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NOTE

Ai earh meeting of the Pan American Health Organization Advisory
Committee on Medival Research, a special one-day session is held on a
topic chasen by the Commitiee ar being of particular interest. At the
Sixth Meeting, which convened in Jume 1967 in Washington, D.C., the
session reviewed current information on the immunology of parasitic
infections and bronught out facets of the subject about which more knowl-
edge is needed. This volume vecords the papers presented and the ensuing
diseuisions,
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OPENING STATEMENT

Otto Bier, Moderator

When the Advisory Committee on Medical
Research decided last year that during this
meeting a special session should be dedicated
to the immunologic aspects of parasitic infec-
tion, our Chairman, Professor René Dubos,
rightly insisted upon a very important point.
The session was not intended to cover the
whole field of parasitic immunity, but rather
should concentrate on a few selected topics in
which discussion could eventually lead to new
lines of investigation based, whenever possible,
on simplified experimental models.

As one of the members of the committee that
suggested the theme, T was inevitably charged
with the primary responsibility of organizing
the session and acting as moderator. Knowing
practically nothing about parasitology, and
having no cxperience at all in the field of
immunoparasitology, 1 was thus put in the
awkward position of having to fulfili a job for
which I am really not prepared. Unlike Mon-
sieur Jourdain, who could casily be convinced
“quiil faisait de la prose sans le savoir,” I am
not at all convinced, in spite of having dedi-
cated thirty years of my life to research on
immunology, that I shall be able to act as a
competent moderator in this session.

However, the decision had been made, and
we had to go ahead. Just after the meeting last

year, 2 prolonged discussion was held in Geneva
with Drs. Niels K. JYerne, Howard C. Goed-
man, Zdenek Trnoka, and Mauricic Martins da
Silva. Grur conclusion was rather pessimistic—
we left with the fear that our session could re-
sult in an inferior duplication of the excellent
meeting on immunclogy and parasitic disease
that had been convened by WHO not long be-
fore in Ibadan, Nigeria, with the participation
of a most competent group of experts in basic
and parasitic immunology.

In spite of this, 2 program was outlined and
Dr. Martins da Silva was given the task of
preparing the first draft through further con-
sultations with “immunclogically competent”
people in the United States. With the expert
advice of Drs. Louis Olivier, E. J. L. Soulsby,
P. P. Weinstein, and Frans C. Goble, a very
fine draft was prepared within a relatively
short time. Most important of all, Dr. Martins
da Silva succeeded in getting the collaboration
of competent immunoparasitolgists and basic
immunologists not only for the presentation of
the topics but also for their discussion.

In accordance with the requirements laid
down by our Chairman and other members of
the committee, the session has been organized
in such a way as to emphasize the fact that its
objective is to encourage better work on



mechanisms or mechanics of immunity in para-
sitic infection by bringing out aspects of the
topics about which more knowledge is needed
and opening new avenues of approach, It was
also agreed that, in view of the prime im-
portance of schistosomiasis and Chagas’ disease
on the American continent, these parasitoses
should be used as illustrative examples when-
ever possible.

The seven topics selected will be presented
in a logical sequence: parasite antigens and
antibodies, cellular reactions, and ecffects of
the immune response on both the parasite and

the host. Before we start with the topics re-
lated to parasite antigens and their antibodies,
we shall have an introduction by Dr. William
H. Taliaferro. Nobody could be better quali-
fied than Dr. Taliaferro to give this introduc-
tion. Besides being a pioneer in the field of
parasitic immunology—in which his contribu-
tions are massive and frequently fundamental
—he is also outstanding in the field of basic
immunology by virtue of his important work
during the past decade, in collaboration with
his wife, Dr. Jaroslow, and others, on the effect
of X-radiation on antibody formation.
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+ A RETROSPECTIVE LOOK AT THE IMMUNOLOGIC
ASPECTS OF PARASITIC INFECTIONS

William H. Taliaferro

' My function today, as I understand ir, is to
emphasize the importance of some of the earlier
basic research on the immunology of parasitic
infections as a2 foundation for the very inter-
esting papers that follow.

Each of us has his own ideas on basic as com-
pared to applied research, even though we real-
ize that there has always been a two-way street
between them and that they supplement each
other. In 1948 1 defined a basic scientist as one
who approaches his research in terms of individ-
ual interest to a greater extent than the applied
scientist and who is largely dependent for a
successful outcome upon lucky guesses, inspira-
tion, or—to use a fashionable word—seren-
dipity (103). The basic scientist is interested
ptimarily in how nature works, while the ap-
plied scientist is interested primarily in benefit-
ing mankind. At times, however, both aims
may be accomplished.

Chance played a remarkable role in my re-
search. When Dr. Robert Hegner invited me
to join his Department of Protozoology at Johns
Hopkins University in 1919, I had seen only one
parasitic protozoon—it happened to be T'rypan-
osoma lewisi—and 1 had had only a basic train-
ing in general physiology. That background,
combined with a knowledge of the genetic stud-
ies of Dr. Herbert Jennings on variations in
free-living protozoa, started me off on my work
on T. lewisi. This sketchy beginning resulted
in a study of the rat-T. lewisi relationship that

* Work supported by the Atomic Energy Commission.

has continued to intrigue me ever since (93, 96,
98, 99, 109, 113, 118). Morcover, I feel par-
ticularly fortunate in having my co-worker
Philip D’Alesandro (22) investigating the spe-
cific factors involved in the mechanism of
ablastic action on T. lewisi.

In 1955 I congratulaced the investigators in
tropical medicine for the healthy respect with
which they regarded both basic and applied
biological research, especially in view of the tre-
mendous advances in applied science during and
after World War II (107). This attitude stim-
ulated and benefited both fields and led to the
tapid application of many fundamental findings
to chemotherapy, control procedures, and allied
problems. This statement is dramatically sub-
stantiated by the intensive work of Jarrett and
his co-workers, at the Veterinary School of the
University of Glasgow, on bronchitis in cattle
caused by the lungworm, Dictyocanlus vivi-
parus, which has led to the large-scale produc-
tion of a vaccine consisting of heavily irradi-
ated larvae (73). Similar work on other infec-
tions has already been started, but successful
immunizations have not yet been reported. This
field will undoubtedly be vigorously attacked,
but the timing and dosage of irradiation and
the time of administering the challenging an-
tigen will obviously have to be carefully stand-
ardized and evaluated, as has already becn found
necessary in studying the hemolysin response in
rabbits (see later discussion).

I also pointed out at that time that the defi-



nition of what is fundamental can only be rela-
tive because what is fundamental for the clini-
cian and public health worker may be applied
for the biologist and what is fundamental for
the biologist may be applied for the chemist or
physicist. Thus, as biology develops, we move
toward the physical sciences. This situation is
especially evident today, when biclogy is being
carried to the molecular level by the accelerated
use of tools from the fields of chemistry, phys-
ics, and mathematics. Biologists are now work-
ing with electron microscopes, with refined
chemical analyses and with complex methods
for determining atomic and molecular struc-
ture. At the other end of the spectrum, students
are beginning to graduate in the field of biologi-
czl engineering. With biology being approached
at these various levels, the tenuous line between
basic and applied work is being erased, but I
predict that the “lone wolf,” the young person
with an unorthodox mind and with apparently
improbable ideas, will uncover disproportion-
ately outstanding results.

To turn now to the basic immunological
work on parasites, it seems remarkable in retro-
spect how disinclined some investigators, espe-
cially helminthologists, were in the first quarter
of this century to recognize that acquired im-
munity develops against the animal parasites
(20, 21, 95, 100, 102). What makes it all the
more surprising is that the classic studies on
trypanosomes by Ehrlich (29, 30) were report-
ed in 1907 and that the equally valuable studies
on immunity in malaria were begun in 1910 by
the Sergents (80). The main reason for this
situation was that most parasitologists were in-
volved in systematics and life histories, while
the medical research workers were concerned
with diagnosis, symptomatology, pathology,
and therapeutics. Immunology with respect to
animal parasites was in its infancy. Knowledge
was scarce and hit-or-miss—usually fragmen-
tary for a given host-parasite relationship and
often nonexistent.

Fortunately, the results of the study of some
host-protozoan relationships were sufficiently
clarified by 192¢ to allow Hegner (39) to state
that host-parasite relationships in the trypano-

o

somiases and malarias were being aligned with
immunology of bacterial infections. By 1929,
2 series of papers demonstrating the production
of antibodies to animal parasites had been pub-
lished and, in that year, my book The Imma-
nology of Parasitic Infections (95) appearcd.
There I pointed out the uniqueness of parasites
in that their large size and accessibility allowed
them to be followed iz wivo in relation to the
host’s reactions and to be collected in large
quantities for the preparation of antigens for iz
vifro analysis.

During the succeeding 30 years, immunolog-
ical phases of parasitic infections were attacked
with increasing interest (21, 90, 97, 100, 101,
102, 105, 108). More recent reviews, such as
those by Garnham and others (33, 40, 45, §7,
70, 78), will undoubtedly be mentioned by sub-
sequent spezkers. In most of this work, acquired
antibody-mediated mechanisms were reported to
be superimposed upon innate, nonspecific, heter-
ogeneous mechanisms that limit invasion or
growth of the parasites after invasion. Many
of the innate mechanisms are inherited and in
an over-all sense are more important than ac-
quired immunity (33).

In the remainder of this paper I shall describe
some results obtained by three different experi-
mental approaches, which possess inherent ad-
vantages. These are the cellular phases of im-
munity, the separation of parasiticidal from re-
production-inhibiting activities, and the role of
immunity in a well-known antigen-antibody
system.

The cellular phases of immunity

Various malarias have been invaluable in
studying the cellular phases of immunicy (101,
102, 105), especially because malarial pigment
serves as a marker for a considerable time afrer
the parasite has been digested. From 1931 to
1937, with my colleagues Paul Cannon (14,
112), William Bloom (7, 111), and Hugh Mul-
ligan (115), 1 studied the increase in macro-
phages in canaries and mionkeys as they phago-
cytosed plasmodia and overcame infections.
Hematological studies were also carried out
with C. Kliiver (114). One thing became

*
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apparent from this work: our data did not sup-
port the idea, current at that time, that addi-
tional phagocytes needed for any but the mildest
infections arose exclusively by the division of
pre-existing histogenous macrophages in the
affected area. We concluded that additional
phagocytes arose chiefly through the mitotic
division of lymphocytes and monocytes in
hematopoietic tissues and their migration via
the blood inte strategic tissues and organs

where they subsequently developed heteroplasti-
cally into macrophages. For purposes of the
following brief discussion, I shall use the term
“lymphocyte” to include lymphocytes of all
sizes (small, medium, and large) and restrict
the term “monocyte” to the typical blood
monocyte, which is closely related to the
lymphoeyte.

To show some of the changes found, I have
selected two figures taken from later work

FIGURE 1. The parasitemia of blood-induced Plasmodinm lophurae funbroken line), in chickens inicially infected,

and macrophage activity of the host (dash lines), as gange
pigment clumps, in the red and white (555) pulp of the s

d by macrophage content of malarial debris (active mac) and
pleen and in the liver. From Taliaferro and Taliaferra (126)

by permission of the authors and the University of Chicago Press.
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(126) on chickens infected with Plasmodium
lophurae. In this severe but nonlethal infec-
tion, macrophages increased (Figure 1); lym-
phocytes, after being depleted, also increased
(Figure 2).
number of plasmodia, the parasite count rose

After the injection of a large

to 2 peak of 5.5 parasites per 10 red cells on
day 4 and subsided to a subpatent level by day
8. As gauged by the number of macrophages
containing malarizl material per microscopic
field, phagocytic activity was low on day 1 in
both the spleen and liver, but reached peaks just
after the parasitemia peak and subsided grad-
ually thereafter. Figure 1
mobilization of phagocytic macrophages that

emphasizes the

suppress the infection.

Additional macrophages, in our opinion, were
supplied by lymphocytes as gauged by changes
in the lymphatic nodules of the spleen (Figure
2). The nodules showed 2 mean number of ©.8
per microscopic field before infection. They
rapidly disappearcd in 2 days, remained depleted
through day §, reappeared on day 6, reached a
level of about 2 per field on day 11, and attained
an approximate }.5-fold increase over normal
on day 22. The reappearing nodules frequently
contained 10 to 20 dividing lymphocytes per
section and were often abnormally large. In
contrast, reticular cells lining the sinusoids and
macrophages throughout the spleen and other
tissues rarely divided. During the following
month and a half, the nodules gradually declined
in number and size until they reached the
normal level at three months. During the
depletion and subsequent increase of lympho-
cytes, inflaimmatory mononuclear cells were
numerous in the spleen and in other strategic
tissues. These cells, also identified as mononu-
clear exudate cells or polyblasts, varied in size
and appearance over a wide range as the cyto-
plasm swelled and the chromatin in the nuclei
became less compact. They were best seen in
thinly cut, well-stained sections of tissues fixed
immediately upon the death of the infected host.

Thus, we concluded that the additional
macrophages needed to suppress the malarial in-
fection were supplied by the division and
heteroplastic transformation of lymphocytes.

This idea is embodied in the term “lympheid-
macrophage system,” which Mulligan and I
(115) proposed in 1937, in preference to the
term ‘‘reticulo-endothelial system,” which was
advanced by Aschoff (2) in 1927 to embrace
all cells involved in defense bue which did not
include lymphocytes, monocytes, or interme-
diate polyblasts. A fuller account of this sub-
ject may be found in an earlier publication
(106).

Our results fell in line with the classic work
of Maximow beginning in 1902 (58, 60-62).
He found that cells from the blood began to
migrate early and continued to migrate into an
inflamed tissue. In the tissue, the menonuclear
exudate cells rapidly developed through paly-
blast stages into macrophages that were indis-
tinguishable from the large tissue macrophages
at 36 to 48 hours. In 1928, Bloom (6) demons
strated the transformation of Iymphocytes
from rabbit thoracic duct into macrophages in
tissue culture.

Lymphocytes and, to a more limited extent,
monocytes are 4 part of the mesenchymal re-
serves. That is, they are free, normally cir-
culating connective tissue cells that retain to
varying degrees the ‘power to undergo hetero-
plastic development into more specialized celli
types (59, 106). These resetves are on occa-
sion sources of red cells, granular leukocytes,
phagocytes, and other cells of the connective
tissue involved in mechanical support and repair
of injuries of certain types. An instance of
their critical importance in the adult organism
is illustrated in Figure 3, which shows the
parasitemia and the number of lymphatic
nodules during a superinfection by P. lophurac
of chickens about 1.5 months after initial in-
fection. The parasite count rose to a peak of
3 parasites per 10 red cells on day 3 and sub-
sided to a subpateng level by day §. Just befare
superinfection, the number of nodules was high,
with a mean of 2.4 per field, because of resi-
dual activities connected with the initial in-
fection; they decreased rapidly for 2 days,
increased to a peak of about 2 per field on day
11, and then declined slowly. As compared
to the initial infection (Figure 2}, the higher
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FIGURE 2. The parasitemia of blood-induced P. lophurae (dash lines), in chickens initially infected, and the number
of lymphatic nodules (data points and unbroken line). As the parasitemia increased, the nodules decreased in numbers
then, as the parasitemia declined and reached a subpatent level, the nodules markedly increased. Modified from Taliaferro
and Taliaferro (126) by pecmission of the authars and che University of Chicago Press.
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level of nodules at the beginning of the super-
infection, which represented augmented mesen-
chymal reserves, was followed by 2 milder
parasitemia and an earlier decline in the number
of nodules after the superinfection was sup-
pressed.

To illustrate the rapid activity of blood
leukocytes, I have selected some unpublished
camera lucida drawings from the skin of rabbits
before and immediately after the subcutaneous
injection of a few Trichinella larvae (Figure
4}.* These larvae serve as markers of the cellu-
lar activities, as did the malarial pigment. The
first few hours after introduction of the larvae
are important because of leukocytic migration
and development.

Cells of the normal tissue consisted chiefly
of faintly staining fibroblases; macrophages and

* 1 am indebted to Mrs. E. Bohtman Patterson for these
drawings and for those in Figures 5 and 6,

their close relative, adventitial cells; and en-
dothelial cells lining the sinuses. Blood leuko-
cytes were rare: in Figure 4A, only one is seen,
Hzalf an hour later (Figure 4B), this picture
had markedly changed in the vicinity of the
larvae. Numerous leukocytes were migrating
from the venule into the tissue and around the
larvae. They consisted of heterophils (poly-
morphonuclears), eosinophils, and lymphocytes,
all of which were normal in appearance and
unchanged in size. At six hours, the site
around the larvae was filled with leukocyrtes.
The small area in Figure 4C shows 80 hetero-
phils, § eosinophils, and 24 mononuclear exudate
cells. The latter are marked by arrows and are
variously labeled “lymphocytes,” “monocytes,”
“monocytoid lymphocytes,” and “medium poly-
blasts.” They ranged in size and appearance
from the small lymphocyte in the upper left,
through monecytes or monocytoid lympho-
cytes, to the medium-sized polyblast shown a



FIGURE 3. The parasitemia of blood-induced P. lopburae {dash lines) in chickens during a superinfection and the
number of lymphatic nodules (data paints and unbroken line). The nodules decreased markedly in number as the para-
sitemia increased: chen they rose to a peak on day 11 and declined. These changes were superimposed on a high base
line because of the residual activation of the initial infection (sec Fig. 7). Modified from Taliaferro and Taliaferro
(126) by permission of the auchors and the University of Chicago Press.
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little below the lymphocyte. At this time, the small migrating lymphocyte seen at the

hypertrophy in the inflammatory mononuclear
cells, as gauged by gradual swelling of the
cytoplasm and lightening of the nuclear chro-
matin, was evident but not pronounced. At 18
hours, the small area in Figure 4D contains 3§
heterophils {many of which were degenerat-
ing}), 3 eosinophils, and 18§ inflammatory mono-
nuclear cells. The latter ranged in size from

bottom right, through polyblasts, to the large
hemartogenous cells seen at the top left. Some
of these larger cells were phagocytic and were
apptoaching in appearance the large tissue
mactophage shown at the top right. Thagocy-
tosed heterophil remnants are readily seen in the
active macrophages. Fibroblasts were 1nactive
throughout, and no dividing cell of any kind

FIGURE 4 (opposite}. Camera lucida drawings from normal skin and from skin near Trichinella larvae 14, 6 or 18
hours after the larvae were injected intracutaneously into rabbits. The tissues were fixed in Zenker-formol, embedded
in celloidin, and stained wich hematoxylin-cosin azure II {10). The mononuclear exudate cells are identified by arrows,

X 15q0.

A. MNormal derma and subcutancous tissue containing inactive histogenous macrophages, adventitial cells, fibroblasts,

and pare of a small venule.

B. Small venule after ¥4 hour, from which lencocytes are migrating into the derma near a worm.

C. Derma afrer 6 hours containing a worm surrounded by leukocytes. The heterophils and easinophils are normal in
appearance and size; the monunuclear exudate cells show gradations in nuclear and cytoplasmic structures from lym-
phocytes through monocytoid stages to medivm sized pelyblases.

D. Derma after 18 hours near a larva showing many heterophils (some are degenerating), a few eosinophils, and the
heteroplastic devclopment of many mononuclear exudate cells from a typical lymphacyte through polyblasts of medium
size to large actively phagocytic hematogenous macrophages which are almost the size of the phagocytically active
tissue macrophage. The phagocyrosed material consists largely of remnants of levkocytes. The fibroblasts are essentially
unchanged.

&+



After 1/2 hour

B.

Normal

A.

D. After 18 hours

G Affe 6 houhs_
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was seen in the inflamed area during all this
activity. The migration of cells and the
heteroplastic devclopment of hematogenous
mononuclear cells into macrophages continued
for a long time thereafter.

The same rapid activity of blood leukocytes
occurred in the skin of guinea pigs .mmediately
after the intra- and subcutaneous injection of
a few killed staphylococei. Figure § shows
some unpublished cameta lucida drawings of
derma before and 1, 2, 6, 18, and 36 hours after
The only
marked difference in defense against staphylo-
cocci, as contrasted with defense against
Trichinella, was that heterophils played an early

phagocytic role {Figure §I}). In other respects,

the introduction of the bacteria.

the sequence was essentially similar. The leu-
kocytes of the blood promptly migrated into
the tissue (Figures §B and $C), and the lym-
phocytes and monocytes developed heteroplas-
tically through
stages (Figures SD and SE) into phagoeytic

inflammatory mononuclear

macrophages. At 36 hours, heterophils and even
engorged macrophages were degenerating, while
tissuc and hematogenous macrophages were
actively phagocytosing bacteria and  debris
{Figure 3F). Throughout, fibroblasts were
strikingly inactive, and no dividing cell of any
kind was seen in the affected area. At 7 days,
the cellular content of the inflamed area con-
sisted of macrophages, a few of which were
still phagocytic, fibroblasts, cells intermediate
between macrophages and fibroblasts, and a few
The area
contained at least twice as many cells as before

inflammatory mononuclear cells.

the entrance of the bacteria.

Cellular reactions were also studied by Pizzi
and me ({117) during infections and superin-
fections of C,H mice with a reticulotropic strain
of Trypanosoma cruzi that localizes and thrives
for a time in macrophages and reticular, ad-
ventitial, and Kupffer cells (Figure 6). The
mice usually died in 9 to 11 days. In marked
contrast, mice immunized with avirulent try-
panosomes, when challenged with the virulent
strain subcutaneously, were able to suppress the
infection to a low level in 2 days. Histopatho-
logical material revealed that destructive pro-
cesses predominated in the nonimmune mice,
whereas marked myeloid, macrophage, and
lymphoid proliferations protected the immune
mice.

The question arises, How was the protection
brought about? Antibodies were probably
important, as the successful immunization sug-
gests (71), but, in addition, stretch prepara-
tions of the subcutancous loose connective
tissue at or near the site of the challenging
inoculation revealed that the fres inflammatory,
newly developing macrophages appeared to dis-
pose of the parasites more effectively than the
histogenous macrophages of the area, s is shown
in Figure éB. This finding needs further study
—not only of the macrophage itself but also
of the parasite. For example, it may be feas-
ible to adapt some of the approaches already
used to study interactions between heterophils
and bacteria (89). Indeed, it would be of
great interest to ascertain whether the meta-
bolic pathways in the macrophages of normal

FIGURE 5. Camera lucida drawings from normal skin and from skin at 1, 2, 6, 18, and 36 hours near or at the
site of the intracutaneous injection of killed Stapbylococcus aurens into guinea pigs. The tissues were prepared as for
Figure 4. The mononuclear exudate cells are identified by arrows. X 1704,

A. Normal derma containing inactive histogenous macrophages, fibroblasts, and part of a small venule,

B. Small venule near the bacteria after 1 hour, containing a concentration of leukocytes some of which are migrating

into the derma.

C. Derma near the bacteria after 2 hours, containing a fibroblast, a phagocytic histogenous macrophage, and hetero-
phils and monoauclear exudate cells which have migrated from adjacent venules. At the bottom is shown the phago-
cytic activity of the histogenous macrophages in the area at this time.

D. Derma afrer 6 hours, showing (1) an area near the bacteria and (2) an arca conraining the bacteria, which are
being phagecytosed by the heterophils, Both areas exhibit a concentration of hematogenous leukocytes and some of the

mononuclear exudate cells are larger than after 2 hours.

E. The derma after 18 hours, showing many medium-sized polyblasts, some of which are phagocytic, The fibroblasts

are not phagocytic.

F, The derma after 36 hours, showing degencrate heterophils and phagocytes of both blood and tissue origin. The
phagocytosed material consists of remnants of staphylococci and of leukocytes.
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FIGURE 6. Camera lucida drawings from tissues of CaH mice inicially infected from 4 to 11 days with a virulenc
strain of T'rypanosoma cruzi, The tissues were prepared as for Fig. 4 except for Fig. 6D which was stretched, dried in
air, and stained wich Giemsa. X 1500.

A, C, and D. Normal-appearing leishmanial stages in a Kupffer cell of the liver, an adventitial cell in the intestine,
and 2 macrophage in the omentum, respectively.

B. Normal and abnormal (identified by arrows) parasites, which probably arose from the rupture of a cell similar to
that in Figure 6A, are being phagocytosed by inflimmatory macrophages {polyblasts). From Taliaferro and Pizzi (117)
by peemission of the authors and the University of Chicago Press.

Infected Kupffer cell

s é Omental f‘nﬁ_&ﬁph@ﬁa . I
hosts differ from those in hosts during innate and T (65) have already found that enlarged
and acquired immunity. Chemotaxis, enzymes, spleens in chicken malaria involve an actual

and opsonins undoubtedly play a role. Moulder increase in funcrional tissue and that new cells
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have the same glucose metabolism as cells in
the uninfected spleen.

Cellular activities of the host against other
parasites have been documented—by Singer
(82) with Plasmodinm berghei in mice and
by Barnett with T'heileria parva in cattle (4),
for example,

The forcgoing studics, based on closely
spaced, carly, serial sampling of fixed tissues,
strongly suggest that defense in a wide assort-
ment of hosts against a wide assortment of
parasites depends upon the mesenchymal poten-
cies of the lymphocyte and monocyre. This
concept has been maintzined for decades by
such workers as Metchnikoff (63), Dominici
(24, 25), Maximow {$8-62), Downey and
Weidenreich (26, 27), Bloom (6), Jordan
{51), Kolouch {56) and Rebuck (74-78), as
well as by my associates and me (112, 115, 114,
106, 82, 108, 117, 126, 4). Many scientists,
however, have questioned this idea (74, 137).
They have cven been skeptical about whether
the lymphocyte, especially the small lympho-
cyte, has any mesenchymal potencics. This
attitude is beginning to change (38, 137) as
specialists use new techniques and materials.
These include refined methods of tissue culture,
the devised by
Rebuck, the intraperitoneal diffusion chamber,

“skin  window” technique
fluorescent dyes, radioactive antigens, auto-
radiography, and electron microscopy. For ex-
ample, Howard ef al. (41, 42), using genctic
markers to identify cclls and the grafr-versus-
host reaction as well as irradiation, have demon-
strated chac thoracic deet [ymphocytes in mice,
after sertling in the liver, divide and acquire
the character of mononuclear phagocytes, in-
distinguishable from the macrophages of the
area. Lymphocytes have alse been studied both
in vivo and in vitro with regard to plasma cell
and antibody formation (3, 16, 19, 67, 68, 8§,
138, 139).

Thus, from 2 cell that 30 years ago was
widely thought to have no particular function,
the lymphocytc has become one thac is being
closely scrutinized to assess its function in
defense (137).
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The separation of parasiticidal and
reproduction-inhibiting activities

Parasites Jend themselves admirably to a
study of the cellular activitics of the host be-
cause of atuributes such as size or pigment that
act as markers for their presence in the host.
These same attributes, however, hamper the
study of humoral activities because large size
is accompanied by complexity. Further troubles
occur. The parasites reproduce, and they con-
sist of a bafiling array of antigens, some of
which are certainly common to the host.
Finally, the antibodies that arisc are just be-
ginning to be accurately measured (15, §2,
53). Nevertheless, antibodies have been known
to exist against parasites since the detailed
studies of Ritz (77) in 1914 on trypancsomes.
In addition, aside from many studies on im-
munity to superinfection (20, 21, 9§, 100,
102), Coggeshall and Kumm in 1237 (17)
first established the fact that immune serum
protects monkeys against lethal infections of
Plasmoditm knowlesi. They survived and cheir
parasitemia was almost completcly suppressed
when they were injected initially wich a suita-
ble number of parasites and several compara-
tively large daily doses of immune serum from
chronic drug-treated infections. -

Further study fortunately revealed that
patasiticidal mechanisms can be differentiated
from reproduction-inhibiting activities in syn-
chronously reproducing, blood-inhabiting spe-
cies of plasmodia because the reproduction of
the plasmodia and the number that die can be
independently ascertained. In the absence of
an adequate test, for antibody, antibody-induced
acquited immunity was assumed to be supet-
imposed upon innate immunity when the
parasiternia In an infection rapidly decreased
after a peak, as is shown in Figure 1. Figure 7
illustrates the results of such a study for 6
malarial species (104, 120).

On the one hand, reproduction of the para-
sites (merozoites-produced) was progressively
inhibited in four infections (Figures 7B, C, E,
and F) during innate immunity and was tem-
porarily inhibited in all six infections just after



FIGURE 7. Schematic diagrams of & species of plasmodia during blood-induced infections of monkeys or birds
showing (1) the reproductive rate of the parasites (merozoites produced per asexual cycle) and {2) the number of
parasites that lived and died as gauged from parasitemia counts such as that shown in Fig. 1. For comparative purposes,
the stages of the 6 infections are drawn at the same scale although peak parasitemia varied from 4 days (sec Figure 1) to a
week or more because of differences in the number of parasites injected and the length of the asexual cycle, Ac che begin-
ning of the infections, the merozoites produced per segmenter during each asexual eycle varied from 10 in P. brasilianym
¢0 23 in P. gallinaceum, but only from 3 to 16 of these survived during the first asexual cycle. Particular attention
is dirccted to the following: (1) Tn all 6 speeies of parasites there was a marked but temporary inhibition of reproduc-
tion and a marked increase in the number that died just after peak parasitemia. (2) More parasites died in the
nonpathogenic species (A, B, D, E) than in the pathogenic species (C). The exception to chis generalization (FY may
be partly explained by the high reproductive rate of P. gallinacensm. (3) No discernible change in reproduction could
be detected during minor relapses (A, B, D, F) except perhaps during the terminal stage of infections of P, Awowlesi
(C). Modified from Taliaferro (104) by permission of the aunthor and the Williams and Wilkins Press.
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peak parasitemia (arrows). This inhibition can 1 out of 10 or 11 merozoites survived) during
be partly ascribed to athreptic innate factors, the developed infections, with occasionally a
especially that occurring before prak parasi-  somewhat lower percentage dying (slightly
temia, in view of the work on malnutrition by more than one parasite surviving) during re-
Huff and his associates (43). On the other lapses, In three of the remaining infections
hand, parasite death was undoubtedly morve (Figure 7B, E, and F), as compared to the
pronounced after than before peak parasitemia death of 0 to 83 per cent during innate im-
in all six infections, The clearest-cut difference  munity, 94 to 98 per cent died just after peak
was encountered in infections of P. brasilianum  parasitemia and slightly fewer (92 to 95 per
(Figure 7A) and P. lophurae (Figure 7D). cent) died during the developed infection.
Whereas 64 to 70 per cent of the parasites died Infections of P. knawlesi (Figure 7C) in rhesus
initially—that is, during innate immunity— monkeys differed from those of P. gallinacenm
96 to 98 per cent died just afcer peak parasi-  (Figure 7F) in chickens only in the unexpected
temia and about 90 per cent died (only about terminal survival of all the parasites produced.
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Further inspection of Figure 7 indicates that the
death of parasites was greater for such non-
pathogenic species as P. lophurae than for the
pathogenic species, P. knowlesi. The apparent
exception to this generalization, the marked
death of P. gallinacewn, which is lethal for
many young chickens, is ac least partially ex-
plained by the large number of merozoites it
produced (25 at the beginning of the infec-
tion, as compared to 10 to 16 in other species).

Parasiticidal reproduction-inhibiting
activities of the host have also been analyzed

and

with respect to acquired immunity in blood
infections of certain trypanosomes. This anal-
ysis was carried out by obtaining parasite counts

The

activities of the host with respect to innate

and indirectly measuring repreduction.

immunity—that is, the suitability of the non-
immune host as a culture medium for the
trypanocsomes—were not determined because
the total number of trypanosomes produced
could not be ascertained for the asynchro-
nously reproducing trypanosomes. The indirect
measures for reproduction consisted in obtaining
the percentage of dividing forms or coefficient
of variation constants for size, since a high
coelficient of variation of, for example, 20 per
cent indicated growth stages and 2 low one of
3 per cent indicated no growth and no divi-
sion. Such data during the course of various
infections revealed the following: The mouse
develops little or no geguired immunity against
the so-called pathogenic trypanosomes (Try-
panosoma brucei, T. vhodesiense, T. equinum,
T. equiperdum)-—it was found that the para-
the
mouse died, while reproduction was maintained
at a fairly constant high rare (94, 102, 119).
Other hosts, like the guinea pig and the dog,

sitemia increased logarithmically until

develop lysins against the trypanosomes, but

do not inhibit their reproduction, as is evidenced-

by recurtent increases and decrcases in parasite
populations while high rates of parasite repro-
duction prevail (72, 94, 108, 119). In con-
trast, the rat not only develops lysins but forms
the reproduction-inhibiting antibody ablastin
against T. fewisi. As a consequence, although
T, lewisi rapidly divides and increases in num-
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bers at first, it is nonpathogenic because it
eventually cannot reproduce and is killed (23,
94, 96, 99, 102, 104, 108, 118, 119, 22). The
mouse reacts somewhat similarly againse T.
duttoni (98, 102, 104, 116).

Parasiticidal factors have also been studied
in various leishmaniases, especially by Stauber
and his associates (1, 84}, but the reproductive
tates of the leishmania have not been measured.

Modifications of the host-parasite relationship
offer ap inviting field of study. Nonimmuno-
logical factors may greatly influence the course
of infections. Seme of the simplest procedures
produced surprising results. As early as 1928,
L. G. Taliaferro (92) delayed the highly syn-
chronous cycle of Plasmodinm catbemerium by
placing parasitized blood in the icebox for 12
hours. During this interval the parasites ap-
parently stopped growing, but when they were
injected into canaries they proceeded to seg-
ment faster for a week until they were again
segmenting on time. After Boyd (8) found
that the tming of the cycle was controlled by
light and dark, Stauber (83) wused “dunce”
caps to control the malarial cycle. He found
that the cycle, especially the young tropho-
zoite, was measurably affected by changing the
temperature and periods of rest of the host.
Hibernating squirrels are a unique host for
study, as has been shown more recently by
Jaroslow and his associates (11, 48). In addi-
tion, the course of some malarias is intensified
by the parasites’ preference for normal rather
then sickled red cells (33) or for immature
red cells racher than mature ones (81). This
lacter result was demonstrated by Singer (81)
in an unexpected manner in X-ray experiments
on the fatal infections of Plasmodium berghei
in mice. In mice whose hematopoietic system
was injured by 530 R, the parasicemia reached
a peak in § days and then declined to a sub-
patent level becausc of a lack of immature red
cells, whereas in control unirradiated mice it
mounted for 2 weeks or more. Goble and
Singer {37) studied the effect of daily intra-
venous injections of such substances as Thoro-
trast, saccharated iron, or polyvinyl pyrrolidone
in mice at the beginning of infections of



Plasmodium berghei or of Trypancsoma con-
golense. They found, on the one hand, that
Thorotrast enhanced the malarial and trypano-
depressed
immunity—whereas some of the other ma-

some infections—that is, innate
terials prolonged the trypanosome infections but
only suppressed the initial minor malarial crises
while not delaying the final faral outcome.
These authors (37) thoroughly reviewed pre-
vious work designed to modify the course of
various and and
Goble (36) reviewed the immunoreactions in

malarias trypanosomiases,
antiparasitic chemotherapy.

Trradiation at critical times has also been
found to suppress immunity against certain in-
fections (133). For example, Jaroslow (46,
47) infected mice with nonpathogenic Try-
panosoma duttoni 14 days before to 22 days
after $50 R. He found chat all the mice died
with overwhelming parasitemias and high re-
productive rates when infected from 4 days
before to 15 days after 750 R, but showed littie
change in their infections when infected 14
days before or 22 days after 50 R. An analysis
of the data indicated that X-rays markedly
suppressed the formation of anti-du#foni anti-
bodies, that the reproduction-inhibiting capa-
city of the host was more sensitive to X-ray
injuty than the trypanocidal activity, that both
activities were resistant if antibody titers were
high (infection 2 weeks before X-rays) and
that recovery from X-rays began in three weeks
(infection 22 days after X-rays). These find-
ings fall in line with irradiation studies on the
hemolysin response as reported by my associates
and me (124, 125, 131, 132)}. Somewhat simi-
lar results were reported previously for T. lewisi
by Naiman (66) and for Plasmodium gellina-
ceunt and P. lopburae by us (135). From our
results, we concluded that an X-ray-induced
decrease in immunity, as gauged by increases
in parasitemia, is only detectable when the sum
total of innate and acquired immunity is at an
intermediate [evel. Thus, a dose of 550 R to
mice a week after infection with T. duttoni
caused a relapse (intermediate level of im-
munity}, but not when given 2 weeks after
infection (strong immunity).
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Delayed hypersensitivity

The problem of delayed hypersensitivity is
surrounded by perplexities and the absence of
quantitative measurements. The phenomenon
develops slowly as a lesion over a period of 24
to 72 hours at the site of antigen deposition in
a sensitized animal and in the absence of cir-
culating antibody. Moreover, it can only be
passively transferred, by cells—not by serum-—
from peritoneal exudates of lymphoid tissues of
a sensitized animal (31, 34, 44, 54, §5). As
far as T am aware, it has not been induced by
protozoa, but has been developed in the guinea
pig to Trichinella spiralis larval antigens (54,
55).

The parasite

The humoral activities of the host depend
upon what parts of the parasites act as effec-
tive antigens. Early in this century, the anti-
genic character of African pathogenic try-
panosomes was studied with respect to relapse
variants (95). Ritz (77) found 22 immu-
nological variants of T. brucei in 600 mice, and
one of his mice, which was incompletely cured
with drugs 20 times, produced 17 immunoclo-
gically different relapse strains. The differences
encountered were based on the fact that a
mouse cured of an infection with a given
pathogenic trypanosome by drugs is refractory
for about 20 days to a second infection of the
same strain, In 1963 Weitz (33) summarized
work on the antigenicity of some African
trypanosomes, and in the same year Brown
{33) summarized work he and his collabora-
tors have been engaged in on the characteriza-
tion of the Trypanosoma brucei antigens by
varipus chemical, physical, and immunological
methods. Zuckerman (33, 140, 141) has like-
wise been undertaking a systematic study of
antigens in malaria.

Canning in 1929 (13) was the first worker
to study rthe antigenic mosaic of helminths.
Before thers was any general interest in anal-
yzing the mechanisms of immunity to these
patasites, he found antigenic similarities and
as egg
sperm, muscle, intestine, and cuticle of ascaris.

differences in such isolated tissues

v
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He concluded that certain of these were better
suited for use in immunological tests than the
whole worm, where conflicting elements would
obscure the results, More concerted attacks
have been carried out within the last ten years.
For example, as has been reported by Kagan
and his coworkers (52, 53), with sheep hydatid
fluid globulins of Echinococcus granulosus
separated by immunoelectric methods and tested
by gel diffusion techniques, 10 of 19 detectable
antigens were of sheep-serum origin and could
be removed by absorption; in similar tests with
human hydatid fluid, 4 of 23 detectable anti-
gens were of parasitic origin, 6 of host origin,
and 13 of undetermined origin. In a compar-
able study, Toxoplasme gondii showed 14 host
components and 3 to 4 parasite components
(19).

Work on the biochemistry of plasmodia, in-
cluding metzbolic pathways and nutritional
requirements, has been reviewed from a stimu-
lating point of view by Moulder (64), and the
chemical composition and metabolism of pro-
tozoa—chiefly the free-living protozoa—-have
been brought into focus in the review by
Seaman and Reifel {79). The recent manograph
on the biochemistry of parasites by von Brand
(9) describes the newer trends in dealing with
biochemical aspects of parasitology, including
intermediate carbohydrate and protein meta-
bolism. Further study on the mechanisms
underlying antigenic variations needs the co-
ordination of serological, biochemical, and
genetic approaches, as Beal and Wilkinson note
(5).
trinsic value, may bring to light common
antigens in the parasite and host that may inter-
fere with host resistance, Host mimicry has been
discussed by Damien (23).

The hemolysin response

The difficulties inherent in demonstrating
humoral phases of host-parasite relationships
can be circumvented in other antigen-antibody
reactions. Tt was for this reason that we started
work on the hemolysin response induced by a
nonreproducing, foreign, benign antigen, which
can be accurately titrated by colorimetric

Such studies, in addition to their in-
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methods (12, 121, 127). I should like to de-
scribe briefly a few salient results that we have
obtained with this response since we are now
in agreement that the host reacts in a some-
what stereoryped manner against all foreign
proteins.

The hemolysin response can be induced in
rabbits by the intravenous injection of sheep
red blood cells (sRBC) containing the Forss-
man antigen. As is shown in Figure 8, the re-
sponse is characterized by a latent period when
no hemolysin can be detected in the serum, a
rapid rise of hemolysin to peak titer, and a sub-
sequent less rapid decline. This
remarkable in that the individual segments are
more or less linear and allow various parts of
parameters to be measured for times, rates, and
peak titer. Peak titer is important because it
gives 2 relative measure of the amount of
hemolysin formed.

The most spectacular result we found was
that the latent period can be divided into two
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FIGURE 8. The mean hemolysin response in a group
of rabbits follewing one intravenous injection of 10Y
sheep red blood cells (sRBC) per kg rabbic, as ascertained
by hemolysin log titer (determined colorimecrically in 50
per cent units). After a latent period, hemolysin rose rap-
idly to peak titer and then declined. From data of Talia-
fereo and Taliaferro,



parts. Moreover, the first part—induction of
antibody cells by antigen-—occuts in an ex-
tremely short time and determines the amount
of hemolysin formed; the second and much
longer part invelves the elaboration of the anti-
body-synthesizing mechanism, which thereafter
works rapidly at first and more slowly later.
These results were obtained by using radiation
as a dissecting tool. Parenthetically, it should
be emphasized that the following results in
tabbits are based not only on determining the
timing and dosage of X-rays (124, 131, 132),
asscr;'lbling and testing adequate serum samples
over a sufficient length of time to show length-
ening latent periods, and so forth, but on a
thorough knowledge of the tesponse in unirra-
diated controls with respect to their variability

when similarly treated (121-123, 129, 130),
the suitability of a given amount of antigen
{122, 130), and the roure used to introduce
it (28). Such wariables have to be reassessed
when mice, rats, or other species are studied
(133).

Figure 9 illustrates pertinent data obtained
from the irradiation experiments. The mean
control response when only red cells were given
(Figure 8) is repeated in each section of this
figure for comparative purposes. Thus, after a
latent period of 4 days, hemolysin rose rapidly
to 2 peak titer of 3.5 log units on day 8.4. In
marked contrast, hemolysin in rabbits given
sheep red cells 4 hours after 500 R did not
appear in the serum for 8.9 days and only
reached a titer of 2.5 log units on day 19.3
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FIGURE #. The mean hemalysin response in 3 groups of rabbits following one intravenous injection of 10° sheep red
cells (sRBC) and variously irradiated as compared to the mean hemolysin response in unirradiated rabbits (Control:
no X}. From data of Taliaferro and Taliaferro,

A. In irradiaced (500 R) rabbits given sRBC 4 hours later, the latenc period was lengthened and the peak delayed
and decreased.

B. In irradiated (400 R) rabbics given sRBC - toxic doses of colchicine 1 day Jarer, cthe latent period was lengthened
but the peak titer was almost campletely restored.

C. Tu spleen-ireadiated (5000 R) rabbics given sRBC 2 days Jater, the latent period was normal in length and peak
titer was enhanced.
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(Figure 9A). Here, induction and the syn-
thetic mechanism were both injured {125, 131,
132). When, however, sheep red cells plus large
toxic doses of colchicine were given to rabbits
1 day after 400 R, hemolysin rose to a peak
{3.2 log units) practically as high as the con-
trol value, but only after a long latent period
of 8.9 days (Figure 9B). Here induction was
restored but the antibody-synthesizing mecha-
nism remained injured (49, 50). Finally, when
sheep red cells were injected into rabbits 2
days after the spleen alone was irradiated with
5,000 R, hemolysin rose to a remarkably high
level after a latent period comparable to that in
the control. Here not only were both parts of
the latent period restored, but stimulation oc-
curred (88, 127).

Jaroslow and 1 (49, 50) concluded from
these and other irradiation experiments that
—either directly or indirectly—the materials
or procedures that restore induction release
nucleic acid degradation products that are in
short supply in the host. These materials in
some way facilitate induction of certain primi-
tive mesenchymal cells of various Iymphatic
tissues (16, 91, 129, 139).

