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LYMPHOCYTE, MACROPHAGE AND QTHER CELL REACTIONS

TO PARASITES

E. J. L. Soulsby*
Department of Pathoblology

University of Pennsylvania
Introduction

Almost without exception, a marked cellular response 1s a characteristic
feature of parasitic infections. Even a cursory examination of a supposedly
simple reaction will reveal its complexity, and when a more major reaction is-
examined, one would have the feeling that to undertake an evaluation of it
would be an extremely hazardous enterprise. Fortunately, the newer knowledge
of the various cell types will now pemit a closer study of the functional
aspects of the cell response, and it is this aspect which will be emphasized.

A familiarity with thé morphology and origin of the cells will be assumed.

The chief concern of this re¥iew will be the cell types which are closely
assoclated with the immune responée of the host, those which respond as a résult
of it and other forms which make up the acute inflammatory response. No atten-
tion will be paid to degenerative changes which oceur in parenchymatous cells
of organs or proliferative changes in, for example, fibroblasts, but a briefl
consideration is warranted of the newer knowledge about the change or loss of

function of epithelial cells in parasitic infection.

Epithelial Cell Resctions to Parasitism

Hyperplasia of epithelial cells is a common response to parasitism. It is

¥ Experimental data reported in this review was carried out with the
support of U.S.P.H.S. Grant AI 06262.
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seen in the bile duct or pancreatic duct when these are parasitized by helminths

such as Fageiola, Clonorchis, Ascaris, Hymenolepis, Stilesia, etc. or by protozoa

(e.g. Eimeria stiedse). Similar responses occur in the urinary bladder {poly

formation) in schistosomiasis, in the bronchioles and bronchi in lungworm infec-
tion and in the gastro-intestinal mucosae in nematode, trematode and sporozoan .
infections. BSuch changes are frequently accompanied by a loss of function of
various speclalized cells or the acquisition of new functions by the cells. For
example, in QOstertagia infection in the abomasum of sheep and caitle, thers may
be a loss of function of the specialized parietal cells which produce hydrochloric
acid and the peptic cells which produce pepsinogen, these being replaced by hyper-
plastic undifferentiated cuboidal cells (49). In the same infection, mucoid
metaplasia may occur, and in fact this reaction is not an uncommon response to
parasitic helminths, being seen in fhe bile duct, stomach mucosa, bronchi, ete.

Recent investigations have correlated such changes with the molecular bioclogy
of the parasitism. In the Ogtertagia situation, the loss of ecells with specialized
secretory function leads to a rise in the pH of the abomasum and a failure to
activate pepsinogen, there is leakage of pepsinogen into the blood and an increased
leakage of plasma macromolecules into the lumen. The latier two effects may be
due to imperfectly formed cell junctions as a result of the hyperplasia (49).

The functionsl changes of the rat intéstinal epithelium, which becomes

hyperplastic in Nippostrongylus braziliensis infection, have been studied by

Symons and Fairbairn (99). Under normal conditions there is stated to be a
prograssive differentiation of the function of epithelial cells as they migrate
distally to be shed at the tips of the villi (81}, Nippostrongylus braziliensis
infection appears to cause an accsleration. of this migration leading to an

igmaturity of the cells with a concomitant loss, or reduction, of the levels of
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naltase, alkaline phosphatase and leucine amino peptidase on the cell surface
and in the microvilli of the epithelial cells. Comparable hyperplastic changes

have been reported in Necator americanus infection (92), these being claimed

as contributory causes to impaired absorption of vitamin A, xylose and fat.
Though there is much to indicate that such changes are essentially non-
gpecific, being seen in non~tropical sprue aﬁd niacin deficiency, they are
associated with cell hyperplasia in the lamina propria, and this in parasitic
infections includes infiltration of polymorphonuclear leucocytes, eosinophils,
macrophages, plasma cells and lymphocytes, the latter in various stages of

transformation.

Local Accumulation of Lympho-reticular Cells

Lymphocytes, plasma cells and macrophages are traditionally associated
with immunological functions, and in many instances the local accumulation of
them may progress to a definite, and at times, macroscopic focus of lympho-
reticular elements which has the general appearance of a lymph néde. Such struc—
tures frequently develop around a parasite or its larval gstage that has been
trapped in the tissues. They are seen later in the course of an infectlon and

frequently at a time when immunity (gensu stricto) develops. It is difficult

to avold a conclusion that these lesions are reiated to the mechanism of immunity,
and in fact in many Ingtances there is much to indicate that immunity against
a parasite is-mediated at a local level. This statement would, of course, not
imply that the major antibody producing organs such as the spleen and lymph
nodes do not contribute to the picture.

The local nature of the immune respbnse at an organ level is well illustrated

in the case of bovine trichomoniasis in which protective immunity appears to be
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mediated solely in the uterus and vagina. A similar situation possibly occurs

also in Trichomonas vaginalis in man., This implies that antibody-procuding

cells are located in the uterine and vaginal walls, and in fact accumulations
of plasma cells have been found there (86). Furthermore, it seems that the
vagina can produce antibody independently of the uterus anhd of the genefal anti-
body-producing organs (85).

Another example of a locally mediated immune response, with local cell

accumulations, occurs with Eimeria tenella of the cecum of the chicken. In this

case, however, immunity created in one cecum somehow is transferred to a surgi-
cally isolated collateral cecum (43)., The mechanism of this is not yet fully
understood, though the transfer of immunity does not appear to be medlated by
serum antibodies (44). Pierce and Long (86) suggest that the immunity which
develops at a second, previously unstimulated site (ﬁhe second cecum) may be
analogous to the second-set homograft rejection reaction (63).

Accumulation of 1ympho—reticular cells in helminth infections are seen
perhaps to their best advantage in such entities as the lympho-reticular broncho
occlusive lesions in lungworm disease of cattle which occur around larvae trapped
in the tissues or eggs and larvae which have been aspirated into bronchioles
and alveoli (51) and also in schistosomiasis with the formation of pseudo-

tubercles around immature schistosomes and eggs in the liver.

Lymphoid Hyperplasia in Leishmania Infections

The immunological role of lymphoid cells in 0ld World cutaneous leishmania-
sis seems fairly clear, and this has been documented by Adler (1,2). Following

infection with Leishmania tropica, there is local proliferation of macrophages

in which the lelshmaniae multiply. This continues until the area is infiltrated
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with lymphocytes and plasma cells, and when this happeuns the macrophages cease
to proliferate, the population declines and the number of parasites also decreases
until such time that they can be demonstrated by culture techniques only. Even~
tually, the organisms disappear completely and the cutaneous lesion resolves.
The sequence of events varies with the individual and in the absence of specific
therapy may occupy é period of 3-18 months. Spontanecus cure is followed by
lasting immunity to the causative strain, and this may persist for as long as
20 ysars. Immunity is estabiished only after the leslon has progressed through
the series of cellular reactioné which result in spontaneous cure{l), and if the
cutanecus sore is removed surgically prior to spontanecus cure, the individual
remaling susceptible to re-infection.
A similar situation ococurs with certain forms of New World cutaneous leish~
. maniasis. The Uta of Peru is usually followed by immunity; however, with mueco-
cutaneous leishmaniasis, though the initial cutansous lesion usﬁally heals spon-
tansously, metastatic lesions occur in the skin, mucosa of the mouth and the
cartilages of the nose, mouth and naso-pharynx. A subsequent lymphocytic and
plasma cell infiltration may result in a reduction or elimination of the parasites,
but 1in the muco-cutanecus form of the disease chronic metastatic lesions continue
to ocecur, 4 common feature of these forms of cutanecus leishmaniasis is the
lymphoid infiltration, and this is sccompanied by a positive Montenegro skin
reaction,which is of the delayed type. The reaction develops early in the course
of infection and persists for long after spontaneous cure. Ii can be induced
by leptomonads of L. tropica or other specles of Leishmania, including those
of cold blooded animals, and also antigens from I. cruzi and antigens &f T.

aquiperdum (32).
.. A type of leishmaniasis in which there is little or no lymphoid cell
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invasion nor a positive Montenegro reaction is seen in Leishmaniagis tegumen~

taria diffusa (20). In this, extensive areas of skin are involved and masses

of infected macrophages are found in the dermis, there being no secondary inva-
sion of lymphocytes or plasma cells. It has been suggested that the condition,
which has been recorded in a smail number of persons in Bolivla, Venezuela and

Brazil, may represent a condition of immunological unresponsiveness on the part
of the infected person (1). However, there has been no work done to determine

whether such persons are genetically deficient or whether the unresponsiveness

is one induced by the parasite.

