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ABSTRACT

In this study, we build upon previous research by investigating the histopathological
effects of *Giardia duodenalis* isolated from humans and dogs using a mouse model. A
total of 20 BALB/c mice (average age: 8 weeks + 2.4 days; average weight: 19.8 + 0.5 g)
were randomly divided into two groups of ten mice each. The unchallenged control group
received no challenges and was orally administered 0.3 mL of normal saline. In contrast,
the group challenged with Giardia duodenalis received a solution containing *G.
duodenalis* at a concentration of 2 x 10* cysts/mL in 0.3 mL, also orally. Clinical signs
were monitored for 10 days, and body weights were recorded on days 0, 5, and 10. On day
10, tissue samples from liver and duodenum were collected and fixed in 10% formalin for
histopathological analysis. Results showed that G. duodenalis-challenge significantly
reduced the average body weights of mice on days 5 and 10 post-challenge.
Histopathological results revealed that G. duodenalis-challenge caused hepatic blood
vessel congestion, disappearance of hepatic cords, and pyknosis of hepatocytic nuclei. The
intestinal histology was remarkably impacted with hyperplasia of goblet cells, cellular
infiltration in the lamina propria, and extensive enterocyte damage. Additionally, numerous
giardial parasites were observed in the mucus between the intestinal villi and lamina
propria. These findings suggest that Giardia duodenalis isolates induce significant
histopathological changes, primarily in the liver and intestines.
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INTRODUCTION

Giardia duodenalis, also known as Giardia intestinalis and Giardia lamblia, is a
flagellated protozoan parasite that colonizes in the small intestine of various hosts,
including humans and dogs. This organism is the causative agent of giardiasis, a
gastrointestinal disease characterized by symptoms such as diarrhea, abdominal
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discomfort, and dehydration [17]. The transmission of Giardia duodenalis through
contaminated water, food, or soil major concern globally due to its prevalence and public
health implications [14]. Studies have increasingly focused on the zoonotic potential of
Giardia duodenalis, exploring its transmission between animals and humans [1]. This
investigation into both human and canine hosts provided critical insights into the genetic
diversity of the parasite and potential cross-species transmission dynamics [13]. Dogs,
being common domestic animals, may act as reservoirs for zoonotic strains of Giardia
duodenalis, potentially impacting human health [5]. The detection of similar or identical
strains in both human and canine hosts suggests the possibility of interspecies transmission,
raising significant questions about the epidemiological role of pets in giardiasis [4]. To
delve deeper into the pathogenicity and cross-species implications of Giardia duodenalis,
the histopathological effects of dog-derived Giardia isolates on liver and intestinal tissues
in a Balb/c mouse model. This approach simulates a zoonotic transmission scenario,
providing a controlled environment to assess the impact of these isolates on mammalian
hosts [11]. The outcomes of this study are expected to enhance our understanding of the
zoonotic potential of Giardia duodenalis.

MATERIALS AND METHODS

Ethical statement and animals

The study was conducted based on the ethical approval received from the local
Research Ethics Committee, College of Veterinary Medicine, University of Baghdad
(Approval Number 2518 P.G. dated 12" November 2023).
Giardia duodenalis

Stool samples were collected from humans and fecal samples from dogs. To detect
Giardia cysts, fecal flotation with centrifugation was performed for 3 to 5 minutes at a
speed of 1,500 to 2,000 rpm. The infection dose was calculated to be 2 x 10* cysts per
milliliter using a hemocytometer and diluted with normal saline [20].

