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The immunology of amoebiasis
K. N. JALAN, T. K. MAITRA

INTRODucnON
The morbidity and mortality associated with infection by
Entamoeba histolytica (E.h.) is a major health problem in
Africa, South America, Mexico and India.l-? Approxi-
mately ten per cent of the world's population carries the
parasite. Amoebiasis was found to be the fourth major
cause of death in one autopsy series in Mexico," and in
developing countries it is among the ten leading causes of
death. Worldwide, only malaria and schistosomiasis
cause more deaths than amoebiasis. I

Given the severity of the disease, it is surprising that so
little research is being done to study the relationship of
this parasite with its host. In 1973 Kagan stressed that
'when reviewing the literature on the immunology of pro-
tozooal infection, one is struck by the singular absence of
any discussion on amoebiasis. '4 However, in the last
decade, studies were initiated at various centres in the
world on the immunological aspects of the host-parasite
interaction, the protective mechanisms of the host against
the parasite, the immunopathological changes produced
by the parasite and its products, and the immunosuppres-
sive effects that enable the parasite to evade the defence
mechanisms of the host. These studies are the main concern
of this article. The final aim of any immunoparasitological
research is the development of an effective therapeutic
and immunoprophylactic strategy.

PATHOLOGY OF INTERACTION OF
E. HISTOLYTICA AND HUMAN BEINGS
Morphological features are important in the study of the
immunology of amoebic lesions since the host cells that
infiltrate an amoebic lesion provide clues to the
immunological lesions involved. The characteristic of
amoebic infection is a lytic effect of the parasite on the
tissues where an amorphous granular eosinophilic material
surrounds the trophozoites. Inflammatory cells are found
only at the- periphery of an established lesion and not adja-
cent to the trophozoites.>? This is because the parasite
has the capacity to destroy leucocytess? and not, as was
earlier believed, due to the paucity of inflammation in
amoebic disease.Pv? Serial histopathological operations
on an in vivo model of amoebic liver abscess have conclu-
sively shown the presence of an intense inflammatory
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infiltrate consisting of polymorphonuclear leucocytes in
the early stages of abscess formation. The lytic effect of

.amoebae on hepatocytes as well as neutrophils contributes
to the necrosis seen in the later stages of the disease. 13,14

Biology of E. histolytica
The pathogenesis of disease by E.h. is characterized by
(a) colonization of the gut by a pathogenic strain,
(b) adherence to the intestinal mucosa, (c) disruption of
the intestinal barrier by its products,and (d) lysis of intes-
tinal as well as host inflammatory cells. IS

Animal models of amoebiasis have provided important
clues about the host species specificity, bacterial associa-
tion with E.h., colonic environment and host nutrition.
Host species specificity may be related to the adherence
specificities of amoebae and/or to host factors such as
intestinal microflora and colonic redox potential.
Although the association of bacteria with amoebae is not
an absolute requirement for amoebic invasion, it
nevertheless aids intestinal colonization by lowering
redox potential in the colon by facilitating amoebic adher-
ence to the intestinal mucosa and by increasing the
metabolic activity of the amoeba by acting as a reducing
agent. 16-21

Adherence of E.h. appears to be important in
pathogenesis since it precedes tissue invasion or tissue
lysis. The visible amoebae are cytolethal in various tissue
culture cell lines and this cytopathogenicity is a reliable
measure of in vitro virulence. Ravdin et al. have estab-
lished that the rapid cytolethal effect of E.h. is contact-
dependent.:2-26 To date, two surface adhesins of E.h.
have been identified, one of which is ·sensitiveto inhibition
with aminosugars like gal-nac or galactose residues
(n-acetyl-d galactose amine) and the other inhibitable by
gly-nac (n-acetyl-d glucose amine) polymers. The former
is responsible for adherence of amoebae to bacteria,
mammalian tissue culture cells, human erythrocytes and
leucocytes, mammalian colonic mucosa and submucosa,
and fixed human colonic mucosa. This amoebic adhesin is
also responsible for the virulence of E.h. towards host
inflammatory cells, attachment to tissue and interaction
with bacteria. The other adhesin, which is chiotriose
inhibitable, has been shown by Kobiler and Mirelman to
be responsible for adherence of amoebae to human intes-
tinal epithelial cells. Whether only one or both of the
described adhesins of E.h. are operative in the pathogenesis
of infection remains to be ascertained.19,20,22,23,27

