reach its peak until 18 weeks later and
was still present 38 weeks after infection. The instability of mouse and
rabbit PCA antibody after heating or reduction and alkylation contrasted
with the failure of such treatment to alter the activity of fluorescent
antibodies. Electrophoretically faster immunoglobulins contained PCA
activity, but did not contain detectable fluorescent antibodies. Cross
reacting reagin-like antibodies were detected between T. spiralis and
Dirofilaria uniformis.

Mice produced two homocytotropic antibodies following infection
with T. spiralis. A heat-resistant antibody responsible for PCA re-
actions induced after a short sensitization period (2-4 hours), and a
heat labile antibody responsible for PCA reactions induced after 72 hours.
Both antibodies appeared in the circulation 5 weeks after infection and
reacfied the highest levels on the 9th week. Later, the antibody which
induced PCA reactions with a latency of 72 hours disappeared from the
serum in some animals whereas the antibody having a 4 hour latency re-
mained. In animals subjected to repeated reinfections, the reagin-like
antibody either decreased or disappeared from the serum. On the other
hand, the antibody with a 2 hour latency increased, Absorption of mouse
antisera with a highly specific rabbit anti-mouse 7S gamma-1l, completely
removed the 2-hour PCA activity of mouse antiserum without changing its
ability to induce PCA reactions after 72 hours. The two homocytotropic
antibodies detected in serum of mice following infection with T. spiralis
could be distinguished by their biological and chromatographic behavior.

Immunization with larval extracts of T. spiralis led to the ap-
pearance of both (2 and 72 hours) antibodies in the serum, with similar
rroperties to those obtained in the course of infection. Although a

16




T e—— T e

B m—

Schistosoma spp.

second dose of antigen resulited in increases in the levels of both
antibodies, further injections resulted in a high level of the antibody
with a 2-hour latency and the disappearance of the reagin-like antibody.
The two homocytotropic antibodies could also be separated by biological
screenirg. Antisera collected 8 days after single antigenic stimulation
demonstrate both homologous and rat heterologous PCA activity. Heating
of these early antisera resulted in complete inactivation of heterologous
PCA activity and almost complete inactivation of homologous PCA activity,
thus suggesting that the rat heterologous antibody was due to mouse rea-
ginic antibody. These results were strengthered by those following serum
absorption. Absorption of these same sera with rabbit anti-mouse gamma-1,
caused no change in homologous or heterologous PCA activity, indicating
that the PCA activity of the very early antisera was due to mouse rea-
ginic ant.bndy. Early mouse antiserum was found to be very efficient in
passive sensitization of rat mast cells and heating at 56 C resulted in
the complete loss of this capability. The main reason for using a closely
related heterologous system such as the rat is that, of the homocytotropic
antibodies present in mice, only the reagin-like IgE and not the gamma-1
is detected. Moreover, a shorter latent period is observed.

Homocyt stropic (reaginic) antibodies in guinea pigs infected with
T. spiralis were demonstrated by Catty. He observed PCA activity in the
7S region at 17 hours after intradermal injection and reagin-like anti-
bodies which were detectable after a latent period of 7 days. The
reagin-like antibodies resided in an electrophoretically faster region,
had a sedimentation rate greater than 7S, and were highly sensitive to
heat. This long-term sensitizing antibody with biological and physico-
chemical properties analogous to the human reagin could be demonstrated
in the serum of guinea pigs infected with T. spiralis but not in those
immunized with a worm extract.

A radioactive iodine label:d microprecipitin (RAMP) assay was de-
veloped for measuring the binding of antigen by antibody. In both
naturally infected humans and experimentally infected animals reaginic
antibodies could be detected by PCA after a latent period of 72 hours.
Heating or reduction and alkylation of the immune sera destroyed or
markedly reduced the T. spiralis antibody reactions in the RAMP assay.
The results indicate that the RAMP assay can reliably measure activity
due to antibodies primarily of the immunoglobulin E class and can be
used as a means of demonstrating binding of antigen by reaginic antibody
in trichinosis.

Allergic manifestations in man occur as a result of infection with
all three species of human schistosomes. In persons previously expocsed
to infection, cercarial penetration is frequently followed by urticaria,
asthmatic attacks, subcutaneous edema, leucocytosis and eosinophilia.

A second clinically recognizable phase beginning one month after exposure
to infeetion and usually coincidental with the onset of egg laying of the
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worms consists of anorexia, fever, headache and weight loss. This has )
been known in Japan as "Katayama fever." It has been generally ac-
knowledged that these two clinical phases of schistcsomiasis are due 1
to imediate hypersensitivity phenomene, although until recently no
definite proof has been obtained to that effect. When cercariae of
nonhuman species penetrate the skin a dermatitis termed "swimmer's

itch" often develops which consists primarily of pruritic papules.
Evidence that swimmer's itch is a sengitization phenomenon was provided
by McFarlane and Oliver. Whereas primary exposure to cercariae was
followed in some subjects by no visible reaction, repeated exposures
brought a reaction usually seen immediately after penetration and fol-
lowed within several hours by the development of large papules accompanied
by erythema, edema and pruritis., Secondary reactions revealed edema and
massive round cell invasion of the dermis and epidermis. A similar
condition has been observed in Sardinia following repeated exposures by
man to cercariae of S. bovis. A form of swimmer's itch has long been
recognized in Japan as "Kabure." This is also apparently produced by
nonhuman schistosome cercariae., The wheal and flair type reaction in-
volved in swimmer's itch has been ascribed to local anaphylaxis and

can be relieved by the use of antihistamines.

The second phase of schistosomiasis "Katayama fever'" is more sys-
temic in character. 1In addition to fever and eosinophilia, there is
usually splenomegaly, generalized lymphadenopathy, urticaria and often
diarrhea or dysentery. Congested spleens with large numbers of histo-
cytes and eosinophils were seen by Bogliolo in man and by Feirley in
experimentelly infected monkeys. The latter also observed swollen kidney
glomerulil which had been infiltrated by neutrophils and eosinophils.

Homocytotropic reagin-like antibodies in schistosomiasis were re-
ported recently in rats and monkeys, rabbits, human patients, chimpanzees
and in rhesus monkeys infected repeatedly with irradiated cercariae of
S. japonicum. These reactions are mediated by antibodies which differ
from the conventional 7S immunoglobulins.

The immunological response of people, chimpanzees, rhesus and
Cercopithecus monkeys, rabbits, guinea pigs and mice was recently
studied by Sadun and Gore. Antibodies detected by fluorescent and
flocculating techniques were heat stable, not sensitive to mercapto-
ethanol and were eluted from Sephadex G-200 in the IgG fraction. Anti-
bodies detected by anaphylactic reactions were destroyed by heating,
were inactivated by mercaptoethanol reduction and alkylation, had a |
faster electrophoretic mobility than IgG and were eluted from Sephadex
G-200 after IgM and before IgG. “here was a suggestive correlation
between the natural resistance of these animals to infection with
S. mansoni and the presence of reagin-like antibody in the blood of
these animals. Rabbits and rats which are highly resistant to this
infection developed high titers of PCA antibody. Conversely, mice which
have 1little or no resistance to schistosomiasis, did not show reagin-
like antibody even though they were capable of making this kind of anti-
body when challenged with T. spirelis. The results for humans, chimpanzees
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second dose of antigen resulted in increeses 1z the levels of both
antibodies, further injections resultcd in a high level of the antibody
with a 2-hour latency and the disappearance of the reagin-like antibody.
The two homocytotropic antibodies could also be separated by biological
screening. Antisera collected 8 days after single antigenic stimulation
demonstrate both homologous and rat heterologous PCA activity. Heating
of these early antisera resulted in complete inactivation of heterologous
PCA activity and almost complete inactivation of homologous PCA activity,
thus suggesting that the rat heterologous antibody was due to mouse rea-
ginic antibody. These results were strengthened by those following serum
absorption. Absorption of these same sera with rabbit anti-mouse gamma-1,
caused no change in homologous or heterologous PCA activity, indicating
that the PCA activity of the very early antisera was due to mouse rea-
ginic antibody. Early mouse antiserum was found Yo be very efficient in
passive sensitization of rat mast cells and heating at 56 C resulted in
the complete loss of this capability. The main reason for using a closely
related heterologous system such as the rat is that, of the homocytotropic
antibodies present in mice, only the reagin-like IgFE and not the gamma-1
is detected. Moreover, a shorter latent period is observed.