Experimental study

A total of twenty healthy albino female mice of the BLAB/c strain (Mus musculus),
with an average age of 8 weeks (+2.4 days) and an average weight of 19.8 + 0.5 g, were
obtained and housed in the animal facility at the College of Veterinary Medicine,
University of Baghdad. The animals underwent a 7-day acclimatization period, during
which they were housed in plastic cages measuring 20x30%50 cm with stainless-steel wire
mesh lids. They were provided commercial rodent feed pellets and tap water available ad
libitum. Environmental conditions were maintained at 25 (£5) °C and 50 (£5)% relative
humidity, following a 12-hour light and 14-hour dark cycle. Mice were randomly divided
into two groups of ten each. The first group served as a control and orally received 0.3 mL
of normal saline. The second challenged group received G. duodenalis via oral
administration at a single dose of 2 x10* cyst/mL. The dose of infection was calculated
using a Hemocytometer diluted with normal saline. Clinical signs were monitored and
recorded daily for 10 days. Body weight measurement was performed on days 0 (before
the challenge), 5, and 10 (after the challenge) [20]. At day 10, the animals were sacrificed
for macroscopic pathological changes and histopathological examination [16].
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Postmortem examination

On day 10 post-infection, animals from both groups were scarified using an
overdose of chloroform anesthesia. Postmortem examination was performed to evaluate
the macroscopic pathological changes focusing on the liver, spleen, and intestines. This
timeframe was chosen based on the expected progression of giardiasis symptoms and to
capture the peak of pathological changes induced by the parasite.

Histological examination

Following postmortem examination on day 10 post-infection, liver and duodenum
samples were harvested from two animals/each group and preserved in 10% buffered
formalin for two days. Samples were then sectioned to 0.5 cm thickness and placed in
plastic cassettes [6].

RESULTS AND DISCUSSION

Clinical Signs and Body Weight

The experimental group, challenged with G. duodenalis, showed symptoms
indicative of infection, including lethargy and abdominal distension. Beginning on day 5
post-challenge, symptoms such as watery diarrhea, dehydration, and behavioral depression
were observed. The clinical signs observed in G. duodenalis-infected mice, including
lethargy, diarrhea, and wasting symptoms beginning around day 5 post-infection, are
consistent with giardiasis pathogenesis in humans and animal models. The abdominal
distension and watery, yellow diarrhea likely result from intestinal villi damage and
impaired nutrient absorption. The significantly lower body weight of infected mice
compared to controls correlates with the histopathological changes seen in the small
intestine. Villous atrophy and enterocyte loss lead to reduced surface area for nutrient
absorption, which could contribute to malabsorption, diarrhea, and delayed growth seen in
giardiasis. Indeed, studies have demonstrated associations between increased intestinal
injury scores and decreased weight gain in Giardia infection [18]. The extensive mucosal
damage, combined with diarrhea-associated dehydration, is a probable mechanism
underlying the observed suppression of weight gain. The additional histological changes
observed in the liver may also play a role in the wasting symptoms. Hepatic inflammation
can lead to impaired synthesis of proteins and nutrients critical for growth. Analysis of
serum liver enzymes and metabolic markers could provide more insight into the systemic
effects of liver damage during Giardia infection. The significant weight loss appears to be
a consequence of the profound structural and functional disruption of the intestines and
liver [12].

Postmortem examination

After the 10-day period of infection with G. duodenalis was over, a postmortem
examination was conducted. In the liver, there was notable hepatomegaly, with the liver
presenting an enlarged appearance and a darkened, reddish-brown color, which could
indicate congestion or potential hepatic inflammation. The liver's surface appeared smooth,
and its increased size. Clinical signs of abdominal distension were observed prior to
euthanasia (Figure 1). The spleen exhibited signs of splenomegaly. It was visibly enlarged
and darker in color, indicating possible hyperactivity or an immune response to the
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infection. The splenic enlargement provided a macroscopic correlation to the systemic
involvement suggested by pre-euthanasia observations of lethargy and potential abdominal
discomfort. The intestines were markedly distended and filled with watery ingesta,
indicating severe gastrointestinal involvement. This distension likely resulted from
inflammation and fluid accumulation, reflecting the diarrhea and dehydration clinically
observed during the course of the infection. These findings align with the known
pathophysiological effects of Giardia duodenalis infection and provide macroscopic
evidence of its impact on the gastrointestinal system and associated organs [3].

