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Immunoregulation in giardiasis
V. K. VINAYAK, R. KHANNA, KUM KUM

INTRODUCTION
Interest in Giardia lamblia, the gut-dwelling protozoan
parasite first described by van Leeuwenhoek in 1681, I has
grown during the last quarter century because of an increas-
ing awareness that it is an important cause of morbidity.
Infection with G. Lamblia occurs worldwide with an
average prevalence of 12.5%.2-4 The associated diarrhoea
and malabsorption syndrome is especially common in
infants and children. G. Lamblia infection has been impli-
cated in a number of water-borne epidemics= and is a
major cause of traveller's diarrhoea. 7-9Although the para-
site was earlier considered to be a commensal organism,
in the last three decades it has been recognized to be a true
intestinal pathogen. However, the mechanisms of the
disease caused by this protozoon are yet to be explained. 10

The clinical syndrome appears to be modulated by the
virulence of the parasite;" the nutritional status of the
host and the development of the immune responses. The
main mode of transmission of giardial infection in an
endemic area is through the faeco-oral route.P-" The
human host is infected by ingesting cysts of G. lamblia
through contaminated food or water, but mice; dogs, cats.
or Mongolian gerbils can be infected orally with Giardia
trophozoites.'>" The usual habitat of the Giardia tropho-
zoite is the epithelial brush border of the duodenum and
proximal jejunum. The attachment of the trophozoite by
its ventral disc" results in alterations to the enzyme-rich
microvilli of the epithelial cells. 15

IMMUNOLOGICAL RESPONSES
There is ample evidence that the host's immune response
modifies the course and duration of G. Lamblia infection.
The disease is self-limiting.!" immunocompromised hosts
have been reported to have chronic infections lasting for
several months.P-'? and epidemiological evidence suggests
that previous exposure increases resistance to subsequent
infection.P-" Further, experimental hosts are known to
eliminate the infection spontaneously leading to the
development of a resistance to reinfection,22,23 athymic
experimental animals fail to resolve the infections' and
finally the number of Giardia cysts excreted by experi-
mental hosts receiving lymphoid cells from previously
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infected animals are reduced.25,26 We will discuss the
development of immune responses and their role in
regulation of infection under two headings: (a) Systemic
immune responses and (b) Gut associated immune
responses.

SYSTEMIC IMMUNE RESPONSES
HumoraL immune responses
Though G. LambLia has been considered to be a predomi-
nantly non-invasive pathogen, morphological evidence
from both humans and animals indicates that the parasite
does occasionally penetrate beyond the epithelial layer.Fv?
Giardia-specific antibodies circulating in the blood were
first demonstrated by indirect immunofluorescence tests
in patients with giardiasis by Ridley and Ridley'? and
Wright et aL.8who used partially purified G. Lamblia cysts
as antigens. Subsequently, Vinayak et al. 31and Visvesvara
et al. 32reported a serological response in 95% to 98% of
patients with giardiasis by double diffusion and indirect
immunofluorescence tests, using G. Lamblia cyst or
trophozoite antigens. Specific antibodies in the sera of
more than 85% of patients with symptomatic giardiasis and
12% of uninfected controls have also been demonstrated
by the micro-ELISA33 technique. Anti-giardia IgG
.antibodies are known to persist in the serum for months
or years so their presence cannot be used to differentiate
present from past infection. 34However, demonstration of
anti-giardia IgM antibodies may be more helpful in this
distinctionv-" and anti-giardial serum IgA antibodies
might be a useful indicator of current infection. 37
Recently, many workers have identified several antigens
of the trophozoites of G. Lamblia.34-37 The major surface
associated antigens of Giardia have molecular weights of
83 KDa, 55 KDaJ56 KDa or 31 KDa.38-41 Although
specific antibodies in the sera of human subjects had been
detected previously, Edson et aL.42reported that human
anti-G. Lamblia sera contairied antibodies to an 88 KDa
surface molecule, which was shown to be identical to the
82 KDa surface protein, and Taylor and Wenman detected
31 KDa G. Lamblia surface associated antigen using sera
obtained during active giardial infection." In addition,
they found that although in human sera another surface
protein, 55 KDa, could be recognized, the response was
weaker than to the 31 KDa molecule.P

