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Abstract

Giardiasis is one of the most frequent entero-parasites worldwide; its prevalence is more
common in developing countries. Giardia lamblia is considered one of the opportunistic para-
sites and its clinical manifestations represent the expression of host resistance and parasite viru-
lence. As of chronic giardiasis cases were expected to worsen in immunosuppressed patients
with development of various complications. This work assessed the histolopathological and the
possible immunological effects of infection with G. lamblia in an immunosuppressed experi-
mental animal model in comparison to immunocompetent one. Mice were divided into 4 groups:
group I: immunocompetent (IC) mice infected with G. lamblia cysts, group Il: immunosup-
pressed (IS) mice infected with cysts, group Ill: uninfected immunocompetent mice and group
IV: uninfected immunosuppressed mice. From each group, small intestine was removed for his-
topathological and molecular studies. Also, cyst counting in the stool of infected mice was esti-
mated. We found that the number of G. lamblia cysts in the stool of IS mice was significantly
higher than that from IC ones. Shortening of the villi was more pronounced in the IS than in IC
group. Furthermore, intraepithelial lymphocytic count, goblet cell count and mast cell count
were significantly decreased in the IS infected group as compared to IC ones. Expression of in-
terleukin-6 mRNA showed high expression in IC infected mice while it was weak in IS mice. In
conclusion, the present study revealed the importance of the innate immunity presented by gob-

let cells, mast cells and other adaptive immunity responses; in the clearance of Giardia.
Key words: Giardiasis; immunosuppression; mast cells; IL-6; intraepithelial lymphocytes.

Introduction

Giardiasis, an intestinal infection caused
by Giardia lamblia infection, is one of the
most common parasitic diseases worldwide,
as it infects approximately 280 million new
symptomatic cases per year especially in the
developing countries (Lane and Lloyd,
2002; Cotton et al, 2015; Dyab et al, 2016).
This infection is directly associated with
poor hygienic conditions, poor water quality
control, and overcrowding. Reinfection and
drug resistance are two major problems in
endemic areas (Golami et al, 2016). The
transmission of this parasitic disease usually
occurs indirectly following ingestion of con-
taminated food or water with cysts, or di-
rectly via the fecal-oral route (Cotton et al,
2015). Clinical manifestations of giardiasis
are highly variable, ranging from asympto-
matic to symptomatic severe cases (Anuar et
al, 2015). Giardia is a non-invasive parasite
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of the small intestine, it causes villous atro-
phy, damage of microvilli and tight junc-
tions and intestinal barrier dysfunction due
to apoptosis of enterocytes (Chin et al,
2002; Panaro et al, 2007). As a result, the
parasite is interfering with the absorption of
nutrients and causes malabsorption, diar-
rhea, steatorrhoea and weight loss (Hill and
Nash, 2015). G. lamblia appears to be an
opportunistic parasite with development of
various complications as malabsorption syn-
drome, lactose intolerance, vitamin B, defi-
ciency and pancreatic insufficiency (Gassa-
ma et al, 2001). Moreover, infected individ-
uals can also develop extra-intestinal com-
plications that may affect the joints, the skin,
the eyes, and the central nervous system, but
the mechanisms still are unknown (Halliez
and Buret, 2013).

The risk factors for acquisition of infec-
tions are the same in both immunocompetent
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(IC) and immunosuppressed (1S) individu-
als, but the immune system, through local
and systemic responses, plays an integral
part in modifying the establishment of infec-
tion, limiting the severity and dissemination
of the disease, and assisting in clearance of
the parasite (Stark et al, 2009). The
course of infection is highly variable in chil-
dren, pregnant women and immunocom-
promised persons (Faubert, 2000). Many
studies reported that humans with immuno-
deficiencies in the form of common variable
immunodeficiency (CVID) and impaired
IgA function have an increased risk of de-
veloping chronic Giardia infections (Sa-
ghaug et al, 2015).