Homocytotropic (reag'miﬂ antibodies in guinesa pigs infected with
T. spiralis were demonstrated by Catty. He observed PCA activity in the
7S region at 17 hours after intradermal injection and reagin-like anti-
bodies which were detectable after a latent period of 7 days. The
reagin-like antibodies resided in an electrophoretically faster region,
had a sedimentation rate greater than 7S, and were highly sensitive to
heat. This long-term sensitizing antibody with biological and physico-
chemical properties analogous to the human reagin could be demonstrated
in the serum cf guinea pigs infected with T. spiralis but not in those
immunized with a worm extract.

A radioactive iodine labeled microprecipitin (RAMP) assay was de-
veloped for measuring the binding of antigen by antibody. In both
naturally infected humans and experimentally infected animals reaginic
antibodies could be deteti®Y ©y PCA after a latent period of 72 hours.
Heating or reduction and alkylation of the immune sera destroyed or
markedly reduced the T. spiralis antibody reactions in the RAMP assay.
The results indicate that the RAMP assay can reliably measure activity
due to antibodies primarily of the immunoglobulin E class and can be
used as a means of demonstrating binding of antigen by reaginic antibody
in trichinosis.

Schistosoma spp.

Allergic manifestations in man occur as a result of infection with
all three species of human schistosomes. In persons previously exposed
to infection, - rcarial penetration is frequently followed by urticaria,
asthmatic attacks, subcutaneous edema, leucocytosis and eosinophilia.

A second clinically recogiil®ble phase beginning one month after exposure
to infeetion and usually coincidentul with the onset of egg laying of the
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worms consists of anorexia, fever, headache and weight loss. This has
been known in Japan as "Katayama fever." It has been generally ac-
knowledge’ that these two clinical phases of schistosomiasis are due

to immediate hypersensitivity phenomena, although until recently no
definite proof has been obtained to that effect. When cercariae of
nonhuman species penetrate the skin a dermatitis termed "swimmer's

itch" often develops which consists primarily of pruritic papules.
Evidence that swimmer's itch is a sensitization phenomenon was provided
by McFarlane and Oliver., Whereas primary exposure to cercariae was
foliowed in some subjects by no visible reaction, repeated exposures
brought a reaction usually seen immediately after penetretion and fol-
lowed within several hours by the development of large papules accompanied
by erythema, edema and pruritis. Secondary reactions revealed edema and
massive round cell invasion of the dermis and epidermis. A similar
condition has been observed in Sardinia following repeated exposures by
man to cercariae of S. bovis. A form of swimmer's itch has long been
recognized in Japan as "Kabure." This is also apparently produced by
nonhuman schistosome cercariae. The wheal and flair type reaction in-
volved in swimmer's itch has been ascribed to local anaphylaxis and

can be relieved by the use of antihistamines.

The second phase of schistosomiasis "Katayama fever" is more sys-
temic in character. 1In addition to fever and eosinophilia, there is
usually splenomegaly, generalized lymphadenopathy, urticaria and often
diarrhea or dysentery. Congested spleens with large numbers of histo-
cytes and eosinophils were seen by Bogliolo in man and by Fairley in
experimentally infected monkeys. The latter also observed swollen kidney
glomeruli which had been infiltrated by neutrophils and eosinophils.

Homocytotropic reagin-like antibodies in schistosomiasis were re-
ported recently in rats and monkeys, rabbits, human patients, chimpanzees
and in rhesus monkeys infected repeatedly with irradiated cercariae of
S. japonicum. These reactions are mediated by antibodies which differ
from the conventional 7S immunoglobulins.

The immunological response of people, chimpanzees, rhesus and
Cercopithecus monkeys, rabbits, guinea pigs and mice was recently
studied by Sadun and Gore. Antibodies detected by fluorescent and
flocculating techniques were heat stable, not sensitive to mercapto-
ethanol and were eluted from Sephadex G-200 in the IgG fraction. Anti-
bodies detected by anaphylactic reactions were destroyed by heating,
were inactivated by mercaptoethanol reduction and alkylation, had a
faster electrophoretic mobility than IgG and were eluted from Sephadex
G-200 after IgM and before IgG. There was a suggestive correlation
between the natural resistance of these animals to infection with
S. mansoni and the presence of reagin-like antibody in the blood of
these animals. Rabbits 4alid rats which are highly resistant to this
infection developed high titers of PCA antibody. Conversely, mice which
have little or no resistance to schistosomiasis, did not show reagin-
like antibody even though they were capable of making this kind of anti-
body when challenged with T. spiralis. The results for humans, chimpanzees
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and rhesus monkeys were intermediate between these two e¢xtremes. This
admittedly circumstantial evidence of a possible protective role of
reaginic antibodies is further supported by the fact that rabbits wrich
are highly susceptible to schistosomiasis japonica develop only relu-
tively low titers of reaginic antibodies to this infection.

The observation by Zvaifler and his coworkers that a homocytotropic
reaginic antibody is produced in rabbits infected with S. mansoni led
to a study designed to determine if infection "sensitized" platelets
and leukocytes for in vitro histamine release following the addition of
S. mansoni antigen in the absence of rabbit plasma. Histamine release
was detected from rabbits regardless of whether or not passive cutaneous
anaphylactic antibodies were produced in the infected animals. A pure
platelet suspension from sensitized rabbits did not release histamine
when challenged with antigen. Thstemine release did occur, however,
in the presence of whole washed blood when similarly challenged. It
is now believed that basophilic leukocytes, sensitized with homocyto-
tropic antibody, release a factor (P.A.F.) which induces histamine
release from platelets.

A radioactive microprecipitin (RAMP) assay using iodinated (1251)
extracts of S. mansoni cercariae as antigen was used in testing sera
from schistosomiasis patients and from experimentally infected chimpanzees,
monkeys, rabbits and mice. Like the PCA test with a 72 hour latent
period, this test reacted in all species except in mice, Antibodies
detected by this test were thermolabile and their reactivity could be
prevented by mercaptoethanol reduction and alkylation. A striking
similarity was observed with 7 time course development of homocytotropic
antibodies and antibodies deteck®d by the RAMP assay. Both reactions
could be inhibited by absorption with goat anti-rabbit gamme E serum
but not with anti-rabbit garma G serum.