The biological significance of surface antigens in the
immunomodulation of G. Lamblia infection has recently
been studied in great detail. 36,44Individuals with an
underlying history of chronic or persistent giardiasis have
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been shown to have a depressed antibody response to
surface antigens of the 82/56 KDa molecules. 36,44As these
hosts with persistent giardiasis develop very low levels of
antibodies to surface antigens they consequently fail to
eliminate the parasite. Recently, Vinayak et al. reported
that when surface-specific antibodies were raised in the
presence of exogenous complement, almost 100% of
trophozoites were killed in vitrov' Antibody dependent
killing of giardia has been demonstrated by Hill et al."
and Deguchi et al.47These workers also reported that anti-
giardia antibodies killed the trophozoites in the presence
of complement proteins activated via the classical pathway.
A recent experiment with gerbils showed that a 170 KDa
molecule (cysteine rich protein) expressed on the surface
of trophozoites at the initiation of experimental giardial
infection was no longer present on the trophozoites
recovered 7 days after infection. 48,49Such antigenic varia-
tion may help the parasite to evade immune effector
mechanisms. It is also possible that an immunodominant
antigen may be released into the lumen of the gut and
reduce the concentration of secretory antibody. This
would also help the parasite evade elimination.

Cell-mediated immune responses
The development of cell-mediated' immune responses in
patients with giardiasis was first demonstrated by an
intradermal test. 50 Subsequently, with the availability
of the G. muris mouse model, the development of a
cell-mediated immune response to the parasite was
confirrned.Pv" Stevens et al.24 found that G. muris infec-
tion in nude mice persisted for a long period and such
animals developed an incomplete resistance to reinfection.
Roberts-Thomson and Mitchell employing an experimental
G. muris mouse model" and Vinayak et al. employing a
G. lamblia mouse model>' reported lower cyst excretion
and significantly reduced trophozoite counts in those
animals which passively received lymphoid cells from
infected animals. These observations suggest a role for a
specific thymus-dependent mechanism in the resolution
of giardial infection. Aggarwal et al.52,53 showed that
alterations of immunity at cellular levels with cortico-
steroids, anti-lymphocytic serum or irradiation greatly
affected the response of the host to G. lamblia infection
as evidenced by a larger number of cysts in the stools and
a greater trophozoite load in the duodenum. Cortico-
steroid therapy has been observed to result in recrudescence
of infection>' in gerbils. Studies by Stevens and Frank
have indicated that in humans protection can be passively
transferred to newborn children by immune mothers via
breast milk which contain sensitized lymphocytes. 55
Studies of cellular effector mechanisms have emphasized
the capacity of macrophages from mice,56 rabbits" and
humans58,59 to participate in the killing of parasites. An
increased phagocytic activity by rabbit peritoneal macro-
phages was noticed in the presence of hyperimmune sera
which indicates the involvement of humoral as well as cell-
mediated immune reactions in the immune response to
giardial infection. 57

Though human monocytes from patients with giardiasis
have been shown to exhibit spontaneous cytotoxicity to
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G. lamblia trophozoites." lymphocytes and granulocytes
have little direct cytotoxicity. However, granulocytes
have been shown to be cytotoxic to trophozoites in the
presence of serum containing anti-G. lamblia antibodies
(antibody-dependent cellular cytotoxicity or ADCC)59
while sensitizing antibodies of the IgG isotype are not
cytotoxic to G. lamblia trophozoites unless effector cells
or complement are present. 59Belosevic and Faubert have
reported the killing of G. muris trophozoites by splenic
and mesenteric lymph node cells which suggests that
lymphocytes playa role in eliminating the parasite.t"
However, comparative analysis of the cytotoxic potential
of splenic lymphocytes and mesenteric lymphocytes from
resistant (BIOA) or susceptible (AlJ) mice did not show
any correlation between the ability of AlJ and BIOA mice
to eliminate G. muris nor did their lymph node cells have
the capacity to kill trophozoites in vitro/" It has also been
shown that clearance of G. muris infection from Biege
mice, in which activity of the NK cells is impaired, occurs
at the same rate as in immunocompetent animals.?' These
observations would suggest that NK cells per se do not
participate in the elimination of G. muris infection.

