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Abstract Background: The parasite Echinococcus granulosus is still endemic in many nations worldwide, particularly in
developing nations. The main organ where the parasite infests is the liver. is a significant zoonotic infection that mostly affects
endemic areas and impacts millions of people globally. Techniques. A granulomatous tissue reaction is caused by an ongoing
infection with an E. granulosus hydatid cyst, progressively establishing an immunological milieu marked by the buildup of
monocytic and lymphocyte cells. IL-10-producing CD8+ T cells and CD4+ T-cell-mediated cellular immune responses are
essential during the establishment phase of secondary E. granulosus s.s. infection. Methods: Liver samples (40 infected liver
and 20 non-infected) from animals infected with hydatid cysts were collected from licensed governmental butchers and
slaughterhouses located in local markets within the Diyala Governorate; no animals were harmed for this study, as the samples
were from previously sacrificed animals. Results: The study examined clinical and histological alterations in liver tissue
sections, with a focus on the impact of hydatid., The results of histological examination of liver sections showed that the
infected livers contained increased sinusoid and central vein dilation; portal and central vein congestion; necrosis of hepatic
tissue; atrophy; and increased inflammatory cell infiltration. compared to the noninfected livers, which had no histologic
lesions. The current work involves assessing the expression of PD-L1, CD4, CDS8 proteins in the liver infected with E.
granulosus. Conclusion: In addition to increased inflammatory cell infiltration in the liver, a hydatid cyst infection results in a
variety of clinical and biochemical alterations. These results open the door for further studies focused on early detection,
prevention and focused treatment approaches for this common illness.
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INTRODUCTION fibrosis and portal hypertension in advanced cases [E].

Hydatid cysts disease, caused by the larval stage of cestode
worm (Echinococcus granulosus), is a considerable zoonotic
infection that affects millions of people worldwide,
essentially in endemic regions [@]. The liver is the most
predominantly involved organ, as it accounting for
approximately 50-70% of cases, followed by the lungs and
other organs [@]. The worm’s life cycle involves canines as
final hosts and secondary hosts such as sheep, cattle and
humans, where the larvae develop slow-growing hydatid
cysts [E]. Chronicity and frequently asymptomatic evolution
nature of hepatic hydatidosis complicates early diagnosis,
result in progressive destruction of liver tissue and severe
complications if left untreated [@].

Mechanical and immunological influences are involved
in the pathogenesis of hepatic cysts. As the cyst enlarges, it
compresses surrounding parenchyma, leading to atrophy,

Additionally, the host immune response triggers a peri-cystic
inflammatory reaction, characterized by granuloma
formation and fibrotic encapsulation [@]. The influence of
hepatic hydatid cysts on liver function varies according to
the size, number and location of the cysts. It can disrupt the
hepatic architecture and normal bile flow causing cholestasis
or secondary sclerosing cholangitis [@], especially in the
presence of large or multiple cysts. In addition, long-
standing inflammation may result in oxidative stress and
hepatocyte damage, as supported by the elevation of liver
enzymes and derangement in synthetic function in a few
patients [@]. The dynamic interaction between the host and
the parasite, which leads to histological changes in the liver
tissue surrounding the hydatid cysts, leads to marked
structural and inflammatory changes. Mechanical stretching
of the cyst also stimulates pericyst fibrosis, forming a dense
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collagenous layer (lamellar outer sheath) separating the
parasite from the host liver tissue [9]. Microscopically, the
area surrounding the cyst shows chronic granulomatous
inflammation, with infiltrates of numerous defense cells
including lymphocytes, plasma cells, eosinophils and
epithelioid macrophages [10], the liver and other organs [2].