The antigenicity of sheep red cells was also
studied. Talmage and 1 (136) found that two
Forssman hemolysins arise as a result of in-
jecting heated sRBC and that these two to-

gether with two isophile hemolysins arise as a
result of infecting fresh sRBC. These anti-
bodies differ in several respects. When anti-
Forssman hemolytic serums were separated
electrophoretically, 1 c¢m fractions in starch
blocks 50 cm long showed two peaks of hemo-
lysin in the globulin area. The fast-moving
globulin with 2 peak at 38 cm, which was
identified as the IgM (v,) component, always
predominated; the slow-moving one with a
peak at 44 cm, which was identified as che 1gG
{v:) component, was proportionately small in
amount (0.2 per cent) during initial immuni-
zation but increased to 10 per cent ot more
Moreover, the
large 1gM hemolysin, with a molecular weight
of about 900,000, appezred early in immuniza-
tion, was markedly avid, and decayed with a
half life of 2.8 days, whereas the small one,
with a molecular weight of 160,000, appeared
late in immunization, was only moderately avid,
and decayed with a half life of 5.6 days. These
data are shown in Table 1. Thus, in the rabbic,
the predominant TgM lorssman hemolysin ap-

during hyperimmunization.

pears in detectable amounts sooner than the
IgG Forssman hcmolysin. Maorcover, ir seems
probable that both the TgM and TgG isophile
hemolysins appear late in immunization. The
structure and  biological activities of other
immunoglobulins have recently been inten-

TABLE 1. Characteristics of IgM (v;) and IgG (7.) Forssman hemolysins in rabbics injecced with heated scromata

from sheep red-blood cells

Separation Relerence *
Characteristic IgM () IgG (va) 2,88 h,j
Appearance and peak titer (after Early Late and especially in c,d, g, h,i,j
immunization} hyperimmune animats
Molecular weight 500,000 160,000 a,d g
Rate of hemolysis Varies as the square of Varies as the fourth power f
of the concentration of the concentration
Blood/tissue equilibration 80/20 50/50 b
Half Life 2.81 =+ 0.12 days 5.36 = 0.17 days b
Avidity High Moderately low f,i.]
Action of 2-mercaptopurine Degraded Not degraded g

* Data from (a) Stelos (1956); (b) Taliaferro and Talmage (1956); (c) Talmage er o). (1956a); {d) Talmage ¢ al.
{1956b); () Stelos and Talmage (1957); () Weinrach s# /. (1958) and Weinrach and Talmage (1958); (g) Stelos and
Taliaferra (1959); Ch) Stelos e 2. (1961); (i) Taliaferrq, Taliaferro and Pizzi (1959); {7 Taliaferro and Taliaferro
(1961}, These papers may be found in one or more of the following references: 86, 87, 110, 128, 133, 134, 136.



sively studied (18, 32, 373, 69).

The foregoing characteristics of the hemo-
tysins against sheep ted blood cells should be
considered in searching for antibodies against
parasites, especially when parasites inhabit red
blood cells or contain antigens with a Forssman
specificity. Other facets of the hemolysin re-
sponse may with profit be considered a pattern
upon which to establish likenesses and differ-
ences in the various host-parasite relacionships,
and the effects of irradiation and the restorative
procedures may be a touchstone for assessing
future parasitological work.

Summary

These introductory remarks are concerned
with past accomplishments. Parasitologists
during the first quarter of this century werc
mainly interested in systematics and life his-
tories, and some of them, especially helmin-
thologists, were disinclined to recognize that
acquired immunity develops against the animal
parasites. Soon thcreafter, however, the im-
munology of parasitic infections began to be
brought into focus; it gathered momentum
during the second quarter of the century chiefly
because changes in the blood populations of
plasmodia and trypanosomes could be related
to host reactions. The cellular activities of the
host were explored, and the developmental
potencies of the lymphocyte began to be real-
ized—although in this field as in others, many
were disinclined to attribute any function at
all to this cell. During the middle of the cen-
tury immunological parasitology flourished. Of
the subjects investigated, differences between

pathogenic and nenpathogenic infections were

clarified by separating parasiticidal from repro-
duction-inhibiting mechanisms and by modify-
ing infections in various ways.

Basic data on the hemolysin response in
rabbits after the intravenous injection of sheep
red blood cells are described in order to give a
general idea of the rise and fall in antibody
formation in a system with two distinct
advantages. This system is initiated by a
nonreproducing benign antigen, and serum
antibody can be accurately measured photo-
colorimetrically. The results from these data
are paralleled by certain results obtained in
parasitic infections.

The third quarter of this century promises
steady advances on problems related to the
antigenic mosaic and biochemistry of the para-
sites, and critical analyses of the cellular and
humoral activities of the invaded host. These
advances will undoubtedly rest on the use of
new methods involving the electron micro-
scope, genetic and isotopic markers, auto-
radiography, and clectron microscopy. As
biochemical phases of parasitism are developed,
we should be better equipped to understand
the basis of nonantibody and antibody im-
munity.

Moderator: Dr. Taliaferro’s presentation
has given us a remarkable example of the need
for basic knowledge and applied knowledge to
go hand in hand. It was also very inspiring to
hear how, starting from the study of applied
immunology, Dr. Taliaferro could make such
a contribution to basic immunology.

Let us now have the papers by Dr. K. Neil
Brown and Dr. Irving G. Kagan, and then
discuss both these topics afterward.
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NATURE AND VARIATION OF PARASITE ANTIGENS

K. N. Brown

Introduction

The life history of protozea and helminths
parasitic in vertebrates usually includes a vector
and, with some helminths, free-living stages as
well. These separate habitats, together with the
need for transmission and sometimes the locali-
zation of the parasite in a2 number of distinct
tissues, ate all factors that require some particu-
lar specialization in parasite structure and
physiology.

In protozoa, this adaptation occurs at the uni-
cellular [evel, but in helminths multicellular or-
ganization is involved. Cellular differentiation
produces tissue-specific antigens in mammals
(21), and, equally, each specialized form of the
parasite has certain unique antigenic charac-
ters. In addition, at least three species of proto-
zoa can change their antigenicity repeatedly
without visible alteration in ccll structure.

This paper will discuss the capacity of para-
site antigens to vary in one life cycle. In order
to underline the relevance of parasite specializa-
tion and adaptability to the immunology of
parasitic infections, emphasis will be placed on
antigenic differences rather than on similarities.
Vector- and free-living forms will be compared
with the vertebrate-infecting organism, and
then the various types of parasite developing
within the vertebrate will be considered.

Vector- or free-living and vertebrate-
dwelling forms

Brucei-group Irypanosomes cccur as °tsetse
mid-gut trypanosomes,” “crithidia,” and “meta-
cyclics” in the vector and in another “trypano-
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some”” form in the vertebrate. Besides being dif-
ferent in shape, the “mid-gut” and “blood”
trypanosomes are known to show differences in
their respiratory systems (27) and lipid content
{Dixon, personal communication). Antigeni-
cally they are very different. Immunization with
the mid-gut parasites gives no protection against
the bload forms (Pittam, personal communica-
tion), and only two of the many precipitinogens
present in the blood trypanosomes occur in the
mid-gut parasite (39, 28). In fact, blood try-
panosomes from two sepatrate strains may have
more in common than mid-gut and blood forms
of the same strain (28).

In Leishmania donovani, the insect-dwelling
leptomonads and the vertebrate-dwelling leish-
manoids show respiratory differences analogous
to the Trypanosoma brucei mid-gut and blood
trypanosomes (16). Leptomonads, however,
convert directly to leishmanoids, and this trans-
mission can be accomplished iz vitro by increas-
ing the tempetature from 25° to 34°C (17).
A similar leptomonad-to-leishmanoid conver-
sion follows in witro treatment with anti-lepto-
monad serum (2}, and the two stages give dis-
tinct agglutination reactions (8, 3). T. cruzi
crithidia, nermally found in the triatomid vec-
tor, can also be modified iz vitro by immune
serum to produce the vertebrare-infecting try-
panosome and leishmanoid parasites, leishmanoid
production requiring a higher concentration of
antiserum than the leptomonad-to-trypanosome
change; a single flagellate in immune serum can
produce colonies of trypanosomes and leishma-
noids (1). Like the change from leptomonad to



leishmanoid in L. donrovawi, the crithidia-to-
trypanosome conversion can be reproduced ex-
perimentally in vitro by raising the tempera-
ture—from 26° to 37°C (35). In the normal
life cycle these changes are probably physiologi-
cally induced, but elimination of the T'. cruzi
trypanosome patasite to leave only leishmanoids
occurs when acute Chagas’ disease gives way to
.the chronic condition, presumably as the result
of host immune reactions.

In malaria, immunization with sporozoites of
Plasmodium gallinacenm isolated from mosqui-
toes gives some protection against sporozoite
challenge but none against erythrocytic parasites
{24). Fowls immunized with erythrocytic forms
are somewhat protected against erythrocytic
and sporozoite challenge, not an unexpected re-
sult since the infection progresscs from the spo-
rozoite to the erythrocytic stage.

Antigenic differences between vector- ot
free-living and adult helminths have also been
described. The reaginic antigen of Nipposiron-
gylus braziliensis, a “metabolic product,” is
present in adults and fourth-stage larvae but
only in trace amounts in the free-living third
stage (22). In Schistosoma mansoni, protective
immunity develops in rhesus monkeys after in-
travenous transplancation of adult worms, but
monkeys immunized with schistosome eggs are
not protected (33). Egg and cercarial antigens
can be differentiated from adult antigens by
gel diffusion (31).

Antigenic changes within the vertebrate

Once the parasite is inside the vertebrate,
morphological and physiological specialization
continues and further antigenic changes follow,
These devclopments can be divided inte two
types: (1) those inherent in the life cycle, like
the sporozoite, pre-erythrocytic, and erythro-
cytic progression of malaria; and (2) those that
can apparently occur as a result of the host’s im-
mune response, for example the T, cruzi try-
panosome to leishmanoid transition referred to
above.

1. There is only limited evidence on changes
inherent in the life cycle. Pre-erythrocytic and
erythrocytic P. vivax may be antigenically dis-
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tinct, since pre-erythrocytic parasites can de-
velop even if subsequent blood invasion is pre-
vented in the immune host (29). X-irradiated
Schistosoma cercariae can develop into stunted
schistosomula but still fail to immunize effec-
tively as transplanted adult worms (32, 33).

2, I vive modifications of parasite struc-
ture, apparently associazted with host immune
reactions, have been reported in several species.
The trypancsome-to-leishmanoid transition of
T. cruzi has already been cited, and host im-
munity also aleers the structure of Toxoplasma
{37). In both these species the modified para-
sites tend to remain together in “nests” or
“pseudocysts,” and T. cruzi cultivated in vitro
in immune serum forms clumps and syncitia
{(1}. Since the modified parasites survive, they
are, by inference, antigenically different from
the form they replace, although their distribu-
tion within the host’s tissues may affect their
susceptibility to immune reactions.

The immunological environment may also
modify helminths, for worms in immune ani-
mals may be alive but stunted. Host immunity

presumably inhibits parasite physiology and de-

velopment, and antigenic substances that are
normally produced by the adult worm but
would be lethal to the parasite in an immune
host may fail to develop fully; possibly analo-
gous stunting and cellular modification occurs
in embryonic bone cultivated in immune se-
tum (10).

Therefore, the structure, the function, and
probably the antigenicity of parasites can be
modified by immunity. Additional antigenic
changes not invelving visible morphological al-
teration occur in at least three protozoan spe-
cies. This phenomenon, antigenic or relapse var-
iation in the classical drucei trypanosome sense,
will be described in the next section.

Classic “brucei-type’ antigenic variation
¥ g

1" Brucei-type” variation is used here to mean
repeated antigenic changes similar to those de-
scribed for T. brucei over fifty years ago (26).
Similar variation was later shown in T. congo-
fense (12) and more recently in simian malaria
(6). The variants are morphologically indis-
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tinguishable, but frucei variants are known to
show some differences in drug sensitivity (14)
and in the electrophoretic mobility of their ma-
jor variant-specific antigens, the 4§ group of
proteins (39, 18). Variation occurs continually
in chronic infections, and over twenty variants
have been described for one strain of T brucei
(25); in some experimental hosts protection
may be completely variant-specific (12}. After
cyclical development in the tsetse, variants tend
to tevert to g “parent” serotype that appears as
the first parasitemia following an infective bite
(#, 13). Because of the continuous variation,
random isolations are of limited value when
strains are being compared, but the immediate
post-tsetse parasites have been used with some
success (13).

Variant trypanosome antigens can be detect-
cd by agglutination, lysis, protection, and pre-
cipitin tests. In P. Amowlesi malaria, on che
other hand, only an agglutination reaction with
schizont-infected cclls has been used. Erythro-
cytes infected with immature trophozoites do
not agglucinate, which suggests that the schi-
zont develops antigen that che trophozoite lacks,
or, alternatively, that the breakdown of red-cell
structure that accompanies parasite maturation
allows parasite antigenic material to reach the
red-cell membrane surface (7). Schizonts freed
from erythocytes by immune lysis with goat
anti-monkey red-cell serum barely agglutinate
in anti-malarial serum, so perhaps the aggluri-
nogen consists of parasite and red cell compo-
nents; a combined parasite and red-cell antigen
has been described in Amaplasma (30). Game-
tocytes of P. hnowlesi also may show antigenic
variation (15), and the effect of vector trans-
mission on antigenicity could provide an in-
teresting comparison with the asexual brucei
trypanosomes.

By repeated antigenic changes of the brucei
type, parasites can persist for many months in
one host. Chronic infections are characteristic
of many protozoan diseases, which indicates that
brucei variation may be common in protozoa.
Variation may not be confined to one form
of the parasite—in T. cruzi, for example, it
may perhaps occur in both trypanosomes and
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leishmanoids. Nevertheless, in spite of variation,
parasites usually become increasingly scarce as
immunity develops, although they remain fully
virulent for the nonimmune animal. Some of
the facvors involved in this generalized partial
immunity have been discussed elsewhere (),
but it may depend in part upon antigenic de-
terminants shared by all variants. In antigenic
studies on protozoa, a clear distinction between
“common” and possible "“variable” antigens is
necessary. ““Common”™ antigens may ot may not
be shared by different morphological forms of
the parasite.

With the more complex multicellular hel-
minths, antigenic modification without morpho-
logical change is more difficult to visualize, but
this possibility cannot be excluded. Recent ex-
periments show that adult schistosomes trans-
ferred from hamsters to rhesus monkeys die or
fail to produce eggs although rhesus-to-rhesus
transfers arc fully fertile (33). These resules
could be interpreted as showing that the primi-
tive cells differentiating in the developing schis-
tosomula are influenced or selected by host
antibody in such a way that only molecular con-
figurations nonantigenic in that particular host
develop. An immune response would occur on
transfer to another species of host. Possible
similarities have been suggested between host
and parasitc antigens in another context (34,
9).

General considerations

Although the antigenic structure of most
protozea and helminths remains unknown, their
life eycle may include several, and sometimes
many, antigenic forms. Antigenic change may
follow obvious structural reorganization stimu-
lated by the physiclogical and immunological
cnvironment, but in at least three species—17.
brucei, T. congolense, and P. knowlesi—repeat-
ed antigenic variation occurs without obvious
alteration in morphology. The extent and sig-
nificance of this anrigenic liability must be
recognized and fully characterized before we
can understand parasite immunology. Several

interconnecting lines of approach are possible



and desirable; they include examination of the
following:

1. In any given species, the degree of vari-
ability occurring in a life cycle, particularly
within the vertebrate,

2. The extent to which total antigenic struc-
ture is involved in any changes that occur.

3. The comparative protective value of these
antigens.

4, The effect of vector transmission on the
antigenic repertoire of the parasite.

5. The comparison of strains in relation to
their geographical distribution, using a fixed
point of reference in the life cycle.

6. Antigen immunochemistry and its rela-
tionship to parasite physiology, including the
comparative value of live and dead antigen, and
the possible role of “exo-antigens.” The use of
live parasites of known antigenic character in-
hibited by mitomycin or actinomycin (11)
might prove very revealing.

7. The character of the immune response
stimulated by each stage of the parasite, The re-
sponse will be related not only to antigenic
structure but also to the location of the para-
site within the body. For example, cutaneous
leishmaniasis produces a delayed skin reaction
but no demonstrable antibody, while visceral
leishmaniasis produces antibody but no delayed
response. These effects are presumably due to
the contrasting localized and systemic type of
infection. An understanding of this aspect is
essential for a full appreciation of the antigenic
potential of parasites,

The experimental approach to these problems
involves four fundamental points:

1. Parasites must be maintained under con-
stant conditions, with strain histories recorded
in full. Where possible, reference “stabilates”
(20} must be established to which all parasite
1solations may be related. In protozoa this can
be done by keeping viable parasites in deep-
freeze (23). Where strains are maintained iz
vivo, the animal species used for keeping the
strain should, for preference, be different from
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the experimental host. Parasite antigens may
come to mimic host antigens (34, 9), and they
may not be detected if strain and experimental
hosts are of the same species.

2. The development of suitable immunologi-
cal tests. Classic serological techniques may not
be sufficient, and host cells, for example ma-
crophages in toxoplasmosis (36), may be re-
quired. Although in vitro tests may not always
correspond directly to events in vive, they have
one advantage in the initial stage of an investi-
gation: that they concentrate observation on a
particular selection of parasites, antibodies, and
host cells collected at a defined time. In wivo
experiments, preferably in inbred animals, are
likely to prove most valuable where cell-medi-
ated immunity is suspected; examples include
coceidiosis (19) and cutaneous leishmaniasis.
Host species vary in their response to parasitic
infections; therefore the experimental animal
chosen should, if possible, suffer a similar type
of infection to that occutrting in man ot the
pertinent domestic animal. In some instances
it may even be preferable or necessary to use an
alternative species of parasite as a model.

3. The isolation of parasite material free of
host cells. This is often difficult, but a new and
improved technique has recently been devised
(40). The possibility of host cell components’
being included in parasite antigenicity must be
considered.

4. Micromethods of analysis. Techniques in-
volving live parasites or their constituents will
often depend on small amounts of material.
Microscopic observation of parasites in experi-
mental situations wifl be necessary, and in im-
munochemical analyses some newer micrometh-
ods (38) should prove valuable,

In any experimental approach, many more
factors will have to be considered than those
outlined here, and each parasite will set jts own
technical limitations. Nevertheless, the points
mentioned, some of which are necessarily fairly
obvious, are likely to contribute to a full analy-
sis of protozoa and helminth parasite antigens.



CHARACTERIZATION OF PARASITE ANTIGENS

Irving G. Kagan

The biological and immunological activities
of parasite antigens have been under investiga-
tion since the turn of the century, and
antigen-antibody interactions in helminthiases,
particularly, have been discovered to be many
and complex {111). Hydatid fluid from cysts
of Echinococcus gramulosus was used as an
antigen in the complement-fixation (CF) test
in 1906 (39). Since then parasite serology bas
grown in variety of tests standardized and in
kinds and types of antigens employed. Many
serologic tests have lacked specificity, but today
we do have specific tests for 2 number of para-
site infections (50). There is still the need for
improvement. Almost without exception, the
serologic antigens employed have been mixtures
of many components., Research to isolate and
characterize diagnostic parasite antigens has
been made. Some of these studies will be re-
viewed.

The use of parasitic antigens has not been
limited to serology. They have also been used
as vaccines to stimulate host resistance. Initi-
ally, crude homogenates of parasite material
were injected to stimulate immunity. Early
investigators differentiated between the spmatic
antigens obtained from the body of the para-
site and the secretory and excretory antigens of
the living organism. The latter were believed
to be the important ones in immunity. With
improved techniques for antigenic analysis, the
differences between these two types of antigens
became less significant. Today we group para-
sitic immunogens into “functional” 2nd “non-
functional” antigens. Soulsby (112} very
skillfully reviewed this subject. The functional
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antigens are the oncs that interest us, and when
we have isolated and characterized them fully
we may be able to synthesize them or attach
a synthetic immunogenic group to a biological
carrier for vaccination purposes.

Dineen’s (30, 31} and Damian’s (26) pro-
vocative speculations on the host-parasite re-
lationship suggest that the immune response of
the host may exert a selective pressure on the
parasites that have less antigenic disparity with
the host. The parasite can then be thought of
as a successful tissue graft that does not stimu-
late a rejection response on the part of the
host. In a successful host-parasite relationship
many antigenic determinants must be shared
between the parasite and the host. If this is
true, then “eclipsed” antigens and “‘molecular
mimicry” between parasite and host have broad
biological significance. Differentiating between
host and parasite components becomes impor-
tant in developing specific antigens for serologic
and immunologic studies.

Noanspecific, cross-reacting parasitic
antigens

Antigens with broad specificity in helmin-
thology are the polysaccharides of numerous
species that exhibit blood-group activity. The
biological activity of these antigens was re-
viewed by Oliver-Gonzilez (87), who has con-
tributed many of the observations in this area.
A more recent review was made by Damian
{26). Campbell (19} analyzed the polysac-
charide of Ascaris suum and found hexoses and
glucose but no hexuronic acid, pentoses, ketoses,
or manoses. Kagan ¢f al. (57) were also unable



to find pentose in polysaccharide extracts of
A. summ. Ascaris polysaccharide is reported
to have blood group antigens of the ABO sys-
tem (86, 113).

Oliver-Gonzilez and Kent (89) - present
evidence that the A, isoagglutinogen-like sub-
stance prepared from the cuticle of A. swum
is serologically related to Clostridium collage-
nase. They assayed the Ascaris material by
specific action and degree of inhibitory activity
against A, isoagglutinins in human sera of blood
groups O and B, in hemagglutination tests with
antisera against the blood-group factor and
cells coated with collagenase, and by gel diffu-
sion analysis. This is one example of cross-
reacting antigenic substances found in phy-
logenetically distantly related organisms that
react antigenically in serologic tests. The
collagenase from the Clostridium and the
collagenase-like extract from the cuticle of
A. Iumbricoides killed dogs with an anaphylac-
toid reaction, and both caused similar histo-
pathology, as was seen at autopsy.

Insight into the antigenic nature of some
parasitic materials has been derived by inference
and not by direct isolation and characterization.
Another example of an antigen shared between
a helminth and a microorganism is the relation-
ship between Trichinella spiralis and Salmonella
typhi (124, 125). Since the antigenic con-
figuration of Salmonells species is known,
various Salmonella were reacted with an anti-
trichinella serum in an agglutination test. The
major cross-reacting antigens involved in these
tests were the somatic 12 antigen of Selmonella
and, to a lesser extent, the somatic 9 antigen.
The somatic 12 Salmonclle antigen successfully
immunized mice and rats against experimental
infection with larvae of T. spiralis. 'The so-
matic 12 antigen of 8. £yphi has been character-
ized as having two molecules of carbohydrate,
one terminating in glucose and the second in
rhamnose (71).

Another instance of cross-reactivity between
Ascaris and ‘pneumococcus (Diplococeus prew-
moniae) was described by Heidelberg ef af.
{45). Glycogen of Ascaris 1s thought to be
closely related to mammalian glycogen com-
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posed of 12-13 glucosyl chains linked a (1-6)
with many & (1-4) branch parts and with an
average molecular weight on the order of 9 x
105 Due to the 1-4, 1-6 linkage, Ascaris gly-
cogen will cross-react with various pneumo-
coccal antisera. ‘

An antigenically active polyglucose was
isolated by Sawada ef al. (98, 99) from Clonor-
chis sinensis. The antigen was isolated after
delipidization with diethy! ether and extraction
in distilled water. The concentrated material
was then passed through a Sephadex G-100
column, a CM-cellulose column, and a DEAE-
Sephadex A-50 column and deproteinized by
90 per cent phenol extraction. The purified car-
behydrate antigen contained 90.6 per cént glu-
cose and perhaps 1 per cent pentose, plus negli-
gible amounts of nucleic acid and phosphorus.
On infrared spectographic analysis the polyglu-
cose of C. sinensis gave a pattern almost iden-
tical with a polygluclose isolated from Myco-
bacterium tuberculosis.

Antigens from mycobacteria cross-react in
Leishmania serologic vests (83). A recent re-
port (129) indicated that BCG could be sub-
stituted for the Mycobacterium butyricum
previously used in serologic tests for leish-
maniasis.

Since Yamaguchi (130} reported the Forss-
man antigen in the larvae of Gnathosoma
spinigerum in 1912, other parasitic worms have
been shown to contain it, including the larvae
of T'. spiralis (78), the third-stage larvae of
Oesophagostomum dentatum (110), Hymeno-
lepis diminuta (43), and Schistosoma mansoni
(88, 28).

The presence of C reactive protein in at
least 13 species of helminths, including nema-
tode, trematode, and cestode species, was
demonstrated by Biguet ¢# al. (12). C reactive
protein is distributed quite widely in the animal
kingdom.,

The occurrence of cross-reacting antigens in
parasites of different species may be due to a
Most obvious is the cross-
reactivity to be expected if the parasites are
phylogenetically related. Another reason may
simply be the chance occurrence of similar

number of causes.



antigens among untelated organisms. However,
if the parasites have hosts in common and
therefore are ecologically related, cross-reac-
tivity may have yet other bases. Two alterna-
tive hypotheses for this phenomenon were re-
cently advocated: Damian (26) suggested that
convergent evolution of eclipsed antigens may
be responsible, and Schad (100) proposed that
the development of nonreciprocal cross-im-
munity may have a significant effect on the
distribution of a parasite. By possessing cross-
reacting antigens, one parasité may exert a
limiting effect on another’s distribution through
the agency of the host’s immune responsc.
Several examples of such parasitic relationships
are reviewed in his paper.

Host antigens present in the parasite may
constitute a final area of nonspecificity. Kagan
ef al. (58) demonstrated that serum of patients
ill with a number of collagen diseases contained
antibodies that cross-reacted nonspecifically
with host antigens found in echinococcus

hydarid fluid.

Chemical identification of helminth
antigens

The chemical identification of parasite anti-
gens has followed an empirical course. In most
instances, techniques that have proved useful
in the isolation of microbizl antigens have
been employed.

The antigenic components active in the CF
test for schistosomiasis have been investigated
by several groups. Richer ef al. (93) separated
adult worms into lipid, carbohydrate, and pro-
tein fractions. As expected, two of the five
lipid fractions fixed complement with syphi-
litic serum but were inactive with schistosome
antibody. The carbohydrate fraction was non-
reactive. ‘The acid-insoluble protein fraction
{which can be precipitated in 30 per cent
saturated ammonium sulfate) contained the
antigenic component. This antigen was elec-
tropharetically homogeneous. Sleeman (104)
extracted schistosome adult with
sodium desoxycholate, 2 reagent also used by
Schneider ¢ al. (102}, followed by fractiona-
tion with ethanol and precipitation with cal-

WOorms
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cium. On chemical analysis this antigen was
found to contain protein and lipid in a ratio of
2.5:1. The purified antigen was free of carhohy-
drate and after acid hydrolysis was negative for
purines and pytimidines. Since Cohn’s method
for isolating fraction TI-O was employed,
Slecman suggested the antigen may be a beta-
lipoprotein or a “lipo-poor euglobulin.”

An antigenic polysaccharide material was
extracted from cercariae and eggs of S. man-
soni by Smithers and Williamson (107, 127).
Extensive analysis indicated that the antigen
was 2 “glucan polysaccharide of glycogen-like
properties.”
for the intradermal test by Pellegtino ef al.
(92) from cercariae of 8. wmansoni. These
studies that
chemical components other than carbohydrates
wete active in the schistosome skin test. Kagan
and Goodchild (55) evaluated the polysac-
charide content of a series of antigens that

A similar antigen was prepared

workers concluded from their

were adjusted to similar nitrogen content and
gave similar reactivity in the skin (the wheal
areas in 25 infected individuals were not sig-
nificantly different). The carbohydeate con-
tent did not correlate with the intradermal
activity, Gazzinelli e# al. (38) fractionated
cercarial extract in a DEAE-Sephadex A-50
column and found the most active fraction in
the intradermal tests to be free of polysac-
charide.

A lipoprotein was isolated from Fasciola
hepatica by precipitation with dextran sulfate;
final purification was by differential ultracen-
trifugation in 2 high-density salt medium,
Immunochemical electrophoretic analysis indi-
cated a pure fraction. The antigen was immu-
nogenic and similar in chemical composition to
alpha lipoprotein of human serum. The active
lipoprotein constituted 2 per cent of the worms’
dry weight; it had 2 sedimentation constant of
4,95 and a molecular weight of 193,000 (63-
67).

Maekawa and Kushibe (73, 74) isolated and
characterized an antigen from a heated extract
of F. bepatica by means of precipitation by
ammonium sulfate and phenol treatment fol-
lowed by extraction with potassium acetate



and ethanol. One of the antigenic components
was further analyzed and found to be com-
posed of ribonucleic acid (95 per cenr) and
small amounts of peptides. This antigen was a
potent intradermal reagent in cattle (75) and
was earlier crystallized by these authors (76).
A serologic antigen devoid of protein- and
lipid-containing polysaccharide macerial was
prepared by Babadzhanov and Tukhmanyants
(5).

Protein complexes of helminths have been
under active study. Kent (§9) reviewed his
early work on the isolation of proteins from
Momniezia expansa, Hymenolepis diminuta, and
Raillictina cesticillus. In his studies on A. suum
(6¢, 61) five protein fractions were isolated
by DEAE cellulose chromatography. The frac-
tions were all glycoprotein complexes contain-
ing glucose and ribose with different amino
acids, The two fractions with the highest
carbohydrate content were the most antigenic.
Working with larvac of T, spiralis, Kent (62)
isolated ‘four antigenic glycoprotein fractions
by column chromatography.

The antigens of T. spiralis have been studied
extensively. Witebsky ef al. (128) prepared
a CF antigen by heating an extract of larvae
in a boiling-water bath. Melcher (79) pre-
pared acid-soluble and
from an extract of delipidizing lyophilized
larvae. Labzofisky et al. (70) isolated eight
fractions from larvae with a pyrimidine extrac-
tion, Chemical analysis revealed glycoprotein

-insoluble fractions

and carbohydrate characteristics. The antigens
reacted differently to circulating antibody in
the serum of rabbits at different stages of the
infection. Sleeman and Muschel (106) frac-
tionated the larval antigen into ethanol-soluble
and -insoluble components. Of interest is the
fact that Witebsky used his boiled antigen at
two dilutions (1:2 and 1:20) for maximum
sensitivity in the CF test. These dilutions
corresponded to Sleeman and Muschel’s frac-
tions with regard to serologic reactivity. The
ethanol-soluble antigen absarbed §. typhosa
agglutinins present in the sera of trichinella
patients. Chemical analysis for these antigens
(105) revealed that the ethanol-soluble antigen
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was a glycoprotein (75 per cent protein and
15 per cent carbohydrate), with the carbohy-
drate portion composed of only glucose units.
In the light of Weiner and Weely’s (125)
studies, one would expect to find some rham-
nose as well. Attempts to split off the protein
or the carbohydrate resulted in denaturing the
antigen. The ethanol-insoluble antigen was a
nucleoprotein, with the nucleic-acid portion
containing DNA (60 per cent) and protecin
(14 per cent). The protein was the antigenic
substance in the complex.

Tanner and Gregory (121) analyzed extracts
of larvae of T. spiralis by immunoclectrophore-
sis (IE). Tanner (119} found that while most
of the trichina antigens were proteins that could
be precipitated with § per cent trichloracetic
acid, the major antigen could not be so precipi-
tated and contained some polysaecharides. This
component had an isoelectric point similar to
buman gamma globulin and was heat-labile.
Enzyme susceptibility studies (120) identified
it as a’ mucoprotein., The specific enzyme em-
ployed to degrade this antigen was mucopro-
tenase lysozyme.

The antigens of Echinococcus species (hyda-.

tid fluid, scolices, and membranecs) have been
popular materials for antigenic analysis. We
chose hydatid fluid of E. granulosus early in our
antigenic analysis work becausc it was a biologi-
cal fluid with a strong antigenicity and bore a
striking resemblance to paper electrophoretic
patterns obtained with serum of the host (42).
To date we have identified 19 antigenic com-
ponents in sheep hydarid fluid (24). At least
two polysaccharides have been described (2,
643, as have end products of carbohydrates and
protein metabolism (1).

Polysaccharide antigens have been isolated
from laminated membrane and probably ger-
minal membrane by a number of workers.
Agosin ¢f al. (2) separated the polysaccharide
antigens in two components by electrophoresis
and found a mobility similar to that of glyco-
gen. The sccond contained glucosamine and
galactose. Kilcjian et al. (64) isolated a muco-
Woarking in our laboratory,
she was able to coat latex particles with this

polysaccharide.



antigen and found it to be reactive with sera
from immunized animals but not with sera
from infection, Magath (77) reported that an
echinococcus antigen reactive in the CF test
moved like 2 gamma globulin by immunoelec-
trophoresis. Paulete-Venrell ef al. (90) reported
that their antigen moved in an immunoelec-
trophoretic freld like beta and gamma globulins.
Harari et al. (44) identified an immunologi-
cally active component in hydaud fluid as a
globulinoid protein. Glycolipid and glycopro-
tein have been identified by Pautrizel and
Sarrean (91) in hydatid fluid antigens. The
antigens of Echinococeus were recently re-
viewed by Kagan and Agosin {51).

Gel-diffusion and IE analyses of
helminth antigens

The characterization of parasitic antigens by

the various gel-diffusion methods has eluci-

dated their complexity and has provided a
useful assay for their purification. The tech-
niques are relatively simple and do not require
elaborate equipment. They have certain Hmita-
tions: the number of lines observed in an agar
gel precipitin test represents minimum numbers
of antigenic components that are at equivalence.
[t is therefore important to cvaluate several
dilutions of antigen, or more rarely of anti-
scrum, for the maximum development of
The introduction of
radiolabeled parasite antigens has extended the
usefulness of this technique in parasitologic
studies (34).

The strength of the gel-diffusion test is
usually limited by the antibody content of the
antisera employed. Antisera prepared in rabbits

antigenic complexes.

against a number of helminth worms in our
laboratory were made by injecting rabbits with
2 mg of lyophilized antigen suspended in 0.5
ml of saline with an equal amount of complete
Freund’s adjuvant. A rabbit received six in-
jections over a three-week period, or a total of
12 mg of antigen. We thought we were in-
jecting large doscs of antigen, but Biguet and
Capron use 20 mg of antigen per inoculation
{(14). The antisera they employ after six
meonths or a year of immunization contain many
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more antibodies to major and trace components
in the antigens they assayed. It is for this
reason that Biguet e# al. (19) reported so many
cross-reactions between cestodes, helminths,
and nematode species. The differentiation of
closely related species is also difficult with such
composite antisera (13).

At lcast four antigens common to adult §.
mansoni and the laboratory mouse host were
demonstrated by Damian (28). In addition,
a2 Forssman hemolysin was demonstrated in
rabbit anti-schistosome sera. Analyses of the
various stages of the schistosome life cycle
were made by Capron ef al. (20). These
workers were able to demonstrate 21 antigens
in extracts from adult worms, 11 shared by
adult and egg, 14 with cercariae, and 12 with
excretions and secretious products. There were
four bands common to the parasite and the
hamster host and five common to the parasite
and the snail host (Awustralorbis glabratus).
By labeling extracts of §. mansoni with 1132,
Dusanic and Lewert (34) were able to differen-
tiate five or six antigen-antibody complexes
by cellulose acetate clectrophoresis, as con-
trasted to two to five lines demanstrable in
agar gel precipitin tests with the same sera.

Capron ¢# al. (22) reviewed their work on
gel-diffusion analysis of S. baematobium, §.
japonicum, and S. mansoni that had been com-
pleted since 1962, They were able to find 19
of 21 immunoclectrophoretic fractions of S.
mansoni common to 5. haematobium and ten
antigens common to 8. japonicum. Analysis
of a large number of sera from infected in-
dividuals indicated at least nine precipitin
bands in serum from patients with schisto-
somiasis mansoni, six in schistosomiasis haema-
tobium and seven in schistosomiasis japonicum
In experimental schistosomiasis mansoni these
workers found 18 antiadult, ten anticercarial,
and at least ten anti-egg precipitins. Similar
immunodiffusion studies of schistosome antigen
were made by Damian (27) and Sadun ¢ 4l
(94). Dodin ¢ #l. (32) found six to eight
precipitin bands by the Quchterlony and IE
technique in sera of patients under treatment.
Of great interest was the fact that they could



visualize circulating antigen on the seventh
day of treatment in the serum of these patients.
This antigen migrated toward the anodic side
of the reaction. Kronman (68) analyzed a
cercarial extract of S. maemsomi and was able
to resolve it into three components by DEAE
cellulose chromatography. Peak 1 moved 3§
mm anodically and reacted with human anti-
sera; peak 2, 22 mm; and peak 3, 14 mm. The
latter two components were not active in diag-
nostic tests.

Caetano da Silva and Guimardes Ferri (17)
found one to four precipitin bands in the
serum of 78 per cent of patients with hepa-
tosplenic schistosomiasis, as against one band
in only 38 per cent of patients with hepatoin-
testinal schistosomiasis. In a second paper (18)
these authors published data on a reverse im-
munoelectrophoretic Serum was
fractionated in an electrical field and developed
with antigen of §. mansoni. Precipitin bands in
the IgM and IgG position were visualized.

Kent (63) analyzed adult and cercarial ex-
tracts in terms of protein, carbohydrate, and
lipid. He was able to show that a considerable
portion of the lyophilized antigen is water-
soluble. Ten protein systems in adult and eight
in cercariae were detected by immunoelectro-

technique.

phoresis. One cross-reacting antigen wich T.
spiralis was demonstrated. Biguet ef ol (10)
were able to demonstrate eight proteins, five
glycoproteins, and one lipoprotein in adult ex-
tracts of 8. mansoni. Stahl of al. (116) were
able to demonstrate antibodies to egg antigen-
antibody complexes.

In our work (53} we were able to demon-
strate by agar gel analysis seven specific adulg
worm, three cercarial, and five egg antigens.
In all, 25 different antigenic bands were demon-
strated by Ouchterlony gel-diffusion analysis.
Analyses were made of antigens prepared by
various methods such as delipidization with
anhydrous ether (Chaffee antigen), petroleum
cther (Melcher antigen), and crude extract.
In these cxtracts, five of seven adult antigens
were shared. Immunoelectrophoretic studies
with antisera prepared in rabbits showed the
complexity of our schistosome extracts. An

extract of adult 8. mamsoni containing 0.87
mg N/ml was developed after electrophoresis
with a serum prepared against the crude anti-
gen (Figure 1).% An extrzce of adult worms pre-
pared by the Melcher (79) technique was devel-
oped with the same serum (Figure 2). At least
16 components in the crude extract and 11 com-
ponents in the Melcher extract were identified. A
delipidized cercarial extract (prepared by ex-
traction with anhydrous ether) developed
against the same antiserum revealed at least
18 components {Figure 3). The same antigen
developed with an anti-Chaffee adult serum
shows a slightly different configuration (Fig-
ure 4). Absorption studies indicated chat all
but perhaps one band ire shared by the cer-
carize and the adult.

An  immunoelectrophoretic analysis of F.
bepatica antigen by Biguet ef al. (11) revealed
7 protein fractions, 2 glycoproteins, and ¢

lipoproteins. Of 15 fractions visualized with

rabbit antisera, § were specific. Szaflarski ef al.
{117) attempted to. characterize an antigenic
mucoprotein prepared with sulphosalicylic acid
using papain and rivanol without success.
Capron et al. (21) identified C reactive protein
in extracts of F. hepatica as well in 2 number of
other helminch parasites (12).

Tanner and Gregory (121) showed in their
gel-diffusion studies on extracts of larvae T.
spiralis that of the 11 bands they identified
individual rabbits developed antibodies to only
some. They also compared the crude extract
of larvae and 2 Melcher-type larval antigen.
In most instances they found that the differ-
ences between a crude buffered saline extract
and antigens prepared by alkaline and acid
extraction after delipidization (Melcher-type)
were quantitative, not qualitative, Dymowska
et al. (35) fractionated larvae of T', spiralis on
a starch block and assayed 26 protein fractions.
Among these fractions, 9 to 14 proved to be
serologically active. They contained acid phos-
phatase and hyaluronidase. The antigenic struc-
ture of T. spiralis was analyzed in detail by

* In each figure the numbers designated to a line of pre-
cipitation are based on order of appearance and not anci-
genic refationship.
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. An immunoelectrophoretic analysis of adulc and cercacial antigens of Schistosoma mansoni. FIGURE 1. The antigen is
a crude extract of adult worms of 5. mansoni developed wich a homelogous antiserum prepared in rabbits. FIGURE 2,
- A delipidized (Chaffee) extract of adult 5. mansoni developed with an antiserum against the crude worm extract,
FIGURE 3. A delipidized extract (Chaffee} developed with the crude adult worm antiserum, FIGURE 4, A delipidized
cercarial extract (Chaffee) developed with 2 homologeus rabbit antiserum.

it



Biguet ef al. (14). With antisera produced
by immunization in rabbits, 19 antigenic com-
ponents were identified; with antiseta from
infected rabbits, 10 bands. The appearance
of antibodies in the serum during the course
of infection was also studied. The total num-
ber of 19 antigenic components is reached
after five wecks of immunization in rabbits.
Recent studies on the specificity of T. spiralis
antigens were made by Lupasco ef ol. (72),
Moore (80), and Dusanic (33).

In our own immunoelectrophoretic studies
with a larval ancigen of T. spiralis prepared by
the Melcher technique (72) containing 2.34
mg N/ml, we identified 12 bands in serum
from infected rabbits, § bands in human diag-
nostic serum, 11 bands with an antiserum
prepared against a mctabolic antigen, and 16
bands with an immunized-rabbit antiserum.
The reaction of this antigen developed after
electrophoresis with 2 human diagnostic serum
{1401) and with a rabbit immunized antiserum
(crude D) shows the antibody complexity of
these sera and a lack of identity in the bands,
which were visualized since they did not join
after three days of incubation (Figure 5). In
Figure 6 the antigenic development of this
antigen with the sera of two infected rabbits
is depicted. Note the difference in the patterns
developed on the cathodic portion of the re-
action. Figure 7 shows antigen developed with
an antiserum prepared against a crude larval
“antigen; after three days of incubation, com-
mon antigenic components joined and coalesced.
In Figure 8 an infected rabbit serum (N26)
and a rabbit antiserum (crude D) were used
to develop the reaction to detect common com-
ponents in these bleedings; only two or three
antigen-antibody bands were shared. In Figure
9 a human diagnostic serum (1401) and an in-
fected rabbit serum (N26) were used to de-
velop the antigenic pattern; only bands 4 and
7 ate common. In Figure 10 a similarity in
pattern may be noted between the infected rab-
bit scrum above (N20) and an immune rabbit
serum (LXS) prepared against metabolic seere-
tions of larvae (LXS antigen). In Figure 11 the
LXS antiserum is compared to the crude Jarvae
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antiserum with very little evidence for anti-
getic sharing of components. In Figure 12 the
LXS antiserum is compared to a human diag-
nostic serum and one component appears to be
shared. The anrigenic complexity of a delipi-
dized extract of larvae of T. spiralis as revealed
by this type of analysis is very great. In all the
reactions, only a few components are clearly
shared—the remainder may be different.

Agar gel analysis of Ascaris tissyes and ex-
tracts were reported by Kagan (48), Kagan
et al. (56), Sculsby (102), and Huntley and
Moreland (46). Tormo and Chordi (123)
prepared polysaccharide and protein extracts of
A. sunm for analysis by immunoelectrophoresis.
A total of 20 antigenic components were visual-
ized by their antisera. Of this group only seven
antigenic components were found in sera of in-
fected animals and natural infections in man.

Our studies on analysis of E. granulosus
hydatid fluid and extracts of cysts of E. multi-
locularis have been reviewed in several publica-
(49, 33). We found only 9 of 19
components in hydatid fluid to be of parasitic

tions

origin. We were able to isolate gamma globulin
and albumin antigen that gave lines of identity
with serum gamma globulin and serum albumin
of the host (54). With the technique of right-
angle agar gel analysis, diffusion coefficients of
our diagnostic antigens were measured (4).
When antigen and antibody at equivalence are
allowed to diffusc from troughs cut at right
angles in an agar plate, a narrow line of precip-
itate is formed. The tangent of the angle made
by this line with the antigen trough is equal
to the square root of the ratio of the diffusion
coeflicients of antigen and antibody. When
rabbit or human antibody is used the diffusion
coefficient of the test antigen can be calculated.
Values from 3.2 to 7.2 x 107 cm?®/sec. were
obtained for seven hydatid fluid components
tested with a rabbit antiserum. Three of four
parasitic components in an analysis of human
sera had diffusion coefficients of 1.6, 1.7, and
2.0 x 107 cm?/sec. The diffusion coefficient
data suggest molecular weights close to one
million for these diagnostic antigens (3).

Our on chromatographic

recent  studics



An immunoclectrophoretic analysis of a Melcher extract of larvae of Trichinelle spiralis, FIGURE §, The larval
antigen develaped with a human diagnostic serum (1401) above, and a rabbit antiserum prepared against a saline extract
of larvae. FIGURE 6. The larval antigen develaped with the sera of two rabbics with experimental infections with T
spivalis. FIGURE 7. The larval antigen developed with an antiscrum against a saline extract of larvae of T, spiralis.
FIGURE 8. The larval antigen devefoped with an infected rabbit serum (IN26) above, and an immunized serum. (crude.

D) below.
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An immunoelectfophoretic analysis of a Meleher cxtract of larvae of Trichinells spiralis. FIGURE 9. The larval
antigen developed with a human diagnostic serum {1401) above, and an experimental infection in the rabbit (N26)}
below. FIGURE 10. The larval antigen developed with an experimental rabbit infection serum (N20) above, and an
antiserum prepared in rabbits against a metabolic secretions and excretions anrigen (LXS). FIGURE 11. The larval
antigen developed with the metabolic secretions and excretions antiserum (LXS) and a crude larval antiserum {crude D)
belew. FIGURE 12. The larval antigen developed with the LXS antiserum above, and a human diagnostic serum
(1401) below.
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separation of diagnostic antigens emphasize the
importance of gel-diffusion assay. Although
column chromatograph.of hydatid fluid of E.
granulosus and E. multilocalaris (18, 82) ap-
peared to separate host from parasite com-
ponents, agar gel analysis indicated that
complete separation of the two groups did not
take place, since molecular screening techni-
ques cannot separate many o and da globulin-
like antigens of host origin that migrate with
similar parasite antigens.