The number of IS individuals continue to
increase each year due to many causes as
more patients undergoing hematopoietic and
organ transplants and treatments with im-
munosuppressive therapies. Furthermore,
although diarrheal diseases may be declining
due to improvements in treatment, the total
population of people continues to grow,
leaving diarrheal diseases remaining as a
major problem, especially in the developing
world. So, the clinical significance of enteric
protozoa in the IS population will continue
to grow globally (Stark et al, 2009). In the
early phase of infection, the innate immune
system acts nonspecifically through different
elements that have an antigiardial effect,
such as nitric oxide, mucins, defensins and
several digestive enzymes (Roxtrom-
Lindquist et al, 2006). Mast cells play a sig-
nificant role in the protective immune re-
sponse against Giardia (Lopez-Romero et
al, 2015). Later in the infection, the adaptive
immune system is activated and occurs in
two major phases: an acute or cellular phase,
which is T-cell dependent and associated
with production of various cytokines as IL-
6, IL-4, IL-5 and IFN-y, followed by an an-
tibody dependent or B-cell-dependent phase.
This phase is presented by production of
parasite-specific antibodies of the IgA iso-
type (Faubert, 2000; Langford et al, 2002;
Grit et al, 2014).
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Cytokines act as a bridge between innate
and adaptive immune responses. IL-6, which
is derived from dendritic cells (DC), is a ma-
jor cytokine in the defense against giardia-
sis; it modulates B-cell maturation and
switching to produce IgA, and it also medi-
ates T-cell differentiation (Scheller et al,
2011; Kamda et al, 2012).

This study aimed to assess the histolo-
pathological and the possible immunological
effects of infection with G. lambliain an
immunosuppressed  experimental  animal
model in comparison to immunocompetent
one.

Materials and methods

Experimental animals and parasite: Sixty
laboratory-bred, parasite-free male Swiss
albino mice (18-20 g in weight, 6-8 weeks
old) were used. Mice were maintained under
standard laboratory conditions in accordance
to the national and institutional guidelines
with special care to food and water to ensure
that no other sources of infection were intro-
duced to these animals throughout the
course of the study. Thirty mice were im-
munosuppressed by intraperitoneal injection
of cyclophosphamide in a dose of 20
mg/kg/day for five days (El-Kowrany et al,
1996).

Giardia lamblia cyst suspension was pre-
pared (Cheesbrough, 1987), in which cysts
were separated from diarrheic stool samples
of heavily infected patients attending Tanta
University Hospital. and suspended in sa-
line. Each mouse was infected orally by
1x10° G. lamblia cysts.

Experimental design and sampling: Mice
were divided into 4 groups: Gl (IC & infect-
ed); 20 immunocompetent (IC) mice infect-
ed with G. lamblia cysts, GIl (IS & infect-
ed): 20 immunosuppressed (IS) mice infect-
ed with G. lamblia cysts, GlIlI (control
IC):10 uninfected immunocompetent mice
and GIV (control 1S):10 uninfected immu-
nosuppressed mice.

At two and four weeks post infection: A
two-hour stool samples were collected from
10 infected mice at a time (each mouse sepa-



rately) for cyst counting. Then mice sacri-
ficed and the upper 6 cm of the duodenum
and proximal jejunum were dissected, re-
moved and divided into two parts. One part
was fixed in 10% formol-saline and embed-
ded in paraffin wax for histopathological
examination. The second part was preserved
at -70°C for detection of IL-6 by PCR. Mice
of the control groups (Il & IV) were sacri-
ficed at the end of the experiment and pro-
cessed as above.

Cyst counting in stool of mice: Collected
feces were weighed then one gram of the
faecal sample was suspended in distilled wa-
ter and strained through a layer of gauze.
After sedimentation for 1 h and subsequent
centrifugation of the sediment at 1200 rpm
for 15 minutes, the obtained pellet was re-
suspended in distilled water up to a volume
of 1 ml. The number of cysts per gram feces
(CPG) was obtained (Xiao and Herd, 1993).

Histopathological examination of the small
intestinal tissues: Paraffin sections of 5 um
thickness were prepared, stained by haema-
toxylin and eosin (H&E) for detection of the
pathological changes and toluidine blue
(TB) for counting of mast cells as TB can
only stain the cytoplasmic granules of mast
cells (Brandon and Evans, 1983). Five ran-
dom sections / mouse were examined ac-
cording to Scott et al. (2004). The mast cell
numbers were counted at 400x magnifica-
tion. The mast cell numbers in 1 mm? area
were calculated (Li et al, 2013). The intraep-
ithelial lymphocytes (IELs) were counted
along villus units. IELs were expressed as
number per 100 epithelial cells (Scott et al,
2000).