Filarial worms

The many different species of filariase which affect man produce a
wide variety of clinical signs, a number of which appear to be attrib-
utable to immediate hypersensitivity. The widespread occurrence of
tropical eosinophilia and its probable filarial etiology have been dis-
cussed previously. Profound allergic reactions associated with infection
with a nematode related to filarial worms, Dracunculus medinensis, are
well known. These are particularly evident at the time of the sudden
release into the host's system of toxic by-products of the gravid
female worms. In addition to local cutaneous lesions, there are pro-
nounced systemic prodromes consisting of erythemia and urticarial rash
with intense pruritis, nausea, vomiting, diarrhea, severe dyspnea and
giddiness. Anaphylactic shock following the accidental breaking of the
worms during surgical removal has also been reported. Some of the
clinical manifestations Of filariasis can be relieved by injecting
Dirofilaria immitis antigen. Temporary swellings commonly observed in
Loa loa infections following the migration of the worms in the subcu-
taneous tissue have been interpreted as being hypersensitivity reactions.
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Allergic symptoms occurring in oncocerchiasis have also been described,
The sera from a high proportion of American military personnel evacuated {
from the South Pacific with suspected Wuchereria infection gave positive 1
P-X tests with filarial antigens. Serum from persons with other filarial
infections such as Acanthocheilonema perstans, Loa loa and Onchocerca
volvulus also produced positive P-K reactions. In general, all filarial
infections are associated with eosinophilia.

Rabbits infected with Dirofilaria uniformis produced homocytotropic ‘
(reaginic) anmtibodies detectable by passive cutaneous anaphylactic re-
actions after a 60 to 72 hour latent period. This antibody was found
to be different from the IgG class of rabbit immunoglobulin, had a
faster electrophoretic mobility than gamma G globulin and was eluted in
Sephadex G-200 after gamma M and before gamma G globulin. It was largely
destroyed by heating or by reduction and alkylation. Serum fractions
which contained the major amount of IgG immunoglobulin and all of the
detectable fluoresceut antibody activity did not react in the PCA test.
Conversely, electrophoretically faster irmmunoglobulins which contained
passive cutaneous anaphylactic activity showed no fluorescent antibody
titer.

Other helminths

Dobson compared various immunoglobulin responses of rats to a
nematode infection with Amplicaecum robertsi and demonstrated serum
FCA activity after 6 days' infection. The P-K titers rapidly rose to
a peak at the end of one month and then decreased to extinction before
the 3rd month of infection. The antibodies responsible for these
reactions were heat labile and disappeared after being heated at 60°C
for one hour.

Skin reactions were provoked by a saline extract of Ostertagia in
sheep. The ability to provoke a FCA reaction in the sera of sheep was
greatest just after the "self cure" phenomenon had taken place. Several
skin-tested animals showed signs of severe general anaphylaxis following
administration of the allergen, manifested by prostration, copious
salivation, cyanosis, dsypnea, defecation and urination. However, most
of the animals recovered within half an hour. The author concluded that
the homocytotropic antibody detected in sheep in response to Ostertagia
infection has properties similar to the antibody which occurs in other
mammalian species in contact with nematode allergens and is probably
analogous to human IgE. However, he pointed out that the successful {
detection in vitro of this antibody will depend on the isolation of
an ovine gamma E analogue, and that the present lack of information
available on sheep myeloma proteins renders this possibility somewhat
remote, Subsequent investigations revealed the presence of reaginic
antibodies in the sera of infected sheep by means of Evans blue dye
and a radiolabelled 1311 technique. The author concluded that this 1
homocytotropic antibody is probably associated with the "self cure"
reaction, i

(
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The sera of mice immune %to Nematospiroides dubuis contain homocyto-

tropic antibodies which can be detected by immunoelectrophoresis and

by passive cutaneous anaphylaxis, Immune mice are subject to anaphy-
lactic shock and the intestine of such mice participates strongly in

the reaction. The zuthor concluded that a state of immediate hyper-
sensitivity is involved in the immunity of mice to N. dubius and he
sugerested that in immune mize a fresh intake of larvae initiates an
anaphylactic reaction which prevents a large proportion of the larvae
from becoming established.

Homocytotropic antibodies were detected in several other animals
infected with various helminths. However, it is not clear whether or
not these are true reaginic antibodies of the IgE immunoglobulin class.
Some of these antibodies have not been immunochemically defined, and
others, such as those resulting from Ostertagia and Trichostrongylus
infections in sheep, have been shown to be related to the subclass
IgGly. Homocytotropic antibodies were also semonstrated in the intes-
tinal mucous of sheep infected with Oesophagostomum columbianum by
means uf the cutareocis anaphylactic test. Homologous PCA tests in
guinea pigs revealed tne production of skin sensitizing antibody by
Metastrongylus spp. infection. However, it could not be determined
whether or not two types of anaphylactic antibodies were present as
suggested earlier, Injection of antigen into the skin of sensitized
rats led to mast cell degranulation in those which were infected with
Strongyloides ratti.

Hookworm infection in endemic areas is characterized frequently by
a persistent asthmatic cough. Rabbits infected with Ancylostoma develop
antibodies which produce a P-K reaction in uninfected recipients of the
homologous species. As quoted by Winsor, Fall and Bartlett studied the
time course development of antibodies detectable by the P-K tests with
sera from hookworm patients. They reported that the P-K tests became
positive within L weeks after infection, reached the maximm titer
3 months later and were no longer detectable after 1 year.

Potentiated reaginic responses in helminthiases

Recently it was shown that N. braziliensis infections may influence
reagin-producing systems in rats and that this influence is not specific
for reagins against N. braziliensis antigens, but can influence the
existing production of reagins against other antigens. The potentiated
response was found to occur only in those animals given antigen before
the helminthic infection. The authors concluded that a factor may be
present in the helminthic infections which stimulates the reagin-pro-
ducing system and which under normal conditions results in a high titer
of homocytotropic antibodies against the parasite. However, if the
rearin system is already producing antibodies against the given antigen,
the helminthic infection potentiates the reagin production against that
antigen. Maximal PCA titers against egg albumin were obtained when rats
were infected with N. braziliensis 10 days after immunization. Results
from experiments with sensitized peritoneal mast cells from these animals
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indicated that histamine release on challenge with egg albumin was maximal
within 2 weeks, whereas challence with worm extract released histamine
maximally between L and 5 weeks. Homocytotropic antibodies against the
anticen as demonstrated by PCA were not obtained when DNP-BGS was sub-
stituted for egeg altwmin in this system.

Similar mechanisms of potentiation may be involved in producing
allerzic manifestations to many allergens in individuals infectel with
helminths. A significant association, as yet unconfirmed, was observed
by Tullis between bronchial asthma and intestinal parasites. He postu-
lated that the acquisition of an allergy to an antigen may depend on
exposure to the antigen at some stage of infection by one or more
helminth parasites.

Surmary and conclusions

It is obvious from this review that different types of antibodies
are produced following parasitic infections. These can react with
anticen within tissme spaces csuch as in the conventional antibodies
which belong to the immunoglobulin classes IgG, IgA and IgM, or the
antibodies may become fixed to tissues, The latter, known as reagins
in humans, belong to the immunoglobulin group IgE and are thought to
be responsible for the different manifestations of anaphylaxis. Since
reagins adhere strongly to tissues, they are often called tissue sensi-
tizing antibodies. Whereas conventional antibodies can be detected in
the serum by standard in vitro procedures such as precipitation, ag-
glutination, complement fixation and immunofluorescence, reagins can
best be detected in vivo by passive or direct cutaneous anaphylaxis.