Protozoan antigens

Antigenically reactive polysaccharides have
been isolated from T'rypamosoma cruzi (41},
Fife and Kent (36) separated protein and poly-
saccharide components from T. cruzi and

“evaluated their scnsitivity and specificity in

the CF test. The fractionated antigens were
more specific than the crude excract but less
sensitive. The protein component was the best
and most economical antigen to use. Von Brand
(15) reviewed the information on the chemi-
cal composition of T. cruzi. Exoantigens or
secretory antigens produced by T. eruzi have
been studied and a glycoprotein has been de-
scribed (122).

The chemical composition of an African try-
panosome was studied by Williamson and Brown
(126) and Brown and Williamson (16).

The Lefshmania organisms must share a com-
mon antigen with mycobacteria, since the lat-
ter have been used by a number of workers in
South America as a diagnostic antigen in the
CF test for leishmaniasis, This antigen, how-
ever, could not be isolated or characterized in
gel-diffusion studies (52).

A number of protozoan species have been
studied by agar gel and immunoelectrophoretic
analysis. Krupp (69) recently evaluated 11
amebic antigens by IE, and similarities between
some strains of Entamocba bistolytica with high
and low pathogenicity was observed. Goldman
and Siddique (40) analyzed two substrains of
E. bistolytica and showed some antigenic dis-
parity.

The studies of Schneider and Hertog (101) on
16 strains of Leishmania indicated that two im-
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munologic groups of human leishmaniasis were
present in Panama with wide geographic dis-
tribution. Garcia {37) showed that L. tropica
has three hecat-labile and one heat-stabile com-
ponent.

Nussenzweig ef al. (85) separated a number
of T. cruzi strains into three antigenic group-
ings by means of agglutination and precipitin
tests in agar. Both type- and group-specific sub-
stances in groups A and B were reacted. In a
further analysis (84) 23 strains were studied
and it was shown that most human strains are
Type A but some were of Type B.

Antigenic analyses of plasmodia made by im-
munoclectrophoresis and agar gel by Spira and
Zuckerman (114) revealed seven components
in extracts of P. winckei. Zuckerman (133)
compared P. vinckei and P. berghei, and found
several common antigenic components. Using
polyacrylamide gels, Sodeman and Mcuwissen
(108) found at least 21 bands in P. berghei ex-
tracts. From 3 to 12 participating antigens have
also been described in plasmodia extracts (7, 8,
29, 103, 25). Chavin (23) found 10 to 15
bands in extracts of P. berghei in polyacryla-
mide gel, 4 to 7 lincs on IE, and 8 to 10 lines
by double diffusion in tubes. An interesting
aspect of Chavin’s work was the presence of all
the bands in IE on the anodic side of the elec-
trical field. Mouse-hemoglobin protein com-
prised 2 significant portion of the extract. The
parasite components had electrophoretic mobil-
ity in the beta-to-albumin range and could not
be separated from the host components. Similar
difficulties are reported in our hydatid-fluid
fractionations in separating host and parasite
components by lon-exchange chromatography
{81, 82). Spira and Zuckerman (115) have
extended the analysis of plasmodia species by
disc electrophoresis for seven plasmodia species.
Differences were apparent between all the spe-
cies, and their chemical complexity is evident
from the large number of components devel-
oped in their preparations.

Comment

This review is far from complete, and many
excellent publications on the analysis of para-



sitic components in the immunology and serol-
ogy of paragounimiasis (132, 47, 96, 97, 131)
and filariasis (118, 95) and other parasites of
veterinary (6) and medical importance have
been omitted. S$tudies on the fractionation and
characterization of parasitic materials are at a
crucial stage of development. Ir is important
to characterize the antigenic complexity of our
diagnostic and immunogenic materials. Research
must be focused, however, on characterization
of the specific immunclogical components. To
accomplish this end we need a stronger biochem-
ical approach. We have to staff our laboratories
with scientists capable of working with the en-
zymes and chemical components that interact
in our immunologic reactions. We nced person-
nel who can use the complex preparative chemi-
cal techniques, such as preparative column elec-
trophoresis, gas chromatography, and other
tools emerging from immunologic research in
relared fields.

Parasitic matetials are excellent sources for
both applied and basic immunologic studies. The

3e

successful parasite has solved the host’s “graft-
rejection” response, The self-not-self problem
in immunology might be as fruitfully studied
with a host-parasite system as with the grafc-
rejection system.

Finally, we need specific antigens for parasitic
vaccines and diagnostic tests. Some hosts de-
velop strong functional immunity against their
parasites. Qur feeble attempts to stimulate this
immunity by vaccination have been far from
successful in most parasitic infections. Once the
immunogenic substances have been character-
ized and synthesized, practical wvaccines for
parasitic infections will be available. Parasitic
immunodiagnosis will be greatly enhanced when
the laboratory can prepare specific and active
diagnostic reagents. The infected hosts devclop
a large number of antibodies. Analysis of these
antibodies and the development of specific anti-
gens for their detection are the challenges of
the future.

Moderator: The discussion of these topics
will be introduced by Dr. Finger.



b f]

DISCUSSION

Irving Finger

It may scem a little unusual for a geneticist
who studies a completely nonparasitic organ-
ism to be speaking at such a session, but I hope
the relevance of our studies to thase described
by the two previous speakers will become
apparent.

We have studied primarily the genetics and
regulation of antigen synthesis in Paramecium
qurclia, Tt is obvious that the major advantage
possessed by free-living protozoa for studies
on these topics lies in the ability to make con-
trolled matings and therefore to analyze the
relative importance of genetic and nongenetic
determinants in the control of a particular
trait. Similarly, cytoplasmic as contrasted with
nuclear contributions to the determination of
a character can be distinguished. The other
primary benefit to be derived from studies of
free-living forms is, of course, that the en-
vironment can be more carefully controlled
and it may be possible to analyze the various
contributors in that environment that deter-
mine antigemic composition.

I should like to describe briefly some of the
characteristics of the surface antigens of para-
mecia and the genetics and rcgulation of their
synthesis, particularly as these bear on the
topics discussed by the previous speakers. Every
cell can express at least a dozen surface anti-
gens. These antigens are generally recognized
by a cell’s immobilization in a specific anti-
serum prepared against particular serotypes.
Even though a cell has the ability to make a
multiplicity of antigens, generally only one
antigen is expressed at a time—which one being
determined by a complex interaction of nu-

cleus, cytoplasm, and environment.

The antigens themselves are proteins with a
molecular weight of about 310,000. They are
probably not tnade on the surface but migrate
to the surface and ultimately to the cilia. The
most disturbing thing about these antigens, as
far as the experimenter is concerned, is that
their function is completely unknown. A ccll
apparently has no particular selective advan-
tage in possessing one antigen rather than an-
other. Apart from the phenomenon of mutual
exclusion—the expression of but one antigen
at a time-—the striking feature of these anti-
gens is that onec ancigenic type can easily be
transformed into another. This transformation
is readily reversed and is not due to mutation.

From this brief summary, I should like to
turn to more specific features that are relevant
to the antigens of parasites. When antigenic
types transform to each other, they often
transform to unrelated antigenic types. But
even if two antigens are serologically quite
distinct, they appear still to possess the same
“function” and to be remarkably similar in
their chemical fearures. [t is obvious that this
transformation process, and the fact that the
antigens may be immunologically distinet, will
have a great bearing on assigning a particular
function to a class of antigens, since one of
the criteria for correlating function with a
molecule is whether this function disappears
when the molecule disappears. Here, however,
the function of a class of molecules persists
even when the original specific molecule no
longer exists.

Secondly, the antigens that can be detected
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on the surface are not necessarily the only
ciliary antigens that the cell possesses. By this
I mean that there may be primary antigens
that are recognized by the immobilization test
and can definitely be stated to be external, and
there may be secondary immobilization anti-
gens that are not recognized by immobilization
tests but can be detected when the cell is
broken open and all the antigens are extracted.

Therefore, in a sense, the phenomenon of
mutual exclusion that I mentioned earlier is not
necessarily an all-or-none phenomenon; what
may be excluded on the surface may not be
excluded internally. These secondary antigens,
obviously, may have potential significance by
eliciting the formation of antibodies, especially
if there is lysis of cells within the organism.

A third point of relevance, particularly to
the work described by De. Brown, is that the
environmental influences that determine che
particular types a paramecium will possess at
any time are manifold and include such things
as antiserum, temperature, cultural conditions,
enzymes, temperature shock, inert proteins, and
stage in the life cycle.

Another feature of the antigens of para-
mecium that is of possible significance to
studies with parasitic protozoa is the recent
finding in our laboratory that the various
serotypes telease into their medium material
that can induce transformation when added to
other serotypes. The material released does not
act in a nonspecific fashion. Different media
have propensities for inducing different kinds
of transformations. Qur studies thus far sug-
gest that the substances put out into the media
are not related to the antigens and act by
specifically repressing the activity of cercain
genes.

T should like now to discuss briefly the effect
of serum on cells. Not only docs immune serum
transformation, but serum
from an unimmunized animal (in our case, the

induce normal
rabbit) may have a very profound effect on
the kind of antigen expressed by a cell. The
factor in serum that has this effect is present
in the 0-40 per cent ammeonium sulfate cut of
the serum, the same fraction that contains the
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immunoglobulins. The orginal cell is not visibly
affected by such serum, but the serotypes of its
descendants are altered.

With regard to immune serum, there are
several features of interest here. It might be
expected that, when antigen is found on the
surface, immobilizing antibody would induce
transformation by binding this surface antigen.
We have found, however, that this is not neces-
sarily the case. Rather, it scems more likely that
the antibodies againse surface antigens only
influence the transformation of antigenic type
if that antigen is being actively synthesized.
It is probable that antibodies do not act
through tying up the surface antigens but
probably penctrate the surface of the ccll and
act at the synthetic sites, or conceivably the
sites where the secondary antigens are located,

We have also beecn able to show that anti-
sera that are prepared against media in which
paramecia have been living and that possess no
immobilizing titer can markedly influence the
pattern of antigen synthesis. Apparently what
is found in these sera is antibodies directed
against the substances released by the paramecia
that in turn repress gene activity.

So we see that the effect of 2 serum can be
quite complex. It may contain nonimmune
substances that can induce anrigenic transfor-
mation and perhaps allow the descendants of
the original cell to escape the effect of specific
antibodies. Antiserum can affect the synthesis
of antigens that are not on the surface; and,
finally, antibodies against substances other than
the antigens themselves, substances that con-
trol the synthesis of the antigens, may have a
marked effect on transformation.

Another thing that is pertinent to some of
the topics Dr. Brown discussed is that we have
found no antibodies except those against the
ciliary antigens lethal to the paramecia. There
appears to be no general antigenic substance
that when combined with antibody causes the
death of the cell.

Let me conclude with a few remarks about
the gel-diffusion techniques that have been
extensively used by Dr. Kagan and many
others in the study of the antigenic mosaics
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that make up cells. There are several advan-
tages to analysis by means of gel-diffusion tech-
niques compared with the more classical pre-
cipitin  tests, hemagglutination, complement
fixation, and so on, For example, a purified anti-
gen is not needed for unambiguous results;
multiple mixtures may be studied and roughly
quantitated. The major difficulty with the gel-
diffusion techniques—including those using
tubes, such as Preer’s and Qudin’s, and those
using flat surfaces, such as Ouchterlony’s and
immunoelectrophoresis—is that' there
alarming tendency for artifacts to appear. The
possibility of these artifacts must be very care-
fully controlled for. However, once these ate
taken into account, the Preer technique, which
is the most sensitive of those I have mentioned,

is an

may be especially useful in following the isola-
tion of antigenic components and for diag-
nostic purposes, as Dr. Kagan has shown. In
facr, the Preer technique can be used (by
following a modification of the Qudin profile
method) to make qualitative comparisons of
various antigens with a several-fold increase in
sensitivity.

A problem with gel-diffusion techniques is
that they are much too easy to use. Anyone
can set up gel-diffusion tests from scratch in
an afternoon and have data the following day.
It is the interpretation that takes a great deal
of care and expericnce and is not always easy.
Reactions of identity in Quchterlonys must
always be considered tentative, depending on
the serum. Reactions of partial identity are only
convincing when accompanied by absorption
cxperiments.

Lastly, I want to emphasize, along with Dr.
Kagan, that the determination of the number
of antigens in a particular preparation must
always take into account the possibility of
band splitting and the question of whether one
is in antibody- or antigen-excess regions of the
precipitin curve.

Moderator: 1 want to thank you particu-
latly, Dr. Finger, for introducing the concepts
derived from the studies on the genetics of
paramecia. This knowledge is so fundamental
for immunoparasitologists that T think we
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should discuss it thoroughly. As I understand
it, the production of antigens by the para-
mecium depends, if 1 recall my genctic studies,
on the genes from the macronucleus as well as
on the cytoplasm a2nd 2lso on environmental
factors.

Finger: Yes. The environment determines
the particular cyroplasmic state, which deter-
mines which gene in the macronucleus will
work.

Moderator: 1 am not very clear about the
mechanism of mutual exclusion; I believe it
is a rather complex matter,

Finger: No one is clear about that mechan-
ism. In fact, that is the subject of our research.

Moderator: One of the things T want to
ask is how you would interptet the stabilizing
effect of the vector mentioned by Dr. Brown.
You remember that he called attention to the
fact that the vector had a stabilizing effect on
the antigenic wvariants of trypanosomes pro-
duced in the course of infection, so that the
parental type was obtained when it got back
into the vertebrate.

Finger: Offhand I cannot think of a hypo-
thesis, because of the apparent nonspecificity of
the phenomenon. We are cartying out work
based on a hypothesis that invokes -the per-
sistence of an antigen due to the feedback of
the antigen itself on its synthesis, But I do not
know what the facror might be in Dr. Brown’s
vector for maintaining a particular parental
type.

Brown: There was the point that when the
patasite passes through the vector, it changes
structuraily and the electrophoretic pattern of
its cytoplasmic proteins also changes. In par-
ticular, the 48 group, which is the major group
of variable antigens, appears to be much less
evident in the insect form. It is apparently
repressed there. But why, when it gets back
into the vertebrate, the parasite should develop
as the parent antigenic type, I do not know,
This reversion is not always complete. Often
traces of the original variants come through
along with the parental type.

Finger: Do you know whether this could
be due to selection in a mixed population?



Brown: It could be, yes. 1 have perhaps
oversimplified slightly: when T say there is a
succession of populations, | mean that there is
a succession of population mixtures, particu-
larly late in the infection. T have in fact iso-
lated a parent form from such a mixture quitc
late in the infection, so it is possible that this
is the one that is selected and that comes
through the vector.

Finger: With reference to the paramecium
situation, there is no selection among the
paramecium serotypes. It is a conversion of a
population of one type to a new population.

I wonder if you would expand on what I
found to be of particular interest—the conver-
sion of the crithidial to the trypanosome to the
leishmania type by increasing the concentra-
tion of an anticrithidial serum.

Brown: Unfortunately, there is not much
more to say about that. This work was done
a few years ago by Professor Adler. He pre-
pared the rabbit anticrithidial serum and in-
cubated his crithidiz in it and in that way
was able to show that a single crithidium pro-
duced a colony of either trypancsome or leish-
manoid forms, depending on the serum con-
centration. This work has not been continued.

Finger: The crithidium then shares antigens
with trypanosomes, and these antibodies are
perhaps responsible for the conversion?

Brown: They do share some antigens, and
onc would think that the difference may per-
haps be quantitative rather than gqualitative,

Finger: That is right.

Moderator: I think this illustrates the need
for immunologists and geneticists to get to-
gether and study certain fundamental prob-
lems.

I was very much intercsted in what Dr.
Brown said about the hemagglutination reac-
tion’s depending on the red cell membrane. Do
you think it is some antigen diffusing from the
parasite that sensitizes the red cells or modifies
a protein of the red cell and produces this?
And, just to ask all the question at the same
time, if complement is added, do the red cells
lyse or not? Is the phenomenon related to pas-
sive hemagglutination and passive hemolysis?
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Brown: In reply to the first question, it is
interesting that the red cell infected with the
immature parasite, the trophozoite, does not
agglutinate. It is only when the parasite ma-
tures and forms the schizonc that it will do so.
Atr this stage, the surrounding red cell itself is
breaking down. The membrane is visible in EM
sections, but the contents are pretty much
destroyed, and I imaginc—although there is no
cvidence for this—that the parasite antigen can
then get into the red cell membrane. If the red
cell membrane is removed, these naked para-
sites will not agglutinate in immune serum. This
may be because the removal of the red cell
membrane removes a lot of the antigen, or
perhaps the complete antigen involves a para-
site component and a red cell component. We
have in fact shown that if the red cell is lysed
with anti-red-cell serum, a certain amount of
patasite material is released and can be collected
in the lysate formed.

As for vour second question, if complement
is added to schizont defective cells in immune
serum, they will not lyse. The reason for this,
we think, is probably that the red cell, being
so empty, is morc or less tysed anyway. Even
if the complement punches holes in the red
cell membrane, there will be no osmotic effect
to burst the cell.

Goodman: Along the same line as Dr.
Bier's questions on your very interesting ob-
servation about the hemagglutination of the
red cell having something to do with the red
cell membrane, and perhaps with associated
antigen from the malaria parasite, is this
agglutination only of the red cells with the
schizonts in them? Does the agglutination in-
volve red cells that are not parasitized? Have
you been able to find any factor you can put
on a normal cell, let us say, that would cause
it to be agglutinated? Those are my specific
questions,

On a more general level, there have been
some philosophical interpretations of the de-
struction of red cells in malaria in which auto-
immune responses have been implicated in
theory, It sounds as if this would be ratcher
unlikely in the light of your observations.
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Brown: With regard to the first point, in
our system normal red cells are not aggluti-
nated at all; they are completely distinct. And,
as I said earlier, the cells containing the im-
mature parasite do not agglutinate either, So
the reaction of the schizont-infected cell is
quite distinct.

Goodman: When you do the agglutina-
tion test, are 100 per cent of your red cells
parasitized so that they all agglutinate, or do
you just see agglutination of those that have the
mature schizonts? Is, for example, how you
do the test affected?

Brown: We have done both. Normally and
routinety for the rest, we collect the schizont-
infected cells, but we have also tested mixtures;
in fact, we have also transfused immune serum
into monkeys containing infected and nonin-
fected cells and shown that when the schizont-
infected cells are put onto a warm stage they
will then agglutinate and the normal cells will
stay quite separatc,

Your question about autoimmune responses
raises, [ think, a very debatable point. T think
the lysis of normal red cells could be explained
in quite a number of ways. One thing we are
locking into at Mill Hill is the possibility that
cysfaccinic (?) acid, which is present in the
parasité and is quite a strong lytic agent, may
be responsible. I think it can be explained in
biochemical terms just as easily as in immu-
nological ones.

Cohen: My comment is directed to Dr.
Finger, but it bears on the earlier presenta-
tions. One can not help being impressed with
the apparent multiplicity of proteins during
the various stages of differentiation of these
intermediate forms. I feel inclined to wonder,
as a biochemist, whether the entities are too
crude for determining whether they are in fact
genetically different We have
learned, of course, that it is the subunits of the

structures.

proteins that are genetically controlled, and it
would seem to me that perhaps the important
thing is to devote some effort to characterizing
a few good proteins and finding out the nature
of their polymeric and other tendencies to
aggregate. Reference was made to their relative

ability to form glyco and other proteins. I de
not know whether these have covalent bonds
or whether they are merely adducts of some
kind, but it would secem to me that before the
genetic implications in going from one stage to
another can really be analyzed, a subunit struc-
ture for identification ought to be settled on.
We certainly know that many protcins in their
subunit form will have one kind of immune
specificity but in the aggregate form may be
blocked because of the specific groups that are
inducing the antibody formation. While this
may only complicate the story, it does seem
that we should be rather cautious at this stage
in taking the apparent complexity too literally.
There may be a simplicity if we can get to the
subunit stage.

Finger: With reference to paramecium, I
can answer in this way: Unfortunately, the
situation is as complex as I presented it. The
proteins have been purified and characterized
chemically and physically. They arc made up of
nine subunits, apparently arranged in sets of
three trimers, and each distinct antigenic type
is controlled by a different locus. The genetic
work that has been done shows that rhese loci
are unlinked. We know that the various forms
of antigenic types I have described, although
they have related amino acid compesitions and
sedimentation coefficients, also have differences.
Fingerprints have been made. It may be a little
unfair to talk about the paramecium antigens,
because we have been fortunate. Dr. Preer and
Dr. Steers have purified them sufficiently for
actual analysis, In this case, therefore, I do not
believe the guestion of one’s being a polymer
of another is applicable. In fact, we have even
studied complementation and hybrid forms of
the antigens. I do think that, as Dr. Kagan
indicated, in the parasitic forms there is greater
complexity; I am delighted to be working with
paramecium.

Borsos: Transformation of cefls may be the
result of the action of an antibody on the
cell surface. However, there are other sub-
stances—such as  phytohemagglutinins—that
can induce lymphocytic transformation, that
can induce biochemical changes inside the cell
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and stimulate synthesis of DNA, proteins, and
cell divisions. Has anything like phytohemag-
glutinin been tried on parasites of this sort to
induce changes in the antigens?

Another point I should like to make is that
antibodies, as far as we can tell, do not kill.
They may occupy sites and the result of the
occupation may be a steric hindrance of some
SOrt,
activity involved in antibody interaction with

but there seems to be no biochemical

antigens. It is therefore not surprising that
antibodies will not kill a parasite. Perhaps
occasionally a miracidium may be blocked in
its movement. But other substances, such as
complement, are needed to make an antibody
eytocidal.

Furthermore, not all classes of antibodies
can bind complement, and there can be a great
variety of responses as a result of antibody-
antigen interaction.

Finger: I cannot answer the parasitological
part of your question. As I have mentioned, of
course, in paramecium many reagents other
than antibodies induce transfermation-—
enzymes, temperature, shock, actinomycin D,
putomycin, and so on.

With regard to the killing of a cell by anti-
body, we still do not know the mechanism of
death in paramecia that are immobilized by
antibodics. By the way, this occurs with de-
complemented serum. It can occur very rapidly,
within less than a minute, and we have made
some preliminary pictures with the EM to see
precisely what may be happening. So far we
have no clue at all to why the antibedy in
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combination with the antigen should result in
death. In more dilute concentrations of anti-
body there is no death, and there can be trans-
formation of type.

Borsos: I mentioned the phytohemagglu-
tinins because they react at the surface of cells.
The other substances are probably not acting
on the surface. Actinomycin is not; heat is not.
Any one of these changes induced is not due
to surface action. However, antibodies do act
on the surface.

Finger: As I have tried to stress, we think
that the antibodies that are having their effect
on transformation may really not be acting at
the surface.

Bruce-Chwatt: I should like to put to Dr.
Taliaferro a question that has puzzled para-
sitologists since 1948, What explanation can
he give for the fact that the pre-erythrocytic
or extra-erythrocytic schizont in the liver of
mammalian  parasites does not produce any
cellular response? Dr. Brown mentioned that in
PE forms the development is so fast that there
may have been no time for an immunocellular
response, but this is not so when it comes to
secondary tissuc stages, which produce no
cellular response in the liver.

Moderater: Dr. Taliaferro, would you care
to comment? :

Taliaferro: T am afraid T can’t.

Moderatdér: We shall continue now with
the papers by Dr. Smithers and Dr. Remington.
Again, the discussion will follow both presenta-

tions,



THE INDUCTION AND NATURE OF ANTIBODY

RESPONSE TO PARASITES

5. R. Smithers

The literature on antibodics in parasitic in-
fections is extensive, and nothing like a com-
plete review of this subject is possible in the
time available. I am therefore going to deal
with the subject in broad outline, drawing ex-
amples from various infections that illuserate
important concepts. Throughout, I shall con-
centrate on the significance of antibodies in
resistance to infection.

Changes in the immunoglobulins in
parasitic diseases

Raised immunoglobulin levels in parasitic
diseases are common. Unfortunately, most of
the studies on this subject were made before the
recognition of the immunoglobulins as four dis-
tinet types—Igh, IgM, IgA, and IgD—and in
most infections the relative increase in each im-
munoglobulin type is not known.

In experimental and in human schistosomiasts
there are large increases (as much as twofold)
in the v and § globulin levels, as well as in-
creases in the @y globuling (20, 21, 29, 61, 68,
79, 89). These increases occur at the time of
egg deposition by the parasite and are probably
due to the increase in antigenic stimulation that
results from the excretions and secretions of the
fully marure worms and the larval stages within
the eggs. However, some alteration in the glob-
ulin values may be due to other causes. The ¢,
globulin increase, for example, may be che re-
sult of tissue damage caused by the deposition
of eggs in the liver and incestine {4), and the
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increase in the level of macroglobulin in chronic
schistosorniasis that has been reported (6, 21)
may be due to splenomegaly (44). In rhesus
monkeys exposed to Schistosoma mansoni, the
increase in immunoglobulin at the time of egg
deposition occurs in the absence of an increase
in macroglobulin. Figure 1 shows the average
macroglobulin  values (determined by ultra-
centrifugation) from thrce monkeys estimated
on the day of exposure to 1,000 S. mansoni cer-
cariae, four weeks later, and eight weeks later.
Although the total immunoglobulin value had
risen at eight weeks, the macroglobulin value
had remained constant,

In trypanosomal and malarial infections, the
IgG, IgA, and IgM levels are all raised (47, 77,
88). Especially high IgM levels are reached
early in the infection, and it has been suggested

FIGURE 1. Average gamma globulin values and macro-
globulin values of three rhesus monkeys after exposure ta
1000 cercariae of 8. mansoni.
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FIGURE 2. Catabolism of pormal IgG and “pathologi-
cal” IgG in a rhesus monkey five weeks after exposure to
1000 cercariae of 8. mensoni.
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that frequent antigenic variation of the malarial
and trypanosomal parasite may contribute to
the raised TgM levels (7). Each successive vari-
ant antigen is likely to stimulate the production
of a new IgM antibody, giving rise to higher
IgM levels.

The increase in IgG is probably not duc to an
increase in specific antibody. Curtain and his
co-workers (14) found, by absotbing “malarial
scrum” through Sephadex conjugated with dis-
integrated malarial parasites, that the malarial
antibody represented only 6 to 11 per cent of
the total ¥, 75 antibody.

Somewhat similar results have been obrained
in our own laboratory by a different method.
We have taken IgG from a monkey infected
with schistosomes—that is, IgG taken after the
increase in concentration had occurred—and in-
jected it together with normal IgG into a mon-
key that had been infected § weeks previously
so that the parasites had just begun vo mature
and lay eggs and therefore to release large
amounts of antigen. The “pathological” IgG
and the normal IgG were labeled with different
isotopes of iodine so that their rate of catabo-
lism could be separately followed. If the “path-
ological” IgG had consisted mainly of antibodies
specific to schistosome antigen, then it might
have becn expected to disappear more quickly
from the circulation of the infected animal, be-
cause of its combination with antigen, than the
normal globulin did. In fact, as can be seen
from Figure 2, the two IgG’s were catabolized
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at the same rate. Within the limits of our ex-
perimental technique we can say from this ex-
periment that less than § per cent of the “path-
ological” IgG was specific to schistosome anti-
gens, Similar experiments were carried out in
malaria- and in trypancsome-infected monkeys
(Freeman,
Smithers, Targett, and Walker; manuscript in
preparation}.

The nonfunctional nature and the nonspe-

with substantially similar results

cificity of the hypergammaglobulinemia re-
sponse are shown by the fact that resistance to
schistosome infection in rhesus monkeys can de-
velop in the absence of raised immunoglobulin
levels. Monkeys exposed to worms of only one
sex of schistosome, or to attentuated cercarize
(infections in which the female worms do not
mature and eggs are not produced), do not show
any alteration in their serum proteins, but nev-
ertheless resistance against a normal infection
does develop (29, 76). In vaccination experi-
ments against malatia in monkeys, not all the
monkeys that showed an increase in gamma
globulin as a result of wvaccination were pro-
tected against the infection (86).

It does appear, thetefore, that the large in-
creases in immunoglobulin values as a result of
parasitic infection may be due not to the pro-
duction of specific antibody but to other in-
direct causes. Askonas and Humphrey (2), for
example, found that the stimulation of tissues
of hyperimmunized rabbits by antigen produced
at least as much nonspecific immunoglobulin as
antibody; and Humphrey (31) can see no rea-
son why plasma cells should not be stimulated
to secrete immunoglobulins that do not neces-
sarily bear the imprint of any particular anti-
gen,

Other reasons for hypergammagiobulinemia
can be found; TgM levels are elevated in many
cases of splenomegaly (44), and o, globulin
levels may be increased when tissue damage oc-
curs (4). It has been suggested that the raised
levels of macroglobulin in the serum of
patients with malaria, trypanesomiasis, and
leishmaniasis may be due to a 195 antibody
against denaturated IgG—a rheumatoid-factor-
like globulin (27). Tmmunoconglutinins have
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been demonstrated in Trypanosoma brucei in-
fections of rabbits and cats (32) and may well
contribute to raised immunoglobulin levels.

The etiology of hypergammaglobulinemia in
parasitic infections is obviously complex, and
yet it is fundamental to our knowledge of para-
site immunity and pathology and of antibody
production, With the recent expansion of our
knowledge of the immunoglobulins and with
techniques becoming available for their easy
assay, we should be able to make considerable
advances in our understanding of the signifi-
cance of raised immunoglobulins in the pathol-
ogy and immunity of parasitic discascs.

Specific antibody response to parasites

Protozoa

The liberation of large amounts of varied
antigens from parasitic infections induces a
complex antibody response. Almost every type
of antibody known in classical immunoclogy
has been described. Thus, precipitins, lysins,
agglutinins, opsonins, complement-fixing anti-
bodies are all known in patasitological infec-
tions, and there are some antibodies peculiar to
parasitology, such as ablastin in T. lewisi infec-
tions. Undoubtedly many antigens will induce
an antibody that will agglutinate, precipitate
fix complement, lyse, and so forth, depending
on the appropriate conditions. Many of these
in wvitro reactions may therefore be manifesta-
tions of the same antibody under differcnt con-
ditions; on the other hand, one antigen may
induce more than one antibody. Tt is easy to
see, therefore, why the antibody tesponse to
parasites is complex and still poorly understood.

The induction of parasite antibody depends
on the natural history of the infection. This is
well illustrated in leishmaniasis, a disease caused
by an intracellular protozoan. There are two
forms of the disease: a cutaneous form result-
ing in a local infection of the skin, and a serious
systemic infection, visceral leishmaniasis, in-
volving the spleen and other reticulo-cndothe-
lial organs. In cutaneous leishmaniasis circulat-
ing antibody has not yct been demonstrated,
although delayed skin reactions are obrtained
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early in the infection. In visceral leishmaniasis,
on the other hand, circulating antibodies zre
readily demonstrated even if there is little or
no immunity to this discase (1). In malaria it
is difficult rto detect antibody before the para-
sites can be demonstrated in the red cells, but
during the erythrocytic cycle antibody is easily
detected {87). This does not imply that the
other stages lack antigenicity, but rather that
antigen is present in too low 2 concentration to
induce a response (62). It is well known that
when antigen is presented intravascularly, the
spleen is of major importance in antibody pro-
duction, and, as would be expected, splenec-
tomy in malaria and African trypanosome in-
fections results in an increase in the parasit-
emiaz. On the other hand, splenectomy has
little effect in chronic Chagas® disease where the
parasites are found within tissue cells (23).

At present it is difficult to correlate any one
antibody with a protective role. In malariz it
has been shown that neither the complement-
fixation titer nor the fluorescent-antibody titer
is necessarily correlated with protection (22,
86). It is known, however, from the success-
ful passive transfer experiments of Coggeshall
and Kumm (9) and Cohen and McGregor
{10}, that humoral agents must be playing an
important role in protection. In the latter work
the protective agent was in the IgG fraction
of the immunoglobulin. Even so, large amounts
of transferred IgG are necessary in order to
demonstrate its protective cffect. The reasons
for the difficulty in demonstrating passive trans-
fer are not clear. It has been suggested thar
the antibodies formed in the spleen, liver, and
bone matrow occur in sufficient quantities to be
active in those sites but are insufficient after
dilution in the serum to be passively trans-
ferred (84). Apart from this possibility, pas-
sive transfer is complicated by the fact that 2
given species of Plasmodium may consist of a
number of races or strains that may differ in
their antigenicity. Cross-immunity may exist
between strains of the same species, although to
a lesser extent than against the homologous
strain (83).

In trypanosomiasis, most of the detailed stud-



ies havc been on the nonpathogenic rodent
forms, against which three types of protective
antibody have been described. One is ablastin,
a 7S antibody that inhibits division of the try-
panosomes without being immediately lethal; it
can be absorbed {rom serum only with difficuley.
The other two antibodies are trypanocidal; one
is a 75 and the other a 195 immunoglobulin
(15). In the African trypanosomes of human
and veterinary importance, the antibody re-
sponse is complicated by the antigenic variant
strains that appear as a counter to antibody re-
sponse {24). However, serum from animals
with T. gambiense is able to confer passive im-
munity, but recent work has suggested that the
agglutinating antibody present in such serum
is not the antibody responsible for protection
(71).

The antibody responsc in Chagas’ disease is
still poorly understood. In the acute form of
the disease trypanosomes circulate in the blood
stream, whereas in the chronic stages they are
found only within cells. Lysins (16), precipi-
uns (72}, and fluorescent-antibody titers (93)
have been demonstrated in sera from infected
animals, but it is not known which, if any,
of these antibodies has a protrective function.
Resistance has been conferred by transferring
serum from infected hosts in mice and in
rats (13, 41, 72). It is believed, however, that
the transferred serum affects only the parasites
circulating in the blood; the intracellular stage
is probably unaffected by the immune serum.
Pizzi believes that phagocytosis is an important
defensive mechanism in the acute stage, and
it is likely that the process is assisted by the
action of an opsonin-like antibody; lysins ap-
parently do not develop during the acute stage
{60). Recently it was found that in a rhesus
monkey infected with T. cruzi, the IgM level
rose to a maximum on the tenth day of in-
fection and then fell over a period of two
weeks (unlike African trypanosome infections,
in which the TgM level remains high through-
out the disease) (93). This period roughly
corresponded to the acute stage of the infec-
tion. The rhesus monkey or other primates
may prove useful experimental animals for
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studying Chagas’ disease,

It is clear that many antibodies are induced
by protozoal infections, but most of these
antibodics have no protective function. In
most infections a humoral protective agent has
been detected by passive transfer of serum, but
the type of antibody responsible and the pos-
sible and likely interplay between cellular and
factors
Little is known about the immune response to
chronic Chagas’ disease, in which the parasites
are located in tissue cells, particularly heart
Tt is conceivable that the immune
reaction at this stage will enhance rather than
reduce the pathology of the diseasc (60).
According fo Mackaness (45), organisms that
can survive and multiply within host macro-

humoral remain largely unknown.

muscle.

phages caused delayed-type hypersensitivity to-
ward the corresponding microbial antigens.
Leishmania, and to a lesser extent T'. cruzi (17),
are found within host maerophages, and it may
be that investigations into cell-bound immu-
nity would yield significant results in these
infections,

Helminths

Much of what has been said about protozeal
A wide
variety of antigens is liberated from worm

infections applies to helminthiasis,

parasites, and a complex antibody response con-
sisting of precipitating, agglutinating, coem-
plement-fixing, immobilizing, skin-sensitizing,
nonprecipitating, and blocking antibodies is
produced. In helminthiasis, unlike protozoal in-
fections, lysins have not been detected. The
lysis of a relatively large organism with a
strong impermeable cuticle, such as a nema-
tode, is probably cutside the bounds of anti-
body capability. Schistosomes, however, have
no cuticle as such but a living cyroplasmic
membrane (42) that is probably concerned
in the uptake of nutriment from the host {73).
It is possible that antibody and complement
could damage the schistosome surface, although
no lysis of larval or adult schistosomes by
specific antibody has been observed,

In schistosome infections various antibodies
are produced (58, 81). Peak antibody titers



generally appear when the parasite matures and
eggs are deposited in the tissues (50, 67, 75);
it is at this stage that there is a sudden increase
in the liberation of antigen. If, however, sensi-
tive techniques such as complement fixation or
fluorescent-labeled antibody are wused, other
antibodies can be demonstrated earlier in infec-
tion (30, 36, 46).

Antibody been described
around living schistosomes in vitro; the cer-
carienhiillen reaction or CHR antibody is mani-
fested as an envelope-like structure around

reactions have

cercariae when placed in specific antiserum
(91), and circumoval precipitins or the COP
reaction is seen when schistosome eggs are in-
cubated in schistosome antiserum (57, 63).
There is one report of precipitates forming
around the oral sucker of three-week-old
schistosomula when cultured in immune ba-
boon serum (64). Quitc recently it has been
shown that the Hoeppli phenomenon, which is
sometimes seen around schistosome eggs in host
tissue, is an antigen-antibody complex (43).
Apart from the usual display of antibodies
normally present in helminth infections, pre-
cipitates have been clearly demonstrated around
the oral and excretory orifices when nematodes
are incubated in immune serum (18, 48, §6,
59, 65, 69, 74). Jackson, using fluorescent-
labeled antibody, demonstrated that these pre-
cipitates are the result of antigen-antibody
combination in infections of Nippostrongylus
braziliensis and Trichinella spiralis (34, 35).
Taliaferro and Sarles have also shown precipi-
tates in and around N. &raziliensis adults and
larvae in infected rats (85). ,
What significance have anti-worm antibodies
in protecting the host against the parasite? At
the present time no demonstrable antibody in
helminth infections can be directly correlated
with acquired resistance. In schistosome infec-
tions the CHR, COP, complement-fixing anti-
body, flucrescent-antibody titers, skin tests, and
various precipitins show no relation to protec-
tion (33, 76, 92). Animals usually produce a
marked antibody response after the injection of
dead parasite material, but protection against
reinfection cannot be induced in this way.
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Moreover, resistance can be induced in the ab-
sence of eggs and fully maturc worms (that is,
in the absence of the stages of the life cycle
that induce the greatecst antibody response) as
easily as in a normal infection (76, 78).

Ogilvie has shown that the precipitates that
develop around N. braziliensis larvae when in-
cubated in immune rat serum are no guide to
immunity. These precipitates are not detected
after one and sometimes two normal infections,
although the rats are resistant to challenge at
this time. On the other hand, they do develop
in the serum from rats infected with extraces
of adult worms in adjuvant, yet rats treated in
this way are not resistant to challenge (52).

Thus, as in protozoal infections, a host of
antibodies is produced but their role in protec-
tion is not clear. Tn protozoal diseases at least,
a protective role by humoral factors can be
demonstrated, with some difficulty, by the
transfer of immune serum to a normal animal.
In schistosomiasis, although many attempts
have been made to transfer protection with
serum from resistant animals, most have failed
(80); and, as Kagan has pointed out, even in
the few successful passive-transfer experiments
(where only slight protection was conferred)
absorption experiments have not been per-
formed to determine that specific antibodies
were responsible for the effect (40).

In several nematode infections passive trans-
fer of protection with serum has been demon-
scrated (8, 12, 25, 37, 65, 70, 82, 90). But
protection obtained in this way is seldom com-
patable to that produced by an active infec-
tion. Even when enormous quantities of serum
are given, the infection is at best only damped
dowmn, the result being a slight teduction in
worm take or egg output. Painstaking work
by my colleagues has highlighted some of the
difficulties of demonstrating passive transfer;
during the past three years, 18 pools of immune
serum from rats immunized against N. brazi-
liensis by similar infection schedules have been
tested for their protective properties. Only 11
of the serum pools have given passive protee-
tion, and the efficacy of each positive pool
showed considerable variation (Ogilvie and



Jones, personal communication). Similar ex-
periences have been reported by Crandall
working with Ascaris in mice (11) and by
Miller working with hockworm in dogs (42).

These results lend support to Stirewalt’s con-
clusion that lack of passive transfer in schis-
tosomiasis indicates not so much an absence or
ineffectiveness of the antibodies as a lack of
understanding on our part of how they func-
tion and how to handle them (80). In this
connection, one is reminded of the rccent re-
ports of cytophilic ancibodies, a term applied to
globular components of antiserum that be-
come attached to certain cells in such a way
that the cclls are subsequently capable of
specifically absorbing antigen (51). Transfer
of guinea pig cytophilic antibody is rapidly
cleared from the circulation of recipient guinea
pigs; only a small fraction of the injected
cytophilic antibody is detectable after 24
hours, the more conventional anti-
bodies are still present in relatively high titers
at this time (38). There is also evidence that
conventional

whereas

antibodies may ‘even suppress
phenomenz in which ccll-bound antibodies play
a part, and Nelson and Boyden suggest that
passive transfer with serum might be possible
if the serum contained an unusually large
amount of cytophilic antibody and an un-
usually small amount of conventional antibody
(51). No cytophilic antibodies have as yet
been described in parasitic infections, but a
search for them could prove profitable,
Reagins. An interesting feature of the anti-
body response to helminth infections has been
the subject of recent rescarch. Tt has long
been known that in helminth infections of
man, an immediate-type skin reaction is ¢licited
by intradermal injection of homologous anti-
gen. Skin tests have been widely wsed in
diagnostic and survey work, but it was perhaps
not generally appreciated by parasitologists that
such immediate reactions are mediated by a
special class of antibodies called reagins.
Recently reagin-like antibodies have been
demonstrated in experimental infections of
helminths; in rats infected with Nippostrongy-
fus (53, 54): in rats and monkeys infected with
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Schistosoma (19, 28, 5, 66); in rabbits in-
fected with Schistosoma (5) and with several
species of Ascaroids (26); in rats infected with
the filarial parasite Litomaesoides carinii {Worms,
personal communication); and in sheep in-
fected with Trichostrongylus (Ogilvie, per-
sonal communication). Reagin-like antibodies
of rats, rabbits and monkeys are similar in
properties to the reagins of man (5, 19).

heat-labile,

antibodies that possess the property of pro-

Reagins  are nonprecipitating
longed tissue fixation to homologous skin or to
the skin of closely related species. They appear
to be slightly larger in molecular size than 7§
gamma globulins and have fast electrophoretic
mobility (19, 39).

The induction and nature of reagins in
experimental helminth infections has been in-
vestigated mainly in rats infected with Nippo-
strongylus infected with
Schistosoma. Tt is difficult to induce reagin
formation by the inoculation of dead parasite

and in monkeys

material, although reagins are readily induced
by a viable infection. In rats- infected with
Nippostrongylus, reagins appear in the serum
about the time the animals acquire resistance
and eliminate the majority of their worms.
Further infections stimulate an anamnestic
rise in reagin production, but if reagins are
stimulated by vaccination with worm extracts
a second vaccination will not induce an anam-
nestic response ($4). In rhesus monkeys in-
fected with 8. wmansoni, reagins appear any time
after the sixth week of the first infection, but
their appearance at this stage is transictory, for
they disappear from the serum within the next
two to four weeks. Subsequent challenge with
cercariae, however, causes their reappearance
within two weeks; thereafter they may persist
for long periods (19).

The evidence so far is against the involve-
ment of reagins in any protective function in
monkeys infected with Sehisfosoma (192, 28).
In rats infected with Nippostrongylus, the
evidence at the moment suggests that reagins
are not protective in the usual sense—chat is, in
initiating direct damage to the worm—but may
be involved in the sudden termination of prim-
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ary worm infections by an anaphylactic mech-
anism (3, 32).

The stimulation of reaginic antibodies by
helminth infections poses some fascinating
problems. Why are reagins produced in re-
sponse to helminths as opposed to other para-
sites? Why are reagins induced only by the
living infection process and not by the injec-
tion of helminth antigen? What is the link
between helminthic infections and  allergic
diseases such as asthma and hay fever? Have
reagins a significant role in the host-parasite
relationship, or is their appearance just another
misdirected function of the immunological
mechanism? Answers to these questions would
be of interest to allergists as well as to para-
sitologists.

Comment

I have pointed out in this brief review that
it has scldom been possible to correlate anti-
body response with protective immunity in
parasitic infections. In no host-parasite system
(except T. lewisi in the rat) has protective
antibody been characterized in terms of its
biological function.

It follows that parasitologists are still faced
with two basic problems in spite of the large
amount of work done in this field: first, for
the great majority of parasitic infections it is
not yet possible to induce resistance by a safe
and effective vaccine; second, although ac-
quired immunity is common in parasitic infec-
tions, we know almost nothing of how it acts.

The attack on these problems is conducted
along two main lines, which derive from classi-
cal immunology; these are active immunization
by antigens and passive immunization by anti-
serum. Both approaches are aimed ultimately
at the indentification of the functional anti-
gens. Thus living parasites actively immunize
their hosts, but living parasites are complex
systems and must be simplified by fractiona-
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tion and isolation of parasite antigens, with the
protective power of the antigens determined at
each step. Ultimately, pure antigens will be
obtained that not only will vaccinate the host
against the parasite but also may be charac-
terized in terms of parasite physiology. As
regards passive immunity, where this is pos-
sible, the protective serum must be fraction-
ated in terms of the specific immunoglobulins.
Purified functional antibody can then be ab-
sorbed with parasite antigens and in this way
the functional antigens may also be identified.