Detection of interleukin-6 m RNA expres-
sion in small intestinal tissue: The intestinal
samples were collected, grinded, exposed to
liquid nitrogen, and then processed for total
RNA extraction (MagNA pure compact nu-
cleic acid isolation kit I, Roche Diagnostics,
Germany) according to the manufacturer's
recommendations. First strand cDNA was
synthesized from total RNA using tran-
scriptor first strand cDNA synthesis kit
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(Roche, Germany). The mRNA level of IL-
6 was determined using competitive RT-
PCR technique according to Zhou et al.
(2003) relative to the house-keeping gene,
hypothanthine phosphoribosyl transferase
(HPRT) using the Roche lightcycler®
faststart DNA master plus Sybr green | Kits
(Roche Diagnostics, Germany). The primers
used (Gulf Biotic, Saudi Arabia) generated
bands of 201bp for IL-6 and 164 bp for
HPRT. IL-6 and HPRT were co-amplified
for 45 cycles. Then, the PCR products were
separated by electrophoresis in 20% agarose
gel, stained with ethedium bromide, visual-
ized by UV transilluminator and photog-
raphy by Polaroid camera was done for per-
manent record. The intensity of bands was
quantified by gel pro-analyzer version 3 and
the results were analyzed by computer soft-
ware (Biorad, UK).

Statistical analysis: Quantitative data were
expressed as mean and standard deviation
(meant SD). Differences among groups
were tested for significance by one-way
analysis of variance (ANOVA) using Statis-
tical Package for Social Sciences (SPSS)
(SPSS Inc., Chicago, Illinois, USA), soft-
ware for windows, version 14.0. Differences
were considered insignificant at P >0.05,
significant at P<0.05, highly significant at
P< 0.01 and extremely significant at P<
0.001.

Results

The number of G. lamblia cysts in the
stool of IS mice was significantly higher
than that from IC ones (P<0.001). Mean-
while there was a significant reduction in the
cyst number four weeks Pl as compared to
two weeks PI1 in both IS and IC mice (Tab.
2).

There was shortening in villus height and
increase in crypt depth in all infected
groups. These changes were more pro-
nounced in the IS infected group as com-
pared to their respective group. Few num-
bers of goblet cells in intestinal villi are ob-
served in IC and IS non-infected mice.
Slight increase in the number of goblet



cellsis observed in the IS infected group
while intestinal villi of IC infected mice
showed marked increase in goblet cells.
Moderate infiltration of the mucosa with
lymphocytes was observed in the IC infected
group while it is very mild in the IS infected
group (Fig. 1 & 2). In the same context, the
intraepithelial lymphocytic (IEL) count,
there was also a significant increase in the
number of IELs in IC and IS infected groups
as compared to their respective controls at
different time points. IEL numbers were sig-
nificantly (P <0.001) lower in IS than in IC
control groups. However, there was no sig-
nificant difference in the number of IELs
with time in the same group except in IC
infected one (Tab. 3).

The small intestinal sections stained with
TB showed that the number of mast cells
increased in the mucosa after infection with
G. lamblia in the IC mice as compared to the
IC non-infected group. The mean number of
mast cells per square millimeter achieved its
highest values 2 weeks PI. However, mast
cell count was significantly decreased in the
IS infected group as compared to the IC in-
fected group (Fig. 3 &Tab. 4).

In IC mice, the infected group expressed
high levels of IL-6 as compared to its con-
trol group that showed moderate expression.
In IS mice, faint expression of 1L-6 was de-
tected in the infected group with absence of
any expression of IL-6 in its respective con-
trol (Fig. 4).

Table 1: Primer sets for IL-6 and HPRT.