In the process of controlling parasitic infection, the
immune response plays fundamental role, with T
lymphocytes, in particular CD4+ and CD8+ T cells, being
essential to both protective immunity and immunopathology
[11]. CD4+ T cells, firstly., through their Thl and Th2
cytokine patterns, regulate the immune response against
hydatid cysts. Thl responses, featured by IFN-y and IL-2
production, are associated with parasite inclusion, while Th2
responses (IL-4, IL-10) may participate to chronic infection by
inhibiting effective immunity [12]. Conversely, CD8+
cytotoxic T cells are contributed in direct parasite killing
through mediated cytotoxicity of perforin/granzyme-and
Fas-FasL interactions [[13]. In liver hydatidosis, the strategies
of modulated the immunity of E. granulosus often lead to
response of both Th1/Th2 response, which may determine cyst
viability and clinical outcomes [[14]. At the immunobiological
level, the host immune response to the cestode Echinococcus
granulosus involves a complex interaction of Th1/Th2
cytokine polarization and immune evasion mechanisms of
parasite. Initially, the response mediated by Thlcytokines
(IFN-y, IL-12) predominate, to promote macrophage
activation and granuloma formation in an attempt to contain
the parasite [[15]. in contrast, the parasite counteracts this by
stimulating a Th2-skewed response (IL-4, IL-10, IL-13),
which inhibits cytotoxic immunity response and facilitates
chronic infection [[13]. The glycoprotein contents of cyst’s
laminated layer (e.g., antigen B) that modify the function of
dendritic cells and suppress neutrophil recruitment,
contributing to immune tolerance [16]. Additionally, an
upregulation of regulatory T cells (Tregs) in chronic
infections, further demoralises effective immune clearance
[14]. These immunological adaptations permit the cyst to
persist while causing progressive pericystic liver damage,
leading to the formation of fibrosis [14]. Recently, it was
reported that PD-L1 (Programmed Death-Ligand 1) is
upregulated by E. granulosus to inhibit host T-cell responses.
The hydatid cyst induces PD-L1 expression on macrophages
and dendritic cells of the host within the pericystic granuloma,
elevating T-cell exhaustion [17]. Moghaddam er al [17]
mention that PD-L1 binds to PD-1 on CD4+ and CD8+ T
cells, inhibiting their activation and cytokine production
(e.g., IFN-y), thereby facilitating chronic infection.
McManus ef al. [2] pointed out that High PD-L1 levels
correlate with cyst viability and recurrence post-surgery.
Understanding of the mechanisms underlying liver injury in
hydatid disease is essential for the optimal therapeutic
intervention, i.e., surgical resection, percutaneous drainage
and/or antiparasitic therapy [5].

Objectives of the Study

The objective of the present study was to assess foam
changes and immune response in liver due to Echinococcus
granulosus infection in sheep.

Primary Objective

To evaluate the histopathological changes of liver in infected
sheep, such as structural distortion, inflammatory cell
infiltration and tissue degeneration and fibrosis.

Secondary Objectives

o The immunological reaction on infected liver tissues
was assessed with the CD4* T lymphocytes expression

o To evaluate the role of CDS8(+) cytotoxic T cells during
the local immune response

o Investigation the expression of PD-L1 as an
immunoregulatory marker associated with anti-
immune mechanism

o Toassociate histopathological changes with expression
of immunologic markers in infected liver tissue

METHODS

Histopathological Examination for Liver Sample

The use of animals in this study was authorised by the College
of Education for pure sciences research ethics committed the
(approval serial number: CEPEC/01), University of Diyala.
Liver samples (40 infected livers and 20 non-infected livers)
from animals infected with hydatid cysts were collected from
licensed governmental butchers and slaughterhouses located
in local markets within the Diyala Governorate; no animals
were harmed for the purposes of this study, as the samples
were from previously sacrificed animals.

Before beginning the histological study, the livers
affected by hydatid cysts were washed with distilled water
and wiped with 70% ethanol. Then, a portion of the hydatid
cyst fluid was withdrawn using a sterile needle for the
purpose of diagnosis and to confirm the fertility of the cyst.
Eosin stain was used for microscopic examination to confirm
the viability of protoscolex isolated from liquid hydatid cyst

The samples were promptly transported to the
laboratory and preserved in fixative solutions (10% neutral
buffered formalin for a duration of 24 hours). To identify the
histological changes caused by the hydatid cysts, traditional
histology techniques with hematoxylin-eosin stains were
utilized. A light microscope equipped with a camera was
employed to capture images of the tissue sections at various
magnifications. Additionally, PAS and Masson’s staining
techniques were applied.

Immunohistochemical (IHC) Tests

The paraffin blocks were cut into sections of 3 pm using a
microtome (Thermo Fisher Scientific, United States),
deparaffinized in an oven set at 68°C and then rehydrated
through a series of alcohol concentrations. Manual
immunohistochemical staining was carried out with kits
from Thermo Fisher Scientific, United States. The
components of this kit create a labeled streptavidin-biotin
immunoenzymatically system for recognizing antigens. This
technique involves a sequential incubation of the sample
with a primary antibody that is not conjugated and
specifically targets the antigen of interest. The secondary
antibody, which is biotinylated, interacts with the primary

antibody alongside the streptavidin bound to an enzyme and
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the substrate-chromogen. Analysis of liver samples was
conducted for CD4 helper T lymphocytes (Monoclonal
Mouse Anti-Human CD4, DAKO, Denmark) and CDS8
cytotoxic T lymphocytes (Thermo Fisher Scientific, USA) to
identify T cells and PDL-1.