These approaches are obvious to immunolo-
gists, who may well wonder why parasitologists
have not already solved their problems. We
can only plead that in practice the difficulties
are enormous. To begin with, it is usually im-
possible to induce a high-grade protective im-
munity with nonliving parasite matetial. In
the protozoa, this may be due to antigenic
variation of the parasite; in helminths, it is
probably due to the small amount of functional
antigen present in dead worms. In any case, it
is a hard task to attempt to isolate functional
antigens when the starting material will not
itself stimulate protective immunity. Again,
in many cases it is very difficult to induce
passive protection with serum; in some host-
parasite systems it seems impossible, and in
others the protection is erratic and requires
very large amounts of serum. Thus the isola-
tion of functional antibody is severely ham-
pered.

It is small wonder, then, that many para-
sitologists, including myself, tend to skate
around these two basic problems. We must,
however, be continually aware of these prob-
lems and our own inadequacy in solving them.
We must face up to the fact that it is lirtle
use analyzing the antibody response without
attempting to relate it to the biology of the
infection, and it is little use analyzing parasitic
antigens without attempting to relate them to
the stimulation of active immunity.



CHARACTERIZATION OF ANTIBODIES TO PARASITES

Jack S. Remington

In marked contrast to the voluminous litera-
ture on the immunochemical and physicochem-
ical characterization of antibodies formed in re-
sponse to infection with a variety of bacteria
and viruses, and to numerous pure antigens,
relatively little is known about the character-
istics of antibodies formed in response to infec-
tion with protozoa and helminths. Multiple
serologic tests are available for the diagnosis of
parasitic diseases, but we lack knowledge of the
nature of the antibodies that participate in these
Such
necessarily be of academic interest only but
might shed additional light on the mechanisms

reactions. characterization would not

of parasitism and hast response.

When I saw the proposed title of my talk, 1
realized that of necessity the information dis-
cussed would be largely prospective in nature
rather than both prospective and retrospective,
as is possible with the subjects covered by the
other discussants. In many ways this is an ad-
vantage—in an area as embryonic as this it is
often useful to direct one’s attention to what
might be accomplished in the future.

The characterization of antibodies is a vast
area of research and includes the definition of
primary, secondary, tertiary, and quaternary
structure; molecular and genetic variations; the
determination of protein-bound carbohydrates,
synthesis, distribution and turnover, serologic
reactivity and specificity, and so forth, Here I
shall concern myself solely with methods for

* Supported by Grant No, AI-04717 from the National
Institutes of Health and by a grant from the John A.
Hartford Foundation, Inc,
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immunochemical and/or physicochemical char-
acterization and thus with recognition of the
three major immunoglobulin classes of antibody
—IgG, IgA, and IgM. Suitable references are
given for each method.

First T should like to mention the dara avail-
able on the characterization of antibodies in
three parasitic infections. In 1963 Abele et al.
(1} published their findings on alterations in
serum proteins and 195 antibody production
during the course of induced malarial infections
in man. These authors noted a consistent in-
crease in YgM in immunoelectrophoretic patterns
of serum obtained from volunteers infected with
Plasmodium vivax and Plasmodium cynomolgi.
Sera were separated by gel fileration on columns
of Sephadex G-200, and the fractions were
tested for antibody activity by means of the
fluorescent-antibody test using a fluorescein-
labeled rabbit anti-human immunoglobulin an-
tserum. In addition, reductive cleavage with
mercaptoethanal was used to help differentiate
1¢G and IgM antibodies. In several of the volun-
teers antibody activity was confined to the IgM
fractions of serum during the first few days of
antibody production, but thereafter was found
in both IgM and IgG. Approximately 40 days
after infection antibody activity was present
only in IgG. Of significance for our discussion
here is the use by the authors of both blood-
induced and sporozoite-induced infections and
the variability in response in the different volun-
teers. For example, in one case of sporozoite-
induced infection antibody activity was dem-
onstrable only in IgG and never in IgM frac-

s
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Characterization of the antibodies in
these cases has revealed previously unrccognized
parameters requiting further exploration, such
as the relative efficacy of these different classes
of antibodies in protection against infections
{2), their reactivity and specificity in different
serologic tests, the antigenic structures stimu-
lating their production, and the relation of
inoculum size to class of immunoglobulin

tions.

response.

Recently we have demonstrated the presence
of IgM toxoplasma antibodies in humans with
acute acquired and congenital toxoplasmosis
(3). A complete review of our data has re-
cently becn submitted for publication and
will not be described here (4). Characteriza-
tion of toxoplasma antibodies was performed
to determine whether a demonstration of TgM
toxoplasma antibodies would prove diagnosti-
cally significant. Since IgG toxoplasma anti-
bodies freely traverse the placenta, their pres-
ence in the newhorn may only reflect maternal
infection (5). IgM antibodies do not narmally

- traverse the placenta but may be formed in

aterp in response to infection (6). Their dem-
onstration in a newborn, in the absence of a
placental leak, has proved diagnostic of con-
genital toxoplasmosis,

Initially, the demonstration of IgM toxo-
plasma antibodies was accomplished by the nse
of sucrose density gradient ultracentrifugation
and reductive cleavage. Recently we devel-
oped a modification of the indirect fluorescent-
antibody technique, using a fluorescein-tagged
antiserum specific for IgM. This technique can
be employed in any laboratory that has a fluo-
rescent microscope and can be completed with-
in about two hours. It may prove useful in
studies of characcerization of antibodies to other
parasites and in the diagnosis of other infections
—especially in the newborn, A description ap-
“pears on pages §§ and §6.

We are now employing the technique in a pro-
spective study of 5,000 newborns to determine
the incidence of congenital toxoplasmosis in the
San Francisco Bay Area. Because of the wide
clinical spectrum of congenital toxoplasmosis
in the newborn (7) and the presence of mater-
nally transmitted antibodies, such a scudy could
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not be performed previously.

Crandall, Ccbra and Crandall have recently
described the relative proportion of IgG-, IgA-,
and IgM-containing cells in rabbit tissues dur-
ing experimental trichinosis (8). Direct count-
ing of cells contzining two different immuno-
globulin classes in a single tissue section was ac-
complished by staining with pairs of immuno-
fluorescent reagents, specifically reactive with
¥-, W=, or g-immunoglobulin heavy chains and
labeled with contrasting fluorochromes.

By the use of two different pairs of reagents
on adjacent sections, the- relative numbers of
cells containing IgG, IgM and IgA were calcu-
lated. The most striking change in the relative
proportions of immunoglobulin-containing cells
in the intestinal mucosa of infected animals was
an increase in cells containing IgM in early in-
fections. Later in the infection, cclls contain-
ing IgG made up a larger proportion of the total
TgM plus IgG population. This change in rela-
tion to time after infection correlates with the
sequence of appearance of the immunoglobulin
classes of humoral antibody after antigenic
stimulation. The number of immunoglobulin-
containing cells in the diaphragm suggested that
skeletal muscle is an important site for immu-
noglobulin production in Trichirella infections.
The authors detected humoral IgG and IgM
antibodies to T'richinella but not IgA. Although
this study was oriented mainly toward the
study of cellular production of the warious
immunoglobulin classes of antibody, it can
readily be seen that such an experimental ap-
proach to characterizing antibodies and anti-
body formation might be used in the study of
host response to a variety of parasites.

There are large numbers of techniques now
available for characterizing antibodies. No at-
tempt will be made here to review or even
mention all of them. Information about many
of the techniques may be found in references
{5), {9), and (10).

The characterization of antibodies in the
three infections mentioned above
illustrates what can be done in this area in the
field of parasitology. Fach of the techniques
used in those studies had been previously em-
ployed to antibodies formed

parasitic

characterize



FIGURE !A. Diagrammatic presentacion of the sedimentation of particles in a swinging-bucket centrifuge tube.
The distribution of particles initially is shown in tube A. Tubes B to E show the sedimentatioh of particles dueing cen-
trifugation and illustrace che sources of cress contamination. The sedimentation rates of pacticle boundaries are indi-
cated by the angled lines. The bars at the right indicate the distribution of solvent and pariicles in the last tube,
FIGURE 1B. Rate-zonal centrifugation in a conventional swinging-bucket certrifuge tube, Initially a thin sampie zone
is layered over a liquid density gradient (A} with the tube at rest. After centrifugation {B) particles having different
sedimentation rates are separated into zones at different density levels in the gradient. (Reproduced by permission from
“Zonal Ultracentrifugation” by Norman G. Anderson, Fractions, No. 1, 1965, published by Spinco Division of Beck-

man Instruments, Tnc.)

against many untelated organisms and antigens.
One of them, density gradient ultracentrifuga-
tion, is shown diagramatically in Figures 1A
and 1B. For separating the various molecular
species of immunoglobuling, gradients of sucrose
are usually employed. In Figure 2 are shown
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FIGURE 2, Separation of 198 and 7§ dye test antibodies
by sucrose density gradient ultracencrifugation in a case
of acute toxoplasmosis. Ordinate == sucrose gradient frac.
tions. 1 through 6 == IgM. 7 through 19 =IgG.

the results obtained by this method in 2 serum
of a patient with acute acquired toxoplasmosis.
Only IgM or 198 antibodies were demonstrable
by this method at § wecks of illness, and only
IgG or 7§ antibodies were demonstrable at 9
and 53 weeks, This technique requires the
use of a preparative ultracentrifuge, which is

expensive and is not readily available in most.

laboratories now involved in research in para-

sitology. Another method for separating the
immunoglobulins is gel filtration on columns
of Sephadex (11, 12). An example of results
obtained using this method is shown in Figure

3. Using this technique we not only were able -

to show the absence of cross-reactivity between
heterophile and dye test antibodies but also
learned something of the molecular size of these
twe antibodies in the serum samples em-
ployed (13). Although IgA antibodies were not
looked for in this experiment, they usually reside
in eluates collected between the first and
second peaks,

To actually define an antibody as IgG, IgA,
or IgM one must usually resort to studies em-
ploying antisera specific for the heavy chains of
these three immunoglobulins. (There is a fourth
class, IgD, but antibody activity has not yet

been reported in it.) This area of immunology
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has already been reviewed very adequately and
will not be discussed here (3, 9, 10, 14). The
techniques are simple, and wsually immunodif-
fusion in agar is employed. The antisera are
available from a number of supply houses in
the United States and Europe. Great care must
be exercised to verify the stated specificity of
any purchased antiserum. For this purpose
controls (specific irmmunoglobulins) may be
purchased or obtained by chromatographic pro-

(e



IOEN N $T170 aueajos Sunnyg
'satpequiue 3531 24p pue apgdorany Surumeiuos vaas 70 jood z yo 9gz-o xepeydag wory ussned vonn(g f U0

YIEBWNN  3JENL

m._w_ mﬁm_ mwﬁ mm.._ G2l 11 [ =To]| G6 - GB =7} g9 GG Gt 15 Ge Sl S 0
. % 1934 340 ® 1831 3A4 () 1531 3A0
FNH4OH 3 L3N & TNUH4OHIL3H ¢ INHAOHALIH
e I e T T.Mlx
1800
a
£
M~
u
o~
a
o
110
-1 G40

4

i 3 i ) . .

53



cedures. A number of investigators in the
field are often willing to supply small amounts
of these immunoglobulins and/or specific anti-
sera.

It is a relatively simple matter to obtain
serum IgG and IgM by chromatography
on columns of diethylaminoethyl cellulose
(DEAE). We first separate serum by starch
block electrophoresis, an easy and inexpensive
technique (10, 15). The y-portion is then ap-
plied to a colurin of DEAE previously equili-
brated with 0.0175 M phosphate buffer pH
6.3. The fraction eluted with that buffer con-
tains only IgG. Then elution with 6.1 M
phosphate buffer pH 5.8 results in a fraction
containing IgA contaminated with IgG and
IgM. Finally, elution with 0.4 M phosphate
buffer in 2 M NaCl pH 5.2 produces a very
purified IgM. Recycling and wuse of DEAE
Sephadex followed by Sephadex G-200 will

produce a purified IgA preparation (16). These ‘

immunoglobulins may then be used to immu-
nize animals for obtaining specific antisera for
controls in immunodiffusion studies, for adsorp-
tion of nonspecific antisera, and for inhibition
and fluorescent-antibody studies.

A widely used and simple method for charac-
terizing IgM antibodies is reductive cleavage
of disulfide bonds with mercaptoethanol, which
destroys IgM antibody activity (17, 18). In
most instances such treatment of IgG anti-
bodies resules in no loss of antibody activity.
We have used this method to differentiate be-
tween IgC and IgM dye and hemagglutina-
tion test antibodies for toxoplasma. The sera
were incubated at 37°C for one hour in 0.02
M 2-mercaptoethanol. The samples and con-
trols were then diluted immediately and run in
the serologic tests. Alkylation with iodoaceta-
mide is not necessary if the tests are run soon
after treatment with 2-mercaptoethanol. Fig-
ure 4 shows the results of such treatment in the
hemagglutination test in a serum from a case of
acute acquired toxoplasmosis (4).

Laboratories without a preparative or ana-
Iytical ultracentrifuge can use another method
—gel fltration (Sephadex) (19)—for deter-
mining molecular weights of antibodies or their
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FIGURE 4. Hemagglutina-
tion pattern in serum of case
of acute acquired toxaplas-
mosis. Right: No treatment
of serum, titer = 1404, Left:
Serum trcaced with 2-mer-
captocthanol, titer == <1:50.

fragments obtained by enzymatic degradation.
There is an excellent linear correlation between
the logarithm of the molecular weight of a
protein and the ratio of its elution volume to
the void volume of the columns. Using various
forms of Sephadex, this relationship holds true
for molecular weights from 13,000 to 225,000,
and probably for considerably beyond.

The availability of antisera for the different
classes of human immunoglobulins allows for
the use of the indirect fluorescent-antibody
technique to demonstrate IgG, IgA, or IgM
antibodies, as was mentioned above for tozo-
plasma. Such a technique might be applied to
trypanosomiasis, malaria, and schistosomiasis

fala



and to many other parasitic diseases of man as
well. In animal studies the problem is more
involved, since specific antisera for the various
classes of animal immunoglobulins are not
readily available. Here it would be necessary
to resort to preparing the purified immune-
globulins and their respective antisera.

These techniques lend themselves to the
study not only of serum antibody and cellular
production of immunoglobulins but also of
antibodies of body sectetions and excretions
(15, 20, 21, 22), Relatively little is known of
the characteristics of coproantibody response to
intestinal parasites, About 90 per cent of the
immunoglobulin-producing cells of the lamina
propria of the duodenum and jejunum produce
IgA (23). What'is the role of this immunoglob-
ulin in parasitic infections of the intestine?
What is the sequence of the formation of anti-
body in the intestine to various parasites? Since
litcle is known of the importance and function
of IgA as exocrine antibody, studies employing
amoebae and certain helminths may help clarify
this subject.

Alchough it is not within the scope of this
manuscript to caver extensively the techniques
that might be used in such studies, sufficient
references are given to allow one to become
acquainted with them. It is unfortunate that
these newer techniques, many of them rela-
tively simple to perform, have not been used
by more laboratories in the study of parasites
and of parasitism. For years the immunology
of parasitic diseases has been associated with
histopathology and the study of antigens for
diagnosis and immunization. In recent vyears
tremendous advances have been made in the
technology of imunochemistry—and thereby in
our knowledge of immunity, In this country
laboratories such as those of Drs. Elvip Sadun
and Trving Kagan have served as an impetus
to other workers in parasitology not previously
oriented to immunology. With laboratory
methods now at hand for the characterization
of antibodies to parasites, it is hoped that such
studies will be performed at least in part by,
or in laboratories of, those with the greatest
knowledge of the field of parasitology and
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appreciation of its problems—parasitologists.

Description of indirect fluorescent-anti-
body test used for rapid demonstration of
IgM-toxoplasma antibodies

The technique employed is essendially that
described by Walton, Benchoff, and Brooks
(24). The RH strain of toxoplasma is ob-
tained from the peritoneal fluids of three-day
infected mice. The fluid is added to a small
amount of phosphate-buffered NaCl pH 7.2
(PBS) containing 1 per cent formaldchyde
and heparin. The suspensibn is mixed thot-
oughly with a 10-ml syringe and a No. 22
needle to disrupt cells containing organisms.
The volume is then brought to 40 ml by adding
additional PBS containing the formaldchyde
and is centrifuged at 1,500 rpm for 10 minutes.
The supernatant is discarded, and the sediment
is resuspended and washed twice in the PBS-
formaldebyde solution. After the second wash
the sediment is resuspended in an amount of
PBS-formaldehyde solution sufficient o give
100-200 organisms per high-power field when
delivered to the 1 cm circled areas on the slide
(24). If many leukocytes are present in the
peritoneal fluid, the organisms may be separated
by hltration through a Baird-Tatlock filcer as
described by Fulton and Spooner (25). How-
ever, by careful timing of the period between
the ineculation of animals and the obtaining
of peritoneal fluid, exudate may be obtained
that contains relatively few leukocytes. Shides
for future use may be frozen at —20° C for
at
tested ),

PBS is used for diluting samples of serum
and as a wash solution for the slides after each
step in the procedure. The fluorescein-con-
jugated goat anti-human IgM antserum was
purchased from Hoechst Pharmaceuticals, Inc.,
Cincinnati, Ohio. Through the excellent co-
operation of Mr, H. Jelinek of the Diagnostic
Reagents Division, a number of such sera were

least four months

(the longest period

tested for the presence of roxoplasma anti-
bodies prior to conjugation with the fluoro-
chrome. Lot F132 was found w be ncgative



{<C1:2) in che dye test and was employed in
all the studies we have performed to date.
No precipitin arc resulted when this antiserum
was reacted by double diffusion in agar gel
against IgG. Reactions of this same antiserum
with pnormal human serum resulted in a single
precipitin arc that gave a reaction of identity
with that formed by the reaction of the anti-
serum with IgM. Dilutions of the conjugated
antiserum were made with a variation of the
diluent recommended by Goldman (26), using
PBS containing 1.2 per cent bovine serum
albumin. The appropriate dilution of the anti-
serum was 1:100 to 1:150, The slides were
cxamined with a Zeiss Fluorescence Photomicro-
scope using an Achromatic-aplanatic condenser
with a BG 12 exciter filter and barrier filters
53 and 44. 125X oculars were used with the
40X objective and 1.25 optivar giving a mag-
nification of 625X. The photographs were
taken with high-speed Fktachrome daylight
colot film using the dark field condenser and
BG 12 exciter filter and 635/50/41 barrier
filters, The exposures were for 30 minutes with
the 40X objective and 1.6 optivar giving 2
magnification of 800X.

The initial dilution of the serum samples
was 1:8 or 1:10, and thereafter serial twofold
dilutions were made. The titer of a given scrum
1s reported as that dilution in which at least 50
per cent of the organisms in multiple ficlds
appeared to have completely cutlined cell walls.
Two other types of fluorescence that were noted
were the staining of one tip of the organism or
fragmentary staining of the cell wall. Such re-
actions were not considered positive. Three
controls were run each time the test was per-
formed: {a) a serum negative (<C1:8) in the
dye test, (b) serial dilutions of a serum known
to contain IgM dye test antibodies, and (c) a
1:8 dilution of a serum known to contain only
[gC dye test anttbodies (riter=1:256),
the IgM-fluorescent-antibody test controls (a)

In

and (¢} there was either no fluorescence of the
organisms ot a staining of some tips. Control
(b) resulted in brightly fluorescent rims at 3
titer of [:8 through 1:128, and at a titer of
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1:256 there were rare faint rims or no fluores-
cence. As a control in some experiments a
fluorescein-conjugated goar anfi-human IgG
antiserum (Lot 7V-818) obtainéd from Hyland
Laboratories, Los Angeles, California, was used
in a dilution of 1:100. )

To test the specificity of the fliprescein-
tagged anti-IgM antiserum, 34 sera with IgM-
toxoplasma antibodies were treated with 2-
mercaptoethanol (2-ME} and thereafter tested
in the IgM-fluorescent-antibody test. The dye
test titers in these sera ranged from 1:1024 o
1:65000, Treatment with 2-ME completely
destroyed the ability of sera with TgM-fluores-
cent-antibody test titers to cause fluorescence.
In contrast, this treatment did not affect their
ability to cause brilliant fluorescence when a
fluorescein-tagged anti-IgG antiserum was em-
ploved. Pooled TgG isolated from sera of human
cases containing both IgGG and IgM-toxoplasma
antibodies was tested in the IgM-fluorescent-
antibody test. The riter of the pooled IgG in the
dye test was 1:32000. This IgG gave no fluores-
cence in the TgM-fluorescent-antibody test.

Moderator: Before- introducing the dis-
cussant, ] should like to call attention to one
point that has not been mentioned by the
speakers: the possible role of antienzymes in
parasitic immunicy. I think this possibility was
raised fifteen years ago by Chandler when he
suggested that the stunting of worms in the
immune host. was the effect of the antibody on
the metabolism of the parasite. The idea was
further developed by a group of workers at the
University of Chicago, who showed that while
many serological
Sehistosoma

reactions observed with

mansoni—such  as  complement
fixation, circumoval precipitation, and mira-
cidial and cercarial agglutination—are defi-
nitely associated with TgG antibedies, the in-
hibition of collagenase activity in cercariae
depends on a heat-stable factor migrating as
an alpha globulin. The comparative suscepti-
bility of different species ran parallel to the
level of the inhibitor, which would affect the
penetration and development of cercariae,

It is quite possible, however, that antibodies-

to enzymes play an important role in the



penetration of larvae or affect their life cycle
inside the immune host. 1t is known, for ex-
ample, that the sera of infected rats can
neutralize lipase of Nippostrongylus larvae and
that the sera of infected dogs neutralize the
proteolytic activity of esophageal extracts of
adults and larvae of Ancylostoma caninum.

Leucin aminopepsidase is produced under the
molting stimuli in both Haemonchus contortus
and Trichostrongylus colubriformus and scems
to be responsible for the attack of the larval
sheath leading to its liberation.

There are people working on cnzymes of
Schistosoma mansoni, and at least two groups
are working with the techniques developed by
Uriel in France using electrophoresis or im-
munoelectrophoresis on agarose gel. T refer to
the work recently published in France by a

group of investigators in Lille, who report the
presence in the adult Schistosoma mansoni of
four dehydrogenases (mallic, lactic, alanine, and
glucose-6-phosphate  dehydrogenases), alkaline
phosphatase, chymoteypsin, and carbonic anhy-
drase. These same enzymes were found in
Fasciola hepatica.

In our laboratory we have been interested
particularly in cercariae, and our experiments
show positive results for leucin aminopeptidase,
carboxypeptidase A, chymotrypsin, and alka-
line protease.

As a complement to what has been said by
the speakers on the antibodies to parasites, I
thought, something should be added about the
anticnzymes.

Now I call on Dr. Goodman to start the dis-
cussion and Dr. Nussenzweig to follow.
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DISCUSSION
Howard C. Goodman

It is interesting to contrast the situation in
1937, when Drs. Kabat and Tiselius showed
that antibodies were in the gamma globulin
fraction, with the present evidence of greac
heterogencity of the globulins with antibody
activity that we call immunegliobulins. There
are not only the three major classes—IgG,
IgM, and IgA—that Dr. Remington described,
but also a fourth class, 1gD, and a possible fifth
class, IgE.

The rapid advances in our knowledge z2bout
the structure of immunoglobulins and of the
structural basis for the heterogeneity of im-
munoglobulins, documented in WHQ nomen-
clature publications (10, 11, 12), have far out-
stripped advances in our understanding of the
functional significance of the rather over-
whelming heterogencity of classes and sub-
classes of immunoglobulins.

The heterogeneity within even a single ma-
jor class of immunoglobulins, the TgG, is rather
overwhelming (Figure 1). There are not only
the two different types, x and A, of light chains
{and at least the four different kinds of heavy
chains which account for the four subgroups of
IgG recognizable at present), but also the dif-
ferent allotypic specificities. Evidence exists for
what has been termed idiotypic specificity; the
cvidence suggests that there are structural com-
ponents peculiar to the antibedies made to one
given antigen by one individual or group of
individuals. The heterogeneity is also expressed
by differences in electrophoretic mobility and
in solubility (euglobulins and pscudoglobulins)
of molecules within the I[gG class. Finally, there
is the division into the constant and variable
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Fisunz 1. Diagrammaric four-chain structure of the im-
munoglobulin  molecule showing the probable sites of
cleavage by papain and pepsin. The number of inter-heavy
chain disulphide bridges has not been established with cer-
tainey. (From S. Cohen, General Structure and Hetero-
geneity of Immunoglobulins, Proc. R. Soc. [Ser. B1, 1463
p 114
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(n-terminal) portion of both the light and the
heavy chains. It is the variable portion of the
Fd part of the heavy chain and the variable
portion of the light chains that are thought to
be related to the one biological property com-
mon te afl antibodies: that of combining with
specific antigens, If, in accord with present
ideas, the specificity of the antigen-combining
site of the antibody produced by tertiary fold-
ing of the polypeptide chains is determined by
primary structure, then parts of the variable
portion of the chains must have differcnt amino
acid sequences for each and every antibody
specificity.

Thus we are faced with a staggering hetcro-
geneity of amino acid sequences that present a
real challenge to present theories about the ge-
netic control of the synthesis of polypeptide
chains. In fact, the challenge has become so
intriguing that thc molecular biologists have



decided to devote this year’s Cold Spring Har-
bor Symposium in June to the consideration of
the genetic basis for the synthesis of immuno-
globulin molecules.

Returning to the classes of immunoglobulins
in human sera, it seems established that the gen-
eral basis for differences in the four major
classes of immunoglobulins depends upon the
four different kinds of heavy chains character-
istic for each class, the v, @, p and §. There are
structural variations within each class of heavy
chains, accounting for the currently recognized
subclasses of IgG, IgA, and IgM (which sub-
classes obviously do not mark the end of our
ability to subdivide major classes of immuno-
globulins). The existence of such subclasses of
immunoglobulins may provide an explanation
for some of the conflicting results on the bio-
logical activities of antibodies that were gen-
erally considered to be within one class, IgG,
which can really be regarded as including a
whole family of immunoglobulins.

One of the major challenges in immunology
is to correlate the new knowledge about differ-
ences in
different
different
different biological functions that presumably
are also characteristic of the different kinds of
immunoglobulins. We are at the beginning of

amino acid sequence resulting in the
polypeptide chains characteristic of
kinds of immunoglobulins with the

what might be termed “molecular immunol-
ogy,” of being able to understand the molecu-
lar basis for what hitherto have necessarily
often been descriptive phenomena of immunol-
ogy. such as complement fixarion, rissue sensiti-
zation and anaphylaxis, cytophilic and opsonic
properties of immunoglobulins, and the way in
which immunoglobulins cross the placenta or
appear in external secretions.

My comments will be limited to focusing
attention on Dr. Smithers’ to
anaphylactic antibodies and Dr. Remington’s

references

to antibodies in external secretions.

The presence of antibodies in stools {copro-
antibodies) was first demonstrated in 1922, but
the renewal of interest in these antibodies and
their possible protective role is due to the re-
cent demonstration that IgA is the predominant
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immunoglobulin in most external segretions, in-
cluding the gastrointestinal secrerions. It is
likely that this IgA is a dimer of the serum
monomer plus a protein “piece,” The protein
piece is found in epithelial cells and may be in-
volved in transporting the IgA into the lumen
of the gut. The probability exists that these
IgA molecules are produced locally as a result
of antigenic stimulation of the gut-associated
lymphoid tissue by ingested antigens. Diseases
in which various stages of protozoan and meta-
zoan parasites feside in the intestinal tract pro-
vide opportunities for study of the importance
of this system of local production of antibodies
to parasite antigens in immunity against these
infections. These diseases also provide models
for fundamental studies of the immunological
capacities and reactivities of the gut-associated
lymphoid system.

Fixation of immunoglobulins to cells:
Skin sensitization, anaphylaxis

We have only incomplete knowledge about
which classes or subclasses of immunoglobulins
fix to different types of tissue cells. Ideally, we
should know the specific structural configura-
tion of the heavy chain of each class of immu-
noglobulins that is responsible for its sensiriza-
tion of (presumably by fixation to) different
tissuc cells.

The capacity to sensitize tissue cells is a
property of antibodies essential for induction
of the anaphylactic reactions that follow com-
bination with antigen.

1. Reaginic skin-sensitizing antibodies (ho-
mologous anaphylactic antibody, homocyto-
tropic antibody) are those antibodies that sen-
sitize tissue cells (presumably mast cells) of
their own or closely related species to produce
systemic, local, and, under certain experimental
conditions, iz vifro anaphylactic reactions. In
the human, these antibodies are detected by
passively transferring serum into the skin of
other humans (Prausnitz-Kiistner reaction) or
of certain primates, and allowing 24 hours or
mote to pass before injecting antigen to test
for increase in vascular permeabilicy. Ic has
recently been shown that these antibodies pro-



duce in witro sensitization of monkey ileum in
a modified Schultz-Dale technique (1). The
necessity for employing Pransnitz-Kiistner re-
actions as an assay for this type of antibody has
heretofore been one of the main obstacles to its
characterization and purification. It is known
to occur in the clectmphoretlcally fast immuno-
globulins (y-1 mobility), €6 be present in
very small amounts and to sediment ir the ul-
tracentrifuge faster than the bulk of che IgG
molecules. Reaginil_'c skin-sedsitizing antibody
sticks in the skin for weeks, although in vitro
it is heat-labile and losses in activity occur with
exposure to mercaptoethanol: Although thought
for some time to reside in the IgA globulins,
skin-sensitizing activity has now been reported
in what may be 1 new class (IgE) of immuno-
globulins (6). )

Antibodies with similar feaginic skin sensitiz-
ing activity have been reported in the rat (4,
7), dog (14}, and rabbit {13, 16). These anti-
bodies are also found in trace amounts in the
serum, persist in the skin for weeks after pas-
sive transfer within che species, are heat-labile,
and arc destroyed by mercaptoethanol treat-
ment. The rat antibodies are reported to sedi-
ment faster than the bulk of the 7S antibodies.
In rabbit they arc reported to be 7§ (13) ‘or
perhaps somewhat larger than 75 (16).

2. A second group of antibodies, also termed
anaphylactic antibodies, with similar, but not
identical; biological properties, and with differ-
ent physicochemical properties, has been de-
scribed in the guinea pig (3, 15} and in the
12). These antibodies also reside in
an electrophoretically fast class of immuno-
globulins, but this class, provisionally termed
v-1, is present in large amounts in the serum
and has a sedimentation constant of 75. In
these two species, these y-1 anaphylactic anti-
bodies also mediate and transfer anaphylactic
reactions within the species or in closely related

mouse (2,

species, but the skin-sensitizing activity is not
destroyed as readily by heat or mercaptoethanol
treatment and passively transferred antibodies
persist in the skin for days rather than weeks
(5, for review).

While it may be dangerous to make close
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comparisons between different animal species in
which different imrﬁhnog]obulin classes could
well serve similar furctions, it does seem to
make sense from a phylogenetic point of view
to look for both typed of reaginic antibodics in
both groups of s‘pccaes It is interesting that
Mota (8} has reported evidence of the exist-
ence of both types of anaphylactic (homocyto-
tropic) antibody in the mouse, and I suspect
that this will also be found to hold for the
In the human, the rabbit, and the
dog, on the other hand, where no discrete y-1
has been reported it is possible that the analo-
gous immunoglobulih may turn out to bc one
of the faur subclasses of IgG (12).

In any case, ]ohannson and Bennich (per-
sonal communication) have recently discovered
a myeloma protein that docs not react with
monospecific antisera against IgG, IgM, IgA; or
IgD and that has been found to have antigenic
determinants in cdmmon with what has been
termed IgE by K. Ishizaka (personal communi-
cation), |

guinea pig.

Tf this inyeloma protein has homo-
CYEOII‘OP[C propertics, the way may be open for
chémical studies ta relate a structural compo-
nent of the heavy chain of the new immuno-
globuhn to the property of tissue (mast-cell?)
sensitization. In addition, we need more stud-
ies of the kind Dr. Smithers described to learn
whether the antibodies that produce anaphy-
laxis by virtue of their tissue-sensitizing prop-
erties may also play a role in immunicy in the
parasitic discases. Certainly experimental infec-
tions with parasites appear to be an excellent
measure for eliciting the production of these
anaphylactic antibodies.

There is need for a better understanding of
the functional significance of the heterogeneity
of immunoglobulins in terms meaningful for
better control of public health problems. This
need and the potentially short step between
advances in basic knowledge about the struc-
ture and function of immunoglobulins and the
application of this knowledge to problems of
public health are reflected in the development
of the WHO immunology research program
and the WHO Reference Laboratory for Im-
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munoglobulins at the Institute of Biochemistry
in Lausanne.

Victor Nussenzweig

In the ten minutes allowed me, I should like
to discuss only two aspects of the preceding
papers which are perhaps more controversial
and might have important theoretical implica-
tions. :

The first is the possibility that in many para-
sitic diseases in which there are high levels of
immunoglobulins in the serum, these are non-
specific. The immunoglobulins would not be
antibodies against the parasite or against its
metabolic products or antibodies against cross-
reacting antigens elicited through an anamnes-
tic response. It is very difficult te understand
the mechanism of such a nonspecific stimula-
tion of y-globulin production. Two possibili-
ties come immediately to iny mind. First, that
the antigen specifically stimulates the immuno-
compctent cells. The plasma cells synthesize
antibodies but simultaneously produce some
ronspecific immunoglobulins.  According to
this hypothesis, one plasma cell would have to
produce more than one kind of immunoglobu-
lin, and this is not supported by most of the
experimental evidence, Sccond, that during
these infections there is a nonspecific stimula-
tion of immunocompetent cells, and they pro-
liferate directed
against products that have nothing in common
with the antigens of the parasite.

and synthetize * antibodies

Although 1 think these are interesting possi-
bilitics, there are no firm experimental data to
support them, and at least in some cases other
explanations can be found for this increased
production of immunoglobulins. The situations
in which very high “nonspecific” levels of se-
rum immunoglobulin are found result, in gen-
cral, from immunization with complex anti-
gens. When well-defined substances are used
as antigens, a substantial proportion of the se-
rum immunoglobulins is very frequently found
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to be antibodies against the ihmunizing anti-
gens, When some haptenic systems are used
and the antibody production is studied at the
cellular level, it can be demonstrated that dur-
ing the first weeks after immunization as much
as 50 per cent or more of the cells engaged in
immunoglobulin synthesis are actually produc-
ing antihapten antibody (3).

It is also well known that many substances
and bacterial products arc potent immunogens
in cxtremely small doses. If a minor parasite
component or metabolic product can induce the
formation of high levels of antibodies, the ab-
sorption of these antibodies with a mixture of
different anrigens would be very difficult if the
important one constituted a minute fraction.

I should also like to bring to your attention
some known facts on serological reactions in
visceral leishmaniasis. This is one example of 2
parasitic disease in which extremely high levels
of immunoglobulins are found in the serum.
Many years ago | tried to obtain from cultured
Leishmania domovani antigenic fractions thac
would react strongly and specifically with the
immunoglobulins present in the patient’s serum,
but without success; this has been, I think, the
experience of many investigators. However,
when 1 used extracts of tubercle bacillus as
antigen (as others had done before) T obtained
very high complement-fixation titers with the
patients’ sera. Just to give you an idea of the
results, in the complement fixation test I used
.05 ml of the paticnts” scrum and 6§ C'Hyy; in
many cases the serum could be diluted 3,000
times and che results would still be positive (1).
If this test is capable of detecting 1 pg/ml of
antibody protein, some sera would contain about
3 mg/ml of antibodies against some components
of the tubercle bacillus. The conclusion would
be that a sizable portion of the immunoglobu-
lins in the patients’ sera have a well-defined
specificity. It is fair, I think, to postulste the
presence of cross-reacting antigens in L. dono-
vani and tubercle bacillus. These antigens would
perhaps be difficult to extract from che flagel-
lates or be in some way altered during the ex-
traction, while they could be easily obrained
from tubercle bacillus.



The second general point I want to discuss
is related to the problem of selection of im-
munoglobulin chains during the immune re-
sponse. 'This is indeed an intriguing problem.
A great number of different polypeptide chains
are found among immunoglobulins, but a cer-
tain sclection seems to take place during the
immune response, and, as a consequence, anti-
bodies may contain a restricted number of
types of polypeptide chains. Why, for instance,
are reagins produced in larger amounts in hel-
minth infestations than in other infections?
Why are certain antibodies preferentially lo-
cated in one or other of the immunoglobulin
classes? It is known, for example, that anti-
penicillin  hemagglutinins or cold agglutinins
arc mostly IgM, while antidextran antibodies
are 1gG. In collaboration with Dr. Benacerraf,
we have recently done some experiments that
show that antthapten antibodies, containing
certain classes of chains in preference to others,
are synthesized by immunized animals because
these chains are becter fitted for the formation
of the antibody-combining site (2). We have
found that during the immune response of
guinea pig to dinitrophenal (DNP) conjugates,
a selection of types of L chains in the anti-
DNP antibodies can be demonstrated. At the
beginning of the immunization, when the bind-
ing affinities of the anti-DNP antibodies for
e-DNP-L-lysine are low, they contsin both =
and A types of L chain, However, when the
binding afhnities of the anti-DNP antibodies
increase, only the % type of L chain can be
found. We have also found an increasing
amount of I molecules (containing A chains)
in fractions of anti-DNT antibodies with de-
creasing affinities for the hapten. The implica-
tion would be, then, that x chains are better
fitted to produce anti-DNT antibodies of high
binding affinity. This may be a general mecha-
nism of selection of immunoglobulin chains
during the immune response, and it would im-
ply, for example, that the increased production
of reaginic antibodies in some parasitic diseases is
due simply to the fact that the H chain present
in this kind of immunoglobulin is more ade-
quate than other kinds of H chains to form
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“good™ antibodies against some imporcant para-
sitic antigen. It is possible, as was suggested by
Dr, Bier, that some antienzyme antibodies play
an important role in the mechanism of resist-
ance in parasitic diseases and these antibodies
might contain restricted types of H and L
chains. Of course, a consequence of this rea-
soning might be that the reaginic antibodies
that participate in the imimune defenses mech-
anisms in some helminth infections are effective
not because of their biological propetties but
because they specifically combine with some
important antigen, This hypothesis can of
course be tested experimentally, in view of the
possibility of separating, by appropriate enzy-
matic treatment, the Fc portion of the anti-
body, which mediates its biological property,
from the portion containing the combining
sites.

I should like to finish with a word of cau-
tion azbout the assumption that IgM antibodies
always precede the formation of I[gG anu-
bodies. T think that in many cases this issue
has been confused by the differences in sensi-
tivity of assays for those immunoglobulins. For
example, Robbins, Kenney, and Sutter (4) have
shown that rabbit IgM antibody to Salmonella
typhimurium is 22 times more active than IgG
in inducing agglutination, 120 times more po-
tent in sensitizing bacteria for complement fix-
ation, and 500 to 1000 times more efficient as
an opsonin. Recent investigations using more
adequate methods to detect antigen-antibody
reactions show that in many cases IgM and
IgG appear simultaneously after immunization.

Moderator: T should like to have the com-
ments of Dr, Smithers and Dr. Remington on
what has been said by the two discussants.

Smithers: This question of reaginic forma-
tion by helminth infection has interested us
for a long time, and we have been very much
puzzled as to why reagins are induced by hel-
minth infections and only living helminth in-
fections. The fact that they are not induced by
dead worm homogenates but only by the living
infection does suggest in fact that it is an anti-
gen produced by the living worm-—an excre-
tion or secretion from the worm. 1 was greatly



interested in the suggestion of the last speaker
that reagins may be induced by the stimulation
from a particular type of antigen. In fact, we
have found that allergens—that is, the anti-
gens responsible for inducing reagins—can be
produced best from a hclminth by in vitro cul-
ture. We can produce a high level of allergen
free in the culture fluid by maintaining schisto-
somes for four hours in Hank’s solution, and
the actual schistosome worms themselves show
no depreciation in their allergen content, which
suggests that they are actively producing aller-
gen. The same applics even more to Nippo-
strongylus. If Nippostromgylus is incubated in
buffered saline for three hours, two to three
times as much allergen will be produced as if
the adult worms were crushed.

And so it certainly looks as if the allergen
were some sort of mectabolic product. Indeed,
some investigations have shown that these al-
lergens are fairly small proteins, with a molec-
ular weight of about 10 to 15 thousand, and
they could well be, as the Moderator has sug-
gested, an enzyme produced by the parasite.

The other small comment I should like to
make is on Dr. Goodman’s chart. The rhesus
monkey could now be added to the human,
dog, rat, and rabbit group, because it has becn
shown that rhesus monkey reagin is similar to
those others. Dr. Sadun, 1 know, has found
reagins in a chimpanzee infected with 8. wan-
sonj, and I am sure those would also be found
to be the same.

Remington: I was very happy to hear Dr.
Goodman’s remarks about external body secre-
tions. I think it is important to remember that
the gastrointestinal tract is in the external
world, not really inside our bodies, and that
even in lower forms of animals, invertebrates,
immunoglobulin similar to those of [gA are
found; perhaps in prehistoric days this was one
of the main modes of defense of such animals.
We know very little about it in the human, and
1 think the parasitologists can help us learn
more. 1 hope that some of you here, and your
colleagues, will be interested in working in this
area.

Dr.

One comment abour Nussenzweig’s
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work: I was very much interested to hear about
the antibody to the tubercle bacillus. As I am
sure he is aware, if one wants to get a good deal
of antibody against many antigens one finds a
patient with cirrhosis of the liver who has
hypergammaglobulinemia; his serum will con-
tain large amounts of antibody. [ wonder
whether the mere finding of high rtiters to
tubercle bacillus without adsorption of the
immunoglobulins really shows that any of this
hyperglobulinemia had anything to do with
the tubercle bacillus, or whether this is just a
simple manifestation of extra antibody being
made in a hyperglobulinemic animal. Did you
adsorb the gamma globulin portion with the
tubercle bacillus to show a reduction in the
total gammi globulin in those animals, Dr.
Nussenzweig, and was this antibody present in
the controls?

Nussenzweig: The reaction of kala-azar
sera with tubercfe bacillus has been krown for
a long time, and its sensitivicy and specificity
have been well studied. It has all the character-
istics of a true antibody-antigen reaction. It is
quite specific in the sense that these antigens
do not react with sera from other types of leish-
maniasis or with sera from patients with other
diseases (except, of course, leprosy or tubercu-
losis) in which high levels of gamma globulin
are found.

Maderator: 1 should like to comment on
what Dr. Nussecnzweig has just said. T should
say that what you arc really detecting in kala-
azar is one of the antibodies whaose production
can actually be demonstrated, but there may
be other antibodies produced at the same time
that we haven’t the right reagent to demon-
strate.

On the other hand, the parallelism berween
the total amount of antibody and the high titer
of complement fixation does not mean very
much, because the amount of antibody ncces-
sary to give such high titers in the comple-
ment-fixation tests may not represent a con-
siderable fraction of the toral amount of gamma
globulin. What T would like to know is the
homogeneity or heterogeneity of the globulin
produced in kala-azar.



Nussenzweig: [ think I was misunder-
stood. I was not implying that all the gamma
globulins found in the scrum of patients with
kala-azar anti-tubercle-bacillus  antibody.
What is clear, I chink, is thar part of what is
called ‘“nonspecific” gamma globulin has a
well-defined specificity.

is

Moderator: 1 understood you quite well,
but 1 ratsed the point because you talked about
the parallelism between the increase in gamma
globulin and increase in complement fixation.

Remington; 1 do not want to press the
point too hard, Dr. Nussenzweig, but [ do not
know whar the data are to suggest that even a
high proportion of the gamma globulins are
formed against this tubercle bacillus extract.
Have you adsorbed the gamma globulins to
show that a significant percentage atre directed
against that antigenic component?

Nussenzweig: No, I have not.

Moderator: My remark about the activiey
was just to answer your question, because even
if the serum is adsorbed the fact that there
would not be a great reduction in gamma glob-
ulin would not be very enlightening; you may
just adsorb a very small amount of gamma
globulin that is responsible for the activity.
The only assumption we can make is that prob-
ably many other antibodies are being formed,
but it is just a hypothesis.

Borsos: In this connection I should like to
cite some experiments. Dr. Richard Asofsky
at NIH has used purified endotoxin as the im-
munizing antigen, and he measured the produc-
tion of antibody in germ-free mice by bacterio-
cidal reactions that are exceedingly sensitive, as
Dr. Bier knows so well from his complement-
fixation experiments. He is capable of detecting
10% antibody molecules per ml, which makes
this reaction a very sensitive test for antibody
production. On the injection of the endotoxin,
antibody is formed; there is an accompanying
increase in gamma globulin content. However,
2s much as 80 per cent of the immunoglobulin
produced contains no antibody activity against
the endotoxin. These experiments demonstrate
that there is indeed production of immuno-
globulin that has no andbody activity to the
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particular antigen used. It might be argued
that the principle of the original antigenic sin
operates here, and that to some related antigens
an anamiestic response was produced. This is
hypothetical; there is no evidence for it. So I
think we have to accepr the fact that non-
specific gamma globulin can be produced in re-
sponsc to antigenic stimulation.