In lower animals antibodies other than reagins can produce anaphylaxis
in other homologous and heterologous species and can be detected by
passive cutaneous anaphylaxis, but only after a very short latent period.
Those antibodies which produce anaphylaxis in the homologous species

are also referred to as homocytotropic antibodies. Th2>y can easily be
differentiated from rRagins by the fact that in addition to their short
latent period they are heat stable, cannot be destroyed by mercapto-
ethanol reduction and alkylation, and have a different electrophoretic
mobility than that of IgE. 1In vitro tests for reaginic activity are

now in the process of being developed.

Although homocytotropic antibodies and cutaneous anaphylaxis have
been reported in many protozoan and helminthic infections, reaginic
antibodies have been demonstrated only in those parasitic infections
which are due to helminths. Anaphylactic phenomena are caused by the
antigen-antibody reaction activating a series of enzymes leading to the
release of certain pharmacological agents such as histamine, serotonin,
slow reacting substance, kinins and eosinophilic chemotactic factor
which produce local or systemic anaphylaxis. Cutaneous urticaria and
the formation of wheal and flare lesions in the skin are anaphylactic
phenomena usually ascribed to homocytotropic antibodies. However, non-
irmmune reactions such as trauma or cold, can also release pharmacological
agents. Therefore, the numerous observations of kinin release, urticaria,
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wheal and flare lesions in the skin in the course of protozoan infections
are not necessarily immunological phenomena and may be mistakenly inter-
preted as demonstrating the presence of reaginic antibodies.

The eorizorhiles are closely associated with helminthic infections
and arzphylactic reactions. Fowever, their exact role is still contro-
versial. As reported by Vaughn an association between eosinophiles and
alle vic states has been known since 1898 and the attraction of eosino-
vhil:s to sites of parasite infections has been reported since the
beginning of the century. There is no doubt that infiltration of the
tissues with eosinophiles is a common denominator of many anaphylactic
reactions ard tkat most helminthic infections are generally associated
with eosinophilia. Eosinophi™<s are attracted by antigen-antibody
complexes and have been shown to phagocytose these complexes, However,
eosinophiles may also be found in the skin in urticaria reactions re-
gardless of whether these reactions have an immunological or pharma-
cological basis. This would suggest that the eosinophiles are attracted
by concentrations of mediators, and that they are potentially capable
of causing %istamine release from mast cells. Although release of
histamine and otner mediators, as well as hyper-secretion of mucous are
phenomena associated with allergic response, the role which eosinophiles
may play in accentuating allergic reactions or in protecting against
allergy has not been clarified. The intradermal injection of histamine
into young horses has been shown to cause an accumulation of eosinophiles
at the site of the developing wheal. Moreover, equine eosinophiles have
been shown to inactivate histamine and serotonin both in vivo and in
vitro.

Since the earliest observation of a virtual disappearance of eosino-
philes from the blood of persons following injection of ACTH, dramatic
variations in the level of eosinophiles have been reported following
injections of cortisone or cortisone and atropine. Further experiments
showed that the pituitary and adrenal glands were necessary for main-
tenance of a normal level of eosinophils in the small intestine. Hypo-
physectomy or adrenalectomy resulted in the increased eosinophile levels
in the gut which could be counteracted by cortisone injections. In
experimental trichinosis it has been shown that the release of histamine
and not serotonin is associated with eosinophilia. The association
between histamine and eosinophiles is still not clear even though it is
known that mast cells contain most of the histamine of the body and
that basophiles contain most of the histamine in the human blood. The
accumulatior of eosinophiles iIn the paripheral blood can be inhibited
by antihistaminic drugs.

In general, eosinophilia could be considered as the earliest evi-
dence of antibody induced sensitivity in helminth infections. Experi-
mentally, eosinophilia is frequently followed by sensitivity of the
mediator relesfitg tissues and by demonstrable anaphylactic reactions
to worm extracts. Eventually, circulating homocytotropic reagjnic
antibodies can be detected by PCA in a percentage of the infected
animals. In vitro tests suck as antigen induced histamine release and
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radioactive microprecipitin assays appear to be considerably more sensi-
tive than PCA for detecting reaginic antibodies. This sequence of
events which can be postulated primarily on the basis of separate experi-
ments conducted in laboratory animals may parallel the succession of
occurrences orserved in man and lower animals following natural in-
fections with nelminth parasites. 1In these, one often observes eosino-
philia, followed by changas in the numbers of mast cells and platelets,
increases in serum levels of pharmacologically active substances and
cutaneous anaphylaxis.

What is the reason for the development of high titer homocytotropic
(reagiric) antibodies frequently resulting from helminthic infections?
The explanation cannot be found in the continuous release of antigen or
in the specific location of the parasite. All evidence accumulated so
far indicates that production of large amounts of reaginic antibodies
are obtained only when an actual infection takes place. Conversely,
irmunization with helminth extracts frequently results in failure of
eliciting reagins or at best only produces reagins at an extremely low
titer. Tt has also been demonstrated in vitro that the antigens involved
in stimulation of reaginic antibodies are released by the living helminths.
This contrasts with the praduction of high levels of homocytotropic
(non-reaginic) antibodies by artificial immunization with a variety of
parasite antigenc.

The reason helminthic infections stimulate reagins and eosinophils
so efficiently still remains a matter of speculation. Recently, however,
evidence has been provided that at least one helminth species possesses
some kind of adjuvant effect on the production of reagin containing
immunoglobulins. These results, which were obtained in rats infected
with N. braziliensis, must be extended to other helminthiases and other
hosts before suggesting that helminths stimulate nonspecifically the
proliferation of reagin producing cells. Further studies have indicated
that the reaginic adjuvant effect of helminthic infections is not ob-
servable if DNP-BGG has been used as sensitizing antigen. Therefore,
the observed potentiation may not necessarily be a general phenomenon,
but may be restricted to specific antigens and, possibly, to only some
host parasite relationships.

Only suggestive evidence has been obtained thus far on the possible
relationship between homocytotropic (reaginic) antibodies and the pro-
tective mechanisms of the host. Some aspects of this subject will be
reviewed by Murray.

2. Antigen-antibody interaction in trichinosis assayed by radioactive
iodinated antigen.

Iniirect evidence for the existence of a "mast cell sensitizing"
antibtody in mice infected with Trichinella spiralis was supported by
the finding of anaphylactic )reaginic) antibodies in a patient infected
with T. spiralis. Subsequent studies orovided detailed biological and
physicachemical information on homocytotropic reagin-like artitodies
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in mice and rabbits experimentally infected with T. spiralis.
These skin sensitizing antibodies can be detected by passive
cutaneous anaphylaxis (PCA) in the homologous species, have many
of the properties of human reagin and are remarkably similar to
those belonging to the IgE class of human immunoglobulin descrided
by ishizaka et al.

Antibodies in the blood of human sera or animal sera infected
with T. spiralis can be demonstrated by a variety of serological
procedures, most of which detect anti%bodies of the IgG and IgM
classes. Among these procedures is a sensitive and specific
fluorescent antibody test for trichinosis developed by Sadum
et al. and subsequently adapted to the use of soluble antigens
fixed onto a matrix of cellulose acetate filter paper. This
soluble antigen fluorescent antibody (SAFA) test was evaluated
with sera from infected humans and with sera from experimentally
infected mice, rats and rabbits.

SAFA and PCA activities of immune rabbit serum fractionated
by DEAE chromatography were located in different fractions.
Whereas most of the detectable fluorescent antibody activity and
none of the PCA activity was found in the electrophoretically
slow gamma globulin (IgG), electrophoretically fast immunoglobulins
contained PCA activity but no detectable fluorescent antibodies.
Moreover, the instability of mouse and rabbit PCA antibody upon
heating or reduction and alkylation contrasted with the failure
of such treatment to alter the activity of antibodies detectable
by the SAFA technic.