A grading of hepatocellular damage was performed based
on the degeneration of epithelial cells, along with necrosis,
vascular congestion, hemorrhage and inflammatory cell
infiltration. The parameters mentioned were classified and
quantified as mild, moderate and severe, as defined in
Hassanein er al. []. Grading and scoring were carried out
under 40x magnification to examine the inflammatory cells
with stained cytoplasm, selecting approximately ten random
microscopic fields for each evaluation []. The expression
levels of CD4, CD8 and PDL-1 were assessed using
immunohistochemistry with a Mouse Monoclonal antibody.
Following Dako's instructions, a protocol was implemented to
stain the tissue with Anti-CD4, CD8 and PDL-1 antibodies.
Sections from the positive immunohistochemical scoring
system were applied and a negative control was included.

RESULTS

Histological Changes of the Liver Affected by Hydatid
Cysts

The histological examination of liver sections revealed
significant differences between infected and noninfected
livers. Infected livers exhibited increased sinusoid and
central vein dilation, portal and central vein congestion,
hepatic tissue necrosis, atrophy and heightened
inflammatory cell infiltration. In contrast, noninfected
livers showed no histologic lesions. Histochemical stains
indicated that Masson’s reaction was present in
noninfected livers, with minimal fiber, while infected
livers demonstrated a marked increase in fiber in the
portal areas. There was a notable deposition of

collagen fibers in the fibrous adventitial layer of the
cyst and between hepatocytes. Periodic acid-Schiff
staining further confirmed that infected livers had
increased sinusoid and central vein dilation alongside
necrosis and atrophy, unlike the noninfected counterparts
(Figure 1-6).

Figure 1(a-b): (a) A-Section in Normal Liver Sheep Reveals Sinusoids (Arrow White) and Hepatocytes Organized in Thread
(Arrow Green) (H&E10X) and B-Section of an Infected Liver Demonstrates the Obvious Presence of a Significant Infiltration

of Inflammatory Cells (Arrow Red) (H&E10X)

Figure 2(a-b): (a) An A-Section of an Infected Liver Reveals the Presence of the Liver's Wall of Septa (arrow green), Which
Attaches to the Hydidt Cyst Wall (Arrow White) and the Presence of Protoscolex (Arrow Blue) in the Livers of Sheep that
were Investigated (H&E 10X) and (b) B-Section of an Infected Liver Sheep Reveals a High Degree of Hepatocyte Necrosis

(Arrow Black) (H&E40X)
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Figure 3(a-b): (a) A-Section in Normal of Liver Sheep Showing Collagen Deposition Only in the portal Area (Arrow
Red).(Masson’s TrichromelOx) and (b) B-Section in Normal of Liver Sheep Showe the Hepatocyte (Arrowgreen)
(Masson’strichrome 10x)

Figure 4(a-b): (a) Fibrosis (Arrow Red) and an Increase in Connective Tissue Surrounding the Portal and central Veins (Nodule)
(Arrow Yellow) are Shown in the A-Section of Liver-Infected Sheep (40X, Masson'strichrome) amd (b) B-Section of Liver-
Infected Sheep Demonstrates Protoscolex (Arrow Blue), Fibrosis of the Liver Wall (Arrow Red) and a Hydatid Cyst Wall
(Arrow White) (Masson’s trichrome 10X)

Figure 5(a-b): (a) A-Section of an Infected Sheep's Liver Demonstrates Atrophy in the Hepatocytes (Arrow Pink), Enlargement
in the Sinusoids (Arrow White) and High Necrosis (Arrow Black) (Masson's Trichrome 10X) and (b) B-Section of Liver-
Infected Sheep Exhibit Fibrosis (Arrow Red), an Increase in Connective Tissue Surrounding the Portal and Central Veins
(Arrow Yellow) and the Enlargement and Congestion in the Central Veins (Arrow Brown) (The 4x Masson's Trichrome)
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Figure 6(a-b): (a) A-Section of a Sheep in Normal Condition Displays the Sinusoids (Arrow White) and the Hepatocyte (Arrow
Green) (PAS10X). High Necrosis (Arrow Black), Sinusoidal Expansion (Arrow White) and (b) Hepatocyte Atrophy (Arrow
Pink) are all Visible in the B-section of an infected liver sheep (PAS10X)