Kagan: I should like to interject a nqte of
caution about some of these immunoglobulin
experiments. It is very important to evaluate
the assay methods for measuring immunoglob-
ulins, Temagglutination tests, for example,
will detect IgM antibody much more readily
than IgG, and if a hemagglutinating system is
used to cvaluate ancibody levels, the resule will
be a bizsed evaluation of the amounts of IgM
versus IgG antibody. In fact, Stavitsky has
recently suggested that the hypothesis that
IgM is produced first, followed by 1gG, is not
true; he believes they are produced at the same
time, but detecting these antibodics depends
upon the assay used for evaluation,

My other comment concerns Dr. Reming-
ton’s work. Using specific immunoglobulin
antisera in the fluorescent-antibody tests, he
can detect acquired congenital toxoplasmosis
by measuring IgM antibody production in the
fetus. He can also detect IgG antibody in pas-
sive transfer of globulin from the mother to
the fetus. This has a very practical use in de-
termining whether what the infant has is an
acquired infection or antibody obtained by
passive transfer. We nced studies like this for
other parasitic infections. In our laboratory we
are busy characterizng the various classes of
immunoglobulins. They should be smudied as
they evolve during infection and their levcls
should be detected quantitatively. Recent
studies of this nature have been published by
Tobey and his group for malaria, and we nced
other such studies for other parasitic infections.

The third arca that we are particularly inter-
ested in is the role of the various classes of

immunoglobulin in our diagnostic tests. We

have to evaluate the cficiency of various diag-
nostic serologic procedures in detecting these
various types of ancibodies. It may turn out



that one test has a higher sensitivity than an-
other for detecting a certain class of immuno-
globulin, and therefore serves as a better param-
eter of infection,

Moderator; So far we have discussed a few

aspects of immunoparasitology connected with
antigens and antibodies. Our next period will
be devoted to cellufar reactions and the effects
of the immune response on the parasites. First,
Dr. Soulsby.
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Lymphocyte, Macrophage, and Other Cell Reactions to Parasites’

E. J. L. Soulshy

Introduction

Almost without exception, a marked cellu-
lar response is a characteristic feature of para-
sitic infections, Even a cursory examination
of a supposedly simple reaction will reveal its
complexity, and when a more major reaction is
examined an evaluation of it would seem to
For-
tunately, the newer knowledge of the various
cell types will now permit a closer study of the
functional aspects of the cell response, and it
is this aspect which will be emphasized. A
familiarity with the morphology and origin of
the cells will be assumed.

The chief concern of this review will be the
cell types that are closely associated with the
immune response of the host, those that re-
spond as 2 result of it and other forms thar
make up the acute inflammatory response. No

be an extremely hazardous enterprise.

attention will be paid to degenerative changes
that occur in parenchymatous cells of organs
or proliferative changes in, for example, fibro-
blasts, but the newer knowledge about the
change or loss of function of epithelial cells in
parasitic infection warrants brief considera-
tiomn.

Epithelial cell reactions to parasitism

Hyperplasia of epithelial cells is 2 common
response to parasitism. It is seen in the bile duct
or pancreatic duct when these are parasitized
by helminths such as Fasciola, Clonorchis,
Ascaris, Hymenolepis, and Stilesia or by pro-

* The experimental work reported in cthis review was
carried out with the support of USPHS Grane Al 06262,
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tozoa (e.g., Eimeria stiedae). Similar responses
occur in the urinary bladder {polyp formation)
schistosomiasis, the bronchicles and
bronchi in lungworm infection, and in the

in in
gastrointestinal mucosae in nematode, trema-
tode, and sporozoan infections. Such changes
are frequently accompanied by a loss of func-
tion of various specialized cells or their ac-
quisition of mew functions. For example, in
Ostertagia infection in the abomasum of sheep
and cattle, the specialized parietal cells that
produce hydrochloric acid and the peptic cells
that produce pepsinogen may lose their func-
tion and be replaced by hypetplastic undifferen-
tizted cuboidal cells (51). the
infection, mucoid metaplasia may occur, and
in fact this reaction—seen in the bile duct, in

In same

the stomach mucosa, in the bronchi, and else-
where—is a not uncommon response to para-
sitic helminths.

Recent investigations have correlated such
changes with the molecular biology of the para-
sitism. In the Ostertagia situation, the loss of
cells with specialized secretory function leads
to a rise in the pH of the abomasum and 2
failure to activate pepsinogen, a leakage of pep-
sinogen into the blood, and an increased leakage
of plasma macromolecules into the lumen. The
last two of these effects may be due to imper-
fectly formed cell junctions as a result of the
hyperplasia (51).

The functional changes in the rat intestinal
hyperplastic in
have

epithelium, which becomes
infection,
been studied by Symons and Fairbairn (101).
Under normal conditions, it is said, there is a

Nippostrongylus  braziliensis
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progressive differentiation of the function of
epithelial cells as they migrate distally to be
shed at the tips of the villi (83). N. braziliensis
infection appears to accelerate this migration,
leading to an immaturity of the cells with a
concomitant loss, or reduction, of the levels of
maltase, alkaline phosphatase, and leucine amino
peptidase on the cell surface and in the mi-
crovilli of the epithelial cells. Comparable
hyperplastic changes have been reported in
Necator americanus infection (94), and are
said to contribute to impaired absorption of
vitamin A, xylose, and fat.

Though there is much to indicate that such
changes are essentially nonspecific, being seen
in nontropical sprue and niacin deficiency, they
are associated with cell hyperplasia in the lamina
propria, and this in patasitic infections includes
infiltration of polymorphonuclear leukocytes,

eosinophils, macrophages, plasma cells, and lym-

phocytes, the latter in various stages of trans-
formation.

Local accumulation of lymphoreticular
cells

Lymphocytes, plasma cells, and macrephages
are traditionally associated with immunological
functions, and in many instances the local ac-
cumulation of them may progress to a definite,
and at times macroscopie, focus of lymphoreti-
cular elements that has the general appearance
of a lymph node. Such structures frequently
develop around a parasite or its larval stage that
has been trapped in the tissues. They are seen
later in the course of an infection and fre-
quently at a time when immunicy (semsu
stricto) develops. It is difficult to avoid the
conclusion that these lesions are related to the
mechanism of immunity, and in fact there is
often much to indicate that immunity against
a parasite is mediated at a local level. This
statement would not, of course, 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 response at
an organ level is well illustrated by bovine
trichomoniasis, in which protective immunity

appears to be mediated solely in the uterus and
vagina. A similar situation possibly occurs also
in Trichomonas vaginalis in man, This implies
that antibody-producing cells are loczted in the
uterine and vaginal walls, and in fact accumu-
lations of plasma cells have been found there
(88). Furthermore, it seems that the vagina
can produce antibody independently of the
uterus and of the general antibody-producing
organs (87).

Another example of a locally mediated im-
mune response, with local cell accumulations,
occurs with Eimeria tenella of the cecum of the
chicken. In this case, however, immunity cre-
ated in one cecum is somehow transferred to a
surgically isolated collateral cecum (45). The
mechanism is not yet fully understood, though
the transfer does not appear to be mediated by
serum antibodies (46). Pierce and Long (88)
suggest that the immunity that develops at a
second, previously unstimulated site {the sec-
ond cecum) may be analogous to the second-
set homografe rejection reaction (635).

Accumulations of lymphoreticular cells in
helminth infections are seen perhaps to their
best advantage in such entities as the lmpho-
reticular broncho-occlusive lesions in lungworm
disease of cattle that occur around larvae
trapped in the tissues or eggs and larvae that
have been aspirated into bronchieles and alveoli
(33) and also in schistosomiasis with the for-
mation of pseudotubercles around immature
schistosomes and eggs in the liver.

Lymphoid hypetplasia in Leishmania
infections

The immunological role of lymphoid cells in
Old World cutaneous leishmaniasis seems fairly
clear and has been documented by Adler (1, 2).
Afrer infection with Leishmania tropica, there
is 2 local proliferation of macrophages in which
the leishmaniae multiply. This continues until
the area is infilteated with lymphocytes and
plasma cells; when this happens the macro-
phages cease to proliferate, the population de-
clines, and the number of parasites also de-
creases until they can be demonstrated by
culture techniques only. Eventually the orga-
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nisms disappear completely and the cutaneous
lesion resolves. The sequence of events varies
with the individual and in the absence of spe-
cific therapy may take three to eightecen months.
Spontaneous cure is followed by lasting immu-
nity to the causative strain, which may persist
for as long as 20 years. Immunity is established
only after the lesion has progressed through the
series of cellular reactions that result in spon-
taneous cure {1); if the cutaneous sore is re-
moved surgically before spontancous cure, the
individual remains susceptible to reinfection.

A similar situation occurs wich certain forms
of New World cutancous leishmaniasis. The
Uta of Peru is usually followed by immunity;
however, with mucocutaneous leishmaniasis,
though the initial cutancous lesion usually heals
spontaneously, metastatic lesions occur in the
skin, the mucosa of the mouth, and the carti-
lages of the nose, mouth, and nasopharynx. A
subsequent lymphocytic and plasma cell infil-
tration may reduce or eliminate the parasites,
but in the mucocutancous form of the disease
chronic metastatic lesions continue to occur. A
common feature of these forms of cutancous
leishmaniasis is the lymphoid infilcration, ac-
companied by a positive Montenegro skin re-
action of the delayed type . The reaction devel-
ops early in the course of infection and persists
long after spontaneous cure. It can be induced
by leptomonads of L. tropica or other species of
Leishmania, including those of cold-blooded
animals, and also antigens from Trypanosoma
cruzi and antigens of T equiperdum (32).

A type of leishmaniasis in which there is little
or no lymphoid cell invasion and no positive
Montenegro reaction is Leishmaniasis tegumen-
tavia diffuse (19). In this, extensive areas of
skin are involved and masses of infected macro-
phages are found in the dermis, with no second-
ary invasion of lymphocytes or plasma cells. It
has been suggested that the condition, which
has been recorded in a small number of persons
in Bolivia, Venezuela, and Brazil, may be one
of immunological unresponsiveness on the pare
of the infected person (1). However, no work
has been done to determine whether such per-
sons are genetically deficient or whether the

unresponsiveness 1s one induced by the parasite,

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

The situation with visceral leishmaniasis is
quitc different from that of the cutancous form.
The cellular reactions are similar, character-
ized by a massive proliferation of histiocytes
and secondary infiltration of lymphoid elements
gencralized throughout the spleen, liver, bone
marrow, and lymphatic glands. However, in
most untreated human infections the disease is
fatal, though spontaneous curc may occur——up
to 25 per cent of such cases have been reported

in India {71} and in Portugal (32). Thera-
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peutic cure of kala-azar is followed by resist-
ance to reinfection, and in about 10 per cent
of these a local skin lesion (post-kala-azar
dermal leishmanioid) may develop. Though this
lesion contains numerous parasites, they do not
become generalized but rather appear to repre-
sent a residuum of infection for the mainte-
nance of immunity or premunition.

Whereas delayed skin reactions are common
in dermal leishmaniasis, active cases of Indian
kalz-azar do not show 2 Montenegro reaction
(93) and an absence of the reaction has been
noted in Brazilian cases of kala-arar ({3). A
similar situation appears to obtain in the Medi-
terranean form of the discase. However, some
cases with post-kala-azar dermal leishmanioid
do give 1 posiive Montenegro reaction (2}.
The situation appears different in the East Afri-
can form of kala.azar: positive Montenegro
reactions have been observed in treated infec-
tions and in 95 of 11% normal volunteers inoc-
ulated with a gerbil strain of Leishmania that
localizes in the dermis (2).

The functional value of the lymphoid hyper-
plasia in uncreated visceral leishmaniasis is difh-
cult to evaluate. Basically, it fails to contain
the infection, but there are indications that the
vigor of the lymphoid responsc may have some
value in prolonging life in man and dog. On
the other hand, spermophils are very susceptible



to infection and show excessive macrophage
proliferation with less [ymphoid cell infiltration
than man or dog. In the spermophil the spleen
may be converted to *
toma” (2).

Specific antibodies for Leishmania have been
detected in visceral leishmaniasis by comple-
ment-fixation techniques, either by the use of
leishmania antigens or by extracts of mycobac-

*a nearly solid histiocy-

teria, the former bcing more satisfactory for
this {19). There is, however, little correlation
between the elevared levels of gamma globulin
and the development of immunity or between
the complement-fixation ctests and immunity.

Lymphoid hyperplasia in Theileria
infections

The T'heileria genus occurs in ruminants, and
though a detailed consideration of the cell re-
actions in this infection is not germane to the
diseussion, a brief consideration of the immune
response serves to illustrate an infection in
which immunity, when it does occur, is solid
for many vyears. The important species in
Theileria parva, which causes East Coast fever,
a disease that is usually fatal and is character-
ized by lympheid hyperplasia followed by ex-
haustion of the lymphoid tissues and leukopenia
{48). Immunity cannot be reduced by splenec-
tomy, and its level is not influenced by the de-
gree of clinical response to the first infection,
Antibodies have not been regularly detected in
infected or immune animals (9).

In this infection, however, the lymphoid cells
appear to play a dual role: besides their pre-
sumed importance in the immune response, they
also serve as host cclls for the parasites. Recent
work has shown that the two replicative forms
of the parasite, the “macroschizonts™ and “mi-
croschizonts,” behave differently in lymphoid
cells (48). The former has been cultivated in
bovine lymphocytes in association with baby
hamster kidney cells, and in these the organism
propagates in the multiplyng lymphoid cells but
does not destroy the host cell (47). The
Theileria organism appears to divide at the same

rate as the host cell, the parasitic forms being
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closely associated with the mitotic apparatus
and distributed to daughter cclls in late mito-
sis. This process has yet to be conclusively
demonstrated in vivo, but so far there is no evi-
dence for ncw infection of cells by particles
liberated from distintegrated lymphoid cells.

It has yet to be determined whether the para-
sitized lymphocyte or its clonal descendants
can eventually become immunoclogically com-
petent or whether a separate line of cells is int
volved in this process.

Lymphocyte populations and
immunoglobulin types in parasitic
infections

It is only rccently that efforts have been
made to determine the relative proportions of
immunoglobulin-containing cells found at the
local site of an immunological event in a para-
sitic infection. Recent studies (26) of rabbit
tissues during experimental trichinosis have
used pairs of immunocfluorescent reagents spe-
cifically reactive with the y-, p-, and «-heavy
chains and labeled with contrasting fluoro-
chromes (17).

A preponderance of IgA-containing cells was
found in intestinal sections, but this was high
both in normal and in infected rabbits and cells
containing the o chain made up. 80 to 90 per
cent of the immunoglobulin-containing cells in
normal animals. A comparable finding has been
reported for the human intestine (24). A rela-
tive increase in IgM-containing cells was ob-
served early in ¥ spiralis infection, followed
by an incrcasc in [gG-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 that in the intestinal mucosa, with
IgA cells constituting only 2 to 10 per cent of
the fluorescing cells. Soon after infection the
proportion of IgG cells to IgM cells was rela-
tively high, but late in the infection and in
hyperimmunized animals the proportion was
usually reversed.

In the diaphragm, after larval encystment,
cach type of immunoglobulin-containing cell
was observed; the distribution was similar to



that in the spleen, and IgM cells were the most
abundant.

The role of IgA cells in immunoglobulin
production in the intestinal mucosa and in im-
munity to parasites in general has yet to be
clarified. Crandall ¢f al. (26) failed to observe
fixation of IgA immunoglobulin to T, spiralis
larvae when sections of diaphragm containing
larvae were exposed to various immunoglobu-
lins. Specific staining was obtained only with
anti-y chain rcagent.

Interest in IgA antibody has increased re-
cently because of the demonstration of ana-
phylactic antibody in rats infected with N.
braziliensis, in monkeys infected with Schisto-
soma mansoni, and in other parasitic infections
{78). Though not all the anaphylactic anti-
body detected in these infections may belong
to the IgA type, the occurrence of IgA-con-
taining cells at the site of an immunological
event, especially when anaphylactic mechanisms
are postulated as mediators of the immune re-
sponse, may indicate that these cell types are
important in the response. The situation in N,
braziliensis infection may, however, require
some reconsideration in the light of recent work
with neonatally thymectomized rats, in which
strong resistance developed in the.absence of
high levels of anaphylactic antibody (113).

Effect of immunosuppressive agents on
immunity to parasites

The manipulation of the immune response to
parasites by immunosuppressive drugs, irradia-
tion, thymectomy, and bursectomy has been
little studied to date. It should, however, offer
an invaluable tool in the analysis of immunity
Lo parasites.

The adrenal steroids have been used in a vari-
cty of studies on immunity to parasites, and it
has been demonstrated, for example, that the
elimination of adult worms of Trichinella spi-
ralis in mice, probably an immune event, can be
markedly inhibited by cortisone (20, 58). In
sheep infected with gastrointestinal nematodes,
excessive doses of adrenal steroid (prenidsolin)
failed to have any effect on the immune status

(Soulsby, unpublished), but chlorambucil

70

markedly affected immunity and allowed 2 pop-
ulation of inhibited larvae to attain patency
within a few days (100). On the other hand,
prenidsolin has been used successfully to inhibit
the immune elimination of N. braziliensis from
the gut of rats (77) and cortisone has been
used to overcome “innatc” resistance to such
helminth parpsites as Lifomosoides carinii (15)
and Nematospiroides dubuis (28).

Interpreting the effects.of adrenal steroids on
immunity to parasites is difficult. These com-
pounds have a widc range of effects on almost
every aspect of the immune response (see 40 for
review}, and consequently it would be unwise
to infer a common basis for the immunity from
a common end effect of the drugs.

Total body irtadiation has been used to study
immunity to T. spiralis infection, and cxposed
mice failed to show a significant elimination of
their adult worms as compared with control
animals (115). As might be expected, the ir-
radiation produced a severe leukopenia, but cir-
culating antibody levels were not markedly al-
tered over the experimental period. )

Studies on the effect of bursectomy and thy-
mectomy on immunity to the chicken coccidian
Eimeria tenella were carried our by Pierce and
Long (88). Chickens deprived of bursal tissue
by iz ovo treatment with testostcrone were suc-
cessfully immunized against E. fenella even
though they failed to produce serum antibodies
and showed markedly reduced or undetectable
levels of immune globulins. In addition, pyro-
ninophilic cells in the ceca or spleen and sec-
ondary foci in the spleen and cecal lymphoid
tissue were also very much reduced in numbers.
The inhibition of bursal development is recog-
nized as 2 major factor in reducing the ability
of fowls to synthesize immunoglobulins; never-
theless, such fowls are still able to reject skin
grafts (108). The indication is thercfore that
immunity to E. tenella is mediated more by cel-
lular elements than by humoral antibody. Un-
equivocal evidence that immunity to E. tenella
in the chick was dependent on cells derived
from the thymus was not obtained, but this was
probably due to the difficulty of ensuring that
all thymic tissue had been removed. In any case,
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thymic tissue is present in chicken embryos
after 14 days of incubation, and there is the
possibifity that lymphocytes from the thymus
had already been distributed in the body by the
time of hatching (85).

The effect of thymectomy on immunity in
the rat to N. braziliensis has been reported, and
in this work neonatal thymectomy failed vo
alter the acquisition of immunity to the para-
site (113). It is of interest also that thymec-
tomy caused a marked reduction in the level of
anaphylactic {PCA) antibody.

Much of the foregoing evidence repeatedly
invites the idea that in many cases immunity
to parasites is mediated more by “cellular im-
munity” than by classical humoral antibody.
There is, indeed, increasing justification for this
belief in respect to some infections, but it
should not be forgotten that other entitics
(such as malaria, trypanosomiasis, and larval
cestode infections) do appear to depend on hu-
motal factors for the protective immune re-
sponse. 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 patasite to parasite,

Relationship of delayed hypersensitivity
(cell-mediated immunity) to immunity
to parasites.

In many parasitic infections there has long
been an inability, or controversy about the abil-
ity, to passively transfer immunity with serum.
In cases where this has been achieved, compara-
tively large volumes of serum have been re-
quired and frequently only a moderate degree
of passive immunity 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 {79).
On the other hand, protective immunity has
been transferred by lymphoid cells in at least
two nematode infections in which serum trans-
fer failed to convey immunity: with lymph
node cells from guinea pigs infected with Tri-
chostrongylus colubriformis (34, 107) and
with peritoneal cavity cells with Trichinells

spiralis (§8). A recent report has indicated
that serum or lymphoid cells, or the two to-
gether, could transfer immunity to Auncylo-
stoma caninuwin in dogs (66). Larsh (58) has
gone as far as to conclude that the mechanisms
causing the expulsion of adult T spiralis in mice
are mediated by a specific delayed hypersensi-
tivity reaction. Hypersensitivity of the de-
layed type to larval antigens of T. spiralis has
been demonstrated following the injection of
antigens with Freund’s complcte adjuvant into
the foot pad of guinea pigs (56).

Delayed hypersensitivity is well known in
leishmaniasis 2nd is the basis of the Montencgro
skin reaction for the diagnosis of mucocuta-
neous leishmaniasis. 1t is of interest to note that
the leishmanize are intracellular parasites of
mactrophages, and in a recent review of delayed
hypersensitivity and microbial infection, Macka-
ness (62) has stated that “without any known
exception, organisms which can survive and
mulriply within host macrophages cause de-
layed-type hypersensitivity to . . . the microbial
antigens,” A feature of microbial infections in
which delayed hypersensitivity plays a pro-
nounced part is that immunization with killed
vaccines (except for Mycobacterium) usually
does not lead either to a delayed hypersensitive
response or to marked protection against the
challenge infection (62). Living vaccines, on
the other hand, produce both. The similarity
between this situation and that seen with a
number of parasitic infections is striking, and
it would be all too tempting to ascribe many of
the difficulties in understanding immunity to
parasites, and to helminths in particular, to de-
layed hypersensitivity phenomena. There are
no adequate data at present, however, to sup-
port any such claim, though therc. are indica-
tions in several directions of a closer relation-
ship between the delayed type of hypersensitiv-
ity and parasite immunity than has hitherto
been suspected.

A major objection to such an idea might be
that skin reactions of the delayed type have not
been regularly observed in parasitic infection.
However, a delayed skin response is seen in
Leishmania, Toxoplasma (3%), T. cruzi (63),
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and the carly stages of infection with a number
of helminths. It is possible also that the delayed
skin reaction has not been searched for, espe-
cially when an infection already has a marked
immediate-type response, A further point is
that 2 skin responsc may be only one of several
manifestations of delayed hypersensitivity and
its absence may imply nothing about the reac-
tions occurring at a cellular level.

Mackaness (62) has suggested that continu-
ing antigenic stimulation is necessary for the
induction of acquired cellular resistance. Such
a situation could certainly obtain 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 z prominent
part. Cells that derive from small lymphocyres,
(29)

very much in evidence in the Iymph nodes

pyroninophils, or “immunoblasts™ are
draining a skin homograft, at the rejection site
itself, and in lymph nodes draining a site to
which a contact sensitizing agent has been pri-
marily applicd. If searched for, such cells are
also common in the local sites of an immune
cvent in & variety of parasitic infections.

Hitherto, 2 major problem in the study of
delayed hypersensitivity has been the abscnce of
an in vifro correlate of the condition. The situ-
ation is rendered more difficule in the field of
parasitology because of the lack of suitably de-
fined antigens. Recently, however, several in
vitro and experimental in vivo systems have
been suggested as in vitro correlates, incliding
the inhibition of migration of macrophages
from capillary tubes, the transformation of
small lymphocytes to active blast forms by
soluble antigen (or homologous or hetcrologous
lymphocytes), and the disappearances of macro-
phages from the peritoneal cavity on the injec-
tion of antigen. Of less certain significance is
the antibody that is cytophilic for macrophages.

A reaction that mighe, after further study,
serve as an iz vitro correlate of immunity in
helminth infections is one in which pyronino-
philic lymphoid cells become strongly adherent
to the antibody-sensitized surface of helminth
larvae.
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Interaction between pyroninophils and
parasites

Original studies on this system were con-
cerned with the in vive interaction of Ascaris
suuom larvae with cell populations in the peri-
toneal cavity of immune rabbits (97). It was
found that within one to four hours third-stage
lacvae became covered with a mass of cells,
which, when stained, were seen to be 1 mixcure
of cells with a distinct pyroninophilic cytoplasm
and eosinophils. The reaction could be followed
in vitro with a peritoneal cell exudate induced
by a bland oil. The adherence of cells to larvae
was rapid and firm. An essential requirement

FIGURE 1, Cells from peripheral blood culrure adherent
to chird-stage Ascaris larvae (x 350).

for the reaction was that the larvae must have
been previously sensitized with antibody; the
treatment of larvae with normal serum failed
to induce the reaction. The most reactive cell
populations were those containing a high pro-
portion of lymphoid cclls; exudates consisting
principally of macrophages produced poor re-
actions or none at all. Since the major reacting
cell appeared 1o be of the lymphoid origin, the
reactivity of cells from various lymphoid or-
gans was examined.



Cell suspensions in Fagles Minimal Essential
Medium (MEM) plus 5 per cent normal rabbit
serum were prepared from popliteal and mesen-
teric lymph nodes and the spleen of normal rab-
bits and of rabbits immune to A. suwm. Lym-
phocytes from lymph nodes failed to become
adherent to the antibody-sensitized surface of
A. suum third-stage larvae, and when such lym-
phoeytes were exposed to anti-A. swum serum
they similarly failed to adhere to larvae.

Slight adherence of cells was seen with splenic
cells from immune rabbits but not with cells
from normal rabbits. The cell adhesiori was of
a low order, however, and not comparable to
that observed with peritoneal cell exudates. Fx-
posure of spleen cells to anti-Ascaris serum
failed to increase the degree of adhesion or cause
adhesion with spleen cells of ndrmal rabbits,
A more detailed study of the reactive cells in
peritoneal exudares suggested they were trans-
formed lymphocytes, and in further work cul-
tures of peripheral white blood cells stimulated
either with phytohemigglutinin  (PHA) or
with Ascaris suwm antigen were used. The cell
cultures were prepared from heparinized blood
obtained by cardiac punctures and cultured in
MEM Spinner medium, with the addition of 20
per cent inactivated horse serum in “French
Square” bottles. Each culture consisted of 107
small lymphocytes in 10 ml of medium, and to
each was added either 1 per cent PIA or a
total of 0.6 mg of protein of whole adult worm
extract of A, suum. Cells were harvested after
one, two, three, four, and five days of culture,
and the cell suspension was centrifuged and
washed three times in ice-cold MEM plus § per
cent NRS and finally made up to 1/10 the orig-
inal volume (1 ml). Third-stage A. suum lar-
vae from culture were washed three times in
veronal buffer and then sensitized to varying
dilutions of antibody. Next they were washed
three more times to remove unattached and un-
wanted serum proteins. White cell adherence
reactions were examined for by mixing one drop
of sensitized larval suspension with one drop of
cells on a slide.

White blood cells from ong- or two-day-old
cultures failed to become adherent to the sur-
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face of antibody-sensitized third-stage larvae.
The exposure of such cells to immune serum,
with subsequent washing, also failed to induce
cell adbesion. Staincd samples of the cell sus-
pension showed small lymphocytes, neutrophils,
eosinophils, and macrophages. Cell suspension
from threc-day cultures contained cells chat
adhered strongly to the surface of antibody-
sensitized larvae, and the degree of white cell
adhesion increased with cell suspensions from
four-, five-, and six-day cultures. After six
days of culture, a marked reduction in the
number of cells occurred.

Cell cultures aged three, four, ind five days
showed a decreasing number of surviving neu-
trophils and an increasing number of typical
transformed lymphocytes or blast cells. These
showed an expanded nucleus, distinct nucleoli,
and a varying-sized rim of basophilic cyto-
plasm, and methyl green pyronine staining re-
vealed a markedly pyroninophilic &ytoplasm.
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. Lar-
vae with adherent cells were fixed and exposed
to goat anti-rabbit globulin serum conjugated
to fluoresccin isothiocyanate (FITC) and ex-
amined under ultraviolet light. Strong fluores-

FIGURE 2. Pyronine stain of adherent cells on third-
stage Ascaris larvae.




FIGURE 3. Cells on Ascaris larvae stained with goat
anti-rabbit globulin serum conjugated wich FITC.

cence occurred in the cytoplasm of the attached

cells. Similar preparations of larvae and cells
were cxposed to A. suzum antigen and afrer ade-
quate washing were then exposed to 2 rabbit
anti-A. suum globulin conjugated to FITC. In
this case strong fluorescence occurred both in
the cells and on the surface of larvae, giving
presumptive evidence that antibody to A. suwm
occurred both on the surface and in the cyto-
plasm of the attached cells.

The reaction showed evidence of specificity
in that the most marked reactions occurred with
cell cultures obtained from rabbits that were
strongly immune to A, szum. These had been
immunized by repeated subcutaneous injection
of infected eggs (96) or by vaccination with
cultures of third-stage larvae obtained from
culture (97). Cultures of cells from rabbits
immune to unrelated antigens and stimulated
with the appropriate homologous antigen failed,
with one exception, to give strong lymphoblast
adhesion (see Table 1). The significance of the
reactions with cells from rabbits immune to egg
albumin is unclear.

At low dilutions of immune serum, sensitized
larvae attracted cells with equal effect from
cultures stimulated with either antigen or phy-
tohemagglutinin; however, with increasing di-
lutions of antiserum the cells from PHA-stimu-
lated cultures were less reactive, and serum

could be diluted to z point at which PHA-
stimulated cells were nonreactive whereas anti-
gen-stimulated cells still gave good leukocyte
adhesion. Such results might be explained on
the ground that the mitogenic effect of PHA
stimulated the transformation of lymphocytes
“committed” to a wide range of antigens, in-
cluding Ascaris, but the number of cells in sus-
pension specifically committed to Ascaris would
be much smaller than in suspensions of lymphe-
cytes stimulated by the Ascaris antigen.

The system was antibody-dependent, and the
most satisfactory sensitization was achieved
with serum from rabbits immune to A. smum.
Thus, tabbits that had been immunized repeat-
edly with A. suum eggs (96) or with antigens
prepared from in vitro cultured larvae (97)
provided reactive sera, and the increasing abil-
ity of serum to sensitize larvae to attract cells
could be titrated during the immunization
schedule. Normal rabbit scrum failed to sensi-
tize larvac, and minimal sensitization was ob-
tained with sera from rabbits immunized with
various tissues of adult Ascaris (whole worm,
cuticle, testes, and so on). No reaction was ob-
tained when third-stage larvac were sensitized
with immune serum against human blood group
A substance, sheep red blood cells, fowl red
blood cells, Necator americanus, or Turbatrix
aceti {Table 2). In all these cases, sensitization
of the cuticle by antibody could be demon-
strated cither by mixed antiglobulin agglutina-
tion (22}, mixed agglutination, or immune ad-
herence techniques (98).

The complement requirements for the reac-
tion have yet to be fully clarified. Some sera
retain their sensitizing ability after inactivation
at §6° C for 20 or 30 minutes, whereas others
fail to do so. 'The reactivity can be partially
restored by fresh guinea pig sera and meore or
less completely restored with normal rabbit
serum. ‘The sera that are not inactivated by
healing ate, invariably, those that show the
greatest sensitizing ability and are still active
when inactivated at §6° C for 60 minutes,
when treated with 2ymosan or ammonia, or
when absorbed with sheep red-blood-cell stroma
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TABLE 1. Leukocyte adhesion with antibody-sensitized A. swam larvae and cultures of pblood lymphocytes from
rabbits immune to different antigens and stimulated with the homologous antigen

LYMPHOCYTES FROM RABBITS IMMUNE TO

ANTIBODY -
DILUTION USED Bovine Bovine
TQ ENSITIZE Normal Sheep gamma serum Egg

LARVAE Ascaris Ascaris Ascares rabbit serum globulin  albumin  albumin
lias o S o o S S + +4+ o+ e+t
1in 10 +4++ +++ +++ - - + + o+ ++
Lin 20 4+ o+t 4 - - - —~ ++
Diluent — — — - — - _ -

+ + + Strong leukocyte reaction
+ +  Medium reaction

+ Weak reaction

- No reaction

sensitized 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-
mercaptoethancl abolished the sensitizing abil-
ity, though such sera were still able to sensitize
the surface, as determined by the mixed anti-
globulin agglutination reaction. Samples of re-
active sera were electrophoresed in agar, and
various fractions were eluted from blocks cut
from the electrophoretic run. Sensitizing abil-
ity for cell adhesion was found to lie in the re-
gion where one would expect the macroglobu-
lin fraction of serum, but other serum frac-
tiens were able to sensitize larvae without caus-
ing leukocyte adhesion,

The significance of this reaction with third-
stage larvae in the in wivo immune response

The present cvidence
indicates that with such larvae the reaction is
largely mediated by cells and serum from ani-
mals immune to the parasite; however, further
work is necessary before it can be claimed that

remains to be determined.

the reaction is an in witro correlate of protec-
tive immunity. It is of interest, however, that
the reaction occurs only when sufficient time
has been allowed for the small lymphocytes to
be activated from their “resting” statc.

The adherence to the surface of third-stage
larvae of cells provisionally classified at present
as transformed small lymphocytes is one of 2
range of white cell reactions with parasites.
With the A. swwm system it can be demon-
strated that cells of the granulocytic series also
become adherent to the surface of larvac, but
this reaction lacks the marks of specificity that

TABLE 2. Leukocyte adhesion with 4. suwm larvae sensitized with various dilutions of different immune sera and
tested with cultures of blood lymphocytes from a rabbit immune to A. ruasr and stimulated with A. swem antigen

LARVAE SENSITIZED WITH BERUM FROM RABBITS IMMUNE TO

ANTIBODY Asearis Ascaris Ascaris Asearis Ascaris Blood N
DILUTION vaccinated vaccinated  whole adult adule group Sheep Fowl
eggs larvae worm cuticle testes Ay RBC RBC
lins +++ + + + + + - - -
linl10 +4++ +F+ - + - -~ - -
1in20 +++ +++ - - - - -
Diluent — - - - - — - —
+ + + strong lenkocyte adhesion
+ 4+ medium reaction
+ weak reaction

no reaction

75



characterize the response with lymphoid cells.
The reactions with granulocytes, together with
other reports on the interreaction between para-
sites and white cells, will be discussed in the
section dealing with neutrophils and eosinophils.

Lymphocyte transformation by parasite
antigens

The transformation of small lymphocytes
into larger blast forms able to synthesize DNA
and undergo mitosis can be induced by mito-
gens such as phytohemagglutinin (75), by var-
jous antigens to which the donor is sensitive
(such as tuberculin} (34), and by mixed leu-
kocyte cultures (7). As far as can be deter-
mined, therc has been little or no work using
this technique for parasitic infections, but there
would seem to be every justification for study
in this direction in view of the lymphoid hyper-
plasia frequently seen in parasitic infection.

Preliminary experiments at the author’s lab-
oratory have indicated that lymphocyte trans-
formation can be induced in rat Iymphocytes
derived from animals immunized with A, suum
and stimulated with an extract of whole adult
worm. Table 3 presents some of these prelimi-
nary results. Similar reactions have been ob-
tained with peripheral blood lymphocytes of a
man sensitive to Ascaris as the result of labora-
tory contact over many years (Table 4).

The significance of these preliminary find-
ings is not yet clear. They may indicate that 2
delayed hypersensitivity component is a part of
the immune response to Ascaris infection, and
this would be in line with certain aspects of the
histological picture of the immunity to Ascaris.
However, it is certainly not the sole form of
hypersensitivity that occurs, since an immedi-
ate type of hypersensitivity is also much in
evidence (100). Nevertheless, it is possible that
both could exist in the same animal, perhaps
mediated by different antigens. The system
does, however, provide a useful tcchnique for
the study of lymphocytes from different sources
using small quantities of antigen, and the re-
cent demonstration by Oppenheim ¢f al. (82)
that delayed hypersensitivity in the guinea pig
is expressed by increased [ymphocyte transfor-
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mation should encourage work with Ascaris in
the guinea pig.

Macrophages

Reticulo-endothelial 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 appcar to ex-
change material with neighboring cells by
means of pseudopodia through which material
passes from one ccll to another (1). The gen-
eral failure of the immune response in visceral
leishmaniasis has been suggested as due to an
equivalent of blockade of the RE system. How-
ever, the fact that the macrophages arc actively
phagocytic—indeed, they show increased indis-
criminate activity—has been presented as cvi-
dence against immunologic paralysis (2), but
this may not be a valid consideration, since it
has been shown that the macrophages of rabbits
rendered tolerant in neonatal life to BGG can
take up antigen and stimulate DNA synthesis
in spleen cells of an immunized animal (44).
The absence of an obvious defect of recognition
is comparable to the results of #n vive studies
with bacterial antigens showing that tolerant
animals were able to recognize antigen in the
same way as immune animals {74).

The phagocytic function of the macrophage
is of particular interest in the hemoprotozoz,
and it is now clear that erythrophagocytosis is
a major factor in the pathology of malaria
(115). Extensive erythtrophagocytosis of both
parasitized and normal erythrocytes is scen in
the internal organs in Plasmodium falciparum
infection and has also been observed in P. ber-
ghei in rats (23) and in P. lophurac in duck-
lings {64) and chickens {95).

Phagocytosis of abnormal numbers of normal
erythrocytes in malaria has been attributed to
various immunological entities, both antigen
and antibody, including an opsonizing antibody
that is said to develop via an autoimmunity
mechanism. However, George f al. (42) con-
cluded in recent studies that red cell destruc-
tion in P. berghei infection was caused by hy-
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TABLE 3. Transformation by Ascaeris antigen of human lymphocytes from an Arwris-sensitive person

SIZE OF CALLA (MICRONS) roraL % Totar %
ANTIGEN DAYs OF OF CELLS 7p  QF CELLS 9p
ADDRD CULTURE <7u Futo <9y 9uto<lip >11 OR MORB OR OVER
PHA 3 37 30.25 20.5 12.25 63 32.75
(£8.1) (£5.2) (+4.7) (£5.4) (+£8.31) (£8.2)
PHA 5 9.25 24.25 41.5 25 90.75 66.5
(£3.49) (+6.38) (541 (£10.17) (£3.6) {(£6.9)
Ascaris 3 58.75 29.5 10.25 1.5 41.25 11.75
0.06 mg/ml (+£18.6) (£6.1) (£7.69) {£0.87) (2150 (==8.39)
Ascaris 5 58.5 24.35 6.75 0.5 31.5 7.25
0.06 mg/ml (£21.7) (+£4.6) (£1.5) (£0.5) REXEY (2.00
Aicaris 5 83 13.0 375 0.25 17.00 4.0
0.006 mg/ml (£3.81 (1.87) (1.9 (+0.13) (£3.75) {23
Ascaris 3 80.5 17.75 1.75 g 19.5 1.75
0.006 nig/m] (£25.49) (43.24) (+1.3) (x4) (£1.28)
Control 3 37.75 9.75 2.5 ] 12.25 1.5
(£1.47) (£0.8) (£1.12) (£1.4) (£1.12)
Control 5 81.75 14 4.25 0 18.25 4.25
(:£26.04) (2.92) (£2.58) (433 (4.08)

TABLE 4. Transformation by Ascerir antigen of rat lymphocytes from rats immune to Ascarss suwm

SIZE OF cELIS (MICRONS)

ANTIGEN DAYE OQF ——————— TOTAL % OF
ADDED CULTURE <Tu 7ut0 <9pu Guro <llu >11 CELLS >T g

PHA 3 55.75 (£2.45) 35 (=%5.2) 8.75 (5850  0.5(=%.5) 44.25 (£9.29)
PHA 5 68.25 (£2) 15.75 (£3.3) 7.75 (£3.87) 8.25(%3.15)  31.75(%2)
Ascaris
0.06 mg/m! 3 91,5 (1.4) 6.5 (£2) 2(+1.23) 0 8.5 (+2.65)
Ascaris
0.06 mg/ml 5 88 (£1) 3.25 (%17 6.0 (£1.35) 275 (£1.35)  12(k1F
Ascaris
0.006 mg/ml 3 96,25 (-£10.9) 2.0(=x1.2) 1.0{x£1.2) .25 (£.14) 3.25 (&.35)
Ascaris
0.006 mg/ml 5 93.25 (£1.68)  3.75 (£1.65) 1.75 (£2) 1.25(£.26 6.75 {£1.78)
Control 3 97.25 (£1) 2,75 (13 i} 0 2.75 (1)
Control 5 96.5 (£1.4) 275 (.70 0.5 (£.9) 0.25 (£.14) 3.5 (1.44)

Values represent percentage of cells in each group.

400 cells measured in duplicate caltures for each set.

Figures in parenthesis=standard deviation.

* Significant difference (p=<0.01) between test and conrrols,
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persplenism and not by an opsonin. It was sug-
gested that circulating parasites, even in low
numbers, stimulate the phagoeytic capacity of
the RE syster, which leads to an increased rate
of sequestration of blood cells in the spleen, in-
cluding normal ones, which ultimately produces
a cumulative effect of greater splenic function
and greater cell destruction. These authors
were unable to detect IgG on red cells and pre-
sumed the absence of IgM because of the ab-
sence of agglutination and hemolysis. In a con-
sideration of the possible mechanisms of the
immunopathology of malaria, Dixon (35) has
suggested 2 mechanism based on the formation
of antigen-antibody complexes, unrelated to
the erythrocytes, that nonspecifically adsorb o
the surface of red cells with the subsequent fix-
ation of complement. Such cells are then liable
to lysis, which would explain intravascular
hemolysis and erythrophagocytosis.

Erythrophagocytosis has been claimed as a
czuse of anemia in several other intracellular
parasitoses—for example, Babesia in rodents
(92) and Toxoplasma in humans (54).

Phagocytic activity is also scen in helminth
infections, especially where tissue destruction
occurs, In parasitosis of the hungs, for example,
hemosiderin is frequently seen in macrophages,
but apart from this there is little evidence of a
direct action of macrophages on parasitic stages
of parasites in vivo, though this is presumed in
view of the frequency of macrophages in areas
where parasites are or have migrated. In this
case, it is likely that they are performing a
purely phagocyric function without reference
to, for example, delayed hypersensitivity mech-
anisms. ‘

The adherence of peritoneal macrophages to
the surface of second-stage Ascaris larvae when
these are placed in the peritonezl cavity of
mice immune to Ascaris has been reported (26),
and this finding contrasts with the results of
the author {97), who failed to observe a reac-
tion with second-stage larvae of Ascaris in the
peritoneal cavity of rabbits immune to Ascaris,
It is possible, however, that different animal
hosts respond differently.
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Cytophilic antibody

Cytophilic antibody (sewsu stricto) was orig-
inally described by Boyden (12) as a globulin
component of serum thar would become at-
tached to certain cells so that the cells would
then specifically absorb antigen. The original
description was applied to a class of rabbit anti-
bodies that would attach to spleen cells of rab-
bit or guinea pig. Another type of cytophilic
antibody, apparently distinct from the spleen
cell cytophilic antibody and capable-of becom-
ing attached to macrophages but not to most
other cells, has now been described (13). The
role of cytophilic antibodies in delayed hyper-
sensitivity has recently been assessed by Nelson
and Boyden (72), who conclude that thus far
there is no clear-cut evidence of a definite role
for cyrophilic antibody in delayed hypersensi-
tivity.

Preliminary studies on the possible occur-
rence of cytophilic antibody in Ascaris infec-
tion have been made in the author’s laboratory.
None has been found in the infection, but diffi-
culty has been encountered in obtaining a satis-
factory bis-diazotized benzidine Linkage of
Ascaris antigen to red cells, and radio-labeled
antigen has not been investigated.

The possibility of an antibody cytophilic for
lymphocytes has been suggested (72) as a resulr
of work by Koprowski and Fernandes (57),
who showed that normal lymphocytes, when
treated with serum of rats immune to guinea
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 association of immunity to cercain para-
sites with cells, especially lymphocytes and
macrophages, to examine for the various cyto-
philic antibodies, especially where the spleen
plays an important role in erythrophagocytosis.

Neutrophils

Neutrophils are the characteristic cells found
carly in parasitic infections, especially where
there is inflammation and .tissue destruction,
and local foci of neutrophils are frequently seen
around dying or dead parasites in various tis-
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sues of the body. At times neutrophilia may be
massive and may lead to an inctrease in the
pathological changes associated with the infec-
tion (30). In experimental infection of the
mouse with Fasciola bepatica, the later stage of
migration of t'.s parasite in the liver is associ-
ated with a iassive outpouring of leukocytes
into the tra s left by the migrating liver fluke.

The ear ¢ neutrophil response is usually re-
placed br one of lymphoid elements and macro-
phages and possibly this represents the onsct of
a specific reaction to the parasite by sensitized
cells, There is much to commend this idea,
since second infections frequently produce an
initial lesion beginning at the lymphoid stage
rather than at the neutrophil stage.

The role of the neutrophils, like that of the
other cells, in parasitic infections is unclear.
They are part of the early response to a parasite
and appear before well-formed immunologic
reactions are in operation. They are also seen in
certain immune reactions, particularly the Ae-
thus reaction, but in both cases they are a re-
sponse to inflammation and vascular injury
with subsequent sticking of cells to the blood-
vessel endothelium and the migration of the
cells to the local tissue.