A radioactive antigen microprecipitin (RAMP) assay was
developed recently for measuring the binding of antigen by
antibody in schistosomiasis. Results were similar with RAMP
assays and PCA tests of sera from human patients and experimentally
infected animals, although antigen binding activity in the RAMP
assay appeared earlier and persisted longer than PCA activity.
It was also found that essentially all the RAMP and skin sensi-
tizing activity in the serum specimens was removed by absorbing
with anti-IgE but not by absorption with other monospecific
antiglobulins, thus indicating that the RAMP assay measures
primarily antibodies of the IgE immunoglobulin class.

The present investigations were designed to develop a
radioactive antigen microprecipitin assay for trichinosis, to
characterize the antibodies responsible for this reaction and to
compare the results with those of the SAFA and PCA tests.
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) Antigens

A lipid-free somatic extract of T. spiralis larvae was
prepared at 4 C in Tris buffered saline (TBS), lyophilized in
one ml aliquots and stored at 4 C. This antigen was used in the
SAFA and PCA tests as described. For the RAMP assay the lipid-
free preparations were placed on a 2.5 cm X 100 cm Sephadex
G-700 column and eluted with 0.14 M, pH 7.2, phosphate buffered
sal\ne as described by Williams et al. The first fraction

containing 23 percent of the protein was labeled with radioactive
’ iodine (145I) according to the technique of McConahay and Dixon.
! The iodinated antigen was divided into aliquots and stored at
-70 C until used. Titrations were done with each new lot of
iodinated antigen to determine the desired dilution for optimal
reactivity.

] Sera

Human sera obtained from 18 patients in whom an infection
with trichinosis had been established by clinical and serological
evidence were tested. To determine the specificity and sensitivity
of the RAMP test, 98 sera from individuals with other parasitic
| infections or with viral, bacterial, rickettsial or degenerative
diseases were studied. In addition, 71 sera obtained from
h althy individuals were used. All sera were either lyophilized
or stored at -20 C until tested.

Sera from Wistar rats (150-200 gm) and New Zealand albino
rabbits (2500-3000 gms) were collected before and during these
experiments. The rats were infected with approximately 10
Trichinella larvae per gram of body weight and the rabbits were
exposed by gavage to 50,000 larvae each.

Antibody Determinations

The soluble antigen fluorescent antibody (SAFA) test for
trichinosis was conducted as described previously. The titers
were expressed as the reciprocal of the highest dilution giving
a positive reading.

Passive cutaneous anaphylaxis (PCA) tests of human sera were
conducted in monkeys following the technic described previously.
PCA tests in rabbits and rats were conducted as reported by
Zvaifler and Becker and Mota. Reactions were induced in these
tests 72 hours after sensitization and the results were recorded
30 minutes after injecting antigen. A positive reaction was
recorded when the area of cutaneous bluing was greater than 5 om
in diameter.
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The radioactive antigen microprecipitin assay (RAMP) was
performed with close adherence to the technic described for
schistosomiasis. Serum samples which precipitated more than
15 percent of the radioactive T. spiralis antigen were considered
reactive.

Sera wvere fractionated, reduced and alkylated, heated and
absorbed as described earlier.

RAMP Assay in Trichinosis

Preliminary studies indicated that the RAMP assay using the
iodinated antigen could differentiate between serum specimens
obtained from infected animals and normal controls. Optimal
results were obtained when test sera were initially diluted 1:10
in a 1:100 normal serum-TBS diluent. To assess the sensitivity
and specificity of this assay, sera from rats and rabbits
experimentally infected with T. spiralis were tested along with
normal serum controls at a constant dilution of 1:10 (Table I).
Except for the serum of one rat, which precipitated less than
15 percent of the antigen, positive results were obtained in
all specimens from infected animals. None of the 75 specimens
from uninfected rabbits and none of the 29 specimens from
uninfected rats reacted in this assay. Nearly seven times as
much antigen was precipitated by the sera from infected rabbits
compared to those of the uninfected controls. In rats, the ratio
was more than 4 to 1.

Serum samples from patients with trichinosis, with a variety
of infections other than trichinosis and from patients with
lupus erythematosus were tested for their ability to react in
the RAMP assay. As shown in Table II, positive reactions were
obtained in 15 of the 18 serum samples from trichinosis patients.
Conversely, no reactions were observed in any of the 71 sera froz
healthy persons or in any of the 98 sera from individuals with
various parasitic, bacterial, rickettsial, viral or degenerative
diseases. The ratio of antigen precipitated by the sera from
trichlnosis patients and that precipitated by the sera from
healthy controls was more than 5 to 1. The sera from persons
with infections or diseases other than trichinosis precipitated
between 1.5 to 1.9 times as much antigen as those from healthy
controls. The three sera from trichinosis patients which were
classified as nonreactive precipitated 3 times as much antigen
as the sera from the healthy controls.

In order to obtain some information on the reprod .cibility

of results, serum pools from infected and uninfected rabbits

and rats were divided into aliquots and tested at different times
with different lots of iodinated antigen. As indicated in Table 11T,
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TABLE 1

TABLLE 1
Sencitovity of BAVEP A, Uang Trichinella
spiralis Antigon and Sera of Expecimentally
Infeoted Bt and Kabhits

No. \o Mean
Serum Nource spreci- %0 Ag. Ratio®

reactive

mens ppt.

Uninfected rab- ™ 0 33
bits 7.0

Infected rabbits 41 41 350
l.ll-llll.l'l'(('ll rats ."l ‘fb '7_!0 10

Infected rats 34 33 32.0

e Ratio = ‘, antigen precipitated by sera from
p infected animals *, autigen precipitated by sers
from uninfeeted animals

TABLE 1I

TABLE 11

Newsits tty and Speciticity of RAMP A<<ay, sing Trichinellu spiralis Antigen with Hoonan Sera

Reactive* Nunreactive
Diagnosis Number Mean * ' - N
No 3 Dpt. ¢  Ratio* No. ‘“:f’p':_ ‘ Ratio*
Healthy i 0 = 71 1 1_ .
Trichin =iz I 15 22 3.5 3 l""j 30
Other parasitic infections 3 n - B .:\ .l i
\'x. ral » 0 - 2% 6 - ; ;.
tHeketrsial 13 }] = 13 6.4 1 ;'n
RBacterial 10 0 = — 10 ﬁ‘l |
Lupus ery thematusus 10 0 - (1] 6 3 1 '.

* Rera producing more than 13 antigen precipitate are defined as reactive
3 5. . ” S - . - . , - . . . )
tatin between pereent antigen precipitate in sera from trichinosis patients and healthy controls

», 1 v Py . H vt 1 N h g
Eatto between percent antigen preeipitate in sera from other groups and Gealthy conrrols
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TABLE III

TABLE 11
Loprontacihihirg of Losulte of RAVE A<say Using
Avvgeots of Paolod Sera Obtacned Fooomn
Erpoonaroral An vl Infe.il

with Trichinella spiralis

Percer(
N Antigen
{ Serum souree tmes R€AC Predipitated
tested V€
Mcan Range
Infected rablare 11 11 21 30 40
Pl 1
Tnfected rabbys 11 11 NS 443
Pl 11
Uninfected rabbits 11 (4 54 N
Poct |l
Uninfected rabhirs 11 " S i T
Pool 11
Infected rats (Podl N D 31420 3
1
Infected rots (Podd 5 50 316 2588
i1
Utinfected rats S " § 6 14
Poal 1
Uninfected ras M 0 i 15

Pool T1
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the results were highly reproducible. All of the specimens from

infected animals and none of the specimens from normal controls

gave positive reactions. The iodinated antigen appeared to be 1
stable for at least 8 months when stored at -70 C.