The immnological response to cutaneous leishmaniasis would suggest that
it is medlated by delayed hypersensitivity mechanisms., Circulating antibodies
are not readily demonstrated in the infection, and there is no evidence that
the immunity has an antibody basis.

The situatlon with visceral leishmaniasis is quite different from that of
the cutaneous form. The cellular reactions are similar, being characterized
by a massive proliferation of histiocytes and secondary infiltration of Lymphoid
elements, and these are generalized throughout the spleen, liver, bone marrow
and lymphatic glands, However, in most untreated human infections the disease
has a fatal ending., Nevertheless, spontaneous curs may ocecur, and up to 25% of
such cases have been reported in India (69) and in Portugal (31). Therapeutic
cure of Kala—Azar.is followed by resistance to re-infection, and in about 10%
of these a local skin lesion {post Kala-Azar dermal leishmanioid).may develop.
This lesion contains numerous parasites but they do not become generalized but
rather appear to represent a residuum of infection for the maintenance of immunity
or premunition.

Whereas delayed skin reactions are common in dermal leishmaniasis, active
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cases of Indian Kala-Azar do not show a Montenegro reaction (91), and an
absence of the reaction has been noted in Brazilian cases of Kala-Azar (3).

A similar situation appears to pertain in the Mediterranian form of the
disease. However, a proportion of cases with post-Kala-Azar dermal Lelshmani-
oid do give a positive Montenegro reaction (2}. The situation appears differ-
ent in the East African form of Kala-Azar: positive Montenegro reactions have
been observed in treated infections and in 95 of 119 normal volunteers inocu~
lated with a gerbll train of Leishmania that localizes 1n the denmié (2).

The functional value of the lymphoid hyperplasia in untreated visceral
leishmaniasis is difficult to evaluate. Baslcally, the response fails to con-
tain the infection, but there are indications that the vigor of the lymphoid
response may have some value to prolonging life in man and dog. On the other
hand, spermophils are very susceptible to infection and show excessive macro-
phage proliferation wlth less lymphoid cell infiltration than man or dog. In
the spermophil the spleen may be convefted to "a nearly solid histiocytoma"
(2).

Specific antibodies for Leishmania are present in visceral leishmaniasis,
having been detected by complement fixation techniques, elther by the use of
leishmanie antigens or by extracts of mycobacteria, the former being more satis-
factory for this (18)., There is, however, little correlation between the elevated
levels of gamma globulin and the development of immunity or between the comple-

ment fixation tests and immunity,

Lymphoid Hyperplasia in Theileria Infections

The Theileria genus occurs in ruminants, and though a detailed considera-

tion of the cell reactions in this infection is not germane to the discusslom,



RES 6/55/L.1 -8 - .

a brief consideratlon of the immune regponse serves to i1llustrate an infection

in which immunity, when it does occur, is solid for many years. The important

species is Theileria parva, which causes East Coast Fever, a disease which is
usually fatal and is characterized by iymphoid hyperplasia followed by exhéus—
tion of the lymphoid tissues and leukopenia (46). Immunity cannot.be reduced
by splenectomy, and its level is not influenced by the degree of clinical response
to the first infection. Antibodies have not been regularly detected in infected
or immune animals (9). a

In this infection, however, the lymphoid cells asppear to play a dual role
since as well as a presumed importance in the immune response they also sérve
as host cells for the parasites. Recent work has shown that the two replicative
forms of the parasite, the "macroschizonts" and "microschizonts," behave differ- | .
ently in lymphoid cells (46). The former has been cultivated in bovine lympho-
cytes in association with baby hamster kidney cells, and in these the organism
propagates in the multiplying lymphoid cells but does not destroy the host cell
(45). The Theileria organism appears to divide at the same rate as the host
cell, the parasitic forms being closely associated with the mitotic apparatus
and distributed to daughter cells in laste mitosis. This process has yet to be
conclusively demonstrated ip vivo, but there is, as yet, no evidence for new
infection of cells by particles liberated from disintegrated lymphoid cells.

It has yet to be determined whether the parasitized lymphocyte or its clonal
descendants can eventually become immunologically competent or whether a

separate line of cells is involved in this process.

1 ymphocyte Populations and Immunoglobulin Types in Parasitic Infections

It is only recently that efforts have been made to determine the relatlve .
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proportions of immunoglobulin containing cells which are found at the local
site of an immunological event in a parasitic infection. Recent studies (26)
of rabbit tissues during experimental trichinosis have used pairs of immuno-
fluorescent reagents specifically reactive with the ¥ , u and & heavy chains
and labelled with contrasting fluorochromes (16).

A preponderance of IgA containing cells was found in intestinal sections,
but this was high both in normal and infected rabbits and the &f chain containing
cells made up 80-90% of the immunoglobulin containing cells in normal animals.

A comparable finding has been reported for the human intestine (23). A rela-
tive increase in IpM containing cells was cobserved early in T. spiralisg infec-
tion to be followed by an increase in IgG containing cells late in the infection
and after hyperimmunization. The distribution of the immunoglobulin containing
cells in the spleen and popliteal lymph nodes differed from the intestinal mucosa,
IgA cells‘representing only 2-10% of the fluorescing cells. Soon after infec-
tion, there was a relativély high percentage of IgG cells in relation to IgM
cells, but late in the infection and in hyperimminized animals, the percentage

of IgM and IgG cells was usually reversed.

In the diaphragm, following larval encystment, each type of immunoglobulin
containing cell was observéd, the distribution being similar to that of the
gpleen and IgM cells being the most abundant class.

The role of IgA cells to immunoglobulin production in the intestinal mucosa
and to immunity to parasites in general has yet to be clarified. Crandall et al.
(26) failed to observe fixation of Igh immunoglobulin to I. gpiralis larvae
when sections of diaphragm containing larvae were exposed to various immunoglo-
bulins. Specific staining was obtained only with anti-*$ chain roagent.

Interest in IgA antibody has increased recently because of the demonstra-
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tion of anaphylactic.antibody in rats infected with Nippostrongyvlus brazilien=

sis, monkeys infected with Schistosoma mansoni and in other parasitic infec~

tions (76). Though not all the snaphylactic antibody detected in these infec- |
tions may belong to the lgA type, the occurrence of IgA containing cells at

the site of an immunological event, especially when anaphylactic mechanisms

are postulated as mediators of the immune response, may indicate that these cell
types are important in the response. The situation in N. braziliensis infection
may, however, require some reconsidera?ion following work with necnatally thymec—
tomized rats in which strong resistance developed in the abszence of high levels

of anaphylactic antibody (111).