E.h. also contains two soluble lectins with different
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carbohydrate binding properties (one inhibited by chiot-
riose28 and the other by gal-nac-'). These lectins may be
identical to the two surface adhesins. The role of these
lectins in the pathogenesis of disease may include adher-
ence to bacteria, colonic epithelium, other host tissues
such as liver and an intrinsic effect of the soluble gal-nac
inhibitable lectin in the suppression of cell-mediated
immunity as observed in acute untreated invasive
amoebiasis.P-"

In addition to the adhesins and lectins, the capacity of
E.h. to destroy tissues may also involve a host of bio-
chemical mechanisms including secreted enzymes, cell-
free cytotoxins and contact-dependent cytolytic
mechanisms," but a discussion about these is beyond the
scope of this article.

To summarize, adherence of E.h. to tissues or colonic
epithelial cells is an important event preceding tissue inva-
sion and tissue lysis, and the surface adhesins as well as
the lectins described above appear to playa major role in
this phenomenon.

Amoebic Antigen
An understanding of specific amoebal surface antigen and
the nature of the surface of the parasite is essential since
protective immunity will logically be directed against sur-
face constituents. In vivo the trophozoites possess a 30 nm
glycocalyx coat" which is diminished to a thickness of 5
nm in axenically cultured amoebae (i.e. E.h. grown in
pure culture without bacteria or any other protozoa). The
role of this glycocalyx in evoking an immune reponse pro-
tecting the parasite has not been elucidated. As many as
18 proteins have been identified by using polyclonal
rabbit antisera to E.h. in experiments with antibody
induced capping.F Torian et al.33 have recently identified
and partially characterized a surface antigen of E.h. by
using seven monoclonal antibodies obtained after injecting
mice with a pathogenic strain of amoebae. An intrinsically
radiolabelled 96000 Dalton antigen was immunoprecipi-
tated by five of the seven monoclonal antibodies. This
antigen was also present in three strains of pathogenic
E.h. examined by the authors, and was found to be
situated on the external surface of Eih. This has been
demonstrated by agglutination and immunofluorescence
staining of live amoebae and by immunoprecipitation of
iodinated trophozoite antigen. It was further shown that
sera from patients who had recovered from a liver abscess
also reacted with the purified 96 000 Dalton antigen.

There is some doubt about the origin of the surface anti-
gens since the turnover between the surface and internal
membranes is particularly striking in E.h. trophozoites.
Antigenic determinants may be located in the recycling
cytoplasmic and plasma membranes. 34This would explain
the effective immunogenicity of lysosomal and ribosomal
fractions observed by some researchers.v-" and also the
location of antigenic components on the surface of the
parasite.

However, it would appear that the surface antigen
described by Torian et al. is perhaps one of the major
antigenic fractions responsible for the immunological
response in human infection.
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Immunoresistance
Although induction of protective immunity against infec-
tion with E.h. in various animals has been demonstrated,
it is doubtful if protective immunity develops in human
beings after invasive amoebiasis. 37-40 The sero-
epidemiological studies supporting protective immunity
in human beings are difficult to interpret in the absence of
adequate control groups in such studies.v-'? Recurrence
of acute amoebic dysentery has been reported= and
development of protective immunity after an amoebic
hepatic abscess has only been mentioned in one uncon-
trolled study from Mexico. 44A lack of acquisition of effec-
tive immunoresistance to intestinal colonization is also
indicated by an increasing prevalence of amoebae in the
stool as age increases.v=" Similarly the chances of E.h.
invasions increase in situations of reduced immuno-
competence such as in patients during corticosteroid
therapy,46-48 pregnancy, 49infancy46,50 and those suffering
from malnutrition.l'v" This indicates that resistance to
invasive amoebiasis may also have an immunological basis.