Correlation of RAMP and SAFA Activities

. The 18 serum specimens from trichinosis patients were also
tested for SAFA activity. All of the specimens were reactive in
the SAFA test with titers of 1:8 to 1:512. The results of the

RAMP assay and SAFA tests were compared by scatter diagram (Fig. 1)
and by the use of the Spearman rank correlation coefficient.

No obvious correlation was observed between the level of reactivity
in the two tests (r = 0.399, corrected for tied ranks).

T T— ——

assay and by the SAFA test was determined by testing 6 rabbits
before and at regular intervals after infection with T. spiralis
(Fig. 2). Fluorescent antibody reactivity was observed in all
the animals within 2 weeks afte:r they were fed Trichinella
larvae, reached a peak in 5 weeks and remained elevated throughout w
the study. Antibodies were detected by the RAMP assay in all the

animals within 4 weeks after infection, reached a peak after
approximately 7 weeks and were still elevated 12 weeks later.

’ Time course development of antibodies detected by the RAMP
)
)

Characterization of Antibodies

Investigations were conducted to define some of the properties
of the antibodies which reacted in this assay and to compare the
results with the antibodies reacting in the PCA and SAFA tests.

The effect of heat and reduction and alkylation was studied
with specimens from infected rabbits. Two pools of sera were
selected for this study, one which was reactive in both the RAMP
and the PCA tests and another which was PCA negative with a marked
reactivity in the RAMP assay. The results (Table IV) show that
heat and treatment of serum with 0.1M 2-mercaptoethanol followed
by alkylation with 0.02M iodoacetamide destroyed the reaginic
antibodies as detected by PCA and markedly reduced the reactivity
with the RAMP assay. Conversely, similar treatment failed to {
decrease fluorescent antibody reactivity. An additional ten (
human serum specimens which had reacted with conventional i
serological tests were retested after heating. All specimens
were still SAFA positive after heating, whereas none of them gave
positive results in the RAMP assay.

In order to separate some of the antibodies present in the
serum of infected rats, the sera were fractionated by molecular
sieving and ion exchange chromatography. The pooled serum was i
separated into 3 fractions by Sephadex G-200. Fraction III v

30 |

‘__________—_




Figure 1

SN

Fia. 1 Seatter dingram of results of RAMP and
SAFA tests in trichinosis patients.

Figure 2
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TABLE 1V

) Eflect of Hoat and Reduction av) Mkylation of Scra in the RAMP, PCA and SAFA Tots
Rabbit Pool %1 Iabbit Paol &2
Serum Treatment
RAMDPe PCA" SAFY RAMDP PeA SAA
1 Untreated Fle0s SN 1,024 o0 " Neg 1.024
S C 4 hr 10 [JRARAY 150 Nep 1.024
2 Mercaptoethanal Todoaeetamide 1} 1,00:24 | BN Noeg 1.024
lodoancetamide Ml 1.024 BT Nog 1.021%
PBX dialysis o) 1,024 374 Neg 1.024
4 Pereent antigen precipitated in the assay ¢ Highest dilution of <erum giving the mininium positive
resction. © Highest dilution of seram gising the minimuam positive reaction,

-
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' contained most of the albumin and was not tested for antibody
activity. Fraction II was separated into 3 fractions by DEAE

1 A-25 chromatography and designated as Fractions IIj, 112 and

} 114 (Fig. 3). In che gerum collected before infection all

fractions gave negative results with all three tests. In the

immune serum all SAFA activity was found in Fractions I, II;

and II;. Most of the PCA and RAMP activities resided in Fraction

113 (Table V, Fig. 3).

Immune rabbit serum was absorbed with goat antirabbit IgE
antiserum. When retested after absorption, the reactivity of
) the serum in the RAMP assay was redwced from 37.0 to 13.0 percent
and the reactivity in the PCA test was eliminated. However,
the titer in the SAFA test was not significantly reduced.

These data indicate that the radioactive antigen micro-
precipitin assay described for Schistosoma mansoni infections
{ can be successf«Zly applied to the detection of antibodies
elicited by inie\long with T. spiralis.

Heating or tveduction and alkylation of the immune sera
lowered considerably their reactivity in the RAMP assay,
indicating that the fractions precipitating the iodinated antigen
are labile. This contrasts with fluorescent antibody reactivity
which was not destroyed by heat or mercaptoethanol treatment.
Fractions of sera from experimental animals gave similar
results in both the RAMP assay and the passive cutaneous
anaphylactic tests. Conversely, no correlation was observed
between the results obtained with the RAMP assay and the SAFA
tests in human sera. Absorption of immune rabbit serum with
antirabbit IgE antiserum completely removed PCA activity and
markedly reduced the antigen binding activity of the RAMP
assay but failed O decrease the SAFA activity.

On the basis 9L ¢iis evidence, the RAMP assay as used in
these studies measutes primarily antibodies in the IgE
immunoglobulin class.

3. Immunological reactions in chimpanzees experimentally infected
with Schistosoma japonicum.

Helminthic infections eli. !. an immediate type of hyper-
sensitivity reaction as evidenced by intradermal reactions and
by the development of high titer reaginic antibodies. Although
the ability of helminthiases to stimulate immediate hypersensitivity
has been used I7 immunodiagnosis for more than half a century, the
responsible atstiNQOdies have been demonstrated in the blood of humans
or animals infected with helminths only recently.
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TABLE V

TABLE V
Resusts of RAMP, PCA and SAFA Tests on
Various Fractions of Pooled Sera
Obtained From Rats Infected
with Trichinella spiralis

Normal Sera Immune Sera

Frac-
tion

RAMP“; PCA® SAFA¢ RAMP PCA SAFA

1 1 | Neg Neg | Y2 | Neg 4
11, 1 Neg Neg | 1.4 Neg: 256
11, 1 Neg Neg 1.2 Neg = 256
11, 1 Neg Neg 12 44+ . Neg

@ Ratio = Percent antigen precipitated by sera
from infected animals/Percent antigen precipi-
tated by sera from uninfected animals

¢ Neg to 44.

< Reciprocal of titer.
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Schistosomiasis may in a sense be an immunological disease.
In persons previously exposed to infection, cercarial penetration
is frequently followed by urticaria, subcutaneous edema and massive ;
round cell invasion of the dermis and epidermis (cercarial
dermatitis). A second distinct clinical syndrome usually coincidental
with the onset of egg laying consists of anorexia, fever, headache
and weight loss (toxaemic phase, Katayama fever). These first
two clinical phases may result from immediate hypersensitivity
phenomena. The third stage of the disease (hepato-splenomegaly)
may be caused by granulomatous host reaction to schistosome eggs
which is regarded as a phenomenon of delayed hypersensitivity.