Effect of Immuno-Suppressive Agents on Immunity to Parasites

The manipulation of the immune response to parasites by immunosuppressiﬁe
drugs, irradiation, thymectomy and bursectomy has teen little studied to date.
1t shduld, however, offer an.invaiuable tool in the analysis of immunity to
parasites.

The adrenal steroids have been used in a variety of studies on immunity to
parasites, and it has‘been demonstrated, for example, that the elimination of
adult worms bf T. spiralis im mice, probably an immune event, can be markedly
inhibited by cortisone (19,56). In sheep, infected with gastro-intestinal nema-
todes, excessive doses of adrenal steroid (prenidsolin) failed to have any
<effect on the immune status (Soulsby, Unpublished), but chlorambucil markedly
affected immunity and allowed a population of inhibited larvae to attain patency
within a few days (98). On the other hand, prenidsolin has been used success-

fully to inhibit the immune elimination of Nippostrongylus braziliengis from

the gut of rats (75) and cortisone has been used to overcome “innate" resistance
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to such helminth parasites as Litomosoides carinii (14) and Nematospiroides

dubuis (27).

The interpretation of the effects of adrenal steroids on immunity to
parasites is difficult. These compounds have a wide range of effects on almost
svery aspect of the immune response [ see review by Gabrielsen and Good (39)],
and consequently it would be unwise to infer a common basis for the immunity
from a common end effect of the drugs.

Total body irradiation has been used to study immunity to Irichinella
gpiralig infection, and following exposure mice failed to show a significant
elimination of their adult worms as compared with control esnimals (113). 4s
night be expected, the irradiation produced a severe leukopenia, but circula-
ting antibody levels were not markedly altered over the experimental periocd.

Studies on the effect of bursectomy and thymectomy on immunity to the

chicken coccidian Eimeria tenella were carried out by Pierce and Long (86).

Chickens deprived of bursal tissue by in gvo treatment with testosterone were
succesafully immunized against E. tenella even though they falled to produce serum
antibodies and showed markedly reduced or undetectable levels of immune globulins.
In addition, pyroninophilic cells in the ceca or spleen, and secondary foci in
the spleen and cecal lymphoid tissue were also very much reduced in numbers. The
inhibition of bursal development is recognized as a major faclor In reducing

the ability of fowls to synthesize immunoglobulins; nevertheless, such fowls

still are able to reject skin grafts (106). The indication is, therefore, that
immunity to E. tenella is mediated more by cellular elements than by humoral
antibody. Unequivocal evidence that immunity to E. tenella in the chick was
dependent on cells derived from the thymus was not obtained, but was probably

due to the difficulty of ensuring that all thymic tissue had been removed. In
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any case, thymic tissue is present in chicken embryos after 14 days of incuba-
tion, and there is the possibility that lymphoeytes from the thymus had already
been distributed in the body by the time of hatching (83),

The effect of thymeciomy on immunity in the rat to N. braziliensis has

been reported, and in this work neonatal thymectomy failed to alter the acquisi-
. tion of immunity to the parasite (111). It is of interest also that thymectomy
caused a marked reduction in the level of anaphylactic (PCA) antibody.

Much of the foregoing evidence repeatedly invites the idea that in many
cases lmmnity to parasites is mediated more by "cellular immunity" than classi-
cal humoral antibody. There is, indeed, increasing justification for this in
respect to some infections, but it should not be forgotten that other entities
(e.g. malaria, trypanosomiasis, larval cestode infections, ete.) do appear to
depend on humoral factors for the protective immme response. In fact, it
should be no surprise to find that a whole range of immune responses occurs to
parasitic infection and that the protective devices employed vary from parasite

to parasite.

Relationship of Delaved Hypersensitivity (Cell Mediated Immunity) to Immunity

1o Parasites

In many parasitic infectiané there has long been an inability, or contro-
versy sbout the ability, to passively transfer immunity with serum, In cages
where this has been achieved, comparatively large volumes of serum ha&e been
required and frequently only a moderate degree of paésive lmmunity has been
achieved. Local passive transfer of antibody into the skin, with subsequent
challenge of the sensitized site with cercariae, has been used to demonstrate

serum transfer of immunity in schistosomiasis (77). On the other hand, protec-
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tive immunity has been transferred by lymphoid cells in at least two nematode
infections in which serum transfer failed to convey immunity. This has been
achieved with lymph node cells from guinea pigs infected with Trichostrongylus

colubriformisg (33,105) and with peritoneal cavity cells with Trichinella spiralis

(56). A recent report has indicated that serum or lymphoid cells, or these

together, could transfer immunity to Ancylostoma caninum in dogs (é4). Larsh
(56) has gone as far as to conclude that the mechanisms causing expuléion of
adult T. gpiralis in mice is mediated by a specific delayed hypersensitivity
reaction. Hypersensitivity of ths delayed type to larval antigens of T. gpiralis
has been demonstrated fcllowing injection of antigens with Freund's complete
adjuvant into the foot pad of guinea pigs (54).

Delayéd hypersensitivity is well known in leishmaniasis and is the basis
of the Montenegro skin reaction for the diagnosis of muco-cutaneous leishmaniasis.
It is of interest to note that the leishmaniae are intracellular parasites of
macrophages, and in a recent review of delayed hypersensitivity and microbial
infection, Mackaness (60} has stated that "without any known exception, organisms
which can survive and multiply within host macrophages cause dslayed-type hyper-
sensitivity to ... the microbial antigens.," A feature of microbial infections
in which delayed hypersensitivity plays a pronounced part is that immunization

with killed vaccines (with the exception of Mycobacterium) usually does not lead

either to a delayed hypersensitive response or to a marked protection sgainst
the challenge infection (60). Living vaccines, on the other hénd, produce both
of these entities., The similarity between the above situation and that which is
seen with a number of parasitic infections is striking, and it would be all too
tempting to ascribe many of the difficulties of understanding immunity to para-

sites, and of helminths in particular, to delayed hypersensitivity phenomsna.
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There is, however, at present a lack of adequate data to support any such
claim though there are indications in several directions of a closer relation-
ship between the delayed type of hypersensitivity and parasite immunity than
hag been hitherto suspected.

A major facter against such a suggestion might be that skin reactions of
the delayed type have not been regularly observed in parasitic infection., How-

ever, a delayed skin response is seen in Leishmanis, Toxoplasma (38), Trypano-

soma cruzi (61) and in the early stages of infection with a number of helminths.
It is possible also that the delayed skin reaction has not been searched for,
especially when an infection already has a marked immediate type response. A
further point is that a skin response may be only one of several manifestations
of delayed type hypersensitivity and its absence may imply nothing in respect
to the reactions which occur at a cellular level.

Mackeness (60) has suggested that continuing antigenie stimulation is
necessary for the induction of acguired cellular resistance. BSuch a situation
could certainly pertain in parasitic, especially helminth, infections where
materials may persist in the tissues for several months.

In any consideration of specific cell mediated immunity, the lymphocyte
plays a prominant part, Cells which derive from small Iymphocytes, pyroninophilis
or Mimmunoblasts" (28) are very much in evidence in the lympk nodes draining a
skin homograft, the rejection site itself and in lymph nodes draining a site
to which a contact sensitizing agent has been primarily applied. 1f searched
for, such cells are also common in the local sites of an immune event in a variety
of parasitic infections.

