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Abstract The humoral and cellular responses against
excretory/secretory proteins and soluble extracts of Giardia
intestinalis were evaluated in the course of experimental
G. intestinalis infection in BALB/c mice. Production of
IgG1, IgG2a, IgA, and IgE antibodies against excreted/
secreted proteins and soluble extract was detected after infec-
tion by G. intestinalis. Specific IgA antibody against E/S
proteins and soluble extract form intestinal fluids in infected
mice was detected by ELISA. The Western blotting identified
proteins of 30, 58, 63, and 83 kDa for IgA and IgG, respec-
tively. High proliferation rate in vitro of spleen cell and
secretion of interleukin-4 (IL-4) at 21 days p.i. after stimula-
tion with excreted/secreted proteins and low proliferative re-
sponse in the presence of soluble extract in infected BALB/c
mice was observed. High production of interferon gamma

(IFN-γ) and interleukin-5 (IL-5) at the time of decreasing cyst
output (14–21 days p.i.) in infected mice was recorded, sug-
gesting the important role of these cytokines in the control of
the infection. Interestingly, progressive and gradual increase
of the interleukin-10 after stimulation with both preparations
was recorded from 7 days until 28 days after infection, indi-
cating the possible regulatory effect of these antigens on the
immune response during Giardia infection. Therefore, the
infection by Giardia duodenalis stimulates a mixed response
Th1 and Th2, mainly stimulated by excretory/secretory anti-
gens. The immunogenicity of these antigens may be a suitable
for identification of the proteins related with the effective
immune response in the course of infection byG. duodenalsis.
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Introduction

Giardia lamblia (synonymes: Giardia intestinalis or Giardia
duodenalis) is a flagellated protist that parasitizes upper small
intestine of human and other mammals (Adam 2001). In Asia,
Africa, and Latin America, about 280 million people have
symptomatic giardiasis and 500,000 new cases are reported
each year (Eckmann 2003; WHO-The world Health
Organization Report 1996). This parasite exists in two
main life forms, trophozoites and cysts; the infection occurs
usually following the ingestion of water or food contami-
nated with the cystic forms (Belosevic and Daniels 1992).
Currently, giardiasis has been recognized as a neglected dis-
ease by the World Health Organization (Savioli et al. 2006).
However, the mechanism by which the immune host’s system
controls G. intestinalis infection is not known fully. In this
regards, exploration of human and mouse experimental infec-
tions has revealed that host–parasite relationship is influenced
by secretory IgA antibody (Heyworth and Vergara 1994;
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Langford et al. 2002), T lymphocytes (Djamiatun and Faubert
1998; Heyworth et al. 1987; Hill 1990; Singer and Nash 2000;
Scott et al. 2004), and cytokine activity (Jimenez et al. 2009;
Scott et al. 2000; Venkatesan et al. 1996). Nevertheless, little
is known about molecules related with the effective stimula-
tion of the specific immune response in giardiasis (Palm et al.
2003). Previously, low cytokine production in Peyer’s patches
and spleen cells of mice infected with Giardia muris or
G. intestinalis after to be stimulated with soluble extracts
was detected, suggesting low immunogenic properties (Hill
1990; Venkatesan et al. 1996). However, multiple evidences in
other parasitic models have shown the stimulating effect of
excreted/secreted antigens (E/S-Ags) for specific immune re-
sponse (Daryani et al. 2003; Goodridge et al. 2001; Holland
et al. 2000). In this context, previous results on characteriza-
tion and oral and systemic immunization of excretory/
secretory antigens of Giardia have been reported (Dunn
et al. 2001; Jiménez et al. 2000; Kaur et al. 1999; Kaur et al.
2001; Nash et al. 1983). These results have demonstrated the
production of specific antibody response against secreted
antigens. In this regards, we have demonstrated that oral
administration of Giardia E/S Ags in BALB/c mice induced
systemic and secretory specific antibody responses, and a
slight inflammatory response in the small intestine (Jiménez
et al. 2004). In addition, systemic immunization of BALB/c
mice with excretory/secretory antigens induced a response
Th2 (Jimenez et al. 2009). Therefore, the present work aimed
to explore whether experimental infection in BALB/c mice
with G. doudenalis induces specific antibody response and
cytokine production after stimulation with E/S-Ags and
soluble extracts. We found a significant effect on the
humoral and cellular in response after infection stimulated
by E-S proteins or somatic extract.