Figure 1: Post mortem appearance congestion of liver and spleen and intestinal swelling filled
with watery ingesta after 10 days of oral infection with G. Duodenalis

The observation of hepatitis and splenomegaly during the postmortem examination
underscores the systemic nature of Giardia duodenalis infection. These findings suggest
that the impact of the parasite extends beyond the gastrointestinal tract, affecting other
organs such as the liver and spleen. The liver changes are particularly significant, as they
indicate a possible direct or indirect effect of the parasite or the host's immune response to
the infection [8]. Similarly, the splenic enlargement hints at a heightened immune system
activity, possibly in response to the ongoing infection. These systemic effects highlight the
complexity of Giardia duodenalis pathogenesis and its potential to cause widespread
physiological disturbances in the host [3]. The observed congestion in the liver and spleen
can be indicative of a systemic inflammatory response to the Giardia duodenalis infection.
This congestion might be reflective of increased blood flow due to inflammatory processes
or a direct impact of the parasite on these organs. This aligns with our histopathological
findings of liver tissue alterations and suggests a broader systemic involvement than just
gastrointestinal symptoms. The marked swelling of the intestines filled with watery ingesta
is a direct manifestation of the gastrointestinal impact of Giardia duodenalis. This
observation corroborates our histological findings of intestinal damage, including villous
atrophy and enterocyte disruption. The swelling can be attributed to inflammatory edema
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and disruption of normal fluid absorption in the intestines, leading to watery diarrhea, a
hallmark clinical symptom of giardiasis. The postmortem findings provide a macroscopic
perspective that complements our microscopic observations. The severity of the intestinal
swelling and liver congestion observed correlates with the clinical signs of lethargy,
abdominal distension, and watery diarrhea noted in the infected mice. This correlation
underscores the link between the observed histopathological changes and the clinical
manifestation of the disease [9].

Histopathological Findings
Control Group (Normal Saline Dosage)

Histopathological examination of liver sections from control group revealed normal
hepatocyte and sinusoid structure (Figure 2). The intestinal sections showed typical
epithelium of villi, lamina propria, and Brunner's glands (Figure 3).

Figure 2. Histopathological section of liver female Balb/c mice from control group which given
normal saline shows hepatocytes, and sinusoids (H&E, 40x%).

Figure 3. Histopathological section of the duodenum of female Balb/c mice from the control
group showing normal appearance of the epithelium of the villus (blue arrow), lamina propria
(red arrow), and Brunner's glands (yellow arrow) (H&E stain, 100x).
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Group 2 (infected with Giardia duodenalis)

In contrast, liver sections from G. duodenalis-infected mice showed pathological
changes including congestion of blood vessels, pyknosis, cytoplasmic granulation, and
binucleated hepatocytes. Aggregations of macrophages surrounding congested blood
vessels and damaged hepatocytes were also observed (Figure 4).

Intestinal sections from infected mice displayed goblet cell hyperplasia (Figure 5),
increased cellularity of the lamina propria, and extensive damage to enterocytes with
numerous Giardia trophozoites and cysts present between villi (Figures 6,7). Additional
intestinal abnormalities included enterocyte loss, villous atrophy, vascular dilation, and
lymphocytic infiltration.

Figure 4. Histopathological section of the liver of group 2 infected with Giardia duodenalis shows

aggregation of macrophages around congested blood vessels, pyknosis, and binucleated
hepatocytes (H&EX400).