A major problem in the study of delayed hypersensitivity has been, hither-

to, the absence of an in vitro correlate of the condition., The situation is
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réndered more difficult in the field of parasitology because of the lack of
suitably defined antigens. Recently, however, several in vitro and experimen~
tal in vive systems have been suggested as in vitro correlates, and these include
the inhibition of migration of macrophages from capillary tubes, the transforma-
tion of small lymphocytes to active blast forms by soluble antigen (or homolo-
gous or heterologous lymphocytes) and the disappearances of macrophages from
the peritoneal cavity on the injectlon of antigen. Of less certain signifi-
cance is the antibody that i1s cytophilie for macrophages.

A reaction which might, after further study, serve as an in vitro corre-
late of immunity in helminth infections is one in which pyroninophilie lymphoid
cells become strongly adherent to the antibody sensitized surface of helminth

larvae.

Interaction Between Pyroninophils and Parasites

Original studies on this system were concerned with the in vivo inter-

action of Ascaris guum larvae with cell populations in the peritoneal cavity

of immune rabbits (95). It was found that within a few hours (1-4), third stage
larvae became covered with a mass of cells, and these, when stained, were seen

to be a mixture of cells with a distinet pyroninophilic cytoplasm and edsinophils.
The reaction could be followed in wvitro with a peritoneal cell exudate induced

by a bland oil. Adherence of cells to larvae was repid and firm. An essentlial
requiremenf for the reaction was that the larvae must have been previously sensi-
tized with antibody, while treatment of larvae with normal serum failed to induce
the reaction. The most reactive cell populations were those which contained a
high proportion of lymphoid cells, while exudates which consisted principaily

of macrophages produced poor reactions or no reactions at all. Since the major
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reacting cell appeared to be of the lymphoid origin, the reactivity of cells
from various lymphold organs was examined.

Cell suspensions in Eagles Minimal Essential Medium (MEM) plus 5% normal
rabbit serum were prepared from popliteal and mesenteric lymph nodes and the
spleen of normal rabbite and from rabbits immune to A. suum. Lymphocytes from
lymph nodes failed to become adherent to the antibody sensitized surface of A.
suum third stage larvae, and when such lymphocytes were'exposed to anti-Ascaris
suum serum, they similarly failed to adhere to larvas.

Slight adherence of cells was seen with splenic cells from immune rabbits
but not with cells from normal rabbits. The cell adhesion was of a low order,
however, and not cbmparable to that observed with peritoneal cell exudates.
Exposure of spleen cells to anti-Ascaris serum failed to increase the degree of .
adhesion or cause adhesion with spleen cells of normal rabbits. A more detailed
study of the reactive cells in peritoneal exudates suggested they were trans-
formed lymphocytes and further work utilized cultures of peripheral white blood

cells stimulated either with phytohemagglutinin (PHA) or Ascaris suum antigen.

Cell cultures were prepared frpm heparinized blood obtained by cardiac punctures

‘and cultured in MEM Spinner medium, with the addition of 20% inactivated horse

gerum in "French Square" bottles. Each culture consisted of 107 small lympho-

cytes in 10 ml of medium and to each was added either 1% PHA or a total of

0.6 mg of protein of whole adult worm extract of A. suum. Cells were harvested

after 1, 2, 3, 4 and 5 days of cuiture and the cell suspension centrifuged and

washed three times in ice cold MEM plus 5% KRS and finally made up to 1/10th

(1 ml) of the original volume. Third stage 4., suum larvae from culture were

washed three times in veronal buffer and then sensitized to varying dilutions .

of antibody. Following this, they were washed a further three times to remove
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unattached and unwanted serum proteins. White cell adherence reactions were
examined for by mixing one drop of sensitized larval suspension with one drop
of cells on & slide.

White blood cells from one or two day old cultures falled to becoms adher-
ent to the gurface of antibody sensitized third stage larvae, Exposure of such
cells to immme serum, with subsequent washing, also failed to induce cell
adhesion. Stained samples of the cell suspension showed small lymphocytes,
neutrophils, eosinophils and macrophages. Cell suspension from three day cul-
tures contained cells which adhered strongly to the surface of antibody sensi-
tized larvae, and the degree of white cell adhesion increased with cell suspen-
sions from 4, 5 and 6 day cultures. After 6 days of culture, a marked reduction
in the number of cells occurred. |

Cell cultures aged 3, 4 and 5 days showed a decreasing number of surviving
neutrophils and an increasing number of typical transformed lymphocytes or blast
cella. These showed an expanded nucleus, distinet nucleoli, a Varying sized
rim of basophilic cytoplasm and methyl green pyronine staining revealed a
markedly pyroninophilic cytoplasm. Stained preparations of larvae with adherent
cells showed the cells to be comparable to the blast forms in the culture,
possessing a marked basophilic and pyroninophilic cytoplasm. Larvae with adher-
ent cells were fixed and exposed to goat anti-rabbit globu;in serum conjugated
to fluorescein isothiocyanate (FITC) and examined under ultraviolet light.
Strong fluorescence occurred in the cytoplasm of the attached cells. Similar
preparations of larvae and cells wers exposed to A. suum antigen, and after
adequate washing were then exposed to a rabbit anti-A. suum globulin conjugated
to FITC. In this case strong fluorescence occcurred both.in the cells and on

the surface of larvae, giving presumptive evidence that antibody to A. suum
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cceurred both on the surface and in the cytoplasm of thes attached cells.

The reaction showed evidence of specificity in that the most marked reac-
tions occurred with cell cultures obtained from rabbits which were strongly
immmne to A. suum. These had been immunized by repeated subcutaneous injec~
tion of infected eggs (94) or by vaccination with cultures of third stage larvae
obtained from culture (95). Cultures of cells from rabbits immune to unrelated
antigens and stimulated with the appropriate homologous antigen failed, with
one exeception, to give strong lymphoblast adhesion (see Table 1). The signifi-
cance of the reactions with cells from rabbits immune to egg albumin (E4) is
unclear.

At low dilutions of immune serum, sensitized larvae attracted cells with

equal effect from cultures stimulated with either antigen or phytohemagglutining

however, with increasing dilutions of antiserum the cells from PHA stimulated
cultures were less reactive and serum could be diluted to a point where PHA
stimulated cells were non-reactive whereas antigen stimulated cells still gave
good leukocyte adhesion. Such results might be explained on the basls that the
mitogenic effect of PHA stimilated transformation of iymphocytes "committed"

to a wide range of antigens, including Ascaris, but the number of cells in
suspension specifically committed to Ascaris would be much smaller than in sus-
pensions of lymphocytes stimulated by the Ascaris antigen.