An account of the substances that promote
leukocyte migration has been given by Hurley
{50), who suggested that a factor {or more
than one) of serum was activated by damaged
tissue rather than by direct liberation from in-
jured cells,

The role of antibody in the chemotaxis of
polymorphonuclear leukocytes (PML’s) was
demonstrated by Boyden (11), who showed
that the incubation of antigen-antibody pre-
cipitates in rabbit serum caused the serum to
become markedly chemotactic to rabbit PML's.
Studies with PML’s and Ascaris antigens and
antibodics have demonstrated a similar finding

(25). Wy

Adhesion of neutrophils to the surface
of parasites

In vitro studies of the adhesion of neutro-
phils to the surface of second-stage larvae of
A. sumwm have been in progress at the author’s
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laboratory. When sensitized with antibody,
second-stage larvae readily become covered with
large numbers of neutrophils. Stained prepara-
tions of antibody-sensitized larvae exposed to
buffy coat preparations of rabbit blood show
the cells ta be mainly PML’s with a few adhee-
ent eosinophils. No 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 also polymorphs from normal
animals. The reaction is antibody- and comple-
ment-dependent and is produced with a variety
of immune sera; these include those that will
cause the adhesion of pyroninophils from pe-
ripheral blood culture to third-stage Jarvac and
antisera to various fractions of the adult As-
caris worm and to unrelated parasites such as
Turbatrix acefi and Necator americanus. Even
normal sera of bovine, rat, and guinea pig will
produce the reaction. While the several types
of immune serum might be expected to contrib-
ute to the reaction, the ability of normal serum
to inducc it was somewhat unexpected. How-
ever, other studies have shown that second-
stage larvac of Ascaris, unlike third-stage lar-
vae, will nonspecifically become coated with a
serum component, and this may have the ability
to fix complement and cause the adhesion of
polymorphs.

Second-stage larvae of A. suxm show a defi-
nite sequence of cell adhesion with immune
serum, especially when examined with antigen-
stimulated peripherzl blood cultures after one,
two, three, four, and five days of culture. The
adherent cells from one-day cultures consist
only of neutrophils and eosinophils; as the cul-
tivation time increases, the adherent cells con-
sist of a mixrture of neutrophils with increasing
numbers of pyroninophils, and finally the ma-
jority of adherent cells are pyroninophils with
only a few adherent polymorphs. The adher-
ence of pyroninophils to second-stage larvae, as
with third-stage, is mediated by immune serum.
Consequently, the adherence of PML’s to sec-
ond-stage larvae is to a great extent nonspecific,



FIGURE 4. Polymorphonuciear leukacytes adherent to
second-stage Ascaris larvae. Stained pyconine {x 770).

FIGURE 5. Polymorphonuclear leukocytes and pyroni-
nophils adherent to sccond-stage Ascaris larvae (x 750).
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in that normal serum and normal cells equally
will take part in the reaction.

The adhesion of blood leukocytes to the sur-
face of other parasites has been variously re-
ported. Leukocytes have been observed to
adhcre to the surface of schistosomes after the
infected host has been treated with an anti-
schistosome drug (71), and microfilariae of
Loa loa, after treatment of the infection with

diethyl-carbarazine citrate, may accumulate in
the capillaries of the liver, where they are
attacked and enveloped by macrophages (16,
114). It has been suggested that the drug sensi-
tized the microfilariac to attack cells of the
reticulo-endothelial system.

Reactions between polymorphs and flukes de-
rived from X-irradiated cercariae of F. bepatica
have been described by Dawes (31). Flukes
weakened by irradiation show adherent poly-
morphs on the surface, and these cells then
penetrate the epicuticle of the fluke and pass
into the core of the cuticle, causing distuption
It has yet to be determined
whether this reaction is mediated by an anti-

of the epicuticle.

body mechanism, but there is every likelihood
that some serum factor is concerned.

Other examples of the adhesion of leukocytes
to parasites include the adhesion of microfilariac
to human leukocytes in the presence of serum
of an infected person (84), the adherence of
Trypanosoma lewisi to leukocytes of immune
rats (59), and the adherence of the pathogenic
trypanosomes to leukocytes of guinea pigs and
rabbits (60). This last reaction has been used
to differentiate strains of trypanosomes. Eosin-
ophils from patients with tropical eosinophilia
have been shown to adhere to the filariform
larvac of Strongyloides and Necator and occa-
sionally to microfilariac (8). In this work, cell
preparations from persons infected with hook-
worm or Ascaris were also reactive, but those
from normal individuals were nonreactive. 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
It has not been established in all
cases that antibody is concerned in the reac-
tions, but it is Iikely that both antibody and

protozoa.

complement arc concerned in most 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 sur-
face of parasites, but such events have not been
searched for, and, in all, a large unexplored
field is available for study in this direction,
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Eosinophils

The eosinophil is probably the cell that is
most traditionally associated with patasitic in-
fection, and yet, despite its characteristic ap-
pearance, there are no definitive statements
available on its function or the factors that
mediate its accumulation—sometimes in a spec-
tacular manner—in the tissues. Usually, the
eosinophil is not part of the early acute inflam-
matory response but occurs at a later stage of
inflaimmation when round cells and plasma cells
become evident. To some extent, its appearance
is an indication of the age of an inflimmartory
lesion, and the frequent association of eosino-
philia with allergic disorders, and especially
parasitic infections, has led to the presumption
that this cell type is associated with immunicy
processes.

Among the many theories that have been de-
vised to account for the accumulation of ¢osin-
ophils either in the blood or locally, three have
received more attention than others. These are
variations on a theme to do with histamine and
can be stated (a) histamine attracts eosino-
phils, (b) eosinophils contain an antihistamine,
or () eosinophils contain histamine (5). A
tnore recent study of eosinophils and eosino-
philia (61) has helped greatly to clarify the
factors that induce cosinophilia. Evidence has
been provided that it is due essentially to anti-
gen-antibody complexes: antigen alone, anti-
body alone, or the by-products of an antigen-
antibody reaction have lictle 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 or anti-
gens (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, 61,
90), this is also associated with degranulation
of the cells, and it may be a mechanism whereby
the antigen-antibody aggregate is inactivated
or degraded. A variety of enzymes have been
identified from the granules of eosinophils, in-
cluding cathepsin, {-glucuronidase, nucleases,
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phosphatases, and peroxidases (myeloperoxidase,
verdoperozidase), but their exact function 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 detail or examined for
its possible effects on the cuticle of larvae.

The idea that antigen-antibody aggregates
provide the cosinophilotactic response is an
attractive one; however, there are several re-
ports that indicate the occurrence of eosinophilia
in circumstances where the immune response
plays a small part in the mechanism. Arean
(6) has shown that the appearance of eosino-
phils at the site of injected Ascaris eggs was too
rapid to be explained by an antigen-antibody
reaction, and marked eosinophilia has been
observed in a child with visceral larva migrans
but who was agammaglobinemic and showed
almost a complete absence of immune globulins
in the serum (47). There are many reports,
published over the last few decades, indicating
that antigens from several parasites (including
Ascaris) will induce eosinophilia after an initial
injection (41, 106). Early work in this area
was almost certainly with animals (e.g., dogs)
that may have been naturally sensitized to
ascarids, but even the more recent experiments
should be intepreted 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 anti-
gen.

In a study of cosinophilia to Toxocara canis
infection in guinea pigs, Olsen and Schulz (81)
showed that the onset and extent of eosingphilia
were somewhat dose-dependent; guinea pigs re-
ceiving the largest dose of eggs {5,000) showed
eosinophilia on the second day, while those re-
ceiving only 50 eggs developed it on the tenth
day. Maximum eosinophilia was seen approxi-
mately two weeks after infection in all cases.
Schultz-Dale tests with antigens from Toxo-
cara eggs showed a dose dependency between
the number of eggs given and the time when
reactions could be elicited. Maximal eosinophilic
responses at about two weeks after infection
have also been observed in other nematode in-



fections, such as Trichinella spiralis (89) and
Dictyocaulus viviparus in cattle {102},

An interesting aspect of the work by Olsen
and Schulz was that though the cosinophilia
persisted in infected animals for 2§ days, the
Toxocara larvae did not persist for more than
14 days, as judged by digestion techniques.

Support for the idea that eosinophils are an-
tagonists of histamine is obtained from studies
on the mast-cell, eosinophil, and histamine
levels in rats infected with N. braziliensis
(110). A marked eosinophilia that occurred
from 12 days after infection onward was asso-
ciated with a marked decrease in the number
of tissue mast cells; this was interpreted to indi-
cate that the disruption of mast cells, with the
release of histamine, served to attract eosino-
phils whose function was to remove the excess
histamine (110). However, an alternative ex-
planation might be that mast-cell degranulation
was induced by a mast-cell-sensitizing antibody
and that eosinophils werc attracted by the re-
sulting antigen-antigen aggregates,

There is little doubt that the role of the
eosinophil in parasitic infection requires much
more detailed study.

Mast cells

Earlier studies of the cell response to inirial
and repeated infections of N. braziliensis in
rats demonstrated that connective tissue mast
cells (connective tissue basophils) fluctuated in
numbers during such infection (102). This
has been confirmed by Wells (110), who
showed that mast-cell numbers in the rat in-
testine fell markedly about the fifteenth day of
infection and later rose to levels much higher
than those prior to infection. It is unlikely to
be fortuitous that at the same time these cvents
occur there is also a loss of adult worms {sclf-
cure) of an initial N. braziliensis infection. The
concurrent increased accumulation of eosino-
phils has beecn mentioned previously.

Degranulation of mast cells can be brought
about by a number of agencies, including
trauma, bacterial toxins, heat, cold, and ion-
izing radiation (104). An additional mecha-
nism is degranulation by an antigen-antibody
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interaction, and it is now well established that
the mast cell plays an important part in the
anaphylactic syndrome (70, 105). A detailed
consideration of the various aspects of this is
given by Keller (55). Essentially, mast-cell
degranulation may occur on contact with anti-
gen after active sensitization and, according
to the animal species, after passive immuniza-
tion with serum. Mota has postulated a “mast-
cell-sensitizing” antibody that is nonprécipi-
tating, appears carly after immunization, and
may be present in the blood for only a short
time (67, 68). The most satisfactory method
of demonstrating it is homologous passive cu-
taneous anaphylaxis, and in the rat its produc-
tion is much accentuated by the use of Haemo-

philus  pertussis vaccine. Consequently, it
closely resembles the “reagin” type of antibody
(69).

The occurrence of an antibody similar to
reagin has been reported to be closely associated
with immunity to N. braziliensis in the rat (76,
78), the reagin being detected in some rats
immediately after the acquisition of resistance
and in all rats one week later. High levels of
the reagin were stimulated only by infection
with living, adult worms and not by vaccina-
tion with worm extraces. Rats immune to N.
braziliensis undergo severe anaphylaxis on intra-
venous injection of antigen, and since the gut
of the rat appears to be the major shock organ
(111}, it has been suggested that a local ana-
phylactic reaction in the gut may be responsible
for the termination of an adult worm infection
(103).

It has been shown recently that anaphylactic
shock induced by an unrelated antigen-anti-
body system will enhance passive immunity
conferred with antiserum. This produces a sig-
nificant expulsion of worms compared to rats
which were only passively sensitized {10). In
this circumstance, it appears that the anaphy-
lactic lesion has increased the passage of im-
munoglobulin to the lumen of the bowel.

It would be tempting to ascribe this sequence
of events to a degranulation of tissue mast cells
in the intestinal wall brought about by an anti-
gen-antibody interaction, possibly with the
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characteristics of a mast cell sensitizing anti-
body. Conclusive evidence for this, however,
must await further study.

There is ample evidence to indicate that hel-
minth antigens do have a profound effect on
mast cells. A principle of Ascarss will degranu-
late rat peritoneal mast cells (104) and studies
with mice infected with T. spiralis have shown
that local (subcutancous) degranulation of
mast cells is dependent on prior sensitization
with the parasites (14). In the latter studies
maximal teactions were obtazined one month
after infection, using either metabolic or so-
matic antigens of 1. spiralis, Sensitization
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
immunized against Strongyloides ratti has been
described (43); in this case “cxcretory and
secretory” antigens of infective larvae proved
more effective than somatic antigens.

Various other reports bave indicated an in-
crease it the number of mast cells in the skin
of mice infected with §. mansoni, Hymenole pis
nana, and Sypbacie and in the skin of patients
with schistosomiasis and filariasis (37, 38). An
increase in the number of bone marrow mast
cells {basophils} and an increased release of
these and eosinophils into the blood of guinea
pigs after the injection of Ascaris body fluid
has been reported (18). Comparable work
using a highly purified polysaccharide of As-
earis muscle showed that intraperitoneal injec-
tions caused infiltrations of primitive hema-
topoetic elements of the erythrocytic and leuko-
cytic series into the liver (80).

Globule leukocytes

These cells have received occasional attention
over the last several years, having been noticed
especially in parasitic infection of the gastro-
intestinal tract of ruminants. Their relation-
ship to parasitism and in particular to the
immunological process has hitherto been some-
what unclear, since they have been found in
the abomasal and intestinal mucosze of both
infected and normal animals. Recently, how-

ever, a clear relationship between gastrointesti-
nal parasitism and the globule leukocyte has
been reported, the ccll being common in the
mucosac of parasitized animals but infrequent
in worm-free animals (112). An increase in
globule leukocyte numbers has been observed
in the intestinal mucosa of rats infected with
N. braziliensis; this was marked on the twelfth
day and was coincidental with the self-cure
mechanism (112).

The nature and function of the globule
leukocyte have vet to be fully clarified. Some
have regarded it as comparable to the “Russell
body” cell of the plasma cell series, since by
light microscopy it appears very much the
same as that cell (36}. The Russell body cell
has been shown to contain immunoglobulin,
and in the work by Crandail ¢f al. (27) such
cells showed intense cytoplasmic fluorescence
with anti-u heavy chain reagents. A re-exami-
nation of the identity of mast cells and globule
leukocytes by Jarrett ef al. (52) showed that
in rat, sheep, and bovine three related cell types
occurred that 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 per-
ibiliary area in F. hepatica infected livers. The
ultrastructure of mast cells and globule leuko-
cytes was reported to be similar, but different
from that of the “Russell body” plasma cell; of
special interest was the fact that mitotic activ-
ity could be detected in mast cells and globule
leukocytes. The globule leukocyte was sug-
gested as an end cell of a range of mast-cell
types, derived from the type of mast cell found
in the lamina propria of the digestive tract.

If globule leukocytes are in fact a form of
mast cell, then a function for them could be
envisaged in gastrointestinal parasitism. They
could, as for example in N. braziliensis infec-
accumulate in the mucosa and under
appropriate stimulation release biologically ac-
tive amines, which in turn could alter the

tion,

permeability of the gut mucosa for larger
macromolecules and possibly also for immuno-
logically competent cells.
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Summary

A wide range of cellular reactions arc asso-
ciated with parasitic infections. Some of these
are probably nonspecific responses to tissue in-
jury and inflammation, whereas others appear
to be mediated by an immunoclogical response.
Since protozoan and, especiaily, metazoan para-
sites are not only complex antigenic entities but
may also cause tissue destruction, it is to be
expected that the cell response to them will be
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complex. Perhaps this complexity has been an
unattractive prospect to workers in the past,
but with an abundance of information now
available on the morphology, ultrastructure,
physiclogy, and functions of the wide range of
cell types that can be found in parasitic infec-
tions, there is much less reason for the field to
be neglected.

Moderator: The discussion of this topic
will be initiated by Dr. Biro.
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DISCUSSION
Carlos E. Biro

My comment must of necessity be general in
nature, and I should like to keep it short.

To begin with, when the cells involved in
the immune response are mentioned, the firsc
confusion that strikes me personally concerns
the cells actually invelved in the immune re-
sponse itself-—in other words, in the prepara-
tion or production of antibody—and those that
are called in after the antibody response has
taken place, as effecters of damage. I think
that this is 2 very important distinction to
make in studying immunity to parasites and
the cells involved in this kind of phenomenon.
It is necessary to study on the one hand the
initiation of the immune response, and on the
other the phenomena that occur afterward.

To put it very simply, the first kind of cell
involved in an immune response is probably a
macrophage, a phagocytic cell. Most antigens
are particulate or large matter, and these will
be the first ones involved. By some mechanism
that need not be discussed here, they seem to
be in touch with or communicate with cells of
another origin, lymphoid cells, and these lymph-
oid cells or their relatives differentiate to give
plasma cells.

Along this line of differentiation, a series of
events takes place. The first seems to be the
production of IgM. The second seems to be the
establishment of irmmunological memory, and
possibly the last would be the establishment of
1¢G production. Again, I do not think it is
important at the moment to discuss which
starts first.

1 have deliberately lefe IgA production and
delayed hypersensitivity in a separate, not-too-
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clear position, because I do not think their posi-
tion #5 clear. The only thing that, at least from
my point of view, is interesting is the associa-
tion between these two. There seems to be a
reasonable and growing body of evidence link-
ing the presence of IgA to delayed hypersensi-
tivity, Anti-IgA antisera are able to block some
in vitro models that are probably representa-
tions of delayed hypersensitivity. This, I think,
would be important in studying parasite im-
munity.

Now, once all these cells have been involved
in the production of antibody or an immune
response, in another totally different stage—
again, I do this for the sake of simplicity-—
there will be antigen-antibedy complexes. I
include in this term the interaction between
whatever produces the delayed hypersensitivity
and the corresponding antigen. As a result, we
can have histamine release, changes in vascular
permeability, polymorphonuclear cells attracted
to the site of the lesion, and eosinophilia. -

I start at this end because, not being a para-
sitologist interested in immunology but an im-
munologist interested in parasitology, T have to,
I now ask myself, Where within this scheme do
I fit immunity to parasites? I find that this is
not as big a problem as I would have thought,
I know that my colleagues in different special-
ties who deal with immunological problems
would like to have a2 special immune response
for each of them. The transplant people want
one, the parasitologists want one, and why not?
Yet I think that economy in a living being leads
to the idea of the immune response as probably,
if not one event, a series of linked events. In



this case the only question that need be asked
is what the characteristics of the antigen are,
so that we can know something of the charac-
teristics of the antibody produced or the im-
mune response produced to it. We find here
the first division I must make.

I have been a little vneasy today hearing you
talk simultaneously about monocellular, uni-
cellular, intracellular parasites, and about very
big things like helminths. 1 think the prob-
lems are totally different. We are not going to
advance by lumping them; we have to separate
them. Tn the case of the helminth, we have to
think of a parasite that is outside the organism;
as Dr. Remingron said, the gut is rezlly in the
outer world. Here, at least, we have to con-
sider a parasite that is big and lives part of its
life outside the being it inhabits. The other
thing we have to think about is a parasite with
a very resistant surface. In this context, the
production of antibody, a protein capable of
weak interactions would seem to be very little
protection against the parasite. One would ex-
pect the intervention of cells very particularly
at this level. At the other extreme are the
protozoa, which are necessarily intracellular
parasites, and here again we have a problem.
Under normal circumstances, immunoglobulins
do not, or appear not to, penctrate in normal
form into the cytoplasm of healthy living cells;
therefore, once the parasite is admitted into an
intracellular space, the only point at which
there will be interaction berween antibody and
the parasite will be in its passage berween one
cell and another, or after the rupture of one
cell and before the parasite is admirted to the
next.

These two different approaches—one to the
bigger parasite, on which a humoral factor will
have little or no effect, and the other to the
intracellular parasite, in which the moment of
the antibedy’s action must be just the one
when the parasite is outside the cell—are what
I want to call to your attention,

On the negative side, one might add that
the immune response was not made for either
of these types of problems. I know this is
teleology, and I apologize for purtting it this
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way. But, to repeat, what I mean is this: In
the case of the big parasites, humoral facrors
will have a very slim chance of helping 1o
eliminate infection. In the case of the intra-
cellular parasites, too, perhaps research should
be directed toward something different from
the immune response. There are other exam-
ples, such as viruses, in which nature appar-
ently needed some other kind of solution be-
cause antibody production was

enough.

not good

If this sounds negative, I am sorry; it is not
meant to. It is meant only to separate out
problems so that we can tackle them one by
one, instead of lumping them together in this
hard-to-handle mixture which is the field of
parasitology.

Moderator: I think Dr. Soulsby presented
very interesting evidence that the attachment
of pyroninophilic cells around the surface of
farvae may play a role in the actual destruc-
tion of the parasite, and this is to my mind a
very important point. We know that in de-
layed hypersensitivity tissues suffer a lesion on
account of lymphoid sensitized cells, and why
should not the tissues of the parasite suffer the
same thing? We know that lymphocytes from
people who have delayed hypersensitivity will
produce lesions of target cells in witro, and
why not on the parasites?

I should also like to provoke a comment by
Dr. Soulsby on the eosinophils. In the not very
distant past, people have been very interested in
the role played by the cosinophils in the various
stages of the immunological sequence. We
know that the antigen-antibody interaction
atrracts epsinophils, The eosincractic factor
has not been isolated as the chemotactic factor
that produces the attraction of neutrophils and
results from the interaction of antigen, anti-
body, and complement. But there is probably
such a thing as an eosinoractic factor produced
by antigen-antibody interaction, and we also
know that eosinophilia is very characteristic of
many parasitoses, particularly of helminthiasis.

I remember a paper written in 1963 in which’

Dr, Soulsby considered and speculated about
Spier’s point of view on the participation of
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cosinophils. Toe my mind, the sequence of
events suggested by Spier called for too many
hypotheses: First, phagocytosis of the antigen
by neutrophils. Second, phagocytosis of the
necrotic neutrophils by macrophages. Third,
lymphocyte macrophage cells {hemocytoblasts)
undergoing DNA synthesis and dividing to
form medium and small lymphocytes. Fourth,
some of the mononuclear cells involved in the
inflammatory reaction being injured by anti-
gen, becoming swollen, and forming numerous
vesicles.  Fifth, attraction of eosinophils by
the injured cells penetrating their plasma mem-
branes and causing disruption of the eytoplasm.
Sixth, macrophages engulfing cell fragmens
with adherent antigen as well as eosinophils as-
sociated with these fragments. Finally, micro-
phages lasing their phagocytic activity and
undergoing transformation into antibody-pro-
ducing cells.

I believe Dr. Soulsby will agree that this con-
cept is based on a chain of unnecessary and un-
proved steps. It recalls the old dictum known
as Occam’s Razor: Essemtia non sunt multipli-
canda praefer mecessitatem (One should not
multiply the hypothesis beyond necessity). The
only thing we really know is that the antigen-
antibody complex, as well as certain macro-
molecules, including Ascaris  keratin, are
strongly eosinotactic, and we also know that
Ascaris extracts are potent histamine liberators,
and there are indications that eosinophils may
play a role in the removal and neurralization of
histamine. These are a good many assorted
things that might be put together, perhaps,
but I do not know how.

Like the attraction of lymphoid cells in de-
layed hypersensitivity, the attraction of eosino-
phils under the conditions of Dr. Soulsby’s
experiments a few years ago still requires ex-
planation, I think,

Soulsby: I agree entirely that Spier’s se-
quence of requirements for his theory of anti-
body initiation and production is so compli-
cated and requires so many unproved steps that
it is more or less unacceptable. I think that
nowadays almost everyone would agree.

If there was anything that would have made
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me refuse to cooperate in this conference, it
was any consideration of the eosinophil. It is
excremely difficult to find definite information
about it. As you well know, there are so many
theories about it-—that it is a histamine carrier,
that it is an antihistamine carrier. The recent
publication of Litt’s in the Annals of the New
York Academy of Sciences seems to offer a
fairly good explanation of cosinophilia in para-
sitic infections. He suggests that eosinophilia
is very common in helminth infections because
the antigen persists for some time in the tissues.
Consequently, 2 residuum of antigen-antibody
aggregates might be expected to persist there.

We have been able, using the iz vitro tech-
nique mentioned earlier with larvae, to demon-
strate the adherence of eosinophils to larvae.
This is similar to Bang's demonstration of a
comparable reaction with eosinophils and mic-
rofilariae in cases of tropical eosinophilia in
India. The reaction depends on sensitization of
the larvae by antibody and is also complement-
dependent. This would fit with Litt’s work.

I want to return for just a minute to the
pyroninophil-adherence reaction. I want to em-
phasize that this system we are working with
is a very artificial one. I would be the last to
suggest that this is a definite i# vive mechan-
ism. A point [ raised in my presentation was
that perhaps we should think not only in
terms of the parasite, but also in terms of the
local environment of the parasite. In examining
a lesion, it may be seen that these cells are very
numerous in the local environment.. When the
parasite is transferred to an artificial system,
there is no longer any local environment, but
in this situation cells are observed adhering
directly to the parasite.

Moderator: 1 appreciate the caution of
your statement.

Nussenzweig: I have two questions for
Dr. Soulsby, What is the role of the comple-
ment in these reactions, and their relation to
the immune-adherence phenomenon? Are the
large cells already present in the lymph node of
the animals or are they transformed on the sur-
face of the larvae?

Soulsby: We produce these cells in culture



and then use them. It is only when cells have
undergone transformation that they are active
in the reaction. Cells will transform if they arc
cultured with living larvae, presumably as a
result of the release of antigen into the
medium. But we have never observed an ad-
herence of unstimulated lymphocytes to larvae,
and consequently it does not appear that they
are stimulated to transform on the surface of
farvae,

Goodman: 1 have a comment and then a
question. The comment is the same onc I made
about immunoglobulins: that we do not really
know the role of delayed hypersensitivity or of
circulating antibodies in many of the classical
infections by viruses and bacteria, Thercfore,
we should not expect to understand clearly the
role of delayed hypersensitivity in parasitic dis-

- cases without a good deal of work. The gaps in
our knowledge about the function of different
kinds of circulating antibodies persist although
we can purify them and even determine their
structure. In the case of the delayed hypersensi-
tivity system, on the other hand, we have very
few in vitro techniques. It is good to hear that
Dr, Soulsby is making a start on applying
them to the parasitic diseases. '

My question concerns the rcaction he is
working with; I believe it involves the
lymphocyte, which has changed, been “trans-
formed,” become a blast cell. Tt has been very
interesting to follow the development of in
vitro systems devised to study delayed hyper-
sensitivity; to note that Dr. Perlman in Stock-
holm and Dr. Brunner in Lausanne have been
able to take sensitized lymphocytes (which
have not previously been transformed) directly
from the spleen (Brunner) or peripheral blood
cells (Perlman) and mix them with the target
cells (to which the animal has delayed hyper-
sensitivity ). The damage to the target cell can
be determined by culturing them or by measur-
ing the release of labcled chromium from the
cell. Have your parasites been damaged by the
transformed lymphocytes? Have you been able
to apply the Perlman or the Brunner technique
and expose any stage of the parasitc to lympho-
cytes (either from peripheral blood or from
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lymph nodes or spleen) and show that these
parasites then do not grow normally or cannot
be transferred and grown normally when put
into another animal? It would seem that para-
sites should offer an excellent system for this
type of i witro investigation of delayed hyper-
SenSItIVLtY.

Soulsby: You have summarized our rescarch
for the next two years. It would be most in-
teresting to be able to demonstrate a lesion
on the parasitc with these cells, but at present
we have not detected any. But it may be that
such a lesion takes longer to form than our
system will demonstrate. The study of an in-
dividual preparation is terminated after about
half an hour. We are, however, initiating work
on the continuous in vitre culture of cells with
larvae, and at present we have a little evidence
that a parasite population survives less readily
in a population of immune cells than of normal
cells, ’

Biro: | still insist on my separation, Hista-
mine release, polymorphonuclear attraction,
circulating antibody, and immediate hypetsen-
sitivity all belong on one side, whereas delayed
hypersensitivity—or, at least, so there is an in-
creasing body of cvidence to show—probably
belongs on the other. T like to think of delayed
hypersensitivity as the local manifestation of a
secondary immune responsc. This is very im-
portant in relation to Dr. Soulsby’s model, be-
causc he is dealing with the adherence of cells,
and 1 think that the stickiness of the surface
of a cell is what decides whether a cell will or
will not circulate or recirculate. Not much
immune response goes on in circulating cells.
It is usually in cells that are stuck. What makes
them stick? This is an important question.

In the adherence of blastoid or transformed
cells to larvae, two different models, the mean-
ing of which would be entirely different, have
to be separated. One of them is as Dr, Soulsby
has been carrying it out: the cells have already
acquired this stickiness, which I tend to feel
might be very nonspecific. A question T might
ask is what happens when one takes another
kind of barrier for immunoglobulin, another
big particulate kind of antigen, and covers
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it with its antibody. Does this also stick to
the cells 4nd not change the specificity of the
antibody or of the cells but change the
specificity of the carrier?

The other model is the one Dr. Goodman
suggested, in which transformation would
take place locally, on the cell. T think that
this acquisition of stickiness shows the begin-
ning of an immune response. It might be
worth while to remember that these blast
cells or blastoid cells do not appear in the
lymph that comes from the site of antigen
into a lymph node. They appear in the node
and in the efferent lymph—the lymph going
away from the node. It seems to take some
kind of adhesion or mutual interaction be-
tween cells to get the phenomenon started.
This is very dithicult to correlate with in vitro
models.

R. 5. Nussenzweig:* I should like, if T may,
to raise one more problem concerning the cel-

lular aspects of host response to parasitic in-

fections, in addition to those that have al-
ready been discussed: the stimulation of the
reticuloendothelial (RE) system that is known
to occur in many cellular and blood parasitic
infections, the importance of which has been
recognized since the classical work of Talia-
ferro. But I have the fecling that since then
this problem has not had encugh experimental
attention and that many related problems re-
main to be clarified.

1 want to present some data we obtained
in malaria infection, using rodent malaria
parasites in mice. Immunizing animals with
sporozoites, the inscct form of the malaria
parasite, incorporated in Freund’s complete
adjuvant, we obscrved the development of a
certain degrec of protective immunity, shown
by a two- to threcfold increase in the survival
time of the immunized animals, But similar
results were obtained in a control group in-
jected repeatedly with Freund’s adjuvant
alone, without parasite antigens.

We thought of RE stimulation as eahancing
the natural resistance to the malaria infection,

* Mssistant Professor, Department of Preventive Medi-
cine, New Yeork University Medical Schoal.
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and the next step was to try out other—and
if possible more potent—stimulants of the RE
system to verify whether these effcces could
be reproduced. For this we wused Coryme-
bacteriwm parvum, which had been shown by
Dr. Biozzi and his colleagues to have a very
potent accelerating effect on carbon particle
clearance. We treated animals (A/J mice)
with killed C. parvam and later challenged
them, and also untreated controls, with viable
sporozoites of Plasmodinm berghei. A quite
extensive protection was observed: only 30 to
50 per cenc of the pretreated animals became
infected, compared to 100 per cent of the
control animals. Furthermore, some of the pre-
treated animals that became patent survived
the P. berghei infection; this has never been
observed with this parasite under normal con-
ditions. In conclusion, there was a marked in-
crease in host resistance produced by this non-
specific stimulation of the RE system. 1 think
it would be worth while to see whether some-
thing similar could not be observed in other
systems with different malaria parasites, and
even in other parasitoses.

Moderator: This is a very interesting ob-
setvation. As far as T know, Dr. Biozzi never
had a conspicuous degree of protection against
bacteria with this stimulation. Against Sal-
monella typhimurium in the mouse, T believe
he never got any protection.

R. S. Nussenzweig: T am not aware of pub-
lished results on the effect of administering
C. parvum on Selmonclla typhimurium or
any other bacrerial infection. As for the
effect of C. parvum in other systems, Halpern
and his colleagues obtained a certain inhibi-
tion of tumor development and increased sur-
vival rates in several experimental tumors in
mice pretreated with C. parvam. Biozzi and
his colleagues also reported on a reduction of
mortality rates due to grafr-versus-host reac-
tions in mice pretreated with C. parvam.

Dubos: Since the time is so short, I shall
limit my remarks to Dr. Bito’s category of
biochemical events, taking place as a result
of antigen-antibody reaction and also of aller-
gic reaction, that reveal changes in the activi-



ties of the cells due to the immunological
process. He denoted the biochemical change
by the word “histamine.” He used histamine
because this happens to be a substance that
immunologists are professionally interested in,
but I am sure that he meant it to symbolize
many other kinds of biochemical changes that
take place. Tt is a fact, as you well know,
that during the past five or six years an enor-
mous amount of information has been accu-
mulating on the changes that occur in the
of

various types of cells in various immunological

physiological and biochemical activities
situations.

Let me just mention two or three that 1
believe are directly relevant to the question
that has been worrying you today; that is,
how the immune reaction exerts its anti-in-
fectious effect on the pathogen, whatever the
nature of the pathogen.

There is no doubt that after any one of
the classical immunologic reactions there is
a change in the metabolic activity of the cell
concerned. This has been illustrated by the
phenomenon so well known since Metchnikoff,
and so well documnented since, that a change
in the glycolytic activity of the cell takes
place, so that suddenly there is the classical
burst of acidity that results from an increas-
ing  glyeolytic asspciated  with
phagocytic processes, for example.

Moreover, and also extending early observa-
tions of Metchnikoff’s, there has been spec-
tacular demonstration that not only as a re-
sult of phagocytosis but also as a resulc of
mere contact between the antigen and the
immunologically

activity

competent cell, explosive
changes occur in the different types of gran-
ules of the cells—to such an extent that the
phenomenon has been described as degranula-
tion. This might more properly be referred to
as the destruction or explosion of the lysosome,
with a2 sudden release into the cell and the
vicinity of the cell of all the components of

the lysosome system, which in the final analysis
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means all the enzymes that are stored in the
lysosome complex.

There is also 2 great deal of evidence that
almost any kind of stimulation of an active
cell by the antigen to which it has been sensi-
tized results in an accumulation within that
cell of many types of biochemical equipment,
as can so well be demonstrated by growing
macrophages in tissue cultures and showing
that the richness in different metabolic’ po-
tentialities can be changed at will.

It seems to me that you should have all this
in mind. You will find that the question you
have been asking all day—how does the im-
mune mechanism really affect the susceptible
cellP—is probably much simpler than we
knew a very few years ago.

By the way, let me say that your questions
are not at all peculiar to parasites; they apply
to all bacterial species. They apply exactly
to immunity against tuberculosis. I arnused
myself by taking several sentences from Dr.
Smithers’ presentation and inserting “tubercle
bacilli,” and T found that his text was abso-
lutely applicable, with the same queries, the
same uncertainties, but also T believe the same
possibilities of explanation.

So let me just suggest that in your thinking
about this problem you bear in mind that the
activities of the cells involved in the immune
process are profoundly affected by any form
of immunologic reaction, whether it be the
classical antigen-antibody or the delayed aller-
gic type of reaction, I believe you will find
then that most of the phenomena of protection
that appear so mysterious are due in reality not
to a direct effect of the antibody on the parasite
{whether. virus, bacterium, or helminth) but
to the secondary manifestations of the allergic
process—the release of a whole variety of
chemically metabolically active substances all
produced in Dr. Biro’s second category.

Moderator; I think we had better proceed
now with Dr. Weinstein’s presentation. [
hope we may take up this matter again later.
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IMMUNOLOGIC ASPECTS OF PARASITIC INFECTIONS

Paul P. Weinstein

The effects of the immune response on para-
sites are manifested in a wide variety of ways,
and many studies have been devoted to a de-
scription of diverse aspects of the response,
such as behavioral and morphologic changes,
structural damages, changes in infectivity and
in subsequent growth and differentiation, and
metabolic alterations. In few instances, how-
ever, has there been a systematic attempt to
study in detail and interrelate the variety of
consequences to a parasite that may follow an
immunologic event.

For the sake of discussion, the effect of the
immune response on parasites will be arbitrarily
divided into several levels of reaction: gross,
It is quite
evident, however, that these categories are

physiological, and biochemical.

artificial and may operate simultancously in
a complex interplay. Therefore, the description
of the consequences of an immunologic reac-
tion upon a parasice will, like the proverbial
blind men and the elephant, depend upon the
analytical tools that are brought vo bear and
upon the perceptiveness of the investigator.
‘No attempt will be made here to present a
detailed review for each of the subjects dis-
cussed. Instead, selected examples will be used
in an attempt to assess the major reactions ex-
hibited by protozoa and helminths. Many of
the observations that will be referred to have
been made ## witro only, and their relevance
to the in vive condition is frequently not clearly
understood. It is similarly apparent that in
most instances insufficient information is avail-
able for determining whether a given reaction
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plays 2 role in the ultimate destruction of a
parasite. It is unfortunately still true thac che
underlying mechanisms of protective immunity
in the great majority of parasitic infections are
a mystery.

Gross aspects of reaction

Immobilization reactions

Antibody acting on various species of pro-
tozoa and helminths may result in retardation
in movement and immobilization.

Entamocbae. This type of reaction com-
monly exhibited by amoebae was first described
by Cole and Kent (8) for Entamocba bistoly-
tica exposed to the serum of rabbits that had
been immunized to the erganism. When placed
in antiserum, motile trophozoites soon ceased
to form pseudopodia and rounded up. Maximal
immobilization was obtained in twenty to
thirty minutes, after which the amoebae re-
gained their activity. Serum from infected
humans was also shown to possess the immo-
bilizing factor (3). Previous investigators had
considered that surface antigens were involved,
and Biagi et al. (2) provided data to strengthen
this hypothesis. Using fluorescent-antibody
procedures, they observed that as immohbiliza-
tion occurred, the fluorescence was localized
principally on the surface of the organism.
After 45 minutes, it was regularly distributed
in the ectoplasm and endoplasm. At 60 min-
utes, activity in the cytoplasm was noted with
At

7% minutes, all the fluorescent matetial was

the appearance of non-fluorescent areas.



present in a large vacuole in the endoplasm,
and at 105 minutes it was barely perceptible;
at this time remobilization of the trophozoite
was observed. Loss of fluorescence was not
seen in trophozoites that were not remobilized.

Rabbit antiserum to E. bistolytica also
markedly inhibited the ability of the amoebae to
ingest red blood cells in vitro, apparently be-
cause of the immobilizing effect of the anti-
serum (63).

Similar immobilization reactions have been
shown to occur with E. invadens, E. coli, E.
ranarwm, and E. moshkovskii (89). The first
two species with E. bistolytica fall into one
antigenic group, distinct from the two latter
species, Riagi ¢f al. (2) believe that the anti-
body responsible for the immobilization reac-
tion is a gamma globulin. Antiserum thac is
not inactivated will produce lysis of the
amocbae; the inactivated antiserum produces,
in addition to immobilization, a certain degree
of agglutination (89).

According to Zaman (89), a strain of E.
invadens when grown in the presence of specific
immobilizing antiserum appeared to change its
antigenic structure; growth in the presence of
antiserum was very poor. However, when
transferred back to medium with normal serum,
it reverted to the original antigenic type.

Trypanosoma Immobilization
structural changes of T. cruzi have been noted
in vitro by Adler (1). Specific serum added to
normal cultures results in rapid agglutination,

oeruzi. and

chain formation, and immobilization of the
large muajority, though not all, of the flagel-
lates. Flagellates exposed to concentrations
inhibiting growth lose their capacity to mul-
tiply several days before flagellar .activity
ceases completely, Specific serum results in
apparent fusion of some flagellates owing to

the
agglutinated

destruction of the cell membranes of
The

form appears to be less susceptible to the

individuals. trypanosome
immobilization effece of specific serum than
the crithidial. Lysis of the crithidial form of
T. cruzi, and in some cases of the trypanosome
stage, by normal sera from various animals fre-
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quently occurs. Warren and Borsos {88} have
shown by immunologic methods that fowl
sera contain at least two factors against the
crithidial form; 2 heat-stable factor, which js
in all probability a strengly agglutinating and
sensitizing antibody, and a heat-labile factor,
which is probably complement. It was con-
cluded that the agglutinating factor (antibody)
is due to response to a cross-reacting antigen
possibly present in a commeon contaminant of
fowls.

Balantidium coli, When added to diluted
fresh serum from immunized rabbits, the ciliates
were rapidly immobilized and lysed. However,
inactivated antiserum produced immobiliza-
immediately, lysis,
Although the organisms remained stationary

tion almost without
during the reaction, local ciliary movement
continued with gradually diminishing activity;
after 6 to 7 hours disintegration occurred. In-
activated normal rabbit serum had no effect
on the activity of Balantidium (90).
Miricidial immobilization. Tmmune serum
capable of rapidly immobilizing miricidia of
Schistasoma mansoni has been reported for in-
fections with S. mansoni (61, 29), S. japoni-
cum  (61), and S. dowuthitti (29). The
reaction oceurs in sera inactivated at §6° C
for 30 minutes and is due to the clumping
and immobilization of the surface cilia. In the
higher dilutions of immune serum, some of
the cilia on a given miracidium were clumped
while others on the same organism continued
to beat normally. The miracidia remained
alive, as determined by flame cell motion, which
apparently was unimpaired during the petiod
of observation (62). No immobilization oc-
curred in sera from uninfected control animals.
The evidence was that the response was due to
an antigen-antibody reaction: activity was
completely abolished by absorbing setum with
schistosome eggs, adults, or cercatiae, and lyo-
philized preparations of these worm stages
injected into animals gave rise to immobilizing
antibody.  Miracidial-immobilization  facters
were also demonstrated in all the globulin

fractions of a schistosome patient’s serum (34).
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Using fluorescent-antibody reaction, Sadun ef
al. (57} reported that the ciliated epithelium
and ciliz of the miracidium stained brightly in
immune serum, whereas the remainder of the
organism was nonreactive.

Electron microscopy has revealed alcerations
in the surface of miracidia of S. jeponicum
exposed to serum from infected rabbits (28}).
The epithelial cells were greatly swollen, and
their outer surface was covered with a protein
complex that appeared as a coat of amorphous
material. The most striking change was the
swelling of the cilia, which caused their axial
filaments to bend and coil. No alteration of
subepithelial structures was observed. The
miracidia incubated in normal serum showed
no change in surface or internal structure.

For Fasciola hepatica infection in sheep, the
findings are somewhat different {66). Heat-
inactivated sera from either infected or normal
animals have no miracidial-immobilizing ac-
tivity. However, immobilizing and cytotoxic
activity is quite marked in both types of sera

in the presence of complement, with some slight

indication that specific augmentation of the
reaction may occur during the early stage of
infection; it is at such a period that antibodies
to F. hepatica infection are highest.

Membtrane and Precipitate Formation

Trematodes. 'The cercarienhiillen reaktion
(CHR), also referred to as the cercarial-en-
velope reaction and pericercarial-membrane
phenomenon, was first described by Vogel and
Minning (85, 86) and has subsequently been
studied by several other investigators. Vogel
and Minning noted that cercariae of S. japoni-
cum and S. mansoni incubated in serum from
schistosome-infected animals soon became in-
vested with a transparent membrane. Detailed
observations made by Stirewalt and Evans (71)
using phase microscopy revealed that the curicle
of cercarize of §. mansoni in serum from un-
infected mice appears as two very dark green
to black parallel lines separated by a clear
yellow-orange to orange-green space about 2 to
3 microns wide. The cercariae remained actively
motile and showed no cuticular ‘changes for
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several hours. In serum from infected mice,
however, changes occurred rapidly. Within a
few minutes, large amounts of a sticky ma-
terial were secreted orally. Soon thereafter the
width of the cuticle increased, as though the
cuticular material was swelling or fluid was
collecting within it. Associated with this was
a shift in its color from orange to a deep green.
These changes spread over the entire curicle
during the course of the first hour and were
followed by the apparent detachment of the
swollen area, which resulted in the ensheath-
ment of the cercariae in 2 transparent mem-
brane. The membrane was pliable at first but
became cross-ridged in consequence of the
cercarial movement and soon “set” and hard-
ened. Finally, it loosened and ballooned away,
encasing the cercaria as though it was in a
mold. Of particular intercst is the finding that
schistosomules that were rapidly recovered
following penetration of the host did not form
the CHR recaction (70}. This suggests that a
surface change occurred in the parasites with
their penetration of skin.

The CHR serum factor is relatively thermo-
stable, though strongly reacting serum when
heated at 56° C for 30 minutes showed a
marked reduction in its capacity to induce en-
velope formation. The addition of unheated
normal guinea-pig setum not only restored the
CHR factor, but enhanced it. The rapid form-
ation of the pericercarial envelop apparently
protected che organism against any “cidal”
activity of the serum (71). Serum fractiona-
tion studies led to the suggestion that the
gamma globulin in infected mice contains both
the pericercarial envelope-forming and cercari-
Inhibition of
factor appeared to depend upon the presence of

cidal factors. the cercaricidal
an alpha globulin component perhaps aided by
dilution with albumin; such inhibition ailowed
the expression of the CHR factor present in the
gamma globulin {20). Further investigation
with serum from humans infected with S,
mansoni demonstrated thar both the CHR and
cercarial agglutinating activity were present in
an electrophoretically homogeneous, fast-mov.



ing portion of the gamma-l-globulin (T-
globulin). Ultracentrifugal analysis showed
the fraction to be polydisperse, having two
minor comparatively fast-sedimenting com-
ponents (S,,—11.% and 7.7, respectively) and
a major, slowly sedimenting component (S:0—
5.1). CHR and cercarial agglutinating activity
were isolated in the major component (19).