Material and methods

Mice

Specific pathogen-free, 4- to 6-week-old female, BALB/c
mice (Charles Rivers, France) were used. Cages were placed
in HEPA-filtered air isolators, and animal experiments were
performed according to the conditions stipulated for European
Specific Guidelines.

Parasite culture and infection procedure

Trophozoites of G. intestinalis P1 strain (Portland 1, ATCC,
30888) were cultured in growth medium TYI-S-33 for 48 h at
37 °C as described previously (Keister 1983). For infection,
BALB/c mice were starved overnight before infection and
were divided into four mice/cage and gavaged orally with
1×106 trophozoites of G. intestinalis in 0.2 ml phosphate

buffer saline (PBS). Twenty four mice were also inoculated
orally with 0.2 ml PBS without parasites as control group
from each point. Mice were returned to solid foods and water
ad libitum 4–6 h postinoculation (p.i.). In parallel, another
group of mice infected at the same way was also used for
sampling blood by retro-orbital bleeding every 7 until 80 days
in order to determine the specific serum antibody titers.

Monitoring of G. intestinalis infection

The presence of G. lamblia cysts was evaluated in pooled
fecal homogenates from all inoculated mice. Every 7 days p.i.,
4–7 pieces of feces from each mouse were collected, homog-
enized in 0.5 ml PBS in pre-weighed Eppendorf tube. Cysts
number were determined at different days post-infection and
expressed as number of cysts per gram of feces.

Preparation of G. intestinalis E/S-Ags and soluble extract

The E/S-Ags were obtained from incubated trophozoites in
protein-free medium as described by Guy et al. (1991). Brief-
ly, culture tubes with trophozoites were rinsed with warm
RPMI-1640 medium (Invitrogen, Gibco, London, UK) at
37 °C to remove non-attached or dead trophozoites. Then,
the parasites were incubated in protein-free RPMI medium
supplemented with L-cysteine (11.4 mM) during 6 h at 37 °C.
After incubation, the parasites were centrifuged at 1,000×g for
20 min at 4 °C, the supernatants were collected and concen-
trated threefold on Aquacide II (Calbiochem, France), filtered
through a SMILLEX-GS filter (0.22 μm, Millipore, Bedford,
MA, USA), and stored at −80 °C until use. The soluble extract
was obtained by lysis of trophozoites in Tris–HCl 50 mM, pH
8, 0.5 % Triton X-100. Protein concentration was quantified
using a protein assay kit (BCA, Pierce, Rockford, Illinois,
USA).

Intestinal fluid sampling

For the measurement of secretory specific IgA antibody in
infected or control mice, small intestine of infected mice, each
7 days was removed and perfused with 2 ml of PBS at 4 °C.
The intestinal contents were centrifuged for 10 min at
10,000×g at 4 °C, and the supernatants were collected con-
taining 0.1 ml of protease inhibitor cocktail (P-8215, Sigma
Chemical Co., St. Louis, MO, USA) and stored at –80 °C until
use.