Gene Primers
I1-6 Forward: 5°-TCA ATG AGG AGA CTT GCC TGG-3°
Reverse: 5-CAG CCACTGGTT CTG TGC CT-3°
HPRT Forward: 5-GTT GGA TAC AGG CCAGACTTT GTT G-3°
Reverse: 5-GAT TCA ACT TGC GCT CAT CTT AGG C-3°

*Significant at P<0.05, **Highly significant at P< 0.01
Table 2: Number of G. lamblia cysts/ gm stool of infected mice

Experimental group 2 weeks Pl (mean + SD) 4 weeks Pl (mean £ SD) P
Gp I (IC, infected) 178+ 9.247 66+ 7.583 <0.01**
Gp 1l (1S, infected) 198+ 11.389 82.6+ 4.506 <0.05*
P <0.001
Table 3: Intraepithelial lymphocytes count/100 epithelial cells in small intestinal mucosa of mice of different
groups.
Experimental group IELs 2 weeks Pl (mean = SD) IELs 4 weeks PI. (mean + SD) P
Gp | (IC, infected) 7.37+ 0.393 8.31+0.401 <0.01**
Gp Il (1S, infected) 4.81+0.271 5.46+ 0.428 >(.05"™
GP 111 (control IC group) 6.63+ 0.285 6.56+ 0.350 >(.05"
GP IV (control IS group) 3.88+0.074 3.56+ 0.356 >(.05"
P<0.001***
Ns=insignificant at P >0.05, **Highly significant at P< 0.01, ***Extremely significant at P< 0.001
Table 4: Mast cell count (cell/mm?) in small intestinal mucosa of mice of different groups.
Experimental group Mast cell 2 weeks PI (mean £ SD) Mast cell 4 weeks P1 (mean + SD) P
Gp | (IC, infected) 107.8+ 9.418 93.2+ 6.301 <0.01**
Gp 1l (IS, infected) 70.2+ 4.817 65.6+ 4.827 >0.05"™
GP Il1 (control IC group) 84.2+3.194 79.8+ 2.387 >(.05"™
GP IV (control IS group) 51+ 2,739 50.8+ 3.271 >(.05"™
P<0.001***

Ns=insignificant at P >0.05, **Highly significant at P<0.01, ***Extremely significant at P< 0.001

Discussion

Giardiasis is a zoonosis which is consid-
ered an important public health problem in
many countries worldwide. It infects about
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200 million people in Asia, Africa, and Latin
America (Yason and Rivera, 2007). G.
lamblia is the most common causative agent
of persistent diarrhea worldwide especially




among children and travelers (Buret, 2008).
Giardiasis becomes a self-limited illness in
over 85% of affected individuals, indicating
the existence of effective host defense
mechanisms against the parasite (Grit et al,
2014). Ponce-Macotela et al. (2008) stated
that the clinical manifestations of giardiasis
represent the expression of host resistance
and parasite virulence. Interestingly, cases of
chronic giardiasis have been documented
even in immunocompetent individuals and it
is expected to worsen in immunosuppressed
patients (Eckmann, 2003). It is usually pre-
sented by chronic diarrhea that could last for
several months and may result in malabsorp-
tion and weight loss with increased mortality
in malnourished or immune deficient indi-
viduals (Buret et al, 2002; Ankarklev et al,
2010; Cotton et al, 2011).

In the current study, the number of G.
lamblia cysts in the stool of IS mice was
significantly higher than that from IC ones
with a peak at two weeks PI. Similar find-
ings agreed with Jiménez et al. (2014). They
found that the number of Giardia cysts in
stool from infected mice was increased with
a peak at 14 days Pl. However, a reduction
of the number of cysts was detected at 21
days Pl and was low at 28 days PI. Several
reports indicated that the clearance of Giar-
dia in immunocompetent murine models
occurs at approximately 3-5 weeks post-
infection (Singer et al, 2000; Langford et al,
2002; Eckmann, 2003).

The clearance of Giardia from a host re-
quires both innate and mucosal humoral and
cellular immune responses. Innate immuni-
ty mechanisms are the first line of defense
against colonization by pathogens (mucus,
peristalsis, cytotoxic factors, NO, microbio-
ta, mast cells and DC) (Lopez-romero et al,
2015). Also, there is adaptive immune re-
sponse against Giardia that includes anti-
gen-specific CD4+T cells, the release of cy-
tokines, including IL-6, TNF-a, IFN-* and
IL-4, and the production of specific IgA or
IgG antibodies against parasite antigens
(Roxtrom-Lind-quist et al, 2006; Zhou et al,
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2007; Jimenez et al, 2014).Thus, immuno-
suppressed animals infected with G. lamblia
had a high parasite load in the jejunum dur-
ing all the phases of infection (Vinayak et al,
1989).