HomocytotrgpZc reagin-like antibodies in schistosomiasis
were reported \n eRle, {n rats and monkeys, rabbits, chimpanzees
and in rhesus monkeys infected repeatedly with irradiated
cercariae of Schistosoma japonicum. These reagin-like antibodies
were detected by passive cutaneous anaphylaxis (PCA) in the
' homologous species in wvivo. In vitro histamine release from

platelets and lewkdytes of rabbits was determined after the
addition of S. mansoni antigen. Another in vitro test to detect
reagin-like antibodies is the radioactive microprecipitin (RAMP)
| assay using iodinated extracts of S. mansoni cercariae as antigen.
This assay was used in testing sera from schistosomiasis patients
and exp-rimentally infected chimpanzees, monkeys, rabbits and
| mice. The time course of development and immunochemical
characteristics of homocytotropic antibodies detected by PCA
and antibodies “=zected by the RAMP assay were strikingly
7 similar. These XRACCioas could Je inhibited by absorption with
goat antirabbit IgE serum but not with antirabbit IgG serum.

 — ——— — —

Although reagin-like antibodies were found in people,
+ chimpanzees, rabbits, guinea pigs, rhesus and cercopithecus
monkeys infected with schistosomes, mice did not show these
antibodies to S. mansoni when tested either by PCA or by the
RAMP assay. A correlation between the natural resistance of
various animals to infection with S. mansoni and the presence
and titers of reagin-like antibodies suggested that these
antibodies may play a protective role in infection.

Parasitologic, serologic, pathclogic, biochemical and
clinical studies conducted in 15 cliimpanzees exposed to varying
numbers of $. {agOnicum cercarige indicated that this combination
is a particularly valuable model for studies on the pathogenesis
of S. japonicum because the infection in chimpanzees closely
parallels various manifestations of this disease in man.
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Immunologically mediated injuries such as serum sickness
frequently result in glomerulonephritis. Kidney glomerular
lesions also occurred in most of the S. japonicum infected
chimpanzees. The association of glomerulonephritis and hepato-
splenic schistosomiasis had been first observed in man. These
findings along with our observations in chimpanzees emphasized
the significance of schistosomal glomerulopathy. The possibility
that pathogenic mechanisms of antigen-antibody reactions lead
to injury or disease has been postulated frequently. Soluble
immune complexes can cause a local increase in vascular permeability,
generalized anaphylaxis, acute vasculitis and glomerulonephritis.
Heavy deposits of host gamma and beta 1C globulins have been
found along the glomerular capillary basement membranes in renal
biopsies c{ Nigerian children with malarial nephrosis and in
monkeys experimentally infected with Plasmodium cynomolgi.

A decline in the complement activity of sera from humans, monkeys,
hamsters and chickens infected with malaria has been reported.

The changes In complement are apparently due to the immune
fixation of the complement components to antigen-antibody
complexes with consequent depletion from the serum.

A series of investigations was begun to determine the
presence and extent of hypersensitivity reactions in chimpanzees
experimentally infected with S. japonicum. Moreover, the effects
of S. japonicum infection on serum complement activity were
studied in the hope of finding some explanation for the glomerulo-
nephritis encountered in our previous experiments.

Twelve young chimpanzees from West Africa were experimentally
infected with a single dose of 50 cercariae per kilogram of
body weight. Two animals were used as uninfected controls.
The animals weighed 11 - 24 kilograms at the time of exposure.
Splenectomy was performed on all of the chimpanzees for use in
unrelated experiments with Plasmodium falciparum. These animals
were utilized after termination of the mclaria infection by
chemotherapy and were heaithy when selected for this study.
At autopsy, accessory spleens had developed in some of the
splenectomized chimpanzees. Previous studies indicated that
splenectomy had no demonstrable effect on the host response of
primates to schistosome %™lections except for a reduction in the
rate of se/f cure in MaCdla mulatta.

Cercariae of the Japanese strain of S. japonicum were
obtained from pools of 50 to 100 infected Oncomelania hupensis
nosophora snails which had been infected 2 to 4 months earlier
with miracidia obtained by hatching eggs from livers of infected
albino wic€. The chimpanzees were exposed under light anesthesia
as described earlier. Feces of each chimpanzee were examined
weekly for schistosome eggs as evidence of infection.
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Between 3 and 4 months after exposure to infection, 6 of
the 12 infected chimpanzees were treated with a nitrovinylfuran
derivative (SQ 18,506) from Squibb Laboratories. Previous
investigations had revealed that administration of this drug
to rhesus monkeys infected with either S. mansoni or S. japonicum
was markedly therapeutic and resulted in no apparent host
toxicity. The drug was administered by gavage under light
anesthesia twice a day for 10 days. The course of treatment
was repeated each time eggs reappeared in the stools.

Blood was collected from each chimpanzee at month intervals
for serological and hematological studies. Lipid-free S. mansoni
and S. japonicum cercarial extracCls were employed as antigen
throughout these studies. Cross reactions were observed between
these two antigens. Serum specimens from chimpanzees were tested
for reagin-like antibodies in the skin of rhesus monkeys weighing
2 to 3 kilograms each. The PCA tests were carried out with
strict adherence tc¢ the published method and performed at 3
different times. SO\WWIe antigen fluorescent antibody (SAFA)
tests and RAMP assays were done according to the described
method at the end of the experiment.

The amounts of serum IgE immunoglobulin at various intervals
following infection were done by a radioimmunoassay (Ishizaka
and Ishizaka, 1967).

For the blastogenesis stud>%), 10 ml of heparinized blood
was obtaiwd Wiucaly from esch chimpanzee. One ml of 6% dextran
in saline (70,000 molecular weight) was added to each sample of
heparinized blood. The dextran blood suspension was mixed
thoroughly and allowed to settle for 45 to 60 minutes. The
leukocyte-enriched plasma layer was removed and placed in a
50 ml conical bscfoz graduated polyethylene centrifuge tube,
the volume was brought up to 40 ml with 25% Eagle's minimum
essential media (MEM) in Hank's balanced salt solution (HBS) and
the mixture was centrifuged at 55 g for 8 minutes. The supernatant
fluid was drawn off to 2.5 ml and the leukocyte button was
resuspended very gently. The cell suspension was washed by
removing the supernatant fluid to 5 ml and then adding 35 ml
of 25% MEM in HBS. The suspension was centrifuged at 500 RPM
for 5 minutes and the procedure was repeated. After washing
three times, an aliquot was used to determine the number of
leukocytes present in the suspension in a hemocytometer. The
cell suspension was then diluted with MEM so that 1 ml would contain
1 ¥ 106 cells per ml of suspension. The following cultures were
set up in triplicate to contain 2 X 106 cells in 2 ml of medium:
(a) cells and MEM only; (b) cells, MEM and phytohemagglutinin
(PHA); (c) cells, Y¥M and antigen. The optimal amount of PHA
was 0.1 ml of 1 to 60 dilution. Antigen was used at a concentration
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of 1:8, 1:16 and 1:32. A dilution of 1:16 usually gave optimal
results. All cultures were incubated at 37 C in an atmosphere
of 52 carbon dioxide in air for 72 hours. Following incubation,
? microcurie of tritiated thymidine was added to each cultute
and incubated at 37 C in an atmosphere of 5% carbon dioxide for
18 hours. After incubation with radioactive thymidine, the
samples were centrifuged at 2,000  RPM for 10 minutes and the
supernatant fluid was removed by aspiration. The cultures

were then washed 3 times to remove the excess nonincorporated
radioactive thymidine by adding 10 ml of 0.9 saline to each
culture, mixing with a Vortex mixer and centrifuging at 2,000
RPM for 10 minutes. After the final wash the supernatant fluid
was removed as close to the sediment as possible W & @l of
NCS solubilizer was added to each tube, mixed well and allowed
to stand overnight at room temperature. Cultures were prepared
for liquid scintillation counting using 15 ml of PPO-POPOP
toluene cocktail per vial. In tabulating the data, the
sciacZllation counts per minute obtained from the antigen-
stimulated cultures were divided by the counts per minute
obtained from the nonantigen-stimulated cultures and then
divided by the percent of lymphocytes in the culture. After
infection higher stimulation was more often obtained with antigen
than with PHA. The same lot of cercarial antigen containing 10
mg protein/ml was used in all of the blastogenesis experiments.