Antibody response against excretory/secretory antigens

Antibody response was assessed using an ELISA assay as
reported previously (Jiménez et al. 2004). Briefly, Immulon-
96 plates (Nalgene Nunc Int, Copenhagen, Denmark) were
coated with 10 μg/well of Giardia E/S-Ags or soluble extract
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with 100 μl/well in PBS and incubated overnight at 4 °C. The
plates were blocked with 1 % bovine serum albumin (BSA)
for 1 h at room temperature and washed two times with PBS
0.05 % Tween 20 (PBS-T). One hundred microliters of serial
twofold dilution of serum samples diluted for IgG1 and IgG2a
1:50, IgA 1:20, and IgE 1:10 of infected, and control mice in
PBS-T were added, and plates were incubated overnight at
4 °C. Plates were then washed three times in PBS-T and
incubated with Horseradish Peroxidase (HRP)-conjugate goat
anti-mouse IgG1 (1:5,000), IgG2a (1:10,000), or IgA
(1:5,000) (Southern Biotechnol, Birmingham, AL, USA) for
2 h at 37 °C. For the determination of specific IgE antibody,
biotinylated rat anti-mouse IgE (PharMingen, San Diego, Cal,
USA) in PBS-T (1:2,000) was used. After washing with PBS-
T, streptavidin-HRP diluted in PBS-T (1:2,000) (Zymed, San
Francisco, USA) was added, and the plates were incubated for
30 min at 37 °C. Plates were revealed with 100 μl/well of o-
Phenylenediamine (OPD) (Zymed, San Francisco, USA) and
read in ELISA plate reader at 490 nm. The results were
expressed as endpoint titre log 2 (mean ± SD) of optical
density.

Total IgE serum

Total IgE concentrations were evaluated on plates coated
overnight at 4 °C with the rat monoclonal antibody anti-
mouse IgE (2μg/ml, clone R35-72; PharMingen) in carbonate
buffer (100μl/well, pH 9.6). After blocking with a 3% bovine
serum albumin (BSA) solution in PBS for 1 h at room tem-
perature and twowashes with PBS-T, 100μl of serial dilutions
of mouse IgE standard (anti-TNP; PharMingen)/well and
100 μl of diluted serum samples (1:50 in PBS-T-1 % BSA)/
well were incubated overnight at 4 °C. After five washes,
100 μl of biotinylated rat anti-mouse IgE (2 μg/ml; Southern
Biotechnology)/well was added and incubated for 90 min at
37 °C. Streptavidin-HRP (1:2,000; Amersham) was added.
Plates were then incubated for 30 min at 37 °C and treated as
described above for antibody detection. Sample OD values
were converted to micrograms of IgE per milliliter by refer-
ence to the standard curve.

Western blotting

Giardia E/S-Ags containing 30 μg/well were separated in
SDS-PAGE gel 10 % under reducing conditions (Laemmli
1970). The proteins were electrotransferred into a nitrocellu-
lose membrane (NC membrane 0.45 μm, Schleicher &
Schuell Keene, Dassel, Germany) for 90 min at 125 mA using
a Biorad Miniprotein II apparatus (Towbin et al. 1979). Mem-
branes were blocked with a 5 % non-fat milk solution in PBS
for 2 h at room temperature and washed thrice with PBS-T.
Membranes were incubated individually with pooled sera of
infected or uninfected mice diluted in PBS-T (IgG1, IgG2a

1:100, IgA 1:50, and IgE 1:10) overnight at 4 °C. The mem-
branes were washed and incubated with goat HRP-conjugated
anti-mouse antibody for each isotype diluted in PBS-T
(1:1,000 for IgG1 and IgG2a, 1:500 for IgA) for 1 h at
37 °C. For the detection of IgE antigens, membranes were
incubated with a biotinylated rat anti-mouse IgE
(PharMingen, San Diego, CA, USA) diluted at 1:250 for 2 h
at 37 °C. After five washes (PBS-T), the membranes were
incubated for 30 min at 37 °C in streptavidin-HRP (Zymed)
1:2,000 in PBS-T. Reactive proteins were revealed by 3, 3′-
diaminobenzidine (DAB) substrate kit (Novo Castra, Newcas-
tle, UK). For the detection of secretory IgA antibody, intesti-
nal washes of infected or non-infected mice were diluted 1:5
in PBS-T 0.05 %, and goat HRP-conjugated IgA-anti-mouse
antibody diluted in PBS-T (1:500) and incubated for 1 h at
37 °C. The strips were revealed as described above by DAB.