It is not known which protective immune mechanisms
restrict the invasion. It is also not clear if the effector
mechanisms that kill amoebae in vitro are also operative
in vivo. The high frequency of invasion and re-infection
despite high antibody titres rule out a protective role for
such antibodies.v-" The shedding of antigen-antibody
complexes may result in the parasite's evasion of comple-
ment lysis.34,52 The role of cell-dependent effector
mechanisms in the restriction of amoebic invasion is not
well understood as very little information is available. The
retarded induction of delayed hypersensitivity, migration
inhibition factor and cytotoxic lymphocytes suggests that
E.h. is capable of inhibiting cellular immunity and
thereby escaping its effects." The question of protective
immunity against infection by E.h. remains unresolved.

HUMORAL RESPONSE
An antibody response in the serum is regularly observed
in symptomatic as well as asymptomatic amoebiasis and
the titre of antibody in an endemic area may be similar in
both groups. The type of antibody in the serum is IgG
specific for E.h. The antibody response may persist from
2 to 11 years and the clinical outcome is not related to the
titre of antibody. 53--57Increased levels of IgM and IgA,
though smaller than IgG, have also been reported. 58The
antibody response in amoebiasis, unlike in other extracel-
lularparasitic infestations, does not give any protection
against re-infection. Pittman et al.59showed that amoebae
present in dysenteric stools were refractory to lysis by the
patient's own high titre immune serum although cultured
amoebae could be lysed readily. However, the existence
of protective antibodies cannot be ruled out. These may
be in the form of antibodies to antigen fractions of E.h.
that are yet to be defined.

In endemic areas the importance of helminths
associated with E.h. has not received much attention. In a
study of aboriginal children in Malaysia, Gilman et al.60

provided evidence that malnutrition in association with
amoebiasis resulted from co-existent trichuriasis rather
than from infection with E.h. alone. Helminths are
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known to induce high levels of specific and non-specific
IgE and can potentiate the IgE reponse to unrelated anti-
gens.6)-{j3 Revoltella et al.64studied anti-amoebic IgE in
the sera of patients with a mixed infection consisting of
helminths, Escherichia coli and E.h. They noted a com-
plex relationship between specific and total levels of IgE
and parasitic loads. The levels of specific IgE antibody to
all parasites studied were proportional to the total levels
of IgE. A correlation was also found between the tit res of
IgE antibody to E.h. and those of two intestinal helminths.
Anti-amoebic IgE was not found in any sera in the absence
of anti-helminthic IgE, suggesting the non-specific induc-
tion of anti-amoebic IgE by the helminths. However, other
workers do not agree with these findings. 65--fJ71tis possible
that an increase in the permeability of the intestinal
epithelium caused by mechanical or anaphylactic damage
by the helminths increases the uptake of amoebic antigens,
resulting in increased synthesis of anti-amoebic IgE.68,69
A high rate of symptomatic amoebiasis in association with
helminths has been reported by many workers.50,60,7G-72

The role of coproantibodies of IgA in the local defence
against E.h. has not been determined although they are
found in 80% of patients with intestinal amoebiasis.tv"

Although a humoral response consisting of raised levels
of IgG, IgA, IgM and IgE is observed in E.h. infection,
none of these has been shown to be protective to the
human host. The role of associated helminths needs to be
studied further.