Nematodes. Precipitate formation at one or
more of the various apertures of nematodes
(excretory, oral, anal, reproductive) and within
the lumen of the gut has been described for
many species of nematodes incubated in serum
from infected animals. Sarles and Taliaferro
(¥9) and Taliaferro and Sarles (79) first de-
scribed this reaction as occurring in vive in
the tissues of rats showing z marked immune
response to Nippostrongylus braziliensis. A de-
tailed description of the reaction developing in
vitro against various stages of the living para-
site was presented by Sarles (§8), who demon-
strated that it would occur in heat-inactivated
serum. The addition of complement had no
further effcet and did not elicit lytic or lethal
reactions. Since then the formation of similar
precipitates on vatious other species has been
demonstrated: Trichinella spiralis (47), Ascari-
dia galli (53), Heterakis spumosa (64), and
Oesophagostomum rodiatum (52).

Although there is a possibility that precipi-
tate formation is correlated in some instances
with decreased activity of the worm {58}, the
resules have been inconclusive or negative for
the most part. In a study with Neoaplectana
glaseri (273, the organisms grew to the adule
stage in culture in the presence of specific anti-
serum from immunized rabbits. No change in
activity or injurious effect was noted, despite
the development of precipitates at all the var-
ious openings through which excretions and
secretions passed. In a comparable study in vitro
with Oesophagostomum radiatum, Douvres
(52) found no evidence that the antibodies
responsible for precipitate formation adversely
influenced the development of the larvae. In
this lacter study it was also reported that a
“coating” of the body surface of larvae oc-
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curred, and that both the precipitate and the
coating phenomena took place only in intestinal
tissue extracts from infected or immune ani-
mals, not in sera from chese hosts.

Evidence that the precipitates forming on
nematodes are antigen-antibody complexes was
presented by Jackson (25, 26), who demon-
strated that fluorcscent antibody was specifically
incorporated into the precipitates developed at
the orifices of N. braziliensis and Trichinella
spiralis. Similar fluorescent antibody findings
have been reported for Ascaris lumbricoides
(75) and A. suum (75, 9).

Physiological aspects of reaction

The immune response to helminths is fre-
quently manifested by a repression of growth
and differentiation that results in various de-
grees of retarded development and, with adule
worms, in inhibition of egg production, Michel
(392), in his analysis of these phenomena ex-
hibited by wvarious species of nematodes parz-
sitizing domestic animals, has suggested that
inhibition of development should be distin-
guished from stunting or interference with
growth. True inhibition of development
arrests the growth of the worm at a precise
point in its life cycle (either third, fourth, or
fifth stage), which varies among species. For
example, the great majority of Osferfagia
ostertagi become inhibited early in the fourth
stage and the resulting worm population is very
uniform in size. The worms may survive in
the tissues of the hose for a relatively long
period. They may ultimately resume their de-
velopment and become undersized adults, these
now being considered “'stunted” organisms
(39). If this differentiation between inhibition
of development and stunting proves to be
generally correct, it would imply an effect of
the immune response, directly or indirectly, on
the growth-regulatery mechanisms of nema-
todes. ‘That such inhibition of larval develop-
ment is based on immune reaction has been
deduced from several lines of evidence. Inhibi-
tion is readily reversed upon the transplantacion
of larvae from the immune to a nonimmune

-

™

e



o)

s

host, as has been shown for N. braziliensis
(39, 7y, Oecsopbagostomum rediatum (32),
and Haemanchus placei (51); the transplanted
organisms rapidly develop to mature adults.
Soulsby and Owen (68), using an alkylating
agent, chlorambucil, were able to depress the
immunity of sheep containing a large popula-
tion of The
progressive fall in hemagglutination and com-
plement-fixation titers and white blogd cell
counts was inversely related to the steep rise in

inhibited nematode larvae,

fecal egg counts. Similarly, as is discussed by
Soulsby (67), a reactivation of dormant larvae
due o0 z decrease in the level of immunity
during the winter months may contribute sub-
stantially to the so-called “spring rise” in para-
sitism seen in domestic animals. It should be
pointed out, however, that serologic response
and the existence of protective immunity fre-
quently show little correlation in parasitic
infections,

Reduction in the infectivity of larvae afcer
refatively brief treatment in vitro with immune
serum before being introduced into a host may
represent another facet of larval inhibition.
Observations on various nematode species have
been reported: Ancylostoma caninum  (48),
T. spiralis (37), N. braziliensis (81). This
effect was considered to be due to antibody,
since the sera reducing infectivity also caused
precipitate formation at larval orifices and in
the case of T. spiralis were demonstrated to
contain complement-fixing antibody and im-
munizing capacity on passive transfer. This
effect in the case of T. sfiralis was assoctated
with the euglobulin fraction of the serum
(38).

The immune response to nematode infec-
tion is also frequently characterized by a de-
crease in egg production, as for example with
N. braziliensis (59, 42) and Ostertagia osfer-
fagi (39). Inhibition of ovulation, although it
superficially appears to result from the stunting
of the worms, scems on analysis to be a sepa-
rate phenomenon, This conclusion is based on
the fact that within any worm population in
an immune host there was no correlation be-
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tween the size of a female and the number of
eggs it contained (39). Evidence that inhibi-
tion of egg-laying is a reversible phenomenon
was presented by Chandler (7) and Mulligan
et al. (42). When adult N. braziliensis females
showing inhibited egg production in immune
rats were transplanted to nenimmune animals,
their egg-laying capacity was rapidly restored.

It appears highly probable that che various
phenomena just described are due primarily to
an immune response. However, it Is not at all
certain that antibody acting directly on the
organism constitutes the complete explanation.
For example, at a2 particular peried in an in-
testinal nemarode infection, the organism may
be cxpelled from the gut, which will result in
a fairly abrupe diminution of the infection.
This reaction, first observed by Stoll (72) in
haemonchosis in sheep in response to challenge
with infective larvae, has its counterpart in
N. braziliensis in the rat, in which the original
infection rapidly induces a sufficiently intense
immune state to result in expulsion of the
Stewart (69) demonstrated that a
hypersensitivity reaction of the immediate type,
resulting in edematous and histological changes
in the gut mocous membranes, occurred in
association with *‘self-cure,” and discussed the
possibility that such eavironmental alterations
in worm habitat might be involved in the
mechanism of the reaction. In studies on the

WOrLns.

mechanism of the self-cure reaction in N.
braziliensis, it was similarly postulaced that the
importance of antibody lies not in its direct
action on the parasites, but in its inducing a
state of hypersensitivity in the gut, in which
fixed antibody and worm antigen would give
rise to a local anaphylactic reaction., Such a
reaction could conceivably render the para-
site’s environment “unsuitable” (42, 84). The
same response, however, could be induced by
the passive transfer of serum, and it was recog-
nized that a direct action on antibody on the
worms in the intestine need not necessarily be
excluded by this
capillary permeability associated with local
anaphylaxis could well result in a leakage of

incerpretation.  Increased



plasma proteins containing antibody, and in
fact it was found that immune serum did
significantly inhibit worm oxygen vptake after
overnight incubation (42).

The same concept, but based on a different
immunological mechanism, has been invoked
for T. spiralis infection. Larsh (33) has con-
cluded that the mechanism causing the ex-
pulsion of the adult worms from the host by
creating an unsuitable biochemical environment
is triggered by a specific delayed, rather than
immediate, hypersensitivity reaction in the gut.
Gordon (22) has objected to this interpretation
on the ground that the protection-giving cell
types used were not lymphocytes and that other
pertinent controls were not included. Although
Kimt (31) has reported the development of
delayed hypersensitiviry to T. spiralis antigen,
he failed to accomplish passive transfer of im-
munity by splenic cells. Wagland and Dineen
(87), have presented more convincing evidence
for the cellular transfer of immunity to Tri-
chostrongylus  colubriformis in an isogenic
strain of guinea pig, using mesenteric lymph
nodes as their cell source. But since they did
not employ normal cell controls, the resules
are difficult to ecvaluate. Findings suggestive
of transfer of immunity to A. caninum in pups
by serum and lymphoid cells have also been
reported recently {40). It is obvious from these
various findings that much work remains to be
done in this interesting area of research.

If the idea of anaphylactic shock inducing
the expulsion of nematodes from the gut is a
valid one, then it seems from the results of
(62} and Ogilvie (45) with N.
braziliensis that the reaction must be “worm™-

Stewart

but not necessarily species-specific. A severe
anaphylactic reaction induced by an unrelated
antigen-antibody reaction (egg white) had no
detectable effect on the worm population in the
shocked rats. Furchermore, when homologous
shock was induced in rats by the injection of
worm antigen 28 days after the initial infec-
tion, at which time most of the worms had
already been expelled, the small residual popula-
tion was found to be unaffected, QOgilvie (45)

points gue that this result does not necessarily
mean that a local worm-specific anaphylactic
reaction fails to remove the major part of the
worm population; worms that survive may do
so because of their ability to endure such a
reaction.

Ogilvie (44, 45) has presented evidence that
antibodies resembling human reagins are closely
associated with both the primary and the
secondary immune response of rats to N.
braziliensis infection, and that stimulation of
reagin production is related to infection with
living worms. She has suggested that these
antibodies may be involved in protective im-
munity, but no mechanism has as yet been
proposed. The effects of reagins in protecting
against 5. mansoni infection have been equivo-
cal (48), and the results against 8. japonicum
have been negative (24).

Although for many years the matter of pro-
tective immunity occurring in schisrosomiasis
was in considerable doubt, the evidence that has
gradually accumulared from epidemiological
and laboratory studies, particularly during the
past two decades, indicates that it does develop
at least to some degree in various host species
{30, for teview). The immunologic mechanism
involved is still obscure. The stunting of
worms and diminished egg excretion have been
reported to occur in the case of 8. mansoni in
the rhesus monkey (43) and in the rat (635).
The latter authors, however, have rightly
pointed out that the stunting could be due to
a failure of these abnormal hests to supply an
essential nutrient or provide some other physio-
logical need of the worm. However, in the
case of 8. jepowicum the stunting of worms is
pethaps moare likely to be due to an immune
response (§6).

Biochemical aspects of reaction

One of the most interesting areas of im-
munological research concerns the effects of
antibody on cell metabolism and physico-chemi-
cal structure, yet relatively little work has been
done in this field with parasites. The first such
study was performed with Trypanosoma lewisi,
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a parasite of the rat. The parasites reproduce
actively in the blood of the host during the
first few days of an infection until a crisis
oceuts in which erypanacidal antibody destroys
most of the organisms. Reproductive activity
also diminishes during this period, so that
shortly before or after the crisis there is a
complete cessation of division. The survivors
remain in the blood for several weeks or months
Taliaferro (76)
demonscrated that this latter phenomenon is
brought about by the development in the rat
of 2 passively transferable secrum component
that specifically inhibits the mitosis and growth

as nonreproducing adules.

of the parasites without detectably affecting
their vitality or infectivity. This serum com-
ponent was named ablastin (77); unlike the
trypanocidal aniibodies, it does not sensitize
trypanosomes i vitro and cannot be removed
from immune serum by absorprion with living
parasites (77}. In a study of the biochemical
changes that occur during the coursc of the
infection, Moulder (41) demonstrated that
trypanosomes inhibited by ablastin have a
higher oxygen uptake and higher respiratory
quotient, but a lower glucose utilization, than
the dividing forms. On the basis of effects with
metabolic inhibitors such as azide and dinitro-
phenol, he suggested that ablastin may inhibit
the oxidative assimilation of glucose in repro-
ducing trypanosomes in such a manner as to
stop cell division and growth. In further studies
using isotopically labeled amino acids and
adenine, Taliaferro and Pizzi (78) demon-
strated that inhibition of the division and
growth of T. lewisi in the presence of ablastin
was accompanied by an essentially complete
cessation of nucleic acid synthesis, and inhibi-
tion of protein synthesis by more than 50 per
cent. Ablastin alsp markedly inhibited the
uptake of certain purines, pyrimidines, and
nucleosides (50). Using in  wvitro
D’Alesandro (11) found that ablastic serum

studies,

inactivated at 56° C for 20 minutes did not
lose its inhibitory activity, which indicates that
ablastin is not complement-dependent. Para-
sites grown at room temperatures were not

affected by the antibody, which suggests that
there are basic antigenic differences between
bloodstream forms at 37° C and culture forms
at room temperature., Uleracentrifugal studies
{(10), revealed that both ablastin and the early
trypanocidal antibody are associated with a
globulin component of a small molecular weight
with a sedimentation constant of 65. D*Alesan-
dre (11) has discussed possible modes of action
of ablastin but was unable to reach any specific
conclusion, Lactic dehydrogenase, involved in
the formation of lactic acid from glucose, was
found to have three times the activity in the
eatly-reproducing parasites as in the nonrepro-
ducing, ablastin-inhibited ones (12). Various
data suggested that ablastin does not directly
affect the enzyme level within the trypano-
somes.

Changes in the physiological integrity of the
cell membrane of T. lewisi have been reported
to occur from the action of rat antiserum (16).
Organisms exposed to antiserum were rapidly
penetrated by tetracycline, whereas the drug
was completely excluded in normal serum. In
addition, lezching of material absorbing at 260
mjl from the trypanosomes was more pro-
nounced in antiserum than in normal serum.

Warburg studies on T. wvivax of cattle
demonstrated that serum containing specific
antibody inhibited the parasite’s respiratory
rate and that the degree of inhibition of oxygen
consumption appeared to be related to the titer
of antibody present (13). Although heating
the serum diminished the activity of the anti-
body in this system, it did not destroy it (14).
Fulton and Spooner (21) similarly found that
human sera containing dye test antibodies re-
duced the respiration of Toxoplasma gondii as
compared to normal serum.

Recently  Strannegird, Lund, and Lycke
(74} have reported on the effect of Toxo-
plasma antibodies and normal serum factors on
the respiration of Toxoplasma by means of an
ampulla diver technique. The respiration-in-
hibiting effect of antibody was found to re-
quire the presence of properdin and a high
concentration of fresh human serum. The
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devclopment of morphologic alterations in the
parasites was not directly correlated to inhibited
tespiration. Motphologic alternations and in-
hibition of cell penetration by Toxeplasma can
be induced by antibody plus properdin, in the
absence of demonstrable complement com-
ponents {73).

The effect of dye test antibody on T. gondii
and the mechanism of action of the dye test
(54) have been the subject of considerable
controversy, but it is quite apparent from
electron-micrograph and cytochemical studies
that morphological and structural changes are
induced. Early investigations with regular and
phase microscopy described swelling followed
by partial lysis and cytoplasmic expulsion (35,
49). Electron micrograph studies on sectioned
organisms (4) have revealed the destruction of
organelles such as conoid, toxonemes, and ul-
timately the nucleus; these effects were inter-
pteted as due to che penetration of antibody
On the basis of electron-micro-
scopical (3} and cytochemical studies (32) it
has been suggested that the ribonucleic acid

into the cell.

normally present in T. gondii disappears or
becomes undemonstrable owing to depolymeri-
zation, as a result of the action of dye test
antibodies.

Toxoplasma exposed to ferritin-conjugated
antibody and examined by electron microscopy
were found to have a high concentration of
ferritin particles on their surface (36). How-
ever, organisms contained within intact vacuoles
of 2 host cell remained unlabeled by this pro-
cedure. Antibody was arrested at the limiting
membrane of the vacuole, which accounts for
the protection of Toxoplasma against antibody
action.

In an attempt to explain stunting and inhibi-
tion of egg-laying in N. braziliensis, Chandler
(6) proposed that the protective antibodies
formed by the host acted as antienzymes against
the enzymes produced by the worm for in-
vasion and for its nutrition, Thorson (80, 83)
ultimately demonstrated that secretions and
excretions liberated by the worm in vitro were
antigenic and contained lipolytic activity.
Immune serum prepared against these materials
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almost completely inhibited the lipolytic ac-
tivity of the metabolite preparations. Similarly,
serum’ from a dog immune to Anrcylostoma
inhibited
present in esophageal extracts obtained from the
worm (82). The extract was used to immunize

caninum the proteolytic activity

puppies, and stunted worms were produced on
challenge infection (83). Dusanic (17) ob-
tained evidence to indicate that lactic dehy-
drogenase is secreted by the worm during
infection and stimulates the production of
specific antibodies in the rabbit. In this re-
gard, it is of interest that Henion, Mansour,
and Bueding (23) found the lactic dehydro-
genases of S. mansoni, S. japonicum, and §,
baematobium to be inhibited by an antiserum
against the S. mansoni enzyme. The same im-
mune serum had no effect on another glycolytic
enzyme from 8. mansoni, phosphohexose iso-
merase. In a somewhat different approach,
immune serum to N. braziliensis was found to
inhibit the oxygen consumption of infective
third-stage larvae, but oaly slight activity was
apparent against parasitic third-stage organ-
isms, which may indicate some stage specificity
(60).

Remarks

In the course of this discussion 1 have at-
tempted to depict the spectrum of effects
produced by immune responses on animal para-
sites. Of fundamental importance is recogni-
tion of the fact that in those instances in which
protective immunity develops, the underlying
mechanisms for the most part remain obscure.
Particular in vifro effects elicited by a specific
antigen-antibody reaction, such as formation
of precipitates or immobilization, may be of
temporary consequence only, causing little
permanent injury to the organism. However,
the potential importance of these reactions in
vive should not be roo readily dismissed. As
Jackson (27) has pointed out, “worms cannot
be swept out of a closed glass vessel containing
antibody as they can from the gut of an
immune host.”

It is obvious, however, that physiclogical
and biochemical alterations induced by the
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immune response may play a highly significant
role not énly in the growth and differentiation
of parasites, but in their ultimate rejection by
the host. In view of the very small number
of studies existing in this area, the field affards
many intriguing research opportunities.

Many of the studies that have been concerned
with the effects of antibody action on parasites
have arisen from an interest in exploiting a
particular phenomenon as a diagnostic test for
infection, Far fewer have been devoted to a
detailed examination of the basic mechanisms
of these reactions. Yet it is quite clear that
such investigations are urgently needed if we
are to gain a full understanding of protective
IMmunity.

New advances in fundamental immunology,
cell and cancer immunobiology, and develop-
mental embryclogy obviously need application
to parasitological problems. For example, the

more complete understanding recently obtained
of the membrane defects of red blood cells
caused by complement lysis (3} may have an
important bearing on the problem of lytic de-
struction of trypanosomes and other parasites
known to be killed by such antibody action.
There is alse much in common berween
inhibition of development and stunting of
helminths, and embryological developmental
studies of higher organisras in which repression
of organ growth may occur from the action of
specific antiserum (18). Unicellular and multi-
cellular parasites offer valuable tools with which
to investigate many parameters of antibody
effects on cells, and it is apparent that truly
systematic exploitation of them has been rela-
tively rare.

Moderator; May I ask Dr. Borsos to initiate
the discussion.
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DISCUSSION

Tibor Borses

The study of immunity of parasites by
parasitologists is a sorc of three-way system.
We have the parasite on the one hand, the
host on the other hand, and the parasitologist
on a third hand. Today we are discussing
what the parasitologist should do when he is
confronted with a parasite and a host in the
presence of an imorunologist. 1 hope that the
somewhat pessimistic remarks made by the
immunologists are not inhibitory on the
parasitologists,

First 1 should like to discuss some of the
problems of antigen separation and identifica-
tion by immunological technigues.

It seems to me that the most important
antigens in terms of the host’s defense against
the parasite or any other kind of invading
organism ought to be the surface antigen of
the invading organism. These are, after all,
the very first antigens that come in contact
with the host. Yet surface antigens are very
hard vo deal with, because they are difficult to
extract in a form that still corresponds to the
structural identity as it was in the intact sur-
face of the parasite.

If one exposes a parasite to ethanol and
all sorts of reagents, organic and inorganic,
one gets something that one dries down and
calls an antigen and puts into an animal to
get an antibody. Can one expect that antigens
treated in this way still carrespond to the
antigenic structure which was present in the
intact host? Even though we may get a re-
action between the antibody and the host in
the long run, there is fictle chance that the
integrity of the molecule as it was in sifu—

that is, in a three-dimensional geometrical area
of other antigens—still exists.

I think that this point should be remembered
in view of the different classes of immunoglob-
ulins that may be generated against a given
antigen. This is especially important because,
as Dr. Kagan mentioned, antibodies of the
different classes of immunoglobulins have dif-
ferent efficiencies in terms of agglutination,
complement fixation, and other reactions. We
have been studying the complexity of cell sur-
face antigen-antibody interaction, using the
model referred to by Dr. Talizferro and also
other models, including human red cells and
their iso antibodies. We have been able to show
that, in addition to immunoglobulin class,
the geometry of the antigen is also important
in the acrion of antibodies on cell surface
antigen.

Let me elaborate on this point a hirtle, TgM
molecules are highly efficient both in agglutina-
tion and in complement fixation. IgM mole-
cules have at least five reactive sites. By this
fact alone, the avidity of this molecule differs
from that of an [gG molecule, which has only
two reactive sites, In addition, one Igh mole-
cule has ten heavy chains, the chains that are
involved in complement fixation. One IgG
molecule has only two heavy chains. The
IgM molecule can be looked upon as an aggre-
gation, and 1 use the word very carefully here
—1 do not want to imply that it is aggregated
IgG—whose effectiveness lies in its being “‘pre-
aggregated.” We know that one IgG molecule
cannot fix complement; at least two must be
present at the same antigenic site. We do not
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know how close the antigen sites have to be,
but certainly the two IgG molecules must land
close enough to onc another to form an effec-
tive unit, a unit that can fix complement.
Possibly this is the unit that is also able to
induce -some of the other reactions indicated
by Dr. Biro.

Now, if the generation of a unit of IgG~—a
doublet, as we call it—is a random process,
the number and geometry of antigenic sites
will determine whether a doublet can be
formed. If there are very few antigenic sites,
and they are all close together, the generation
of doublets will be very efficient. If there are
a very large number of antigenic sites dis-
tributed widely over the cell’s surfaces, then
the chance of doublet formation is virtually
nil, unless thousands of molecules of the [gG
molecule are supplied. In contrast, a single
IgM is capable of complement
fixation under either of these conditions.

initiating

So depending upon how we handle these
antigens, we may get shifts in the efficiencies
of antibodies. If the A substance of the human
red cell is studied~—it is a very convenient
antigen to study because a soluble form of it
can be obtained and it can be had on a cell
surface—the inefficiency of complement fixa-
tion at cell surfaces by the anti-A substance
1gG molecule can he shown. In contrast,
complement fixation by solubie A substance
and anti-A-substance IgG antibody is wvery
efficient, The difference in efficiency lies in our
ability to manipulate the fluid phase concen-
tration of both the A substance and the 1gG
at our convenience. Under ordinary condi-
tions we cannot manipulate the concentration
of A substance on a cell surface at our con-
venience; we can only manipulate the cell
concentration. The very same problem faces
patasitologists. They cannot manipulate antigen
concentration on the surface of the parasite,
but they can manipulate the concentration of
the extracted antigen. Thus the extraction of
antigens may alter not only their secondary
or tertiary structures but also their geometric
positions in space.

A further difficulty arises from the fact that

to the same antigen can be produced antibodies
belonging to more than one class of immuno-
globulin. These immunoglobulins, as was said
earlier, may manifest different activities. De-
pending on the ratios of the different anti-
bodies (immunoglobulins) in a given antiserum,
one antibody may interfere with the action of
another; this interference may be the result of
steric hindrance of neighboring sites, competi-
tion for the same site, differences in aridity, and
so on; thus, different results may be obtained,
depending on experimental conditions. These
conditions include, among others, the dilution
of antiserum, the source of antiserum, and the
time of removal of antiscrum after antigenic
stimulation of an animal. All these factors may
contribute to a great deal of difficulty in inter-
preting results,

I want to direct my final remarks to what
Dr, Dubos was saying. [ think that Dr. Biro’s
distingtion is well made.

I do not want to resurrect Metchnikoff, Ehr-
lich, and the theories of humoral versus cellular
defense mechanisms, but there are extracellular
substances such as antibody and complement
that by themselves are capable of killing certain
invading organisms; the role of the macro-
phage in this instance scems to be the elimina-
tion of debris left behind. The first demonstra-
tion of the cffectiveness of humoral factors in
killing bacteria i# vivo was by Pleiffer in 1894.

I also want to point out that often the last
refuge of a parasite is the inside of a cell A
number of viruses and other parasites survive
for many years inside cells in the presence of
antibodies. Some of these parasites, indeed, sur-
vive inside cells where there are lysosomes. I
don’t want to say that lysosomes and macro-
phages are not important—that is not my point.
The point I am raising is that we have more
than one kind of defense mechanism to worry
about and that one should not be ignored in
favor of the other.

Moderator: I believe Dr. von Lichtenberg
has a comment to make.

Lichtenberg: With your permission, I should
like to show some slides that have 2 bearing on
the remarks of Dr. Smithers and Dr. Weinstein

101



on the surface characteristics of the different
life phases of Schistosoma mansoni. These are
important, I thought, because they illustrate
some of the antigens that the host antibodies—
about which there has been so much discussion
here—are reacting to.

My first figure shows an electron micrograph
of a cercaria of Schistosema mansoni at the
point of attachment of the body to the tail,
represented by the gray zone in the middle. As
you see, the outer surface of the cercaria is
covered by finely fibrillary material that is
noncytoplasmic and constitutes a glycoprotein
that has been called the “cercarial envelope.”
This has been observed by Dr. Stirewalt and by
others. In addition, Dr. Stitewalt showed that
the reaction with host antibody took place with
just this material, and you can visualize here
how such a reaction would appear in the low-
power micrograph of the cercarienhiillen reac-
tion that was shown this morping by Dr.
Smithers.

The integument itself—the living cytoplasm
of the cercaria—is organized very much like
that of the succeeding life form, which will be
shown in the second figure. This represents the
schistosomulum at its lung stage. This stage is
seen to lack 2 mucopolysaccharidal envelope—
which, by the way, is not a product of the
parasite integument but comes from an un-
known source in the cercariae. Here in the
schistosomulum we can see a very active cyto-
plasmic symplasivm with a unit membrane on
its outside that—at least in this static picture
—appeats to be engaging in a lot of movement,
invagination, and resicle formation similar to
pirocytosis. The third figure is an electron
micrograph of an adule organism seen by “thick
section,” showing details of the spines and the
dorsal integumental surface. We have incu-
bated this worm in a medium containing horse-
radish peroxidase, 4 protein macromolecule that
was used by Karnovski and others to study the
transport of macromelecules across endothelial
surfaces. IHere it can be seen that the integu-
ment of the schistosome is in fact taking up
the macromolecular marterial labeled by the
benzidine stain, and that this material is also

appearing in the somatic cells of the organism.

Therefore, it would scem that an antibody
directed against the surface material of the
cercaria would not be effective against schisto-
somula or adult worms. Further, one would
think, as Dr. Smithers has said, that perhaps
the living surface of the adult schistosome
would be able to treat host proteins, including
any antigen-antibody complexes present, as
food, and ingest and metabolize them.

Remington: Dr. Weinstein mentioned that
many of the studies on delayed hypersensitivity
in nematode infections reported in the past few
years leave much to be desired. It appears that
these workers have equated cellular resistance
or cellular immunity to delayed hypersensitivity
and the role of the Iymphocyte or immuno-
competent cell. In some experimental models,
“cellular resistance® develops simultaneously
with the appearance of delayed hypersensitivity
to certain antigens of the organism. In vitro
studies such as those reported by John David
and his colleagues have demonstrated that the
migration of macrophages is inhibted in the
presence of the antigens to which the host is
hypersensitive. This inhibition of macrophage
migration appears to be dictated or mediared
by lymphocytes of the immunized animal. But
the relationship of these findings to actual im-
munity is unclear. Mackaness has demonstrated
“immunity” of peritoneal macrophages in vitro
and iz wive in animals immunized with live
listeria or salmonella. In such animals chere is
no good correlation of circulating antibody
levels with immunity, and immunization with
dead bacteria does not confer immunity. Most
important is the fact that animals immune to
listeria arc also immune to challenge with
virulent strains of salmonella. As Dr. Dubos
has said, nonspecific stimulation of the produc-
tion of lysosomal particles within macrophages
can be produced even with glycogen. By in-
creasing the numbers of lysosomal particles in
these cells, the macrophages appear to have an
enhanced “nonspecific” resistance to bacterial
invasion.

There is one other point 1 should like to men-
tion in regard to the effect of the immune re-
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FIGURE 1. Cercaria of 5. mansoni at point of attachment of body to tail {gray zone in middle).

103



FIGURE 2. Schistosomulum at its [ung stage.
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FIGURE 3. Adulc organism of §. mansoni seen by “rhick seetion,”
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sponse on parasites. Dr. Biro mentioned in a
roundabout way the difficulties encountered in
cellular and humoral immunity to virus infec-
tions. I suspect that he was indirectly referring
1o agents such as interferon. We have recently
demonstrated the stimulation of interferon pro-
duction by toxaplasma. This discovery raises
the question of the role of interferon in infec-
tion with other intracellular parasites. As yet,
we have been unable to demonstrate that the
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interferon resulting from infection with toxo-
plasma or that produced by viral infection can
prevent or even suppress toxoplasma infection,
However, the interferon resulting from infec-
tion with toxoplasma can definitely inhibir vira]
infection, as has been demonstrated in our ex-
periments with mengo virus in mice.
Moderator: We come now to the last topic

on our program, presented by Dr. von Lichten-
berg.
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THE BILHARZIAL PSEUDOTUBERCLE: A MODEL OF
THE IMMUNOPATHOLOGY OF GRANULOMA FORMATION’

Franz C. von Lichtenberg

Introduction

Host reactions in parasitic infections are
ruled by the same immunological principles that
regulate all other infectious diseases (6).
Therefore, if any of their features appear
unigue, they must be derived from the specific
biological properties of parasites and their prod-
ucts. By the same token, analysis of these
variegated responses, so different from classical
models, will help to enlarge our perspective of
the total range of host defense mechanisms and
their interactions in disease.

Schistosome flukes are among the largest
tissue-dwelling agents and secrete or excrete a
vatiety of enzyme-containing and anrigenic
products (4, §, 17, 24, 51, 5%, §9). Their
mammalian phase culminates with intense and
sustained reproductive activity inside host veins.
Yet in their natural hosts they rarely produce
critical illness and characteristically achieve a
stable and long-lasting host-parasite balance
that may remain entirely subclinical or shift
toward eventual host disability or death. In
Schistosoma mansoni infection, the following
key events have been identified through experi-
mental study:

About 28 days after primary exposurc the
flukes that have survived penetration and mi-
gration begin reaching sexual maturity; oviposi-
tion starts and through about the tenth week

o

# This work was supported in part by a grane from the
Instituce of Allergy and Infectious Diseases, National In-
stitutes of Health (ROI-AI-02631) and by 2 contracr
with the U.S. Army Medical Rescarch and Development
Command, Armed Forces Epidemiological Board (DA-49-
193-MD-2253).

of infection the number of eggs deposited in
host tissue rapidly increases. Egg destruction,
a slower process, lags behind at first, but some-
time around the fourth month of infection it
attains a rate equivalent to depesition, so that
egg turnover in host tissue stabilizes (7). Even
before oviposition, antigen is released by the
maturing worms; thus immunofluotescent anti-
body can be detected by the third week (21)
and, in massive murine infection, circulating
antigen is discovered by immunoclectrophoresis
on the 26th day (4). Likewise, immediatcly
after the deposition of each new schistosome
egg, immunofluorescent stainable antigen is
diffused for a limited period of rime, probably
aggregating a substantial antigen influx in early
infection (27). However, during this acute
phase, which may be marked by disseminated
lymphoreticular activation (21, 37) and by
systernic illness (13), multiple antibodies are
formed (25, 51) and their titer ascends steeply,
as does the degree of celtular sensitization {21).
As a result, the disposal of schistosome antigen
becomes accelerated and increasingly efficient,
as will be shown in greater detail below. By
the time egg turnover becomes constant,
symptomatic remission has ushered in the
chronic phase of the infection (13). By this
time, too, flukes residing in the mesenteric
radicles have completed their differentiation and
acquired the capacity to assimilate and trans-
port various metabolites and macromolecules
Whether for

this or for other reasons, their living surface

across their integument (34).

becomes inured to surrounding host cells and
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antibodies (which readily attack any damaged
worms). Similarly, miracidia protected by in-
tact egg shells and by the release of their
secretion maintain an unimpaired 21- to 32-day
viability period (38, 60) even while surrounded
by host cell granulomas. Finally the host be-
comes resistant to reinfeetion, although this
varies in dcgree by species and experiment de-
sign (48}. In the natural hosts of schistosomes,
immunity is feeble compared to that of species
capable of self-cure (§7), but it is likely that,
cven in man, the worms do not go on increas-
ing indclenitely and a relatively stable ceiling

or—under favorable conditions—a decline of

the infection is eventually reached (41).
Thus, in schistosomiasis, host-parasite bal-
ance is the result of mutually counteravailing
defense mechanisms of host and parasite, rather
than of low parasite virulence or suppressed
host reactivity. During the chronic phase of
the infection, the balance is rarely disturbed

except by such events as massive “toxic” super-
infection, ectopic lesions in vital areas, or inter-
current pathology. In the long run, gradual
and repetitive formation and resolution of
psendotubercles leads to structural distortion of
organs and to impaired flow in sensitive vascular
territories. This late and sometimes life-
threatening pathology is poorly understood, but
there is evidence that it is related to high cgg
burdens over long periods of time {9, 50).
schistosomiasis
presents two major problems: the factors that
determine acquired resistance and those thac
play a role in defense against established infec-
tion. While the former have been studied in
more detail (28), the latter are of at least equal
significance. Part of our research has there-
fore dealt with the disposal of schistosome egg
antigen by the mammalian host. These studies
and the pertinent hypotheses will be summarized
below.

The immunopathology of

FIGURL 1. Mouse lung, 32 days after intravenous injection of Schistosoma mansoni eggs and of di-vinyl-benzene-
copolymer beads (Hematoxylin-Eosin, x 240). The schistosome pseudotuberele is at its peak development, whereas the
reaction 1o the plastic bead is reduced to a thin fibrous sheath.
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Studies on the schistosome pseudotubercle
Production of experimental psendotubercles

When viable S. mansoni eggs obtained from
mouse livers (I1)} are injected intravenously
into unsensitized mice, they disperse in the lung,
forming discrete pseudotubercles that can be
sequentially measured and compared with
reactions to control particles. Purified egg
suspensions are heterogencous as to age and
preservation of individual ova and have lost
some antigenicity, but expetimental granu-
lomas, while averaging about 150 p less in mean
diameter, are otherwise similar to their natural
counterparts in location and c¢ell composition.
After an initial lag of all response, primary ex-
peritnental pseudotubercles increase to their
peak size within 16 to 32 days, then slowly
involute and heal, probably earlier than the
sixth month after gnset (26}. Ascaris suis

FIGURE 2. Mouse liver, 8 weeks after cercarial infec-
tion with 8. mansoni; ceyostat section stained with fluores-
cein-conjugated immune Mastomys globulin by the direce
Coons technique (x 370). The paired miracidial cephalic
gtands and the antigen deposits on the inner and outer cgg-
shell surface are incensely positive. Antigen is seen in adja-
cent granuloma cells, fading toward the periphery. Some
granulpcytes show nonspecific fluorescence.

granulomas are similar in course, but somewhat
faster in omset and healing than schistosome
granulomas, and both differ markedly from re-
actions to insoluble polyvinyl spheres, which
tend to terminate early by the formation of a
thin, fibrous sheath around each plastic bead
(26}, as may be"seen in Figure 1.

Stainable schistosome egy anfigen in
pseudotubercles

By means of the Coons immunofluorescent
technique with its proper contrels (27), it can
be shown that in the unsensitized host an amor-
phous, specifically stainable product is diffused
from eggs for ar least 24 hours following in-
jection, after which the material is taken up
by phagocytes congregated around the egg. By
the fourth day stainable antigen, contrasting
vividly with the orange-yellow autofluores-
cence of the egg shell, is deposited on both its
inner and its outer surfaces and in cytoplasmic
parcticles within granuloma cells. Thus evidence
of antigen diffusion is now replaced by a visual
image of “antigen sequestration” (Pigure 2).
From the fourth through the eighth day, stain-
able antigen is rapidly depleted, but fine,
powdery particles in the miracidia and host
cells remain demonstrable for 60 to 70 days—
past the onset of involution of the psendo-
tubercle. This sequence, originally referred to
as “rapid” and “slow” antigen disappearance,
is probably the composite result of ending anti-
gen generation in the presence of continuing
catabolism (27}. The homologous, immuno-
fluorescent circulating antibody does not be-
come detectable undl two weeks after egg
injection {21); thus, as in the case of soluble
protein antigen (58), catabolism precedes de-
tectable antibody formation.

When naturally infected mouse-liver tissue
is stained with the immunefluotescent tech-
nique, most granuloma centers fluoresce selec-
tively as if lit by a magic lantern, and the
various sequential phases seen after egg injection
all appear concurrently. In the best prepara-
tions, the miracidial cephalic glands and cortex
are stained intensely, together with the glassy
antigen deposits along the egg shells (Figure
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2). When specimens are demounted, washed,
and restained, all these deposits are positive with
the periodic acid-Schiff stain (27).

Reactions lo separate egg components

Pure miracidia (31) when injected intra-
venously, cause a mild leukotactic response
{Figurc 3) and disappear without trace within
48 hours, Diffusion of stainable antigen occurs
during the firsc hours after injection, as with
whole eggs, but antigen scquestration and
granuloma formation do not follow. Pure egg
shells, whether obtained by maceration or by
sonication-centrifugation (31), cause an in-
flammatory cell reaction lasting sormewhat over
two weeks. Some of these egg shells retain
traces of Coons-stainable material, and a few
cosinophils and epithelioid cefls participate in
the carly cell response; later, as in the case of the
plastic spherules, the shells remain ensheathed
by a few stereotactic giant cells or histiccytes
(Figure 4). The reactions 1o miracidia or egg
shells do nat qualify as true psendotubercles, and

FIGURE 3. Mouse lung, 24 hours afree injection of pure miracidia; periodic acid-Schiff stain (x 420).

even their aggregate size and duration are [ess
than the corresponding reaction to intact eggs,
whether viable or heat-killed (Figure 5). Live
and dead intact ova cause the formation of
pseudotubercles similat in cell composition and
reaction profile, but the reaction to autoclaved
whole eggs is less in size and duration than that
to viable eggs (Figure 5){31). When com.
pared by the immunofluorescent technique,
viable eggs are found to generate amorphous
stainable, antigen during at least the first four
days of "their residence in host tissue, while
heat-killed eggs show a gradual depletion of
this material, together with a bluish-white
autofluorescence suggestive of protein denatura-
tion. WNevertheless, antigen diffusion and its
uptake by host cells can be observed in both

(27).

Hypothesis of antigen sequestration

According to this evidence, both miracidial
antigen and relatively inert shell material (29)

The serangly
positive miracidium, impacted in a capillary, is disintegrating and has attracred numerous leukocytes to its vicinicy.
There is no granuloma formation.
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FIGURE 4. Mouse lung, 64 days after injection of purified cgg shells obtained by sonication-cencrifugation (Hema-
toxylin-Easin, = 420). The egg appears as a basophilic spiral surrounded by a few histincytes. This represents the
residual stage of the reaction.

are required for granuloma formation, buc the
miracidium must be contained in the intact egg
shell so that antigen is gradually and continu-
ously relcased rather than quickly dissipated.
The larger size of pseudotubercles caused by
viable as against heat-killed eggs is explained by
their more generous endowment with immuno-
fluorescent diffusible antigen and suggests that
this material is a miracidial secretion product.
Direct evidence of miracidial secretion and of
submicroscopic pores in schistosome egy shells
will be supplied below to show thac diffusible
antigen can indeed be gradually released by
schistosome eggs much as drugs arc released
from so-called “spansules.”

A close analogy is evident when the pseudo-
tubercle is compared with the “adjuvant effect”
—the enhancement of local cell reaction and
antibody formation resulting when diffusible
antigen is injected in the form of oil- or wax-
coated particles. In both cases, soluble antigen
at first diffuses freely, but as soon as host phago-

cytes become nonspecifically attracted to the
particles these cells take up newly emerging an-
tigen on contact provided it is macromolecular
or attached to a phagocytable carrier. Contin-
ued antigen release then results in antigen se-
questration and in primary granuloma forma-
tion. This sequence can be triggered in the
absence of host sensitization, depending only on
the manner in which diffusible antigen becomes
available to host cells ir sitee. Eventually a gra-
dient of antigen concentration develops from
the center to the periphery of the primary
granuloma, systemic antigen diffusion is re-
duced, and, as circulating antibody makes its
appearance, the host becomes immunologically
responsive.

Effect of sensitization on granulogenesis

When mice are sensitized intrapéritoneally
with 8. mansoni eggs and are then challenged
intravenously after suitable intervals, a meodi-
fied, secondary granulomatous response occurs,
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which has been analyzed in some detail by our
group, including the tragically deceased Dr.
Ramoén Gémez Mazzei (18) of Asuncién, Para-
guay, and by K. S. Warren and collaborators
{63%. Some of these studies are still in progress
at this writing.

Accelerated and enbanced granuloma forma-
tion. This effect was first reported as a twofold
or greater enhancement of granuloma size on
the fourth day after challenge in 24-hour- and
2-week-old mice sensitized and challenged with
Ascaris suis eggs (39). Later, Gémez Mazzei
showed in experimental S. mansoni pseudotu-
bercles that both the total cell and the eosino-
phil response were markedly enhanced by the
sccond day, and he was able to demonstrate the
specificity of this effect (18). Warren con-
firmed this further (63) and has shown that
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sensitization is devectable afeer 24 hours by
quantitating the proportion of eggs showing
any cell response whatsoever (personal com-
munication). With this method, he and his
group are currently exploring the factors in the
induction, suppression, and passive transmission
of the secondary granulomatous response that
will be discussed below.

Accelerated antigen disappearance. Whether
accelerated secondary cell response results in
earlier antigen sequestration has not yet been
explored, but accelerated antigen destruction is
well documented. In sensitized hosts, Coons-
stainable antigen is found to be virtually ex-
tinguished by the 32nd day after challenge, as
against the 70th day in unsensitized subjects
(27); in fact, the proportion of granulomas

containing stainable antigen is already signifi-

LIVE SCHISTOSOME EGGS:
DEAD SCHISTOSCME EGGS:
SONICATED EGG SHELLS:
KOH- DIGESTED EGG SHELLS: umsmmmun
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FIGURE 5. Graphic representation of cellular reaction diamecters around viable and heat-killed §. mansoni eggs and
around two types of purified cgg-shell preparations {see text}, at successive incervals after intravenous injection into

unscnsitized mice,
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cantly reduced by the eighth day after chal-

salenge (44). Using this experimental endpoint,

Pererson showed that the antigen in psendotu-
bercles is sensitizing iz vive as long as it can be
visualized there by immunofluorescence and
irrespective of its coexistence with circulating
antibody in the same host (44). While an

‘8, anamnestic antibody response to repeated egg

challenge has not yet been studied, it has been
demonstrated in znalogous experimental situa-
tions (21).

Reduced total duration of psendotubercles.

W Gémez Mazzei noted that, although initially
« larger, secondary granulomas actually became

N

&

smaller than those of unsensitized controls by 70
days after challenge, and that fewer egg shells
were detectable at that time. Since this experi-
ment had not been repeated, he mentioned it
without descriprive detail (18}, Warren's re-
sults also showed a steeper fall in the size of

secondary granulomas between the 16th and
32nd days after challenge than occurs in pri-
mary granulomas (63).

Increase of concomitant alferations. In all
these experiments, including the very earliest,
systemic alterations were found to accompany
granuloma formation. In secondary response,
pulmonary alveolitis {26), lymphoid cell man-
tling of blood vessels (392), and intimal pro-
liferation in pulmonary arterioles were found to
be increased (26, 39). When schistosome eggs
were injected prior to cercarial infection, sple-
nomegaly was increased over that found in the
controls (33). When viable schistosome eggs
were given by repeated intravenous injection
up to 14 times, a pulmonary arteritis was pro-
duced in mice that resembled human bilharzial
pulmonary arteritis in that hiatuses of the elas-
tica layer and multiple channel formation in
arrerial lamina (Figure 6) were present (2);

FIGURE 6. Mouse lung after 4 successive monthly injections of viable 8§, mausoni eggs (Hematoxylin-Fosin, x 220).
"The arteriole shows marked intimal proliferation with multiple cleft-like lumina, appears thickened and suerounded by a
dense lymphoid cell infilcrate, An involuting pseudorubercle containing an egg shell is scen in the vessel wall, right of
center. A
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however, typical angiomatoids and right ven-
tricular hypertrophy did not appear, The design
of thesc unpublished experiments precluded
statistical analysis, but the granoloma size did
not seem to increase beyond the time of the
third or fourth successive challenge—that is,
the second to fourth month of ohservadion.