Culture and cellular response

Spleen cells were obtained from mice for each point and
euthanatized at 0, 7, 14, 21, and 28 days after infection. The
spleen cells (5×106 cells/ml) were cultured in RPMI-1640
medium supplemented with 100 U/ml penicillin, 100 μg/ml
streptomycin, 50 μM of β-mercaptoethanol, 2 mM of gluta-
mine, and 10% fetal calf serum (FCS) in triplicate into 96well
flat-bottomed plates in the presence or absence of Giardia
E/S-Ags or soluble extract (10 μg/ml) for 72 h at 37 °C, in 5%
CO2. The supernatants were collected and stored at −80 °C for
cytokine determination. Cell proliferation was assessed by
thymidine incorporation assay and expressed as mean ± SD
of count per minute (c.p.m.). The results were obtained from
three independent experiments.

Measurement of cytokine

The IFN-γ concentration was assayed by an ELISA DuoSet
kit (R&D Systems, Abindong, UK) according to manufac-
turer’s instruction. The cytokine IL-4, IL-5, or IL-10 were
quantified by ELISA assay adapted from PharMingen proto-
cols (Becton Dickinson, San Diego, CA, USA). Cytokine
concentration in supernatants was calculated from standard
curves constructed using serial dilutions of the appropriate
recombinant standard for each cytokine in parallel on each
plate and was expressed as picogram per milliliter.

Statistical analysis

Mann–Whitney rank sum or Student’s t tests was used for
evaluating antibody, cell proliferation or cytokine level differ-
ences, and morphometric analysis. Differences with a p value
of p<0.05 were considered significant. All the experiments
were repeated at least three times.
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Results

The infection was monitored by count of Giardia cysts num-
ber per gram of feces from mice in each point. The number of
cysts per gram in stool from infected mice was increased with
a peak at 14 days p.i. However, a reduction of the number of
cysts was detected at 21 days p.i. being low at 28 days p.i.
(Fig. 1). The presence of cysts was not detected at 40 until
70 days p.i. Finally, at day 80, no cysts were detected and no
parasite was found in the stools in mice orally inoculated only
with PBS.

Serum IgG antibodies

Specific IgG1 and IgG2a serum antibody responses against
E/S-Ags and soluble extract were evaluated by ELISA
(Fig. 2a, b). The specific IgG1 antibody response against E-
S proteins and soluble extract was quite low until 30 days p.i.
After that, a significant increase of titers after 35 days for E/S-
Ags and soluble extract in infected mice compared to non-
infected mice was detected (Fig. 2a). Specific IgG2a serum
antibody against E/S Ags and soluble extract showed signif-
icant titers until 60 days p.i., as shown in the Fig. 2b. However,
after 70 days p.i., the antibody titers against E/S were in-
creased compared to non-infected mice, however, for soluble
extract can reach the titers at 80 days p.i. (Fig. 2b).

Systemic and secretory IgA antibodies responses

Serum IgA antibody response against E/S-Ags or soluble
extract in infected Balb/c mice started to be detected at 30 days
p.i. compared to non-infected mice with a reduction of titers at

40 days after (Fig. 3a). A progressive increase of titer was
observed from 50 until 80 days p.i. (Fig. 3a). The IgA anti-
body response against soluble extract had the same pattern,
but with a low titers (Fig. 3a). Secretory IgA antibody against
soluble extract showed a peak at 7 days p.i. with a progressive
reduction until day 20 (Fig. 3b). After that, a second peak of
minor level compared to infected mice was observed. The
secretory IgA production against soluble extract showed a low
detectable peak, until the end of the kinetic, with a reduction
of the titers for soluble extracts was observed (Fig. 3b).