The system was antibody dependent, and the most satisfactory sensitization
was achieved with serum from rabbits immume to A. suum. Thus, rabbits which
had been immunized repeatedly with A. suum eggs (94) or with antigens prepared
from in vitro culturedlarvae (95) provided reactive sera, and the increasing

ability of serum to sensitize larvae to attract cells could be titrated during

the immunization schedule. Normal rabbit serum failed to sensitize larvae, and .
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minimal sensitization was obtained with sera from rabbits immunized with various
tissues of adult Ascaris (e.g. whole worm, cuticle, testes, ete.). No reaction
was obtained when third stage larvae were sensitized with immune serum against
Iman blood group A substance, gheep red-blood-cells, fowl-red-blood-cells,

Necator americsnus or Turbatrix gcetl (Té,ble 2). In all these cases, sensiti-

zation of the cuticle by antibody could be demonstrated either by mixsd-anti-
globulin—agglutihation (21), mixed agglutination or immune adherence techniques
(96).
The complement requirements for the reaction have yet to be fully clarified.
Some sera retain their sensitizing ability after inactivation at 56 %C for 20 or
30 minutes, whereas others fall to do so. The reactlvity can be partially restored
by fresh guinea pig sera and more or less completely restored with normal rabbit
. gerum. Thoge sera which are not inactivated by healing are, invariably, those
which show the greatest sensitizing ability and are still active when inactivated
at 56 °C for 60 minutes or when treated with zymosan, ammonia or are absorbad
with sheep red-blood-cell siroma sensitizea with a rabbit anti-sheep red-blood-
cell serum. However, inactivation at 56 °C for 120 minutes greatly reduced or
abolished the sensitizing ability. Treatment of sera with 2-mercaptoethanol
abolished the sensitizing abillity though such sera were stlll able to sensitize
the surface, as determined by the mixed antiglobulin agglutination reaction.
Samples of reactive sera were electrophoresed in agar, and various fractions
were eluted from blocks cut from the electrophoretic run. Sensitizing ability
for cell adhesion was found to lie in the region where one would expect the
macroglobulin fraction of serum, but other serum fractions were able to sensi-
tize larvae without causing leukocyte adhesion.

¢ The significance of this reaction with third stage larvae in the in vivo
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immune response remains to be determined. The present evidence indicates

that with such larvae, the reaction is largely mediated by cells and serum

from animals which are immune to the parasite; however, further work is
necessary before it can be claimed that the.reaction is an in vitro correlate

of protective immunibty. It is of interest, however, that the reaction occurs
only when sufficient time has been allowed for the small lymphocytes to be acti-
vated from their "resting" state.

The adherence of cells, which at present are provisionally classified as
transformed small lymphocytes, to the surface of third stage larvae is one of
a range of white cell reactions with parasites. Using the 4. suum system, it
can be demonstrated that cells of the granulocytic series also become adherent
to the surface of larvae, but this reaction lacks the marks of specificity
which characterize the response with lympheoid cells. The reactions with granu-
locytes, together with other reports on the inter-reaction between parasites
and white cells, will be discussed in the section dealing with neutrophils and

ecosinophils.

Lymphocyte Transformation by Parasite Antigens

The transformation of small lymphocytes into larger blast forms, able to
synthesize DNA and undergo mitosls, can be induced by mitogens such as phyto-
hemagglutinin (73), various antigens to which the donor is sensitive (e.g.
tuberculin) (84) and by mixed leukocyte cultures (7). As far as can be determined,
there has been little or no work using this technique for parasitic infections,
but there would seem to be every justification for study in thie dirsetion in
view of the frequent lymphoid hyperplasia which is frequently seen in parasitic

infection.
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Preliminary experiments at the author's laboratory have indicated that
lymphocyte transformation can be induced in rat lymphocytes derived from animals
immnized with A. suum and stimulated with an extract of whole adult worm.

Table 3 presents some of these preliminary results. Similar reactions have
been obtained with peripheral blood lymphocytes of a man sensitive to Ascaris
as the result of laboratory contact over many years (Table 4).

The significance of these preliminary findings is as yet unclear. They
may indicate that a delayed hypersensitivity component is a part of the immune
response to Ascaris infection and this would be in iine with certain aspects
of the histologiéal picture of the immmity to Ascaris. However, it is cer-
tainly not the sole form of hypersensitivity which occurs, since an immediate
type of hypersengitivity is also much in evidence (98). Nevertheless, it is
possible that both could exist in the same animal, perhaps mediated by different
antigens., The system does, however, provide a useful technique for the study -
of lymphocytes from different sources using small guantities of antigen,and the
recent demonstration by Oppenheim et al. (80) that delayed hypersensitivity in
the gulnea pig is expressed by increased lymphocyte transformation should

encourage work with Ascarig in the guinea pig.

Macrophages

Reticulo~endothelisl hyperplasia has already been noted in leishmaniasis,
the macrophage serving as a host cell for the parasite, Infected macrophages
are very active and are able to penetrate into many tissues.and sppear to exchange
material with neighboring cells by means of pseudopodia throughlwhich material
passes from one cell to another (1}. The general failure of the immune response

in visceral leishmaniasis has been suggested as due to an equivalent of blockade
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of the RE system. However, the macrophages are actively phagocytic, in fact
showing increased indiscriminats activity, and this has been presented as
evidence against immunologic paralysis (2); however, this may not be a valid
congideration since it has shown that the macrophages of rabbits rendered tocler-
ant in neonatal life to BGG can take up antigen and stimulated DNA synthesis
of spleen cells of an immmnized animal (42)}. The absence of an obvious defect
of recognition is comparable to the results of in vivo studies with bacterial
antigens, showing that tolerant animals were able to recognize antigen similarly
as immune animals (72).

The phagocytic function of the macrophage is of particular interest in
the haemoprotozoa, and it now is clear that erythrophagocytosis ils a major fac-
tor in the pathology of malaria {114}. Extensive erythrophagocytosis of both
parasitized and normal erythrocytes is seen in the internal organs in Plasmodium

falciparum infection and it has also been observed in Plasmodium berghei in rats

(22) and in Plasmodium lophurae in ducklings (62) and chickens (93).

Phagocytosis of abnormal numbers of normal erythfocytes in malaria has
been sttributed to various Immunological entities, both antigen and antibody,
including an opsonizing antibedy which is said to develop via an autoimmunity
mechanism. However, recent studies by George et al. (41) allowed them to
conclude that red cell destruction in P. berghei infection was caused by hyper-
splenism and not an opsonin. It was suggested that circulating parasites, even
in low numbers, stimulate the phagocytic capacity of the RE sysﬁem, which leads
to an increagsed rate of sgequestration of blood cells in the spleen, including
nomal ones, which ultimately produces & éumulative effect of greater splenic
function and greater cell destruction. These authors were unable to detect IgG

on red cells and presumed the absence of IgM because of the absence of agglutina-
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tion and hemclysis. In a consideration of the possible mechasnisms of the
impmopathology of malaria, Dixon (34) has suggested a mechanism which is based
on the formation of antigen-antibody complexes, unrelated to the erythrocytes,
which non-specifically adsorb to the surféce of red cells with the subsequent
fixation of complement. Such cells are then liable to lysis, which would explain
intravascular hemclysis and erythrophagocytosis.

Erythrophagocytosis has been claimed as a cause of anemia in several

other intracellular parasitoses; for example, Babesia in rodents (90) and Toxo-

plasma in humans (52).

Phagocytic activity is also seen in helminth infections, especially where
tissue destruction occurs. In parasitosis of the lungs, for example, hemosiderin
is frequentily seen in macrophages but apart from this there is little evidence
of a direct action of macrophages on parasitic stages of parasites in vivo,
theugh this is presumed in light of the freguency of macrophages in arsas where
parasites are, or have, migrated. In this case, it is likely that they are
perfofming a purely phageoeytic function without reference to, for example, delayed
hypersensitivity mechanisms.