Complement
E.h. is capable of activating the alternate pathway of com-
plernent." Sera with high antibody tit res to E.h. from
healthy controls or infected patients are amoebicidal to
trophozoites through the activation of complement.76-78
A selective decrease of C3 and Cl has also been noticed in
some patients with hepatic abscesses." Complement
depletion by a cobra venom factor in hamsters is associated
with a greater susceptibility to hepatic abscess forma-
tion.79,80It is possible that the invasiveness of E.h. may be
related to its resistance to complement. Calderon and
Tavar-Gallegos" have shown that in vitro it is possible to
isolate complement resistant clones of E.h. by exposure
over a period of time to 20% immune serum plus comple-
ment. Non-pathogenic strains, as detected by isoenzyme
profiles, are susceptible to complement-mediated lysis.82
The role of complement in preventing initial invasion of
colonic mucosa by E.h. is, however, uncertain as free
complement is probably absent from gut mucosal secre-
tions83where the parasite resides. A study of asymptomatic
carriers in our centre showed spontaneous clearance of
E.h. from the stool in over 50% of the subjects within six
weeks. It was seen that the subjects who cleared the E.h.
from their stool had significantly higher Clq binding and
lower C3 and C41evels than at the time of the initial study.
Activation of complement is perhaps one of the important
effector mechanisms of the host in restricting tissue
invasion.
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Immune Complexes
Although immune complexes are known to bind to cell
surface receptors and serve an immunoregulatory func-
tion, they have received little attention in the
pathogenesis of amoebic disease. Circulating immune
complexes are likely to be detectable in the acute phase of
any infectious disease and thus their presence in a disease
may not always have pathogenic importance. However,
demonstration of persistent immune complexes may be
important as it may indicate an underlying immunological
dysfunction at the lymphocyte or phagocyte level, which
hinders the clearance of these complexes from the circula-
tion. They may also be physical and biochemical mediators
of known manifestations of immune complex or serum
sickness-like diseases. Formation of such immune com-
plexes also obscures the immunochemical detection of
antigens.

In endemic areas, severe or recurrent colonic amoebiasis
is sometimes associated with extra-intestinal manifestations
such as tender hepatomegaly, fever, arthropathy and skin
eruptions. The pathogenesis and importance of these
extra-intestinal manifestations have largely been ignored.
Pillai et al.84 reported the existence of immune complexes
in the sera of a large number of patients with colonic
amoebiasis and particularly in those with systemic mani-
festations. These immune complexes were further shown
to contain a non-detergent extractable E.h. membrane.
protein, probably derived from the cytoskeleton of the
amoeba which has a molecular weight of 35 000 Daltons
(Pillai, Immune complexes in amoebiasis: the host parasite
interaction, Presented at the XI International Congress
for Tropical Medicine and Malaria, Calgary, Canada). A
proportion of these complexes have now been found in
sera from patients with all forms of amoebiasis, and in
joint effusions of patients with amoebiasis and monoar-
ticular arthropathy. Using affinity-depleted and affinity-
purified antibodies, an antigen assay has been developed
by us which is a specific and sensitive marker of invasive
amoebiasis. Our studies have further shown preferential
deposition of such specific immune complexes in the
colon and liver.

In human beings humoral responses to infection with
E.h. may not be important in limiting established infec-
tion, or providing immunity to recurrent infections. They
may, however, be important in the formation of immune
complexes and in the immunity against complement-
sensitive strains of amoebae.

CELLULAR RESPONSE

Polymorphonuclear Leucocytic Response
It has now been established in in vivo models by serial his-
topathological observations that the initial host response
to amoebic invasion involves infiltration by neutrophils.
This is followed by lysis of neutrophils by amoebae, and
necrosis both by the amoeba itself and by the release of
toxic neutrophilic enzymes.Pv" These in vivo observa-
tions have been corroborated in vitro by Salata and co-
workers= who showed that the destruction of Chang liver
cell monolayers by the amoeba is substantially increased
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in the presence of human polymorphonuclear neutrophils
which alone had no effect on the Chang liver cells. The
increased destruction of the monolayer in the presence of
neutrophils is abolished by the addition of n-acetyl-D
galactosamine which is an inhibitor of the amoebic lectin
involved in the cytolytic activity of the amoeba towards
tissue culture cells or neutrophils.