Total and specific IgE antibody in serum of infected mice

Total serum IgE was higher in infected BALB/c mice, and
non-infected mice group showed basal levels of total IgE with
progressive increase in the infected BALB/c mice, 21 days p.i.
reaching a peak at 60 days p.i. with a reduction of concentra-
tion at the end of the kinetic (Fig. 4a). Infection with
G. intestinalis in BALB/c mice induced production of specific
IgE antibody against E/S-Ags proteins and soluble extracts
(Fig. 4b). Significant levels of IgE antibody response against
E/S-Ags were observed between 40 and 60 days p.i., with low
titers of IgE to the soluble extract were recorded (Fig. 4b).

Reactivity by Western blot

In order to identify the E/S-Ags and soluble extract of
G. intestinalis recognized by sera of infected mice, serum
samples collected at 50 days p.i. were used (Fig. 5a). Unin-
fected mouse sera did not recognize proteins bands neither
E/S-Ag nor soluble extracts (Fig. 5a, lanes 1 and 2). Serum
IgG-, IgA-, and IgE- antibodies from infected mice reacted for
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E/S Ags or soluble extracts antigens. For IgG proteins of 50
and 58 kDa, serum of infected mice for E/S-Ags for all
isotypes was recognized; meanwhile, for soluble extract, sev-
eral bands were recognized such as 175, 153, 83, 72, 63, 36,
30, and 14 kDa, respectively (Fig. 5a, lanes 3 and 4). For
specific IgA antibody, E/S-Ags proteins of 50 and 58 kDa
were detected, and for soluble extract, bands of 30 and 14 kDa
were observed (Fig. 5a, lanes 5 and 6). For specific IgE
reactivity, one band of 58 kDa for E/S-Ags (Fig. 5a, lanes 7)
and several proteins from 175 to 20 kDa for soluble extract

(Fig.5a, lane 8) were detected. Figure 5b shows the
results of secretory IgA antibody in fecal extracts against
soluble extracts (Fig. 5b, lanes 1–5). In fecal extract of
uninfected mice, not specific secretory IgA was detected
(Fig. 5b, lane 1). In lanes 2 and 3, secretory IgA in fecal
extract of infected mice (7 days p.i.) reacted with a
protein of soluble extract of 30 kDa, respectively
(Fig. 5b). For lanes 4 and 5, we can see reactivity for
a protein of 83 kDa (14 days p.i.) in serum of infected
mice 30 days p.i.
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Lymphocyte proliferation and cytokine production
to G. intestinalis antigens

Proliferation of spleen cells and cytokine production of infect-
ed and non-infected BALB/c mice after stimulation with E/S-

Ags or soluble extract was evaluated (Fig. 6a). Basal prolifer-
ation in non-infected mice was observed in the presence of
E/S-Ags or soluble extracts (Fig. 6a). High levels of prolifer-
ation were observed in infected mice after stimulation with
E/S proteins on 7 days p.i., but low proliferation stimulated by
soluble extract was observed. At this point (14 days p.i.),
similar levels of proliferation of splenocytes were observed
in the presence of soluble extract and E/S-Ags (Fig. 6a). After
21 days p.i., an increase of proliferation stimulated by E/S-
Ags was detected with low levels of proliferation stimulated
by soluble extract (Fig. 6a). Reduction of spleen proliferation
was observed to the 28 days p.i. in response to E/S-Ags
(Fig. 6a). The concentration of cytokines was evaluated by
ELISA (Fig. 6b–e). For cytokines, 7 days p.i. was observed
that E/S-Ags induced in spleen cells of infected BALB/c mice
high secretion peak of IL-4, but a reduction of this cytokine
after 14 days p.i. (Fig. 6b). For INF-y, an increase of this
cytokine 7 days p.i. was observed, with a peak of production
at 14 days, but a reduction after stimulation by E/S-Ags
(Fig. 6c). In Fig. 6d, the IL-5 production was detected initially
at 14 days p.i. stimulated by E/S-Ags, but progressive reduc-
tion of this cytokines until 28 days p.i. Interestingly, increase
of IL-5 after stimulation with soluble extracts was detected,
with a peak at 21 days p.i., but a reduction after 28 days p.i.
(Fig. 6d). Finally, gradual and progressive increase of IL-10
secretion stimulated in both preparations (E/S-Ags and
soluble extract) was detected at 14, 21, and 28 days p.i.,
respectively (Fig. 6e).