Figure 7(a-c): (a) A-Immunohistochemical Analyses PD-1 Protein Expression in Normal Liver in Study Groups Control
Negative Group, (b) B-PD-L1 Expression in Liver Tissue Infected Group Showing Non Expression of PD-1 Protein but
Showing Increase Inflammation Cells (Arrow Brown) and C- PD-L1 Expression in Liver Tissue Infected Group Showing

Middle Expression of PD-1 protein (Scorel)

Immunohistochemical Evaluation of PDL1, CD4 and
CD8 in Liver-Infected Hydatid Cyst

PDL1The current work involved an evaluation of PD-1/PD-
L1 protein expression and CD8 and CD4 in liver tissue
sections in sheep infected with hydatid cysts. The current
work involved an evaluation of PD-1/PD-L1 protein
expression, as well as CD8 and CD4, in liver tissue sections
from sheep infected with hydatid cysts. The results showed
that PD-1 protein expression in negative control (normal
liver tissue) was non-expression, while it was moderate
expression in the infected group (Figure 7-8).

The results showed that the expression of CD4 in the
negative control group (normal liver tissue) was not
expressed, while highly increased expression was observed
in the infected group (Figure 9).

DISCUSSION
This study indicates that sheep infected with hydatid cysts
undergo various histopathological changes that differ in

intensity. The severity of pathology caused by hydatid cysts
varies based on the affected organs, the quantity and size of
the cysts, as well as their interaction with neighbourin tissues
[@]. While hydatid cysts can develop anywhere within the
body of intermediate hosts (both humans and animals), they
are predominantly found in the liver, as the hepatic capillary
network acts as the first capillary filter for hexacanth
embryos in circulation [21,22]. These cysts progressively
develop within this organ [23]. A persistent infection with an
E. granulosus hydatid cyst leads to a granulomatous tissue
reaction, gradually creating an immune environment
characterised by the accumulation of lymphocytes and
monocytic cells [@,@].

However, infections resulting from hydatid cysts cause
various histological changes. The current study's findings
show significant alterations in liver tissue, including
infiltration of inflammatory cells, necrosis, degeneration of
liver tissue, fibrosis surrounding portal veins, congestion of
the portal vein, expansion of sinusoids and atrophy of
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Figure 8(a-d): (a-c) CD8 Expression in Liver Tissue Infected Group Showing High Expression of CDS8 (score2) and CD8
Expression in Normal Liver Tissue Group Showing no Expression of CDS§

Figure 9(a-c): (a-b) CD4 Expression in Liver Tissue Infected Group Showing High Expression of CD4 (Score2) and (c) CD4
Expression in Normal Liver Tissue Group Showing Non Expression of CD4