The killing of human neutrophils by the amoeba is a
contact-dependent, serum-independent mechanism with-
out loss of its viability. 86

Cell-mediated Immunity
In vivo models of invasive amoebiasis have underlined the
importance of cell-mediated immune mechanisms. Inter-
ventions which depress cell-mediated immunity, such as
steroid treatment, neonatal thymectomy and the use of
anti-macrophage or anti-lymphocyte globulin, accelerate
the formation of amoebic hepatic abscesses.Pf? This
could be protected by immunization with BCG or prior
amoebic infection or immunization with various amoebic
protein preparations.30·37.40.51.90-93Macrophages, peripheral
blood lymphocytes, spleen cells and peripheral mononu-
clear cells have all been suggested to be the host effector
cells.88.S9.94.95

It has recently been shown by Salata et al. that when
activated by concanavalin A or phytohaemagglutinin
(PHA), monocyte-derived macrophages produce lym-
phokines which kill virulent amoebic trophozoites. This
killing of amoebic trophozoites occurs at a macrophage-
to-amoeba ratio which is as low as 10: 1.96This is an
antibody-independent process as there is no potentiation
of this killing by the addition of immune serum. A contact-
dependent mechanism has been suggested by various
studies. Oxidative as well as non-oxidative mechanisms
may also be operative in this macrophage killing.96-9S
Salata et al. have further shown that in vitro monocyte-
derived macrophages from patients with an acute amoebic
hepatic abscess can be activated with lectin to produce
lymphokines to kill amoebae.?' In addition cytotoxic T-
lymphocytes are also capable of killing virulent E.h.
trophozoites in vitroYJOGamma interferon, which is one
of the active components in con-A elicited lymphokines,
has been shown to directly stimulate macrophages and
non-adherent lymphocytes to kill virulent E.h.
trophozoites.'?'

Several researchers have confirmed that a soluble protein
preparation from axenic amoebae induces proliferation of
T- as well as B-Iymphocytes in healthy un infected indi-
viduals.102-104The proliferative response of lymphocytes
to amoebic protein is different from that to concanavalin
A in its magnitude, kinetics and optimal concentration. 102
The mitogenic activity appears to be associated with frac-
tions containing N-acetyl D-galactosamine inhibitable
amoebic lectin. However, it is not clear whether the
potential immunomodulatory activity of this lectin has
any role in potentiating amoebic virulence in vivo. 104

It appears from the recent in vitro studies that lympho-
kines derived from monocyte-derived macrophages and
cytotoxic T-Iymphocytes, play an important role in the
killing of E.h. Although the soluble protein preparations
of E.h. have been shown to have a mitogenic activity for
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T- and B-cells, their role in immunomodulation remains
to be explained.

Human Studies of Cell-mediated Immunity
Clinical studies of skin test responses and the release of a
macrophage inhibition factor have indicated that in
patients with amoebic abscesses there is a delay in the
development of a cell-mediated immune response during
the acute phase of the illness.I05-IOSA proliferative
response was noted against an amoebic antigen in the
peripheral blood lymphocytes of patients with amoebic
abscesses. Lymphocytes from healthy controls did not
show such reactivity. 109A non-blastogenic response of
lymphocytes to amoebic protein was noted in subjects with
Invasive colonic amoebiasis or amoebic cyst passers.!'?
Ganguly et al. have made several observations on human
subjects: (a) There is an inhibition of macrophage migration
against the HK 9 amoebic antigen in patients with hepatic
abscesses. (b) There are low numbers of Tvlymphocytes"
and a decrease in proliferative response to PHA. These
observations relate to the duration of the illness before
treatment was instituted. In case of a longer duration
without treatment the decrease in the number of
T-Iymphocytes was accompanied by a depressed reactivity
to PHA and an increased reponse to HK 9 amoebic antigen.
All studies carried out in subjects with hepatic abscesses
have shown an increased lymphocyte blastogenic response
to amoebic antigens while the results of proliferative
responses of such lymphocytes to plant mitogens are
conflicting. 103,105-107