Discussion

Humoral and cellular immunemechanisms are involved in the
clearance of G. intestinalis infection in mouse and human
(Djamiatun and Faubert 1998; Faubert 2000). However, de-
spite of some progress in the knowledge of immune response
against Giardia infection, only limited information is avail-
able on specific molecules able to induce specific immune
response. Currently, it has been well established that
orogastric inoculation of G. intestinalis or G. muris trophozo-
ites into adult BALB/c mice provides a reproducible level of
infection (Byrd et al. 1994; Larocque et al. 2003; Robert-
Thompson et al. 1976). It has also been reported that proteins
secreted by G. lamblia induce a Th2-specific response (Kaur
et al. 1999; Shant et al. 2004). Other parasite infections have
also well illustrated the central role played by the excretory/
secretory proteins in host cell invasion, catabolism of host
proteins, cell cycle progression, and stimulation and evasion
of host immune response (Goodridge et al. 2001; Holland
et al. 2000). For example, immune response against E/S-Ags
of Toxoplasma gondiiwas associated with higher survival rate
challenged experiments (Smith et al. 2000). In previous re-
sults, we have demonstrated that Giardia E/S-Ags elicited
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systemic and mucosal antibody response, as well as
histothological changes in the small intestine after oral admin-
istration (Jiménez et al. 2004). The present work aimed to
determine whether experimental infection of BALB/c mice
with G. intestinalis elicited specific response against
excretory/secretory proteins of G. intestinalis. Infection of
BALB/c mice with G. intestinalis trophozoites produce spe-
cific circulating IgG1-, IgG2a-, IgA-, and IgE-antibody re-
sponses against E/S-Ags, while for soluble extract low titers
were observed, indicating the powerful of immunogenicity of
excretory proteins. These results confirm our previous

observations in which mice orally immunized with E/S-Ags
of G. intestinalis (without adjuvant) showed strong specific
antibody responses (Jiménez et al. 2004). In addition, system-
ic immunization of excretory/secretory in Balb/c mice stimu-
lated specific antibody production and cytokine profile of
Th2-type, it which was reduced after immunization with the
excretory/secretory proteins inhibited by cysteine–protease
inhibitor (Jimenez et al. 2009). In the same way, oral immu-
nization with cytosolic fractions ofG. intestinalis trophozoites
stimulated a specific immune response (Larocque et al. 2003).
Results reported by Laroque et al. (2003) indicated that oral
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immunization of BALB/c mice with a recombinant cyst wall-
2 protein (rCWP2) elicited circulating IgG1 antibody able to
interfere with cyst formation (Larocque et al. 2003). There-
fore, the infection with G. duodenalis stimulates specific
humoral and cellular responses. The specific IgA antibody
plays a central role in the immune response involved in either
trophozoites immobilization or detachment (from the epithe-
lium) (Langford et al. 2002; Velázquez et al. 2005; Venkatesan
et al. 1996, 1997). In previous work, we reported a significant
reduction of growth rate in vitro ofG. intestinalis trophozoites
in the presence of heat-inactivated serum of orally immunized
BALB/c mice with Giardia E/S-Ags, suggesting a possible