Figure 5: Histopathological section of the intestine of group 2 infected with Giardia duodenalis
shows hyperplasia of goblet cells and cellular lamina propria. (H&EX400).
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Figure 6. Histopathological section of the intestine of group 2 infected with Giardia duodenalis
shows to enterocytes damage &villi atrophy, dilated blood vessels, different stages of
trophozoites and cysts (H&EX400)

Figure 7: Histopathological section of intestine of group 2 infected with Giardia duodenalis
shows physical barriers between the enterocytes with different stages of trophozoites and cysts,
enterocytes damage (H&EX400)

The histopathological changes observed in the liver and intestine of G. duodenalis-
infected mice are consistent with previous reports. The normal hepatic and intestinal
morphology seen in control mice has been previously described [15]. Also the pathological
changes were observed grossly and histopathological in intestine agreement with [19]
revealed intestine changes including hyperplasia in colonic glands and mucosa, increase
no. of goblet cells and aggregation of parasites in mucosa when infected G. duodenalis
.The intestinal goblet cells and increased cellularity of the lamina propria are known
consequences of giardiasis that aid mucosal immune defenses against the parasite [19]. Our
findings of villous atrophy, enterocyte damage, and infiltration of Giardia forms have also
been reported and likely result from direct contact-dependent effects of Giardia adhesion
and toxin secretion [7]. As in Samra et al. study [21] the presence of Giardia in the liver
suggests migration of the parasite from the intestines via penetrating of intestinal barriers,
biliary transmission, or the portal circulation [22]. Unlike other intestinal pathogens
associated with constrained linear growth that cause intestinal or systemic inflammation or
both, Giardia seldom, Giardia results in linear growth deficits and gut permeability that
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are dose-dependent and independent of intestinal markers of inflammation [12]. Adam [3]
showed that understanding the parasite/epithelial cell crosstalk at the mucosal surfaces of
the small intestine during giardiasis may provide novel insights into the mechanisms
underlying the parasite-induced immunopathology and epithelial tissue damage, leading to
malnutrition. Efforts to identify new targets for intervening in the development of intestinal
immunopathology and the progression to malnutrition are critical. Morphological changes
of hepatic Giardia may represent biological adaptation to the liver environment [10]. The
liver damage induced by G. duodenalis infection, indicated by congestion, cellular
degeneration, necrosis, and inflammation, aligns with earlier studies [2].

Conclusion

This study provides evidence of the significant pathophysiological impact of
Giardia duodenalis infection in a Balb/c mouse model. The clinical signs observed,
including lethargy, abdominal distension, and watery diarrhea, were corroborated by the
postmortem findings of liver congestion, splenomegaly, and intestinal swelling with watery
ingesta. These observations confirm the systemic nature of the infection, not limited to
gastrointestinal disturbances but also affecting other organs, such as the liver and spleen,
indicative of a broader immune response. Histopathological examination further
substantiated these findings, revealing cellular and tissue-level changes within the liver and
intestines that aligned with the clinical and macroscopic postmortem observations. The
presence of binucleated hepatocytes, congestion, and hyperplasia of goblet cells in the
intestines provided a microscopic view of the infection's impact. The similarity of clinical
signs with postmortem and histopathological findings highlights the robustness of the
Balb/c mouse model in mimicking the disease's progression and pathogenicity.

These results contribute to our understanding of Giardia duodenalis as a zoonotic
parasite with significant implications for both veterinary and human medicine. Future
studies should aim to further elucidate the molecular mechanisms underlying the observed
pathological changes and to explore potential therapeutic interventions. Public health
strategies must also consider the zoonotic potential of Giardia duodenalis, especially in
contexts where humans and domestic animals closely interact.

146



Al-Khalidi and Zghair

10

11

REFERENCES

Abd Al-Khalig, I. M. (2019). Effect of Bifidobacterium probiotic in the
treatment of giardiasis infection in mice. Baghdad Science Journal,
16(4): 0849-0849.

AbdRabou, M. A.; B. M. Alrashdi, H. K. Alruwaili; R. H. EImazoudy;
M. A. Alwaili; S. I. Othman and G. H. Fahmy (2023). Exploration
of Maternal and Fetal Toxicity Risks for Metronidazole-Related
Teratogenicity and Hepatotoxicity through an Assessment in
Albino Rats. Toxics, 11(4):303.