Evidence is accumulating to indicate that the clearance
of G. lamblia by anti-parasite antibodies or antibody-
mediated cellular effector mechanisms does not appear to
be entirely due to cytotoxic lymphocytes. 62-{)5

GUT-ASSOCIATED IMMUNE RESPONSES
Improved methods for the isolation and characterization
of heterogeneous cell populations in the small intestine
have added considerably to our knowledge of the anatomy
and immune capabilities of the abundant gut-related
lymphoid tissue. Cells from Peyer's patches= and later
from the smaller solitary lymphoid follicles, which are
scattered throughout the length of the intestine, have
been shown to perform important immune functions.s?
These aggregated components of the immunological
apparatus of the gut closely interact with the non-
aggregated components such as plasma cells, intra-
epithelial lymphocytes, macrophages, mast cells and
eosinophils.

Antibody-mediated immune effector mechanisms
Since G. lamblia is primarily a gut parasite, the secretory
immunoglobulin A (S-lgA) plays a major role as an effector
mechanism in the resistance to infection. Indeed, indivi-
duals with a history of deficiency of S-IgA have been
reported to develop chronic G. lamblia infection.w-"
Reduced IgA levels in the duodenal aspirates from patients
with chronic symptomatic giardiasis have also been
reported.68,71,n A decline in the number of IgA bearing
plasma cells68 and an increase in IgM bearing cells in
the jejunum have been shown to accompany giardial
infection.v-'? Loftness et al. have reported the presence
of a specific secretory IgA in rats which remained elevated
for twelve days" after trophozoites were inoculated into
their duodenum. Studies from our laboratory using an
experimental mouse model of human giardiasis have
indicated that the number of IgA containing cells in the
lamina propria were reduced during the establishment of
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infection and during its acute phases but increased as the
parasitic load declined." The role of secretory IgA in the
clearance of the parasite from the gut is further substan-
tiated by observations that chronic infection in susceptible
C3H1H mice was caused by a delayed appearance of
parasite-specific secretory IgA in intestinal washings. 75
Scanning electron micrographs and immunohistochemistry
of Giardia trophozoites have revealed IgA antibodies
binding to flagella, the surface of trophozoites and the
adhesive ventral disc.P Recently, Waight, Sharma and
Mayerhofer further observed that the binding of secretory
IgA on the surface of Giardia trophozites isolated between
10 and 21 days after inoculation of giardiasis in rats" led
to elimination of the parasite from the gut. However,
Giardia trophozoites persisted in those rats in which the
parasite failed to bind S-IgA. 76Enhanced phagocytosis of
G. muris trophozoites by mouse neutrophils and macro-
phages in the presence of immune milk or purified IgG or
S-IgA fractions'? and the persistence of infection in the
suckling offspring of immune mothers further suggests a
protective role for the secretory humoral immune system55
as well as to other important non-immune effectors in
milk."

As mentioned earlier, we observed an increase in IgG
and IgA containing cells in the jejunum during the declin-
ing phase of infection." The precise role of IgG in the
immunological clearance of the parasite from the gut
lumen is not clear. However, surface bound parasite-
specific IgG antibodies on the trophozoites of Giardia
isolated from the gut lumen suggests that infection may be
modulated by a Giardia-specific IgG.61An extensive study
of giardiasis using anti IgM treated mice has also indicated
the importance of IgM in the modulation of gut infection. 62
Clinical observations further indicate that chronic Giardia
infections develop more often in individuals with combined
IgG and IgA deficiency rather than in those with selective
IgA deficiency. 79-82