The adherence of peritoneal macrcophages to the surface of second stage
Agcaris larvae when these are placed in the peritoneal ecavity of mice immine o
Ascarig has been reported (25), and this {inding is in contrast to the results
of the author (94), who failed to observe a reaction with second stage larvae
of Ascarig in the peritoneal cavity of rabbits immune to Asgarig; however, it

is possible that different animal hosts may respona in a different manner,

Cviophilic Antibody

Cytophilic antibody (gensu stricto) was originally described by Boyden {(11)
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a8 a globulin component of serum which weuld become attached to certain cells

so that the cells would then specifically absorb antigen. The originél descrip-
tion was applied to a class of rabbit antibodies which would attach to spleen
cells of rabbit or guinea pig. Another type of cytophilic antibody, apparently
distinect from the spleen cell cytophilic antibedy, has now been described, this
being capable of becoming attached to macrophages but not to most other cells
(12). The role of cytophilic antibodies in delayed hypersensitivity has recently
been assessed by Nelson and Boyden (70), who conclude that there is as yet no
¢lear cut evidence for a definite role of cytophilic antibody in delayed hyper—
sensitivity.

Preliminary studies on the possible occurrence of cytophilic antibedy in
Ascaris infection have been made in the author's laboratory. HNcne has been
found in the infection, but difficulty has been encountered in obtaining a satis-
factory bls-diazotized benzidine linkage of Ascaris antigen to red cells, and
radio-labelled antigen has not been investigated.

The pessibility of an antibody cytophilic for lymphocytes has been suggested
(70) as a result of work by Koprowski and Fernandes (55), who showed that normal
lymphocytes, treated with serum of rats immune to guines pig spinal cord tissue,
acquired an affinity for cultures of cells of the brain of puppies.

It would seem worthwhile, in view of the strong assoclation of lmmunity to
certain parasites with cells, especially lymphocytes and macrophages, to examine
for the various cytophilic antibodies, especially where the spleen plays an

important role in erythrophagocytosis.

Neutrophils

Neutrophils are the characteristic cells found early in parasitic infections,
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especially where there is inflammation and tissue destruction, and local foci
of neutrophils are frequently seen around dying or dead parasites in various
tissues of the body. At times neufrophiliamsy be massive and may lead to an
increase in the ?athological changes associated with the infection (29). In

experimental infection of the mouse with Fasciola hepatica, the later stage of

migration of this parasites in the liver is associated with a massive outpouring
of levkoeytes into the iracts left by the migrating liver fluke.

The early neutrophil response is usually replaced by one of lymphoid ale-
m?nts and macrophages, and possibly this represents the onset of a specific
reacticn to the parasite by (?) sensitized cells. There is much to commend this
idea since second infections frequentiy produce an initial lesicn commencing at
the 1lymphoid stage rather than at the neutrophil stage.

As with the other cells, the rcle of the neutrophils in parasitic infec-
tions is unclear. They are part of the early response to a parasite and appear
before well formed immunclogic reactions are in operation. However, they are
also seen in certain immune reactions, particularly the Arthus reaction, bui
in both cases they are a response to inflammation and vascular injury with
subsequent sticking of cells to the blood vessel endothelium and them emigration
of the c¢ells to the local tissue.

An account of the substances which promote leukocyte emigration has been
given by Hurley (48), who suggested that a factor (or factors) of serum was
activated by damaged tissue rather than by direct liberation from injured cells.

The role of antibody in the chemotaxis of polymorphonuclear leukocytes
(FML's) was demonstrated by Boyden (l0), who showed that incubation of antigen-
antibody precipitates in rabbit serum caused the serum to become markedly chemo-

tactic to rabbit PML's. Studies with PML's and Ascaris antigens and antibodies
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have demonstrated a similar finding (24).

Adhesion of Neutrophils to the Surface of Parasiies

in vitro studies of the adhesion of neutrophils to the surface of second
stage larvae of A. suum have been in progress at the author's laboratory. Second
stage larvae, when sensitized with antibody, readily become covered with large
numbers of neutrophils, Stained preparations of antibody sensitized larvae
exposed ta buffy coat preparations of rabbii bloocd show the cells to be mainiy
PMl.'s with a few adherent ecsinophils, Nc pyroninophilia is seen with methyl
green-pyronine, and the cells do not show specific fluorescence when exposed to
a goat anti~rabbit globulin conjugated with FITC. Larvae sensitized with rabbit
serum will attract PML's from both immune rabbits and guinea pigs and alsc poly-
morphs from normal animals. The reactlon is entibody and complement dependent
and is produced with a variety of immune sera; these include those which will
cause the adhesion of pyroniophils from peripheral blood culture te third stage
larvae, antisera to various fractions of the adult Ascarig worm and to unrelated

parasite s such as Turbstrix sceti and Necabcor americanus and even normal sera

of bovine, rat and guinea pig will produce the reaction., While the several
types of immune serum might be expected to contribute to the reaction, the ability
of normal serum to induce the reaction was somewhat unexpected. However, other
studies have shown that second stage larvae of Ascaris, unlike third stage lafvae,
will non-~specifically become coated with a serum component‘and possibly this
has the ability to fix complement and cause the adhesion of poljmorphs.

Second stage larvae of A. smum show a definite sequence of cell adhesion
with immune serum, especially when examined with antigen stimulated peripheral

blood cultures after 1, 2, 3, 4 and 5 days of culture, The adherent cells from
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one day cultures consist only of neutrophils and eosinophils, but as the culti-
vatlon time increases, the adherent cells comsist of a mixture of neutrophils
with increasing numbers of pyroninophils and finally the majority of adherent
cells are pyroninophils with only a feﬁ adherent polymorphs. The adherence of
pyronincphils to second stage larvae is, as with third stage, mediated by immune
serum, and consequently the adnerence of PML‘S to second stage larvae is, to a
great extent, non-specific in that normal serur and normal cells egqually will
partake in the reaction.

Adheslon of blood "leukocytes!' to the surface of other parasites has been
variously reported., Leukocytes have been cbgerved to adhere to the surface of
schistosomes after the infected host has been treated with an antischistosome
drug (71), and microfilariae of Loa loa, after treatment of the infection with
diethyl-carbarazine citrate, may accumulate in the ecapillaries of the liver
where they are attacked end enveloped by macrophages (15,112). It has been
suggested that the drug sensitized the microfilariae to attack by cells of the
retlculo~endothelial system.

Reactions between polymorphs send flukes derived from x-irradiated cercariae
of F. hepatics have been described by Dawes (30). Flukes weakened by irradia-
tion show adherent polymorphs on the surface, and these cells then penetrate the
epicuticle of the fluke and pass into the core of the cuticle causing disruption
of the epicuticle, It has vet to be determined whethsr this reactlion is mediated
by an antibody mechanism, but there is every likelihood that some serum factor
is concerned in the mechanlem,

Other examples of the adhesion of leukocyies to parasites include the adhe-

sion of micrefilariae to human leukocytes in the presence of serum of an infected

person (82), the adherence of Trypaposoma lewisi to leukocytes of immune rate (57),
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the adherence of the pathogenic trypanosomes to leukocytes of guinea pigs and
rabbits (58). 'The latter reaction has been used 4o differentiate different
strains of trypanosomes. Eosinophils from patients with tropical eosinophilia

have been shown to adhere to the filariform larvae of Strongyloides and Necator

and occasionally to microfilariae {8). In this work, cell preparations from
persons infected with hookworm or Agcaris were also reactive but those from
normal individuals were non-reactive. It is clear, from these various reports,
that a variety of granulocytic cells can become adherent to the surface of a
variety of parasites, including protozoa. It has not been established in ail
cases that antibody is concemed in the reactions but it is likely that both
antibody and complement are concerned in ths majority of them.

The effect of granulocytic cells on living larvae has not been determined.
There are no reports of degranulation of the cells on the surface of parasites,
but such events have not been searched for and, in all, & large unexplored field

is available for siudy in this direction.