Adam R. D. (2021). Giardia duodenalis: Biology and Pathogenesis.
ASM Journals Clinical Microbiology Reviews, 34|(4).
https://doi.org/10.1128/CMR.00024-109.

Al-Aboody, B. A.; A.R.S. M. Y. Azizand T. I. Zuid (2020). Molecular
Detection and Prevalence of Giardia lamblia Among Patients with
Diarrheia in Al-Rifai City/Thi-Qar Province. Iraqi journal of
biotechnology, 19(1).

Al-hayali, N. S.; A. M. Al-Amery and M. H. Hasan (2020). Detection
Of Giardia Intestinals In Human, Calves And Water Supplies By
Traditional And Molecular Methods At Baghdad City, Irag. Iraqi
Journal Of Agricultural Sciences, 51(5).

Al-jeboori, R. A. (2011). The risk of pathogenic intestinal parasitic
infections in vegetables and vegetable handlers in some of
Baghdad markets. J Fac Med Baghdad, 53(1):82-85.

Al-Khafagi, A. M. N. and Z. R. Zghair (2016). Histopathological and
diagnostic study of Toxoplasmosis in human and sheep by using
ELISA in Kut city.The lIraqi Journal of Veterinary Medicine,
40(2):94-99.

Barasaorcid, E. ; W. Indusa and T.Were (2025). Giardia duodenalis in
Human Health: A Comprehensive Review of its Epidemiology,
Transmission, Pathophysiology, Diagnostics, and Control
Strategies. Afro-Egypt J Infect Endem Dis; 15(2):199-216.
https://aeji.journals.ekb.eg/. DOl:
10.21608/a€ji.2024.337689.1432.

Bekheet, S. H. (2010). Morphine sulphate induced histopathological
and histochemical changes in the rat liver. Tissue and Cell,
42(4):266-272.

Buret, A. G. (2007). Mechanisms of epithelial dysfunction in giardiasis.
Gut, 56(3):316-317.

Fayyad, R. J.; S. N. Lefta; D. Y. Mohammed and S. A. Maliki (2022).
Study the Efficiency of Two Concentrations from Algae
Cladophora glomerata Extract on the Giardia lamblia parasite.
Baghdad Science Journal, 19(2): 0271-0271

147



"HISTOPATHOLOGICAL EFFECT OF Giardia duodenalis...

12

13

14

15

16

17

18

19

20

21

22

Giallourou, N.; J. R. Arnold; E. T. E. T. McQuade, M. Awoniyi; V. T.
R. Becket; K. Walsh; J. Herzog and A. S. Gulati (2023). Giardia
hinders growth by disrupting nutrient metabolism independent of
inflammatory enteropathy. Nature Communications volume 14,
Article number: 2840.

Hadi, A. M. and A. A. Faraj (2016). Prevalence of gastrointestinal
Helminthes and protozoa among stray dogs in Baghdad. The Iraqi
Journal of Veterinary Medicine, 40(1):1-4.

Heyworth, M. F. (2016). Giardia duodenalis genetic assemblages and
hosts. Parasite, 23.

Humadi, A. A. and Minnat, T. R. (2023). The Hematological and
Histopathological changes of Giardia duodenalis on the intestine
in Diyala Government. Diyala Journal for Veterinary Sciences-
Print ISSN: 2410-8863, 1(1):66-84.

Luna, A.G. (1968). Manual of histological staining methods of the
Armed Forces Institute of Pathology. (3rd). London: Mc Graw
McGraw-Hill Book Co., 24-25.

Makawi, Z. A. and M. T. S. Al-Zubaidi, (2017). Parasitic contamination
of drinking water and its prevalence among handlers and sheep.
Iraqgi J. of 18Sci, 41(2):7-14.