Pseudotubercles in naturgl infection

Compared to any of the preceding models, the
acute phase of cercaria-induced schistosome in-
fection is a condition of maximal host reactiv-
ity: the granuloma reaches its largest attain-
able size during the second to third month of
infection (7), often giving tise to presinusoidal
portal bypertension and to the early murine
hepatosplenic syndrome firse described by War-
ren and deWitt {64). Stainable antigen is cal-
culated to persist for less than 34 days {27},
close to the calculated maximal life span of
miracidia; in view of the better preservation of
eggs left in situ compared to those in purified
suspensions, this may be at least as effective a
host performance as is found in the artificially
sensitized model. Circulating antibody experi-
ences a stecp, anamnestic type of rise with a
fivefold or greater increment over the titers at-
tained by a single purified-egg injection (21).
Crhcomitant  alterations, including scattered
lymphoid cell infiltrates, are likewise maximal
at this stage; "lymphoteticular activation™ (21,
37, 435) results in hepatosplenomegaly with
splenic follicular enlargement and, frequently,
hyperglobulinemia (37, 45). As has been shown
by Raslavicius, these manifescations are trans-
mitted to the uninfected parabionts of schisto-
some-infected mice in the absence of cross-pas-
sage of schistosome eggs (45). Tf the portal
vein is ligated to induce collateral formation
and egg passage into the mouse lung, a florid
pulmeonary arteritis replaces the sporadic lesions
usually found; this arteritis is more intense than
its cxperimental analogue induced by repeated
intravenous egg challenge (62), but neither of
these models fully reproduces human bilharzial
cor pulmonale.

Two additional features appear in natural
schistosome infection that have not yet heen

observed in any other experimental model men-
tioned so far—central necrosis of granulomas
and i vivo circumoval eosinophilic precipitate,
also called the Hoeppli phenomenon.

Central necrosis of pseudotubereles. This
lesion is most frequent in acute sublethal or
lethal infection of mice and in other heavily
exposed small laboratory mammals and primates
(8, 32, 49). Characteristically, the necrosis is
circumoval, well limited, and not as extensive
as in mycobacterial infection. The necrotic
zone may be eosinophilic or may contain baso-
philic nuclear fragments or dust. The florid
type of psendotubercle, with numerous centrally
aggregated neutrophils, is probably a variant or
precursor of this Jesion, As Cheever has shown,
maximal granuloma size in the liver decreases
after the transition from the acute to the
chronic stage of infection, although mean
granuloma size does not clearly diminish (7),
but with the waning of large, florid pseudo-
tubercles, central necrosis also Becomes rare in
chronic infection.

The Hoeppli phenomenon. Stellate eosino-
philic precipitates similar to those of other para-
sitic and fungal infections (Figure 7} have been
described in schistosomiasis since before 1932
(20), although they have not always been rec-
ognized as a lesion distinet from central necrosis.
Since 1954 (42), in vitro circumoval precipi-
tate has been identified as an antigen-antibody
complex, reactive with heterologous antiglobu-
lin {23, 42, 47). Ubnlike the in vitro complex,
the Hoeppli phenomenon requires an especially
intense degree of infection and is correlated
with large or rapidly accumulating egg loads in
host tissues, Tt appears during acute schistoso-
miasis, most frequently between the 9th and
15th week of infection and wusvally in organs
heavily infested with ova. No more than 10 per
cent of all granulomas are affected, and none
containing eggs with immature miracidia show
precipitate (34). Although the immunological
setting of the Floeppli phenomenon resembles
that of central necrosis, these two features do
not often coincide within the same single granu-
loma. Detailed immunofluorescent studies of S.
mansoni-infected tivers of Masfomys coucha
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v FIGURE 7. Colonic submucosa of baboon, 7 months after cxposure to 1000 cercariae (Hematoxylin-Eosin, x 400).
Cluster of Hoeppli phenomenz in 2 compasite granuloma with central necrosis (an unusual occurrence}. Egg on left
¥ shows a mature miracidium and fully developed, spectacular Hoeppli corona, Egg on right has a degenerate miracidium

and blotchy, aging Hoeppli phenomenon.

“

were undertaken in adjacent serial sections, to
_show that both antigen and fixed host globulin
¥ are ptesent in the Hoeppli precipitate; antigen
3+ predominates in the center and the presumed
antibody globulin in the peripheral zone of the
complex (Figure 8). Both the Hoeppli phenom-
enon and the iz vifro circumoval precipitate
are formed in the outer surface of the egg shell
"and do not appear to affect the vitalicy of mira-
# eidia. Once formed, the Hoeppli precipitate
., matures and undergoes degradation parallel to
the involution of the entire pseudotrubercle
(34).

¥ Pathogenesis of the secondary granulomatous
a4 respomse

We have shown that in the sensitized host che
events that take place in primary granuloma
formation are accelerated and their total dura-

"

tion is reduced, which results in more cfficient
and quicker disposal of schistosome egg antigen;
this gain is achieved at the expense of enhanced
ccllular response both in the pseudotubercles
and systemically, and is accompanied by anti-
body formation. While “infectious allergy™ is
usually defined by the conversion of a previously
negative skin test, the changes described above
are probably more significant.

Just as intact eggs are required in primary
pseudotubercle formation (31), the secondary
response also requires sensitization with whole
schistosome eggs, either viable or subjected to
freezing-thawing; sonicated or mechanically
distupted eggs were found to be ineffective by
Warren ¢f al. (personal communication). On
the other hand, homogenates of primary pseudo-
tubercles remain scnsitizing for several weeks
after their onset, as has been shown by Peterson
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(44). This evidence strongly supports the hy-
pothesis of antigen sequestration and the pro-
posed analogies between schistosome eggs and
antigen-adjuvant mixtures that have been dis-
cussed earlicr,

Procedures that suppress the homografe re-
sponse also inhibit primary pseudotubercle for-
mation but have little effect on secondary re-
sponse. Thus primary A. swés granuloma for-
mation is delayed during the first eight days
post partum in mice (30), but sensitization is
not abolished despite their apparent immuno-
logical immaturity (39). Warren ¢t al. have
successfully inhibited primary 5. mansoni pseu-
dotubercle formation by neonatal thymecromy
(133, antilymphocytic serum (63), and a vani-
ety of immunosuppressive drugs (14).

How sensitization is mediated remains un-
solved. Warren ef al. were able to transmit the

FIGURE §. Masfomys liver infected for 11 weeks with
5. anansoni; serial cryostac sections stained with rabbic-
antimastomys globulin conjugate only {x 370). An apple-
green halo surrounds the autofluorescent spikes of the
Hoeppli phenomenon and blurs their outline. This demon-
strates the predominant peripheral location of fixed host
globulin in the precipitates. Adjacent sections, stained for
antigen, showed the cenrral distribution of the lacter.

secondary granulomatous response passively by
means of sensitized spleen cells, but not by im- *
mune serum (63). This experiment clearly proves |
the systemic nature of sensitization and suggests
that it is mediated by delayed hypersensitivity,
as is indicated also by the relatively slow on- -
set of granuloma formation and the frequency
of concomitant perivenular lymphoid cell in- ¥
filtrates (61). On the other hand, even a single 4
injection of schistosome eggs induces citculating
antibody (21), and the early eosinophilotaxis
observed in secondary granuloma formation
suggests the formation of antigen-antibody
complexes (18, 35). In acutely infected and®’
highly sensitized hosts, clearcut antigen-anti- 4
body precipitates occur both in vifro and in
vivo (34). I would therefore propose that both
delayed hypersensitivity and circulating anti-
body have closely interrelated roles in mediat-
ing secondary pseudotubercie formation, and *
that antibody formation increases in importance .
proportionally to the degree of host sensitiza-
tion. Until methods are found to decode this
interplay, cellular and humoral factors in gran- -
ulogenesis are perhaps best regarded as insepa-
rable. This situation can be allegorically repre- %
sented by the celebrated Koan riddle attributed.,,
to the Zen master Mokurai in a challenge to
his pupil Toyo. “Show me the sound of two
hands clapping,” demands the Master, and Toyo
ciaps his hands. “Good, now show me the sound
of one hand clapping.” 4
Perhaps a more tractable enigma is the rela-,
tionship of i# wivo precipitation and central
necrosis in pseudotubercles, both of which tend ™
to occur in highly sensitized hosts. Assuming
that circulating antibody reactive with schisto-
some cgg antigen is ordinarily not sufficient to*'
overcome antigen excess in the granuloma cena,
ter, this relationship might express itself in the .
customary form of phagocytic antigen seques- '
tration. Should antibody titer rise to a level
sufficient to create a zone of antigen-antibody
equivalence adjacent to the mature ovum, in
vive precipitation would occur. In this con-a
text, precipitation can be considered a form of )
highly effective antigen sequestration, a con-
cept applicable to other infections produced by

.'
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bulky organisms or colonies of organisms and

- accompanied by marked host sensitization (19,

36). In the light of this concept, central ne-
crosis might have a critical humoral compo-
nent, perhaps the formation of soluble antigen-
antibody complexes similar to thosc responsible
for other types of immunological cell damage
such as arteritis (10, 65), but undoubtedly cel-
lular sensitivity also plays a role (46). While
in many infections central necrosis persists dur-
ing the entire course of their activity, in schis-
tosomiasis it is largely confined to the acute
phase that precedes the stabilization of egg
turnover in host tissues. These clues, and others
mentioned earlier, descrve to be followed up by
further experimental studies.

The familiar language of immunology has
served us well in this discussion, by identifying
useful precedents and analogies for most of the
phenomena studied. However, if the pseudotu-
bercle is to be fully understood, it must be ana-

lyzed on the biochemical and enzymatic level
as well.

Antigen sourees in sthiskosonte eggs

Although the basic structure of miracidia
has long been known (16), their physiclegy
and ultrastructure are still poorly understood
(22). Likewise, the chemistry and ultrastruc-
ture of schistosome egg shell is just beginning
to come under scrutiny. Recently Smith has
shown that egg shells of S. mansons, as seen in
purified suspensions, consist of an inner elec-
tron-dense layer, a wide middle zone containing
submicroscopic pores, and a thin outer layer
covered by “microspikes” (Figure 9). Each of
these spikes shows a dense core, a light middle
layer, and an outer lining formed by an array
of globular subunits (unpublished) (Figure
10). Similar structures were seen by Seiti (§2)
and by Stenger ¢t al. (56) in eggs surrounded
by granulomas.

FIGURE 9. Electron micrograph of schistosome egg shell obtained from a purified suspension; glutaraldehyde-osmium
fixed {x about 43,000). Shows the trilaminate egg shell structure described in text, with prominent pores in middle

layer and with closely spaced superficial microspikes.
magnifications.

The fine structure of the latter is better seen at higher
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FIGURE 10. As in Figure 9, tangential seczion (x80,000). Shows the dense cores and the globular arrays of the

microspike membrane. A shell pore is seen in the right part of the field.

Histochemically, the miracidial cephalic glands
contain protein rich in sulfhydril and trypto-
phane groups (Figure 10), together with dia-
stase-resistant PAS-positive material and various
lipids, but they are neither autofluorescent nor
acid-fast (53); these glands also contain ester-
ase and a variety of other enzymes (1), The
egg shell contains a modest admixture of pro-
teins and lipids, but its main structural com-
ponent is a diastasc-resistant PAS-positive,
refringent material that shows strong orange-
yellow autofluorescence and is relatively resist-
ant to a variety of strong and weak acids, bases,
and detergents (29). The miracidial envelope
contains largely of acid mucopolysaccharide.
The Hocppli phenomenon presents a combina-
tion of the histochemical affinities of egg shells
and cephalic glands (Figure 11} and in this re-
spect differs from in vitro circumoval precipi-
tate, which lacks an identifiable egg shell com-
ponent. In analogy with the zonation shown
by immunofluorescent studies, the outer Hoeppli
zone shows a strong affinity for protein rich in

indole groups, consistent with the presence of
host antibody. These findings suggest that anti-
genic secretion of the cephalic glands may es-
cape the egg via submicroscopic pores of the
egg shell and may then form an antigen-anti-
body complex that results in subsequent decom-
position of the delicate outer layer of the shell;
alternatively, the diffusible product may itself
contain an enzyme that catalyzes shell decom-
position (53). Since the Hoeppli phenomenon
forms at the point of miracidial maturity, this
product might have the role of 2 hatching en-
zyme in the natural reproductive cycle. Fur-
ther studies of the antigenic components and
enzymes of schistosome eggs are urgently
needed.

Little is known about the catabolism of egg
shells in the granuloma, which extends through
its long phasc of involution past the time of
disappearance of diffusible antigen. Since lyso-
zyme plays an important nonspecific role in de-
fense against mycobacteria (40), this or similar
enzymes of monocytic origin (43) muay be in-
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FIGURE 11. Egg of S. wanseni in mastomys liver,
stained by the dimethylamiho-benzaldehyde nitrite
{Adams, 1960) method for indole groups {x 420). Both
the cephalic glands and the early Hoeppli phenomenon
seen along the left egp-shell border are strongly positive.

volved in schistosome egg-shell catabolism.
Identification of the distinctive egg-shell mate-
rial, likely to contain highly polymerized glu-
cosamine or glycoprotein {55), could be a first
step into an interesting borderland of biochemi-
cal immunology, since there is evidence that
granuloma resolution can be accelerated by sen-
sitization although egg shell macerial is not yet
known to be responsive to any physiologically
active mammalian enzymes.

Immnunolagical significance of psendotubercles

From the aggregate evidence presented here,
pseudotubercles appear to function as auxiliary
subunits of the lymphoreticular “establishment™
in handling particulate pathogens from which
diffusable antigen is gradually released, thus in-
These

macrophagic cell factories act as immunological

ducing antigen sequestration in sifu.

receptors and effectors and potentiate the abil-
ity of the sensitized host to catabolize antigen
and to break down residual inert matter during

i
granuloma involution. In this manner, granu-

lomas are uniquely equipped to defend the host
against a variety of antigens produced by mi-
croorganisms and haptenic chemical deposits
too large or too toxic to be handled by single
cell units.

Askonas and Humphrey have suggested that
antibody may be locally generated in adjuvant-
antigen granulomas (3); since pseudotubercles
show a gradient of antigen concentration that
decreases toward their periphery, antibody
might be a function of lympho-plasmocytic
cells that surround the phagocytic core of ma-
This attractive hypothesis
would partly account for the enbanced anti-

ture granulomas.

body-generating potency of antigen-adjuvant
mixtures and for the high antibody levels found
in schistosomiasis. However, in order to avoid
misunderstanding {12} it should be re-empha-
sized here that antigen sequestration cannat to-
tally prevent diffusible antigen from reaching
and activating the entire lymphoreticular sys-
tem; therefore, peusdotubercles act by supple~
menting, rather than supplanting, the classical
immunological responses to antigenic stimula-
tion.

Summary

The immunopathology of schistosome pseu-
dotubercles has been reviewed, with particular
emphasis on antigen sequestration and on ac-
celerated antigen destruction in sensitized hosts.
The sequence of events in primary and second-
ary pseudotubercle formation has been analyzed
and correlated with currently available data on
the nature of schistosome egg antigens; the
miracidial cephalic glands and the egg shell have
been identified as major antigen sources. The
interrelated cellular and humoral factors in host
sensitization have been explored, with particu-
lar attention to precipitate formation and to
central necrosis in pseudotubercles, and the
Hoeppli phenomenon has been identified as an

i vivo antigen-antibody complex. The modi-

fications of granulomatous inflammation and its
concomitant pathology in the course of natural
schistosomi infection have been summarized;
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.nally, a brief evaluation of the immunologic
role of granulomas has been presented.”

Moderator; I have nothing to add to the
excellent report presented by Dr. von Lichten-
berg except to endorse his view that in chronic
naturzl infection the host-parasite balance is
the result of antagonistic forces of both the
host and the parasite and not of unresponsive-
ness on the part of either.

It has been speculated even today during our
sessionn that well-adapted parasites are recog-
nized by the host as “self,” whereas pathogenic
parasites are definitely regarded as “‘non-sclf”
and thereforc elicit an immune response. It
should be botne in mind, however, thac para-
sites undergo antigenic changes within the host
as a result of antibody production, and that
sequestered antigens may therefore be released
in the course of infection. The liberation of
functional antigens may lead to protection of
the host, to immunity, but if the antigens re-
leased are nonfuncrional the coating of the
parasite by the corresponding antibody may
very well protect the parasite by a mechanism
similar to the enhancement phenomenon in
transplantation immunology. Thus the elimi-
nation of worms could be interpreted as the
result of the predominance of the stimulus pro-
vided by functional antigens over the cnhance-
ment effect induced by antibodies to nonfunec-
tional antigens. Contrariwise, if enhancement
overcomes immunity, tolerance will be estab-
lished and the infective larvae will remain in a
dormant state.

This last mechanism may be operative in
helminthic infections terminated by self-cure,
which have been observed in both natural and
experimental infections. As was pointed out
by Dr. Weinstein, sheep in Great Britain sub-

* The tragic death, in 1965, of my collaborator and
friend Ramén Gémez Mazzei has been a permanent loss
to science and to humanity. Many others have given aid
and encouragement to this work, which now extends over
more than nine years, and as far as possible their share
has been acknowledged in cach persongl arricle reviewed
as a source. Whatever new understanding may have
enterged from these studies, let it be a cribute to the
memory of Ramén and a source of satisfaction to all who
have so generously helped me in this labor.

ject to continucus infection with larvae of
Haemonchus contortus show an increased out-
put of eggs every spring, and this spring rise is
followed by self-cure and by a period of protec-
tion over the rest of the year, It seems well
established that in this particular case self-cure
is associated with the molting of dormant larvae
of the fourth or fifth stages and the concomi-
tant liberation of potent functional antigens
with the excreted fluids.

I hope that Dr. Soulsby will comment later
on the possibility that the trigger mechanism of
self-cute in the Haemonchus infection may es-
sentially be a switch from tolerance to immu-
nity through the decoating of dormant larvae
and the formation of antibody to previously
masked functional antigens.

In the case of schistosomiasis, self-cure may
also be achieved, for instance, in laboratory
monkeys or in poor hosts such as white rats,
guinea pigs and rabbits. In mice and in men,
however, the infection usuafly leads o a
chronic state, in which the parasite is seques-
tered and slowly destroyed in a pseudotubercle.
The situation is complicated by the migration
of the parasite to ectopic ateas, particularly in
the liver, causing widespread damage. It has
even been climed that chemotherapy of schis-
tosomiasis in heavily infected mice aggravates
the disease as a result of the arrest of dead
schistosomes and the development of obstruct-
ing lesions, which leads to a distortion of the
intrahepatic vascular system and to the so-
called axial fibrosis as it is seen in human liver
preceding the coarse fibrosis (Symmer’s clay-
pipestem cirrhosis) characteristic of the later
stages of the disease.

There are indications, however, that this
potential danger of chemotherapy has been
exaggerated. Moreover, although lesions may
appear surrounding dead parasites, schistosome
or adult worms, the basic histopathological
damage in Schistosoma mansoni seems to be a
granulomatous obliterating vasculitis produced
by embolized eggs. It is also believed that liv-
ing eggs in the tissues may be necessary for the
development of immunity in the mouse. If the
miracidium is an important source of functional
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antigen, the granulomatous reaction around the
egg could be compared to immunization with
antigen and Freund’s adjuvant, and this could
lead either to the formation of antibodies or to
the development of delayed hypersensitivity.

Suggestive evidence has been presented in fa-
vor of an immunological barrier to the penetra-
tion of cercariae of §. mansowi in rats, when
applied to skin sites previously infilerated with
reagin-like homologous PCA antibodies. How-
ever, this barrier scems to be effective only in
the rat, which is endowed with a conspicuous
degree of natural resistance. No protective ef-
fect was obtained, so far as I know, under simi-
lat experimental conditions with reagin-like
antibodies from superinfected monkeys when
cercariae of both mansoni and japoricrm were
applied to skin treated sites.

These are only a few reflections I should like
to submit for your consideration in introduc-
ing the discussion of the topic presented by
Dr. von Lichtenberg,

Dubos: When 1 spoke a little earlier T ap-
parently gave some of the participants the
impression that 1 was downgrading the impor-
tance of specific reactions in immunity and
allergic processes. This was very far from my
thought. In fact, it is because I wanted to
make it clear that 1 considered the specific
phase of the immunological process fundamen-
tal to all phenomena of immunity that I intro-
duced my remarks with a statement that I was
going to speak only of the second part of Dr.
Biro’s scheme.

So let me just restate my personal views on
the mechanisms through which specific immu-
nity processes are converted into reactions that
are effective in controlling infection. There is
no doubt whatever in my mind that the firse
and fundamencal aspect of these processes is
the classical induction of immunological re-
sponse, with all its specificity and occurring in
different forms with which we are familiar, in-
cluding the production of the classical anti-
bodies and the production of the complex set
of reactions that result in delayed hypersensi-
tivity,

But it is also my conviction that after this

mechanism has been triggered into activity,
there follows a set of secondary reactions that
are of immense and probably decisive impor-
tance in determining the manifestations of the
specific imnmunological process.

Since this aspect of the nonspecific conse-
guences of specific immunological processes
has not been well studied, I can at best give a
few suggestions on how it might affect the fate
of the infection. So please consider the two or
three (or perhaps four, if they comec to my
mind fast enough) mechanisms that T am going
to suggest not as cxhausting the possibilities
but merely as illustrations.

To begin with, it has been demonstrated
time and time again that antigen-antibody re-
action does result in the activation of several
enzymes, in particular of proteolytic enzymes.
All of us are familiar with the classical demon-
stration that cathepsins can attack certain para-
sites, certain worms especially, and it might
well be imagined that the activation of a pro-
teolytic system through an antigen-antibody
reaction might create active enzyme mecha-
nisms that can attack the parasice.

It has also been demonstrated countless times
that an inflammatory reaction is accompanied
by a greater acidity of the site of the inflam-
matory reaction through an exaggeration of the
glycolytic processes. As you well know, meas-
urements of local pH have shown that the pH
at the site of the inflimmatory reaction can
fall to 4.5 to §. There is very little doubt that
this change of pH can affect certain parasites
directly, and perhaps indirectly, by providing
an environment in which certain enzymes can
act.

It has also been shown more recently thar
lysosomes and all sorts of granules will be
caused to disrupt and discharge their contents
as a result of contact between a certain sensi-
tized cell and the antibody capable of reacting
with that cell. Here again the potentialities of
release of biologically active substances are
enormous. You are probably familiar with the
recent demonstration that probably all the lyso-
zyme is stored in lysosomes and is released only
when the lysosome is destroyed. You may also
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be familiar with the releasc of those small basic
peptides of various kinds that have been shown
to be stored in the lysosomes and to be released
and to adsorb nonspecifically on the surface of
many types of parasites,

I believe T could spend the next fifteen min-
utes listing from memory some o- the biologi-
cally active substances that are either released
or rendered activé by different forms of im-
munological reactions, but I wish only to con-
clude by summarizing in one phrase che over-
all point of view that I have tried to communi-
cate to you: All immune processes involve at
the beginning some highly specific reactions.
They are those of classical immunological spec-
ificity. But once this specific triggering of the
reaction has occurred, then there is a nonspe-
cific release of biologically active mechanisms
that certainly operate in il pathological proc-
esses.

Smithers: I should like to take up a couple
of the points made by the Moderator. First,
the suggestion that the cgg and the granuloma
formation may be responsible for inducing the
protective response in schistosomiasis. After the
last couple of years’ work in our laboratory, I
am absolutcly convinced that the egg has noth-
ing at all to do with the development of pro-
tection against a challenge infection. The evi-
dence for this comes from some worm transfer
experiments we have been doing—transferring
adult worms from hosts into normal rhesus
monkeys.

Moderator: Fxcuse me, Dr. Smithers. 1
did not mean to suggest that. I compared the
miracidium-releasing antigen in the living egg
to an immunization with Freund’s adjuvant,
but I did not mean that this was a protecting
antibody. It could lead to delayed hyper-
sensitivity or to antibody formation, but I did
not mean to say that it was protective,

Dr. Smithers: I am sorry; I must have mis-
understaod you. But to finish (because I believe
it is important that this point should be made
clear), protection is induced by transferring
male worms alone, or female worms alone, or
even worms that have been cut in half and are
s#ill alive although they produce no eggs; but

protection cannot be induced by introducing
into the hepatic portal system of a norial mon-
key half a million living viable eggs. This has
no effect upon protection at all. Although, as
Dr. von Lichtenberg has shown, the egg is re-
sponsible for reducing the granuloma in sensi-
tized animals, it has no effect on che protection
against a challenge.

The other very interesting point was the fact
that worms may become coated by antibady,
and in this way they may protect themselves
against the host’s immune response. Tn our ex-
periments we have transferred worms from
hamsters and mice and monkeys into normal
menkeys. We find that the resules are different,
depending on the donor animals used. If worms
are transferred from monkeys to monkeys, then
the transfer take is very good, and after a week
or so eggs begin to appeat in the recipient, and
so on. If worms are transferred from hamsters
to monkeys, then the results are extremely poor.
Very few eggs are produced, and the worms are
quickly killed off. If worms arc transferred
from mice into monkeys, you get an in-between
stage. The initial response—that is, the egg
production—is poor, but after five or six weeks
the egg production increases until a level is
reached that is comparable to that of monkey-
to-monkey transfers. We bclieve this shows
that the worms have become adapted in some
way to their definitive host; thus, worms from
hamsters are adapted to hamsters and cannot
make the necessary readaptation when they are
transferred to the monkey host. It could well
be that the worm has become coated with ham-
ster antibody; when we transfer this worm to
the monkey, the monkey does not recognize it
as a schistosome worm but recognizes it as a
hamster, and conscquently kills it off. However,
this is pure speculation.

Cohen: It does not seem appropriate for a
biochemist to discourage people from recogniz-
ing the importance of the biology of a cell, be-
cause 1 have participated, as so many of you
have, in grinding things up and looking for
this or that. But I should like to mention an
observation—one I am not sure has been pub-
lished yet—that bears in some rather important
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respects on some of the discussions today. This
observation, reported by Dr. Jerry Gross of the
Massachusetts General Hospital, has to do with
the disappearance of the tail of the tadpole un-
der certain conditions. A rather rapid and ex-
tensive dissolution of collagen, which exists in
rather large quantities, is involved. As bio-
chemists are inclined to do, Dr. Gross made a
very serious effort to look for the enzyme col-
lagenase in the system thus triggered. It seems
very clear that in this system there is neither a
proenzyme nor an inhibitor that normally re-
presses the enzyme. But apparently there is a
layer of cells in the tail {and I should interject
here that if the tail is cut off and put in a
Petrie dish under sterile conditions with thy-
roxine, the same process takes place as in the
whole animal) that is separated from the colla-
gen fibers, and when certain changes occur and
these cells come into contact wich certain seg-
ments of the fibers, and only under these condi-
tions, a specific collagenase is induced in the
cells, and then the dissolution takes place.

This lcads me to suggest that the absence
of an enzyme may be very important, This is
not a lysosome process; [ do not quite share
your enthusiasm about the lysosomes. I think
it is another kind of process. But it seems to me
to point to the fact that a cell, whether a para-
sitic form or 2 host cell, may have potentials
because of the presence, if not the actual adher-
ence, of specific proteins or ather cells that lead
to the induction of activities not found in the
absence of those particular circumstances.

1 believe Dr. Gross showed that the effect
was puromycin-sensitive, and thus truly an in-
duction. In any ease, what this means is that,
biochemically, the biology of the cell is a chal-
lenge. Simply grinding up strectures, as one of
the earlier speakers said, shows nothing; one
does not know for sure what it is onc is extract-
ing, nor, afterward, what one has extracted.
Other dimensions may have a bearing. I chink
this is an excellent example of a specific effect
induced to scrve a particular role—in this case,
to dissolve the collagen—and the enzyme is not
present or not discernible under any circum-
stances until a certain biological event occurs.

Lichtenberg: I want to ask Dr. Soulsby,
sincc his findings have had such a vivid re-
sponse here, for some zdditional comment about
the significance of what happens to the third-
stage larvae specifically in ascariasis; whether
he believes that something like 2 parasitical ef-
fect could occur simply by obstructing the
transit of an organism that is in the process of
migration and maintaining it at a stage that is
not the one corresponding to its subsequent
metabolic requirements. Is this part of his inter-
pretation of the cell adherence phenomenon, and
is it something that might happen in other hel-
minthic diseases in general?

Soulsby: I should like to think that these
cells are so responsive that on a second infection
they would behave as you suggest. I am not
sure, though, that this is the case. In examining
an infection serially, it always seems that the
cellular aspect of the response is a little behind
the progress of the parasitic infection. On sec-
ond infection, it appears to catch up. I am not
sure what delays the infection so that the cells
can catch up; it may be antibody. The sequence
may well be that antibody slows down an in-
fection and then the cells have a chance w
operate.

Remington: I hesitate to raise another con-
troversy here, and this is not necessarily for the
record. As I have sat here voday I have won-
dered about something that I think may also be
in the minds of many of you. Are we sitting
here in a relative vacuum? Are we, each of us,
traveling down different paths in our own re-
search toward similar goals, and are all these
paths going to end in different places? Cannot
thete somehow be more of a cohesiveness—a
recognized ““core” for each problem and some
sort of cooperative effort to answer the “core”
questions? As a physician interested in clinical
infectious diseases, I am interested in host re-
sponse and immunity to infectious agents, and
in the prevention of infections and the morbid-
ity and mortality caused by them. The virolo-
gists and bacteriologists now have a large arma-
mentarium of vaccines and effective chemo-
therapeutic agents with which to prevent, treat,

and/or study their infectious diseases. And
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how stands the parasitologist in comparison?
More infection and disease than can be claimed
by either of the other groups, with relarively
fittle in the way of advances to compare with
theirs. Is this because there is a lack of knowl-
edge of how to approach parasitic diseases, a
lack of knowledge of the parasite and its host’s
response, or is the lack also one of no common
path or goal, or are these simply ill-defined? Is
it the diffuseness of efforts that is causing this
scientific lag?

We have seen today that there seems ne
shortage in talent—veterinary medicine, pathol-
ogy, immunology, parasitology. But there seems
to be 2 very real gap in the sharing of knowl-
edge—not in willingness to share but perhaps
in facilitation. 1 wonder what is going to be
done about this. How many more years are we
going to remain in this relative void without
significant advances toward answering age-old
problems? Are we to be satisfied with advances
that carry us only micrometers toward answer-
ing a core question, or shall we seek ways that
may help us leap by giant steps toward answer-
ing questions that plague those concerned with
the health of the world? It may be that the
answer is greater coopetation among us all.

Moderator: | think that we are making
that sort of effort here today. How far we will
succeed, 1 do not know. But we are making an
effore 1o put basic immunology and immune-
parasitology together.

Bruce-Chwatt: As a malariologist of long
standing, T feel much more optimistic than you
seem to be. I feel that a very great deal has
been done with regard to the immunological
approach—not only toward an undeestanding
of the process of infection and response to in-
fection, bur also toward coming to grips with
the problem of the still hypothetical malaria
vaccine. 1 feel that we understand today bet-
ter than ever before the interrelation between
the humoral and the cellular aspects of immu-
nity in malaria. We are still very far indeed
from the end; for a long time we are going to
have to rely on chemotherapy of malaria.
Nevertheless, T feel that we are much closer to

understanding and solving the problem of
malaria.

Let me put one question here to my friend
and colleague Dr. Brown, who has described
so well his work on the antigenic change in
malaria parasitc in the course of infection. Does
he believe that this undoubtedly important
phenomenon he has discovered will have an im-
pact—negative or positive, probably the latter
—on the development of the still hypothetical
and faraway malaria vaccine?

Brown: No, I do not believe it will affect
the ultimate development of the vaccine. I
think that, unfortunately, antigenic variation
can be used to explain anything—especially any
negative result. If you do not happen to pro-
tect by immunization one time, you say you
have used the wrong variant, or somecthing of
that sort. Bue in fact, to speak in particular of
Freund’s original experiments, hc kept his
strains under quinine and they were obviously
relapsing continuously. Almost cerrainly che
variants he challenged with were different from
the ones that he immunized with. I think chere
is good reason to suppose thar with suitable
adjuvant it should be possible to immunize
quite effectively with the blood forms.

Bruce-Chwatt: I forgot to say before that
a great deal of what we know today about the
immunology of malaria is duc to the tremen-

dous efforts of Dr. Sadun and his group, and 1.

should likc here to pay tribute to his work.
Cohen: I hope that Dr. Remington will not
think T am directing this remark at him, but
I think what we have seen today is an example
of the fact that you cannot parlay two half
traths into a whole truth. Until we have whole
truths to deal with, we are going to be a long
way from dealing as directly with the sitvation
as he believes we must. I am not against get-
ting together, but we need more information,
and information substantial enough to mean
something, before we can make much of it.
Remington: In essence, 1 certainly agree
with Dr. Cohen. However, we are well aware
of the government-funded chemotherapy pro-
grams for malaria in the last world war and for
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cancer at present. Most of us in basic research
are loath to perform directed research or even
to take contracts that dictate a complete pro-
gram differing from our major interests. There
is evidence in favor of laissez-faire for scien-
tists and their research. But therc is also evi-
dence in favor of directed programs formulated
by experts in the field who consider that cer-
tain experimental designs will lead to more
rapid answers to questions vital to world health,
I want to proceed in my work without inter-
ference, and I hope that government granting
agencics will be tolerant of my approach and
views. Yet I also consider it very important
that someone, somewhere, be able to ask the
“core” questions on each of the maladies of
rmankind and that there be institutions that will
help guidc research more directly to the answers,
by a less devious routc than is being taken in
many laboratories today. Te put it in the
vernacular, “someonc must keep his eye on the
ball.” The “ball” that is rolling here today is
the parasitic infestation of millions of people.
Public health preventive measures, including
vaccines or specific drug therapy, must be
found for cach of these infectious diseases. My
answer to the malariologists is that I sympa-
thize with the splendid statement made by
Martin Young several years ago in a lead article
in the Journal of Tropical Medicine and Hy-
giene: “Medical progress must allow for the
eradication of the disease before liquidating the
investigator.” In this country the malariologist
was “destroyed” before malaria irself was eradi-
cated. Now, confronted with the problem of
malaria in Vietnam, we have a resurgence of
malﬂriﬂ reseal‘ch—-becausc sgmeone, Sﬂmewhere,
has his “eye on the ball” and is making funds
available for research. I hope that we can do
the same in other ficlds of parasitology.
Waterlow: As a Committee member who
knows virtually nothing about immunology, I
have the impression at the end of today thar,
left to chemselves, the body’s defenses against
these parasites are not very good and need sup-
plementing—ijust as T think that with many
forms of bactetial disease most of us would take
antibiotics or sulfonimides and not rely entirely

on the antibody response. The impression I have
received is that possibly the point to which
most attention needs to be paid, from a practi-
cal point of view, is the biochemistry of the
parasites and the point at which they can be
hie hard with drugs without hitting the host.

Moderator: Gentlemen, I am afraid that we
must bring this to an end. Dr. Kagan has been
kind enough to take on the task of briefly sum-
marizing today’s discussions, since Dr. Oliver-
Gonzalez was unable to attend.

Kagan: Mr. Moderator, I feel like the
matador who comes into the arema after the
bull is dead. It has seemed to me, in thinking
about what to say in summing up this very
interesting day, that most of my ideas have
already been expressed within the past half
hour. I should like to point out, as a public
health parasitologist, that the comments made
by Drt. Remington were uppermost in my mind.
We have to remember that we are talking about
diseases that are of tremendous importance in
the world, and our ultimate aim is to provide
tools and measures for their control and possi-
ble eradication.

We are never golng to arrive at a stage at
which we can control and perhaps eradicate
parasitic diseases unless we have the whole
truths that Dr. Cohen alluded to. It is only
by wedding basic research to applied research
that we can reach that stage.

1 was also impressed by Dr. Dubos’ remarks.
It occurred to me that fifty years ago people
said in print that parasitic diseases did not in-
voke an immune response. Dr. Taliaferro was
one of the early investigators who pointed out
repeatedly in his writings the similaricy between
the immune response of microorganisms and
that of parasitic organisms. Today we have
been reminded again that all the mechanisms
that hold true in immunologic problems re-
lated to viruses and bacteria are also true of
parasitic organisms, and that some of the ad-
vances made in those fields can be exploited in
working out the problems in parasitology.

We are relative beginners in the immunology
of parasitic infections in terms of working out
mechanisms. We are recovering from the flush
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of some initial successes in this area to realize
that we cannot fook for a primary mechanism
in the immunologic response of parasites, that
they are exceedingly complex, 2nd although we
may not ke able to fump immunoclogic mecha-
nisms, we can lump concepts. The more we
study the response of the host to his parasite,
the more complex it becomes. Dr. Smithers
talks about the schistosome egg not being the
imrunologic stimulus in the monkey. This
may be true for the monkey, but perhaps not
for another host. The recent work of Lichten-
berg and Sadun in a detailed study of the im-
munologic response to schistosomes in a variety
of hosts indicates the complexity of response on
both the cellular and the humoral level.

Ancther point I want to make is that before
we arrive at “whole truths” we first have to
“survey the territory” we are studying. We
have a big ficld with many organisms, many
species. Characterizing and describing the im-
munologic responses and developing assay meth-
ods for their study have occupied parasitolo-
gists for the past twenty to twenty-five years.
It is only after we have such assay systems that
we can begin to look for the immunologic
mechanisms involved. When we have the
methods we need, we can get down to some
basic immunology.

Before I make some specific comments about
areas that remain to be studied, I should like
to revert to Dr. Cohen’s remark that we ought
to characterize some of these antigens. We
have not done so because it is difficule work,
and until we have identified specific antigens
and characterized their biological and immu-
nological role, this aspect of rescarch will lag.
After chis has been done, I believe, we can de-
vote the energy nccessary to characterize the
antigens, identify their subunits, and perhaps
even attemnpt to synthesize them and attach
them to artificial groups to make vaccines. But
we are a long way from that, because we have
not done our homework in all these areas.

The hallmark of this meeting, I think, has
been complexity—complexity of antigenic
structure in malaria and other microorganisms
outlined by Dr. Brown, complexity in patho-

genic structure as outlined in my presentation,
Dr. Goodman brought up the question of the
complexity of immunoglobulin and alluded to
the complexity that goes beyond the IgM, 1gA,
and IgG level. We now have IgD and IgE.
But even just in the IgG class we have at least
four subgroups that have light chains. We
know that the light chains have at least ten
subgroups. We¢ know we have kappa and
lambda light chains. We thus have a whole
host of complex immunoglobulins and we have
no idea of their biological function. Not only
that, we have no way of studying them ade-
quately as they relate to parasitic diseases and
infections.

A tremendous challenge confronts us, there-
fore—on one hand to clucidate the antigenic
structure on one side, and on the other to re-
late these to the development of specific anti-
bodies in the various subclasses by other im-
munelogists and by parasitic immunologists.

In conclusion, let me point out thar we are
not going to find our answers in studies of the
humeoral aspects of parasitology, and we are
not going to find them in studies on the cellu-
lar aspects and on delayed hypersensitivity. We
shall find the answer in a combination of the
two and in the interaction of antigen-antibody
complexes on these cellular reactions.

1 believe that parasitic organisms use every
immunologic trick that has been developed by
2 living organism. We know some of them.
There are immunologic processes that we are
just beginning to become aware of. As we
understand how they relate to other micro-
organisms, we shall find that these processes
can be applied to the study of parasitism of
helminths and protozoa. In this lies the chal-
lenge and the need for people with diverse
backgrounds to apply their knowledge to the
study of parasitic infection. Only by wedding
basic immunologic information to practical
goals will we ever reach a point at which we
can diagnose parasitic infections with confi-
dence, prepare vaccines for their elimination
and for host protection, and develop control
programs in the world.

Moderator: I close this mceting with the
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feeling that we have indeed accomplished our
objective, which was to encourage new ap-
proaches to the problem of parasitic immunity
by utilizing concepts and methods of modern
basic immunology. On behalf of my colleagues

of the Advisory Committee, I wish to express
our gratitude to each of the speakers and also to
Dr. Martins da Silva and to Dr. Louis Olivier,
who are the persons chiefly responsible for the
organization and plan of this session.
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Appendix

IMMUNOLOGIC ASPECTS OF PARASITIC INFECTIONS: SUMMARY"

Jose Oliver-Gonzalez

Past accomplishments on immunologic as-
pects of parasitic infections were very well re-
viewed by a2 pioneer worker and authority in
this field, Dr. William H. Taliaferro. Among
the most significant of these accomplishments
have been the recognition of host reaction
against parasites mediated through specific
antibodies and cellular by-reactions, and of the
important part played by lymphocytes—
migrating to foci where parasites are present
and changing into macrophages—in immune
reactions. The biochemistry of the parasites
and antigenic constituents have been also
emphasized, mostly in connection with serologi-
cal diagnosis. The electron microscope, isotopic
markers, and autoradiography could be used
to great advantage. Electron microscope studies
on the fine structure of parasitic tissue are
revealing important features of the secretion
of antigens.

Brown and other investigators mentioned
fundamental points in connection with the
nature and variation of parasitic antigens, The
antigenic structure of parasites, particularly
protozoa, changes during infection; with such
versatility, they become less vulnerable to host
immune reactions. These changes, however,
need to be correlated with changes in enzyme
characteristics and followed by tissue culture
studies.

The antigens responsible for immunizing the
host do not originate only in the parasite but

* Dr. Oliver Gonzilez, who was unable to artend the
Special Session, prepared this paper after reviewing the
swmmaries of the papers presented,

also consist of host-parasite complexes. Anti-
bodies that develop against these host-parasite
complexes may lead to phenomena related to
autoimmune discases.

A great deal of progress has been made in
the immunodiagnosis of parasitic infections,
although more specific antigens are needed to
increase the efficiency of the diagnostic tests.
Very few antigenic substances of established
purity have been isolated. As Kagan empha-
sized, immunochemical analysis of the antigenic
mosaic will lead vo effective metheds for the
assay of purity.

High immunoglebulin levels are encountered
in parasitic infections. Hypergammaglobuline-
mia occurs in schistosomiasis, malaria, try-
panosomiasis, and Chagas’ disease, at different
times releated to course of infection. An in-
crease in immunoglobulin is not necessarily due
to an increase in specific antiparasite antibody.

Reagins have been demonstrated during
helminth infections of man and other hosts.
These are induced by the living organism and
not by dead worm materials. Their role in
protective immunity is now being uncovered.

Parasitologists are still faced with the prob-
lems of understanding the role of antibodies in
protection against infection and of preparing
effective vaccines, Very little is known about
the characteristies of antibodies formed in re-
sponse to parasitic infections; this knowledge
is necessary for additional light on the mecha-
nisms of parasitism and host response. New
techniques have been developed for character-
izing these antibodies. By means of exclusion
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chromatography on columns of cross-linked
dextran gels, the molecular weights of unknown
proteins may be determined through correla-
tion with the elution of proteins with known
molecular weights, Demonstration of IgM and
IgG antibody during different stages of infec-
tion has proved to be of diagnostic significance
in certain parasitic infections.

The role of the lymphocyte and macrophage
in immune reactions is again emphasized. Im-
munity has been transferred by lymph nodes.
The role played by lymphocytes in delayed
hypersensitivity has been found to be of im-
portance in resistance. The role of the
macrophage in immunity is not clear, since in
some infections parasites multiply within the
macrophage whereas in others intense phagocy-
tosis of the parasite is 2 manifestation of
acquired immunity.

Weinstein summarized very cffectively the
observed effects of immune response on para-
sites. These effects, at a gross level, include
such phenomena as retardation of movement,
immobilization, and obliteration of orifices
and lumena. The effects at physiological and
biochemical levels are a decreass in infectivity,
stunting, changes in uptake of dyes, and altera-
tions in metabolic processes.

Lichtenberg used infection with Schistosoma
mansoni to illustrate host reactions against
parasites. The antigen proceeding from the
schistosome egg is withheld or “sequestered”
within the pseudotubercule. With sensitization
of the host, cell reaction and antigen destruc-
tion are greatly enhanced. The antigen-antibody
precipitate has been shown in vive around eggs
in animals highly sensitized (Hoeppli’s phe-
nomenon).

Comments
Although the need for specific antigens is

very obvious, recent investigations indicate
that parasitic species, particularly nematodes,
contain common antigens that may be re-
sponsible for a particular reaction or pathologi-
cal phenomenon within the host. A glycopro-
tein has been isolated from the coelomic fluid
of adult Ascaris suum that has been detected
in the larvae of Trichinelle spiralis, in third-
and fourth-stage larvae of Ascaris lumbricoides
and Toxocara canis, and in adult Dirofilaria
immitis (1), Sera from children with the
syndrome of visceral larva migrans reacted
positively against this antigen in direct and in-
direct hemagglutination tests. This suggests
that the antigen responsible for the syndrome
is present in a large number of parasites.

The presence of specific antigens in develop-
mental stages of parasites is still debatable. Some
investigtaors claim (2) cthat stage specificity
may be only apparent, since immunizing ex-
tracts from different stages may stimulate
demanstrably distinct antibodies by virtue of
the differences in their relative proportions of
common antigens. Stage specificity may also
be a function of the time at which serum has
been obtained. The presence or absence of
stagc-specific antigens should be studied in re-
lation to enzyme systems possessed by the vari-
ous forms, since enzymes probably represent
these specific antigens.

Immunization against infection with anti-
gen-antibody complexes, rather than with anti-
gen alone, has been overlooked. Antigen-anti-
body precipitates have been shown to occur in
vive; therefore, this complex must play a role
in host-parasite immune relationship.

Investigations on immunity to parasitic in-
fections are burgeoning as a result of new
techniques, the advance of knowledge about
antibody proteins, and newer methods for iso-
lation of antigens.
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