CelluLar immune effector mechanisms
Observations on the close connection between the
trophozoites of G. muris and intraluminal lymphocytes
and the presence of ingested organisms within mucosal
macrophages-? have stimulated investigations into the
relationship between cellular effector mechanisms and
the clearance of infection. Heyworth et al. characterized
intraluminal lymphocytes by staining them with biotin
conjugated antibody to Thy 1.2 antigen followed by
rhodamine-avidin conjugate. They reported that the
intraluminal lymphocytes were T'-lymphocytes.P and that
their peak population was associated with parasite
clearance.f Intraluminal lymphocytes might be cyto-
toxic, and antibody-dependent intraepithelial or lamina
propria lymphocytes cytotoxicity against G. Lamblia
trophozoites has been reported to be enhanced during the
clearance phase of infection.f However, the results of
recent studies have clearly documented that intraluminal
phagocytes or cytotoxic lymphocytes of the intestine do not
playa major part in the clearance of G. muris infection. 83,85
Investigations have revealed that the establishment and
acute phases of giardial infection are accompanied by an
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increased influx of Lyt 2.2+ (CD8+) cells in the
intraepithelial and lamina propria regions of the small
intestine. Because these cells have no direct or antibody-
dependent cellular cytotoxicity this suggests that they are
suppressor rather than cytotoxic T cells." Indeed, an
increased influx ofLyt 2.2+ (CD8+) suppressorTcells was
found to be associated with the decline in IgA containing
cells in the gut during the acute phase of infection. 86,87
Studies in clinical giardiasis have also suggested that infilt-
ration of thymus derived lymphocytes in the intestinal
epithelium might be responsible for gut-associated hyper-
sensitivity reactions.88,89Such observations need further
investigation. Prior treatment with the immunosuppressive
agent dexamethasone has been shown to reduce Lyt 1.1+
(CD4 +) cells (helper/inducer T cells) and to lead to
chronic G. lamblia infection in experimental hosts. Nude
mice (deficient in Peyer's patches and L3T4 + helper/
inducer: T cells) have revealed an impaired capacity to
eliminate giardia I infection." Recent studies have
suggested that the clearance of giardial infection is accom-
panied by a helper/suppressor T cell ratio of greater than
0.40 in intraepithelial lymphocytes, greater than 2.0 in
lamina propria lymphocytes or greater than 5.0 in Peyer's
patches.v'"

Although, many studies have suggested an important
role for antibody-dependent (especially S-IgA) responses
in the effective termination of primary giardial infection,
the role of other immune effector cells such as mucosal
mast cells,90 rnacrophages= and other intestinal non-
specific factors cannot be ignored. Nevertheless, there is
evidence now that there is a T cell regulatory network
which is dependent on the presence of B cells in the
immunomodulation of G, Lamblia infection.

SUMMARY
The precise immunological mechanisms that regulate
Giardia Lamblia infection are not well understood but
there is evidence that immunological processes are
involved. This evidence includes the self-limiting nature
of the infection, the chronicity of infection in an,immuno-
compromised host, the less severe symptoms among
people living in epidemic regions, the spontaneous clear-
ance of infection leading to acquisition of a certain degree
of resistance and the failure of athymic experimental
animals to resolve G. Lamblia infection.

Infection leads to the development of anti-Giardia
IgGlIgMlIgA antibody response in the systemic circulation
and these responses have been used for immunodiagnostic
purposes. The development of anti-Giardia IgM and, to a
certain degree, anti-Giardia IgA antibodies, appears to
differentiate present from past infection. Cell-mediated
immune responses have also been demonstrated to
accompany G. Lamblia infection. How-ever, systemic
immune responses are not involved in the clearance of the
parasite from the gut.

The stimulation of immune effector mechanisms within
the gut appear to modulate G. Lamblia infection. The
establishment of infection is accompanied by a decline in
IgA bearing plasma cells in the gut and an increase in the
number of IgA bearing plasma cells correlates with the
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clearance of parasites from the gut. The trophic forms of
the parasite, which can bind IgA on their surface, are
eliminated while those populations of parasites which fail
to bind IgA persist, thus prolonging the infection. The
role of IgG bearing plasma cells in relation to the clear-
ance of infection needs further investigation.

G. lamblia infection also results in an infiltration of
lymphocytes, mainly T-Iymphocytes, into the lamina
propria. These T-Iymphocytes are neither cytotoxic nor
involved in antibody dependent cellular cytotoxicity. The
establishment of G. lamblia is accompanied by an
increase in suppressor T-Iymphocytes, while the genera-
tion of helper T-Iymphocytes in the gut is a signal to the
IgA bearing plasma cell to generate secretory IgA.
Secretory IgA binds to the surface of the trophic form of
the parasite and these forms are eventually eliminated
from the gut. A helper/suppressor ratio of more than 0.4
in the intraepithelial region, more than 2.0 in the lamina
propria or more than 5.0 in a Peyer's patch has been
suggested to correspond with the clearance of Giardia
infection. The loss of the cysteine rich surface molecule
during the progression of infection indicates that the para-
site has developed immune evasive mechanisms. Recent
investigations have identified and characterized major
surface antigenic molecules and these will help us further
understand how immune processes regulate the course of
infection.
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