Eoginophile
The eosinophil 1s probably the cell which is most traditionally associated

with parasitic infection, and yet, despiie its characteristic appearance, there
are no definitive statements available regarding its function or the factors
which mediate its accumulation, sometimes in a spectacular manner, in the .tissues.
Usually, the eosinophil is not part of the early acute inflammatory response,

but occurs at a later stage of inflammation when round cells and plasma cells
become evident. To some extent, its appearance is an indication of the age of

an inflammatory lesion and the frequent association of eosinophilia with alliergic

disorders, and especlally parasitic infections, has led to the presumption that
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this celi type is assoclated with immunity processes.

Amongst the many theories which have been devised to account for the
accumilation of eosinophils either in the blood or locally, three have received
more attention than others. These are variations on a theme to do with hista-
mine and can be stated a) histamine attracts eosinophils, b) eosinophile eccutain
an antihistamine or ¢) eosinophils contain histamine (5). A more recent study
of eosinophils and eosinophilia (59) has helped greatly to clarify the factors
which induce eosinophilia. Evidence has been provided that this is due essen-
tially to antigen antibody complexes: antigen aleme, antibody alone or the by-
products of an antigen-antibedy reaction have 1little eosinophilotactic activity.
If this work is confirmed, it would provide an explanation for the marked accumu-
lation of eosinophils in parasitic infection since in many cases the stimulating
antigen(s) (the parasite) can persist for some time in the body. Eosinophils
have also been shown to have a phagocytic function, being capable of ingesting
antigen-antibody precipitates (4,59,88); this is also associated with degranula-
tion of the cells and it may be a mechanism whereby the antigen-sntibody aggre-
gate is inactivated or degraded. A variety of enzymes have been identified from
the granules of eosinophils, including cathepsin, B -glucuronidase, nucleases,
phosphatases and peroxides (myeloperoxidase, verdoperoxidase), however the exact
function of these enzymes is still in doubt. Some evidence of degranulation of
eosinophils on the surface of Ascaris larvae has been noted by the author, but
this effect has not been studied in detazil nor examined for its possible effecis
on the cuticle of larvae.

The idea that antigen-antibody aggregates provide the eosinophilotactic
response is an attractive one; however, there are several reports which indicate

the occurrence of eosinophilia in circumstances where the immune response plays
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a small part in the mechanism. Arean (6) has shown that the appearance of
eosinophils at the site of injected Ascaris eggs was too rapid to be explained

on the basis of an antigen-antibody reaction, and marked eocsinophilia has been
observed in a child with visceral larva migrans but who was agammaglobinemic

and chowed almost a complete absence of immune globulins in the serum {(47).

There are manyreports, published over the last few decades, which indicate that
antigens from several parasites (including Ascaris) will induce eosinophilia
after an initial injection (40,104). Early work in this area almost certainly
utilized animals (e.g. dogs) which may have been naturally sensitized to ascarids,
but even the more recent experiments should be interpreted with care since animals
are commonly parasitized with a low burden of "normal" parasites and these may

be sufficient to sensitize an animal to a cross reacting antigen.

In a study of eosinophilia to Toxocara ganis infection in guinea pigs, Olsen

and Schulz (79) showed that the onset and extent of eosinophilia was somewhat
dose dependent; guinea pigs receiving the largest dose of eggs (5,000) showed
eoginophilia on the second day while those receiving only 50 eggs developed it
on the 10th day. Maximum eosinophilia was seen approximately two weeks after
infection in all cases. Schultz-Dale tests with antigens from ToXocara eggs
showed a dose dependsncy between the number of eggs given and the time when
reactiong could be elicited., Maximal eosinophilic responses at about two weeks
after infection have also been observed in other nemstode infections, e.g. in

Trichinella spiralis (89) and Dictyocanlus viviparus in cattle (107).

An interesting aspect of the work by Olsen and Schulz (79) was that though
the eosinophilia persisted in infected snimals for 28 days, the larvae of Toxo-
cara, as judged by digestion techniques, did not persist in the guinea plgs for

more than 14 days.
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Support for the idea that eosinophils are antagonists of histamine is
obtained from studies on the mast cell, eosinophil and histamine levles in

rats infected with Nippostrongylus braziliensis (108), 4 marked eosinophilia

~ that occurred from 12 days onwards after infection was associated with a marked

decrease in the number of tissue mast cells asnd this was interpreted to indi-
cate that the disruption of mast cells, with the release of histamine, served
%o atbract eosinophils whose function was bto remove the excess histamine (108).
However, an alternative explanation might be that mast cell degranulation was
induced by a mast cell sensitizing antibody and that ecosinophils were attracted
by the antigen-antigen ageregates resulting from this.

There 1g little doubt that the role of the eosinophil in parasitic infec-

tion requires much more delailed study.

Mast Cells
Earlier gtudiee of the cell response to initisl and repeated infections

of Nippostrongylus braziliensgis in rats demonstrated that connective tissue

mast cells {conneclive tissue basuphils) fluctuated in numbers during such
infection {100). This has been confimmed by Wells (108), who showed that mast
cell numbers in the rat intestine fell markedly about the 15th day of infection
and later rose Lo levels much higher than these prior to infection., It is
tnlikely to be fortuitous that at the same time these events occur there is also
a loss (self-cure) of adult worms of an initial infection of N. braziliengis.
The increased accumulation of cosinophils which occurs at the same time has
been mentioned previously.

Degranulation of masgt cells can be brought aboul by a number of agencies,

including trauma, bacterial toxins, heat, cold, ionizing radiation, etc. (see
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Uvnas (102)]. An additional mechanism 1ls the degranulstion by an antigen-
antibody interaction, and it is now well established that the mast cell plays
an important part in the anaphylactic syndrome (68,103). A detailed considera-
tion of the various aspects of this is given by Keller (53). Essentially, mast
cell degranulation may occur on contact with antigen after active sensitization
and, according to tﬁe animal species, after passive immunization with serum.
Mota has postulated a "mast cell sensitizing" antibody which is non-precipitéting,
appears early after immunization and may be present in the blcod for only a short
time (65,66). The most satisfactory method for its demonstiration is by homolo-
gous passive cutaneous anaphylaxis, and in the rat its production is much accen-
tuated by the use of Haemophilus pertussis vaccine. Consequently, it closely
resembles the "reagin" type of antibody (67).

The occurrence of an antibody similar in nature to "reagin" has been reported

to be closely associated with immunity to N. braziliensis in the rat (74,76), the

reagin being detected in some rats immediately after the acquisition of resis-
tance and in all rats one week later. High levels of the reagin were stimulated
only by infection with 1i§ing, adult worms and not be vaccination with worm
extracts., Rats immune to N. breziliensis undergo severe anaphylaxis on intra-
venous injection of antigen, and since the gut of the rat appears to be the
mejor shock organ (109), it has been suggested that a local anaphylactic reac-
tion in the gut may be responsible for the termination of an adult worm infec-
tion (101).

T+ has been shoun recently that snephylactic shock induced by an unrelated
antigen-antibody system will enhance passive immunity conferred with antiserum.
This produces a significant expulsion of worms compared to rats whih were only

passively sensitized (94). In this circumsitance, it appears that the anaphy-

Sy
“
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lactic lesion has increased the passapge of immunoglobulin to the iumen of the
bowel,

It wouid be tempting to ascribe this sequence of events to a degranuls-
tion of tissue mast cells in the intestinal wall, brought about by an antigen-
antibody interaction, possibly with the characteristies of a maét cell sensiti-
zing antibody. Conclusive evidence for this, however, must await further study.