There was no significant histopathological
changes in the small intestinal tissues in
both IC and IS groups except some inflam-
matory cellular infiltration and increase in
goblet cell number. These changes were
more pronounced in the IS than in IC group.
These results were in agreement with that of
Wolfe (1992) who showed that patients with
symptomatic giardiasis have a normal jeju-
nal histological appearance with no inflam-
matory exudates. Little to no mucosal in-
flammation that was observed during giardi-
asis could be explained as G. lamblia does
not invade the epithelial layer (Cotton et al,
2014).

The recruitment of DC and granulocytes
and the activation of lymphocytes might
even be diminished in response to the regu-
latory immune response in the intestine that
is either induced by the host to reduce in-
flammation and immune-mediated patholo-
gy or induced by Giardia to promote its per-
sistence in the intestine (Zhou et al, 2007,
Dreesen et al, 2012). However, Yassien et
al. (1996) reported severe atrophic changes
in small intestinal villi of immunosup-
pressed mice which was explained by the
high number of trophozoites which have di-
rect injurious effect on the intestinal mucosa
via their sucking discs. Moreover, Jiménez
et al. (2004) described some histopathologi-
cal changes in the small intestine after oral
administration of Giardia E/S-Ags.

During the infectious process in the small
intestine, goblet cells increase their produc-
tion and release their secretions, as a protec-
tion mechanism from mucosal pathogens
(Turner, 2009). The present study reported
slight increase in the number of goblet cells
that was observed in the IS infected group
while marked increase in their numbers was
observed in the intestinal villi of IC infected
mice. The increase in the goblet cells repre-
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sents an initial step of the non-specific im-
mune response. The mucus that is secreted
by intestinal goblet cells impedes the patho-
gen access to the epithelia. Moreover, the
trophozoites were adversely affected be-
cause mucin glycoproteins block the lectin
receptors on the surface of the trophozoite,
thus impairing the adherence of Giardia to
epithelial cells (Roxtrom-Lindquist et al,
2006, Solaymani-Moha-mmadi and Singer,
2010). Therefore, in chronic giardiasis, pa-
tients lose intestinal barrier function result-
ing in reduced secretion of mucus and can
contribute to the severe clinical manifesta-
tion of the infection (O’Hara and Buret,
2008; Halliez and Buret, 2013).

In the same manner, in the present study
the observed shortening in the villus height
in all infected groups that was more pro-
nounced in the IS infected group. An in-
crease in enterocyte apoptosis in giardiasis is
reported to be correlated with reduction in
villus height and an increase in intestinal
barrier permeability, suggesting epithelial
barrier dysfunction as a pathomechanism of
diarrhea (Troeger et al, 2007; Cotton et al,
2011). The same findings regarding the vil-
lus height was observed in malnourished
animals infected with Giardia, compared to
control infected ones (Nichols et al, 2000;
Ventura et al, 2013). This can be explained
by decreased production of enterocytes in
the villi, leading to decreases in both the
number and the height of the villi (Pires et
al, 2003). So, the results suggest that immu-
nosuppression contributes to disease severity
in giardiasis by decreasing the intestinal ab-
sorptive capacity via shortening of villi.