The complew=ent levels were determined w'th sheep red cells
which had been Stored no longer than 3 weeks in modified Alsever's
solution. They were washed and spectrophotometrically standardized
to contain 5 X 108 cells per ml. Sensitized cells were then
prepared by combining the standardized cells with an equal
volume of an optimal dilution of rabbit hemolysin. A precise
speccrophotometric method for complement assay was used and
complenent titers (C'Hs0/ml) were expressed as the reciprocal
of the amount of test serum required to lyse 50% of the optimally
sensitized erythrocytes in a reaction volume of 1.5 ml after
30 wiautes incubation at 37 C. Triethanolamine buffered saline
(TBS) containing optimal concentrations of Ca™t and Mg' was
used as the reagent diluent.

Biometric analysis of the data was conducted only when the
significance of the results was not obvious. Comparisons of
observations in different groups were based on the Wilcoxon
2-sample Rank test.

No schistosome eggs were found in the stools of the
chimpanzees before experimental infection and for at least J
weels afterwards, but all began excreting eggs in the feces
between 5 and 6 weeks after exposure. Fecal egg counts in untreated
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chimpanzees remained elevated thrcughout the course of this study 4
although there was an irregular decline until necropsy. In
contrast, the passage of eggs in the feces of treated animals 1
was markedly suppressed. No eggs were seen in the feces 2 to
3 weeks after treatment. When they reappeared in the feces of
some chimpanzees, these animals were treated again.

Four of 12 infected animals produced reaginic antibodies
detectable by passive transfer to recipient rhesus monkey skin.
PCA antibodies appeared 2 months after exposure to infection in
4 of 12 infected chimpanzees and persisted for only one or two
months. In 8 infected and 2 uninfected controls no reaginic
activity was demonstrated by PCA. No relationship was observed
between the presence of dermal sensitivity to antigen and the
intensity of infection as determined by egg counts.

All animals were tested with S. mansoni and S. japonicum
cercarial antigen in the eyelid for immediate and delayed
hypetsensitivity. These tests were conducted shortly before
P necropsy in order to insure that introduction of antigen would
| not affect the serological determinations. A positive dermal
! reaction was observed in all of the infected animals (treated and
untreated) within 3 hours after the antigens were inoculated
intradermally. Conversely, no reaction was observed in either
of the 2 uninfected controls. No delayed hypersensitivity
reactions were observed in any of the chimpanzees with either of
the two antigens used, 24 and 48 hours following introducticn
of the antigen.

A ———— ——

The level of gamma E immunoglobulin in the serum of 3
chimpanzees (2 infected and 1 uninfected control) before exposure
and at monthly intervals up to 5 months after infection showed
considerable increases following exposure to S. japonicum
cercariae (Fig. 4). Two of 4 PCA positive chimpanzees were
included in this group. This increase parallels the increase in
gamma globulins in S. japonicum infected chimpanzees.

1 Previous studies had indicated that the RAMP assay can
reliably measure activity due to antibodies primarily of the IgE
class and can be used as a means of demonstrating binding of
antigen by reaginic antibody in schistosomiasis. Therefore, all
the sera from the chimpanzees were assayed monthly for RAMP ‘
activity. As shown in Fig. 5 all arimals gave negative results

before infection and one month after infection. However, beginning

with the second month, the sera of infected animals precipitated J

increasing amounts of radiocactive antigen, reaching a2 maximum
7 months after infection. A marked decrease in RAMP activity
was observed in the sera of the infected animals following

treatment. There was a significant difference between treated
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Figure 5
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and untreated groups 6 and 7 months after infection. At the end

of the experiment (8 months after exposure) the values obtained
from treated and untreated animals were not significantly different
from those of the uninfected controls.

Antibody production as measured by the SAFA test followed a
different time course of development. Fluorescent antibodies were
detected at low titers in the sera of all the animals one month
after exposure to infection. The titers Increased rapidly and
remained elevated for the duration of the experiment (Fig. 6),
although values for the treated animals were consistently lower
than those for the untreated group. Hcwever, none of these
differences were significant at the 95 confidence level.

The most reproducibie and quantitative technic for measuring
the response of lymphocytes to an antigenic stimulus is an assay
of the total tritiated thymidine uptake by sensitized lymphocytes.
This quantitative measure of the total DNA synthesds by the
lymphocytes is a sensitive indicator of their transformation.

Blast transformation was studied with lymphocytes from the
peripheral blood of chimpanzees at monthly intervals following
exposure to infection. Hematological observations indicated that
the number and percentage of lymphocytes in the infected animals
markedly decreased beginning with the second month following
exposure to infection and remained depressed throughout the

course of the infection. Whereas in uninfected chimpanzees
approxim:tely two-thirds of the white blood cells were lymphocytes,
shortly aiter exposure to infection the petrcentage of neutrophils
far exceeded that of lymphocytes. Therefore, in estimating the
amount of thymidine incorporation in the leukocyte cultures of

the chimpanzees at various intervals, the findings were corrected
to take into account the percentage of lymphocytes in the culture.
The rate of DNA synthesis as measured by thymicine incorporation

is shown in Fig. 7. The thymidine incorporation in the lymphocytes
obtained from noninfected chimpanzees remained low and constant
throughout the experiment. Increased DNA synthesis in the infected
animals became apparent as the infection progressed and reached

a peak 4 months after exposure. The difference in values between
infected and noninfected chimpanzees was highly significant
beginning with the second month of infection except for the

seventh month. Although consistent differences were apparent
between rthe treated and untreated groups, these differences

were not statistically significant.

A small decrease fn complement level occurred in the
infected chimpanzees 2 and 3 months after exposure to infection.
However, this decrease as well as changes which occurred later,
were not statistically significant.
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Figure 6
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Figure 7
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The results of these investigations indicate that chimpanzees
infected with S. japonicum develop homocytotropic reaginic
antibodies and suggest that allergic manifestations may be an
important component of schistosomal infections. Reagin-like
antibodies could be detected in vivo by intradermal tests and
by passive cutaneous anaphylaxis in the skin of rhesus monkeys
and in vitro by the radioactive microprecipitin test. These
results confirm and extend our earlier reports.

The results obtained in measuring the seruwun immunoglobulin
E levels in infected chimpanzees are in agreement with the
observations that parasitic W{ectfons give rise to high IgE
concentrations even in individuals without atopic manifestations.
Thus, elevated IgE levels have been observed in schistosomiasis
japonica in chimpanzees as well as in people with ascariasis,
visceral larva migrans, capillariasis and trichinosis.

The time course of the development of PCA antibody activity
and of in vitro precipitation of antigen indicates that the RAMP
activity was present in more animals, was detected earlier and
persisted longer than PCA antibody activity in the serum of
infected animals. This incomplete correlation suggests either
that more than one antibody may be responsible for the two
phenomena or that the RAMP assay is a much more sensitive method
of measuring immediate hypersensitivity.

Negative results were obtained in attempts to detect
delayed hypersensitivity by skin testing the animals before death.
Since the reaction may be stimulated by eggs and may be stage
specific, the negative results may be attributed to the failure
of cercarial antigen to detect <ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>