There is ample evidence to indicate that helminth antigens do have a pro-
found effect on mast cells. A principle of Asgaris will degranulate rat peri-

toneal mast cells (102) and studies with mice infected with Trichinells gpiralis

have shown that local (subcutaneous) degranulation of mast cells is dependent

on prior sensitization with the parasites (13). In the lattéf studies maximal
reactions were obtained cne month after infection, using either metabolic or
gomatlc antigens of T, spiralis. OSensitization could be passively transferred
to normal mice, though in this case mast cell injury was less than that observed

in actively sensitized mice. Mast cell degranulation in skin pouches of mice

lmmunized against Strongyicides ratii has QEen described (4la); in this case
"excretory and secretory" antigens of infective larvae provided more effective
than somatic antigens.

Various other reports havé indicated an increase in the number of mast cells

in the skin of mice infected with Schistosoma mansoni, Hymenoglepls nana and

Syphacis and in the skin of patients with schistosomiasis and filariasis (36,
37). An inecrease in the mumber of bone marrow mast cells (basophils) and an
increased release of these and eosinophils into the blood of guinea pigs follow-
ing injection of Ascarig body fluid has been reported (17). Comparable work
using a highly purified polysaccharide of Ascaris muscle, showed that intraperi-

toneal injections caused infiltrations of primitive hematopoetic elements of the
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erythroeytic and leukocytic series into the liver (78).

Globule Leukocyies

Thege cells have received occasional attention over the last several years,
having been noticed especially in parasitic infections of the gastro-intestinal
tract of ruminants. Their relationship to parasitism and in particular to the
immunological process hitherto has been somewhat unclear since they have been
found in the abomasal and intestinal mucosae of both infected and normal animals.
Recently, however, a clearer relationship between gastro-intestinal parasitism
and the globule leukocyte has been reported, the cell being common 1n the mucosae
of parasitized animals but infreguent in worm-free animals (110). An increase
in globule leukocyte numbers has been observed in the intestinal mucosa of rats

infected with N. brazilisnsis, this being marked on the 12th day, and was co-

incidental with the self-cure mechanism (110).

The nature and function of the globule leukocyte has yet to be fully clari-
fied. Some have regarded it as comparable to the "Russel body" cell of the plasma
cell series since, by light microscopy, it appears very much the same as that
cell (35). The Russel body cell has been shown to contain immunoglobulin, and
in the work by Craandall et al. {26) such cells showed intense cytoplasmic fluor-
escence with anti-y heavy chain reagents. A reexamination of the identity of
mast cells and globule leukocytes by Jarrett et al. (50) showed that in rat,
sheep and bovine three related cell types occurred which could be differentiated
on their staining reactions with toluidine blue and fluorescence with acridine
orange. One form of mast cell was commonly found in the lamina propria of the
intestine, gastric wall and peribiliary area in F. hepatica infected livers. The

ultrastructure of mast cells and globule leukocytes was reported to be similar
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but different from that of the "Rqssel body" plasma cell, and of special interest
was thé fact that mitotic activit& could be detected in mast ecells and globule
leukocytes. The globule leukocyte was suggested as an end cell of g range of
mast cell types belng derived from the type of mast cell which was found in the
lamina prcpria of the digestive tract.

If globule leukocytes are, in fact, a form of mast cell, then a function
for them could be envisaged in gastro-intestinal parasitism. They could, as for

example in N. braziliensis infection, accumulate in the mucosa ané under appro-

priate stimulation release bilclogically active amines which in turn could alter
the permeability of the gut mucosa for larger macromolscules and possibly algo

for immunclogicelly competenf cells,

General Summary

A wide range of cellular reactions are associated with parasitic infections.
Some of these are probably non-specific responses to tissue injury snd inflamma-
tion, whereas others appear to be mediated by an immunological response. Since
protozoan and, especially, metazoan parasites are not only complex entigenic
entities but may‘also cause tissue destructicn, it is to be expected that the
cell responsge to them will be complex. Perhaps this complexity has bheen an
unattractive prospect to workers in the past, but with an abundance of informa-
tion now available on the morphology, ultrastructure, physiology and functions
of the wide range of cell types which can be found in parasitic infections, there

is much less reason now for the field to be neglected.



TABLE 1

Leukocyte adhesion with antibody sensitized A. suum larvae and cultures of blood lymphocytes
from rabbits immme to different antigens and stimulated with the homologous antigen.

Antibody Lymphocytes from rabbits immune to
dilution used
to sensitize
larvae Ascaris Ascaris Ascatris Normal Sheep Bovine Bovine Egg
Rabbit Serum Ganma Serum Albumin
Globulin Albumin
1
0 1in 5 + + + + + + + + o+ + + + + + + + + o+
¥
1 in 10 + o+ o+ + + + + o+ o+ - - + + o o+
1 in 20 + + + + + 4+ + - - - - + +
Diluent - - - - - - - -
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TABLE 3

Transformation by Ascaris antigen, of human lymphocytes from an Ascaris
sensitive person.

” , Total %age “Total %age
ANTIGEN DAYS OF SIZE OF CELLS (MICRONS} of cells of cells 9y
ADDED CULTURE <7y 7u te< Su 9y to <l1w > 11 0T moTe or over
PHA 3 37 (*8.1) 30.25 (35.2 20.5 (4.7) 12.25 (+5.4) |63 {8.3) 32.75 (%8.2)
PHA 5 9.25 (%3.49) [24.25 (£6.38) | 41.5 (25.41) | 25 .(*10.17) {90.75 (*3.6) 66.5 (%6.9)
1 .
o
o ASCARIS
' 0.06 mg/mi 3 58.75 (%#18.6) {29.5 (%6.1) 10.25 {+7.69)| 1.5 (0.87) [41.25 (#21.5)* { 11.75 (38.39)*
ASCARIS
0.06 mg/ml 5 68.5 (%21.7) 124.25 (*4.6) |6.75 (%1.5) 6.5 (#0.5) 31.5 (#3,3)* 7.25 (%2.0)
ASCARIS
0.006 mg/ml 5 83 (t3.81) 13.0 (*1.87) 1 3.75 (%1.92) | 0.25 (*0.13) {17.00 (*3.75) 4.0 (%)
ASCARIS
0.006 mg/ml 3 80.5 (:25.49) |[17.75 (#3.24) | 1.75 (%1.3) 0 19.5 (%4) 1.75 (*1.29)
CONTROL 3 87.75 (.47} |9.75 (*0.8) 2.5 (%1.12) 0 12.25 (1.4) 2.5 (+1.12)
. , A
mw CONTROL 5 81.75 (%26.04) |14 (*2.92) 4,25 (*2.58) 0 18.25 (=3.3) F 4.25 (%4.08)
< _
o

~
=

Values represent percentage of cells in each group.
400 cells measured in duplicate cultures for each set.

Figures in parenthesis = Standard Deviation
xSignificant difference (P = = 0.01) between test and controls.
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Figure #1: Cells from peripheral blood culture adherent to third-stage
Ascaris larvae ( x 350 ).

Figure #2: Pyronine-stain f adherent cells on third-stage Ascaris larvae,

Figure #3: Cells on Ascaris larvae stained with goat anti-rabbit globulin
serum conjugated with FITC.

‘Figure #4: Polymorphonuclear leucocytes adherent to second-stage Ascaris
larvae., Stained Pyronine ( x 750 ).

Figure #53: Polymorphonuclear Leucocytes and pyroninophils adherent to
second-stage Ascaris larvae ( x 750 ).
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