cytopathic effect in vitro of these antibodies on the trophozo-
ites (Kaur et al. 1999). High production of specific IgA
antibody was observed after infection in BALB/c mice. The
parasite-specific secretory IgA antibody from intestinal fluid
was also detected, but as early as day 7 p.i., with a reduction of
secretory antibodies, 14 days after infection. The evaluation of
E/S-Ags in serum and intestinal fluid reactivity by Western
blotting revealed several antigens, recognized proteins be-
tween 83 and 30 kDa, respectively. Therefore, it would be
important to identify the proteins associated to the develop-
ment of secretory and systemic antibody response so better
potential mucosal-vaccine candidates (Robert-Thompson
et al. 1976). Previous studies in human giardiasis reported
that Giardia infection induces the production of total and
specific IgE antibodies (Di Prisco et al. 1998). Interestingly,
infected BALB/c mice with G. intestinalis trophozoites
showed high titers of total and specific IgE anti-E/S antibody
responses, indicating the allergenic properties. In addition,
several antigens from 175 to 17 kDa related to the specific
IgE were identified, which to be related with allergic reactions
observed in some individuals. The stimulation of spleen cells
of infected mice with E/S proteins showed a proliferative
activity and the secretion of cytokines, indicating that E/S-
Ags have a strong capacity to induce a specific T cell response
(Dunn et al. 2001). The production of cytokines stimulated by
E/S-Ag showed a high but transient secretion of IL-4 at 7 days
p. i.; after day 14 p.i., a reduction of this cytokine was
accompanied of an increase in the production of IFN-γ in
the infected mice until 14 days p. i. In addition, secretion of
IL-5 by splenocytes of infected mice stimulated with E/S-Ags
was also observed along with the production of IFN-γ at the
same time. This profile of cytokines was also related with the
reduction of cyst output 21 days after infection, suggesting
that these cytokines could be involved in the control of
G. intestinalis infection in BALB/c mice. In this regards,
IFN-γ has been related with an increase of macrophage NO
production in Giardia infection (Byrd et al. 1994; Holland
et al. 2000), though it was reported that the parasite was able to
inhibit NO production in vitro (Faubert 2000). A similar
protective role of IFN-γ against Cryptosporidium parvum or
Eimeria vermiformis infections has been documented (Smith
et al. 2000; Wakelin et al. 1993). On the whole, our results
suggest that the high production of IFN-γ may contribute to
the early control of the infection, probably in synergy with the
production of IL-5 more related with the elimination of the
parasite. In the previous ex vivo experiments using lymph
node cells fromG.muris-infected BALB/cmice, only the IL-5
was detected followed of G. muris-SAE stimulation
(Venkatesan et al. 1996). Therefore, our results are in contrast
with the previous reports, in which Giardia infection could be
controlled by experimentally infected Th1- or Th2-deficient
mice, suggesting that neither IL-4 nor INF-γwould be needed
to the control of the infection (Wakelin et al. 1993).
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Fig. 5 Western blotting for E/S-Ags (lanes 1, 3, 5, and 7) and soluble
extract (lanes 2, 4, 6, and 8) of pooled sera of infected mice a. Lanes 1 and
2 pooled sera of non infected mice; lanes 3 and 4, IgG1; lanes 5 and 6,
IgA; and lanes 7 and 8 specific IgE. Specific secretory IgA antibody
against soluble extract in non-infected and infected mice (7 and 21 days
p.i.) from pooled intestinal washing of infected mice b. Intestinal washes
of four mice of each group. Lane, 1 intestinal washing of non-infected
mice; lanes 2 and 3, 7 days after infection; and lanes 3 and 4, 14 days p.i.
The antigens bound to serum were detected using Liquid DAB system
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Interestingly, gradual and progressive increase of the IL-10
secretion by spleen cells after Giardia E/S-Ag and soluble
extract stimulation was recorded in concomitant with the
reduction of INF-γ, suggesting a possible regulatory effect
of Giardia antigens on the production of the INF-γ. Finally,
the detection of specific antibody response against E/S-Ags
indicates that these proteins are firstly secreted in vivo during
infection and secondly can interact with the mucosal and
systemic immune cells stimulating a mixed Th1/Th2 re-
sponse. Although have been reported, other cells and cyto-
kines able to the control of infection such as dendritic cell
(Kamda and Singer 2009) and TNF-α (Zhou et al. 2007).
However, in the present work, we demonstrate for the first

time that Giardia E/S-Ags participate directly in the develop-
ment of the specific immune response by the secretion of
antibodies and Th2-cytokines. However, whether some of
these antigens mediate a protective immunity against Giardia
infection is unknown.
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