Regarding the IEL count, it was increased
in both IC and IS infected groups as com-
pared to their respective controls at different
time points and their count was significantly
lower in IS than in IC control groups. In the
same context, increased numbers of IEL was
observed in patients with chronic giardiasis.
IEL are T cells that reside between intestinal
epithelial cells, and they are comprised ma-
inly of CD8+ T cells (Troeger et al, 2007).
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In the present work, mast cell count was
significantly increased in the IC infected
group than in the IS infected group. Mast
cells increase in the current study indicates
that the G. lamblia infection induced the
accumulation of mast cells in the mucosa of
the small intestine of IC mice which is not
the case in IS mice. Mast cells are recog-
nized as effector cells of the immune re-
sponse against Giardia. Interestingly, in tis-
sues from the small intestine that have been
infected with Giardia, the most strongly in-
duced transcripts are mast cell proteases
(Tako et al, 2013). Mast cells and NO may
act together to induce peristalsis (Li et al,
2006 ; Li et al, 2007). Mast cells can also
contribute to B-cell activation and differen-
tiation into plasma cells, driving the devel-
opment of IgA (Merluzzi et al, 2010). Also,
mast cells have a role in mediating smooth
muscle contractions and contributing to
changes in intestinal motility (Solaymani-
Mohammadi and Singer, 2010). Thus, IS
mice showed delayed clearance of G. lam-
blia cysts. Similarly, it was reported that
mast cell deficient mice that were infected
with G. lamblia exhibit delayed parasite eli-
mination as they fail to produce parasite-
specific IgA, indicating the important role
for these cells in parasite immunity (Li et al,
2004).

IL-6, a pro-inflammatory cytokine that is
mainly elevated during giardiasis, induces
innate cellular responses and also mediates
B-cell switching to IgA and T-cell develop-
ment into Th17 cells, which mediate early
adaptive immune mechanisms (Kimura et al,
2007; Scheller et al, 2011). The results
showed that IC infected mice expressed high
levels of IL-6 while it was weak in IS mice.
These results coincided with the finding re-
ported by Bienz et al. (2003) that IL-6-
deficient mice fail to eliminate Giardia and
also exhibit altered intestinal cytokine re-
sponses despite having normal levels of IgA.
In addition to, Giardia lysates, excretory—
secretory products and other specific pro-
teins can activate the maturation of DC by
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increasing the expression of pro-inflam-
matory cytokines, such as IL-6 (Grit et al,
2014). Also, Zhou et al. (2003) showed that
there was an increase in IL-6 expression in
small intestine of mice that correlate with
the control of Giardia infection at day 15 PI.
The mechanism of IL-6 production in small
intestinal mucosa was explained by Singer
and Nash (2000) who showed that G.
lamblia infection stimulates the cellular im-
mune response which in turn stimulates intra
epithelial T-lymphocytes as well as lamina
propria T-lymphocytes to secrete IL-6.
Whereas, Li et al. (2004) showed that mast
cells are a source of the IL-6 during G.
lamblia infection and that IL-6 was required
for efficient control of the infection. This
finding correlated the decreased number of
mast cells with decreased production of 1L-6
in the IS mice which act together with de-
creased goblet cells and IELs resulting in
decrease clearance of G. lamblia cysts as
compare to the 1C mice.

Conclusion

It was previously thought that IgA was the
main mechanism that drove Giardia elimi-
nation from the intestine. However, in this
work, we reports the importance of the in-
nate immunity presented by goblet cells,
mast cells and other adaptive immunity re-
sponses; IL-6 in the clearance of Giardia.
The characterization of the protective re-
sponses associated with Giardia gives in-
sights into host—parasite interactions and
may help elimination and control of the par-
asite.
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Legends of figures

Fig. 1: Histopathological changes of small intestine of mice infected with G. lamblia (H&E, x400): (A&B) IC mice
showing intact mucosa with moderate inflammatory infiltrates mainly of lymphocytes in mucosa and submucosa, (C)
IS mice showing many tro-phozoites adherent to mucosal cells and (D) 1S mice showing mild inflammatory infiltrates

in mucosa and submucosa.

Fig. 2: Histopathological changes of small intestine of 1S mice infected with G. lamblia (H&E, x200): (A&B) show-

ing pronounced shortening in villus height and increase in crypt depth.

Fig. 3: Intestinal mucosa of mice infected with G. lamblia (TB, x400): (A &B) IC mice showing accumulation mast

cells and (C&D) IS mice showing lower numbers of mast cells.

Fig. 4: Gel electrophoresis of RT-PCR product of IL-6 in small intestinal tissue of G. lamblia infected mice 2 weeks
PI (stained by ethium bromide); lane 1: molecular size marker, lane 2: external standard, lane 3, 4: marked expression
in IC infected group, lane 5, 6: moderate expression in control 1C group, lane 7: faint expression in IS infected group

& lane 8: no expression in control IS group
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