Recent studies by Salata et al. in Mexico and Murray in
the USA on patients after treatment of amoebic hepatic
abscesses have shown a depression in T4 to T8 ratio
(Helper: Suppressor),"? a normal T3 and absolute
lymphocyte count and a lower response of lymphocytes to
plant mitogens, con A and a higher blastogenesis of lym-
phocytes to soluble amoebic protein preparations. It was
also shown that monocytes were required for an optimum
response to amoebic protein and the T4 : T8 ratio corre-
lated positively with proliferative responses to an amoebic
soluble protein preparation. The lymphokines elicited by
the soluble amoebic protein preparation from these
patients, contain increased levels of interferon and these
may be involved in activating normal monocyte-derived
macrophages to kill virulent amoebae. ioa From these
studies they concluded that sensitization develops to
amoebic antigen in patients with amoebic hepatic abscesses
after treatment and specific effector mechanisms are pre-
sent, despite a lower T4 to T8 ratio and a heterogeneous
proliferation in response to mitogens. On the basis of
these studies they have suggested a scheme on the integ-
rity of the afferent and efferent limb of cell-mediated
immunity in invasive amoebiasis (Fig. 1).

Clinical studies of cell-mediated immunity in humans
often show conflicting and inconclusive results. However,
what appears to be certain is that there is a period of
immunosuppression following hepatic amoebiasis. There
is also an increased blastogenic response to amoebic antigen
and a depression in T4 : T8 (Helper: Suppressor) cell
ratio in patients with hepatic abscesses.
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AMOEBIC PROTEIN

~
T-LYMPHOCYTE. MACROPHAGE~--------~ •...

T4(-) T8(·) CYTOTOXIC(.) BLASTOGENESIS

1
LYMPHOKINE

1
AMOEBA-. --ACTIVATED

MACROPHAGE

FIG. 1. Amoebic antigen protein sensitizes the T-lymphocyte
subpopulation either directly or after being processed by the
macrophages. This results in (a) a decrease in the helper
(T4) to suppressor (T8) ratio, (b) proliferation of cytotoxic
(T8) lymphocytes which act on the amoeba and (c) prolife-
ration of T-cells resulting in the formation of lymphokines
which further activate the macrophages to act on the
amoeba. (Drawn after the scheme of Salata and Ravdin.'!')

SUMMARY
Amoebiasis is a major cause of mortality and morbidity in
many parts of the world including India. The characteristic
of amoebic infection is a profound lytic effect of the para-
site on the tissues as well as the inflammatory cells.
Adherence of E.h. to colonic epithelial cells is an impor-
tant event preceding tissue invasion and this is due to E.h.
possessing specific surface adhesins and lectins. Although
18membrane proteins have been identified, a 96000 Dalton
antigen appears to be the major antigenic fraction respon-
sible for the immunological response.

The question of protective immunity in human beings
after invasive amoebiasis remains unresolved. E.h. is
capable of inhibiting cellular immunity and thereby
escaping its effects. A humoral response characterized by
raised antibody levels, in particular IgG, is consistently
observed in E.h. infection. However, it has not been
shown to be protective to the human host. Activation of
complement is one of the important effector mechanisms
responsible for restricting tissue invasion. The role of
immune complexes needs further elucidation. The initial
host reponse to amoebic invasion involves infiltration by
polymorphonuclear leucocytes which, in turn, are lysed
by amoebae with the release of toxic enzymes.

The lymphokines from monocyte-derived macrophages
and cytotoxic T-lymphocytes play an important role in the
in vitro killing of E.h. Human studies indicate a period of
immunosuppression following hepatic amoebiasis. There
is also an increased blastogenic response to amoebic anti-
gens and a depression in T4 : T8 cells.

PROJECTIONS FOR THE FUTURE
This short review of the immunology of amoebiasis raises
more questions such as: does effective immunity develop,
if so, of what type? Are there ways to augment or impair
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host defences against tissue invasion by Entamoeba
histolytica? The roles of specific amoebic antigens in
pathogenesis as well as separate components of cellular
immunity need elucidation. In particular the role of cir-
culating immune complexes in the pathogenesis of diseases
of unknown aetiology in developing countries, deserves
more attention and their role in immunomodulation and
protection needs to be defined.
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