Obaid, H. M. (2017). The Efficacy of Some Detergents on Some
Intestinal Parasites and Their Histopathological Effects. Iraqi
Journal of Science, 2350-2363.

Quezada-Léazaro, R.; Y. Vazquez-Cobix; R. Fonseca-Lifian; P. Nava,
D. D. Hernandez-Cueto; C.Cedillo-Pelaez, , and M. G. Ortega-
Pierres, (2022). The Cysteine Protease Giardipain-1 from Giardia
duodenalis Contributes to a Disruption of Intestinal Homeostasis.
International  Journal of Molecular Sciences, 23(21),
13649.Journal of the Egyptian Society of Parasitology, 19(2):461-
464.

Robertson, I. D.; D. P Steven; A. A. Mahmoud and K. S Waren (1976).
Acquired resistance to infection in an animal model of Giardiasis.
J. Immunol.117:2036-2037.

Samra, H. K.; N. K. Ganguly; U. C. Garg; J. Goyal and R. C. Mahajan
(1988). Effect of excretory-secretory products of Giardia lamblia
on glucose and phenylalanine transport in the small intestine of
Swiss albino mice. Biochemistry International, 17(5):801-812.

Solaymani-Mohammadi S. (2022). Mucosal Defense Against Giardia
at the Intestinal Epithelial Cell Interface. Front. Immunol., 17(13),
https://doi.org/10.3389/fimmu.2022.817468.

148


https://doi.org/10.3389/fimmu.2022.817468

ISSN:: 2790-5306 (Print), 2790-5314(Online)

WWW.ijarmoa.gov.iq ;< iyl e ~lia
2025 (1) 2=l 29alas

A doeuil Jo dypie SV Lyl OY5 o M el S
Balb/c 01y z34¢ 3 slaslly

Ly 81, ERUEKINIE AT
E-mail: fatimaalkilidi@qmail.com © 2025 Office of Agricultural Research, Ministry of

Agriculture. This is an open-access article under the CC
by License http://creativecommons.org/licenses/by/4.0

L

oo okl Lol il oV Bo ) o gl amd SV e el s o ed i) ol
(illy o 4 2% 0Ll i ¢ 0=20 ¢ aulel 8 1 aall Loz BALB/ W 344 plasal NSl 0Lyl

Bpie e (pesest ) @WJKM (= 5.0£8.19

G assastl cil G 3ol @b oo alal) Sl B e Lo 3.0 Wi i sl deses s
Sl a3le cf Lol b oo e 3.0 (3 b/olesT10% X 2 Juag e VLSl Jie Y LS gt £
AN ASI Y Sl slam @10 a0l 31055 5 0 oL (3 o) Ohsl omes @5 alT 10 50 21
e Lkl laysdl) Giardia duodenalis Loz o 58 1S J5 0 10 & Lizatsy ae &Y

Geo ) it 2l il Opebl L aodl dn 109 5 el 3 LA ol Ol (s OF bl o g
<t .14 G Duodenalis L 5 [y 2,080 JU slasly 20 S fygaadl G oY) Olitm] ey (s4E O
S IS gall LI iy (Ao gaasi) Bl (3 ol (hedly AnlST) LI iian Bmle S sal) 2V
255 Aol Bdally Lpall SLLE Cp sgmsld BIRL G Lol Slbdb e k) sgg L) 2l ) BLAAL
slaadly SN (3 Bols (35S e B S AL Bk SV L)L Yo OF ) sl o

sl 1S Balb/c e 2181 oo iz Y1 LA Ad)al) clalsyy

Bl sty (bl bl 27 (sliks el |
2025 [5L5/3 reod) syt >
2025/5L/11 ieoudl Jgd b >
2025/01,5-/30 s cop¥l Jo ploe >

149


mailto:fatimaalkilidi@gmail.com
http://creativecommons.org/licenses/by/4.0
http://www.ijarmoa.gov.iq/