hepatocytes, as show in Figure 2b, 5a-b and 6b. These dilatation of sinusoids, congestion of the portal vein and
observations agree with prior studies [@]. Similarly, hepatocellular degeneration in the portal regions of sheep
numerous researchers have documented necrosis, fibrosis, with infected livers [@]. These changes may be
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attributed to the pressure and other space-occupying effects
of the expanding cysts, leading to the replacement of host
tissue and further degenerative changes in the affected
organs. Recent studies have also shown that hepatic
macrophages initiate adaptive immune responses and
exacerbate fibrosis by releasing cytokines and chemokines
and acting as specialized antigen-presenting cells [33,34].
Presenting and processing hydatid cyst antigens to other
immune cells, such as T cells, which are also abundant in
lesion sites, may be a significant role of hepatic macrophages
[24]. Earlier research highlights the essential role of
macrophages in liver fibrosis development, granuloma
formation and inflammation following parasite infection
[35,36]. Nonetheless, the precise mechanism through which
macrophages actively contribute to the immune response
during hydatid cyst infection is still not fully understood.
Thus, the current study focused on investigating the
characteristics and role of hepatic macrophages during the
larval establishment and chronic infection of hydatid cyst.
The present study revealed that inflammatory cells in sheep
infiltrated variously around hydatid cyst lesions, with the
highest inflammatory focus noted around the cysts (as in
Figure 1b). This observation is consistent with Wang et al.
[37]. In a mouse model of hydatid cyst. infection, the level
of macrophage infiltration was correlated with the severity
of liver fibrosis progression during infection (Figure 4a, b),
indicating a potential role of macrophages in liver fibrosis,
where heightened infiltration signifies the host's immune
response to the parasites. When the parasite damages host
tissue, vasoactive and chemotactic factors are released.
These factors enhance blood vessel permeability and blood
flow to the affected area, facilitating the migration of mast
cells, eosinophils, basophils and macrophages from the
bloodstream to the damaged site, thereby resulting in
inflammation [29]. In reality, hydatid cysts' methods for
reprogramming inflammatory cells are probably linked to
the control of inflammation and/or immunological responses
[38]. In line with earlier research [24]. In addition to causing
maladjustment of the hepatic cords, the larger cysts exerted
pressure on the hepatocytes and clogged the portal veins,
which is consistent with [39]. These findings, together with
those reported by AL-Azizzi et al [21] support the current
investigation, which found that fibrosis was more prevalent
in cattle liver tissue than in sheep liver tissue. The fibrous
tissue formed as the host's response to the inflammatory
effect of the parasite, which was started in the early stages of
the cyst's development. The severity of this response affects
the development of the cyst; a strong reaction will cause the
parasite to degenerate or die, whereas a moderate reaction
permits the formation of a viable cyst [40].

Expansion in sinusoids occur in the liver in the present
study (Figure 5a, b and 6b). where the size of the cysts and
the pressure that the expanding cyst exerted were linked to
these changes [41,42]. The infected livers showed greater
collagen deposition in the portal region, surrounding the

adventitial layer and between the hepatocytes. This suggests
that the parasitized organ produced more collagen as a result
of ongoing irritation from the growing cysts.

CONCLUSIONS

The chance of infection with hydatid cysts increases through
dealing with and living in endemic areas and through direct
contact with intermediate and final hosts. Through THC
evaluation, it was found that the parasite stimulates a
protective inflammatory immune response represented by a
high increase in the indicators PDL1, CD4 and CD8.

Acknowledgement

I would like to sincerely thank everyone who helped or
encouraged me, whether through academic guidance or
moral support. This research has now been completed.

REFERENCES

[1] Budke, C.M. et al. “Cystic and Alveolar Echinococcosis:
Successes and Continuing Challenges.” PLoS Neglected
Tropical Diseases, vol. 11, no. 4, 2017. https://doi.org/10.
1371/journal.pntd.0005477.

[2] McManus, D.P. et al “Diagnosis, Treatment and
Management of Echinococcosis.” BMJ, vol. 344, 2012.
https://doi.org/10.1136/bm;j.e3866.

[3]1 Eckert, J. et al. “Echinococcosis in Animals: Clinical
Aspects, Diagnosis and Treatment.” WHO/OIE Manual on
Echinococcosis in Humans and Animals: A Public Health
Problem of Global Concern, edited by Eckert, J. et al., World
Health Organization, 2001, pp. 72-99.

[4] Calu, V. et al “Complicated Liver Cystic Echinococcosis-A
Comprehensive Literature Review and a Tale of Two
Extreme Cases.” Tomography, vol. 10, no. 6, 2024, pp. 922-
934. https://doi.org/10.3390/tomography 10060070.

[S] Aubé, C. et al. “Liver Fibrosis, Cirrhosis and Cirrhosis-
Related Nodules: Imaging Diagnosis and Surveillance.”
Diagnostic and Interventional Imaging, vol. 98, no. 6, 2017,
pp- 455-468. https://doi.org/10.1016/j.diii.2017.03.003.

[6] Weeratunga, P. ef al. “Immune Mechanisms of Granuloma
Formation in Sarcoidosis and Tuberculosis.” Journal of
Clinical Investigation, vol. 134, no. 1, 2024. https://doi.org/
10.1172/ICI175264.

[7] Asadzadeh-Aghdaei, H. ef al. “An Uncommon Presentation
of Hepatic Hydatid Cyst Leading to Biliary Cirrhosis and
Portal Hypertension.” Gastroenterology and Hepatology
from Bed to Bench, vol. 13, suppl. 1, 2020, pp. S145-S148.

[8] Allameh, A. et al. “Oxidative Stress in Liver Pathophysiology
and Disease.” Antioxidants, vol. 12, no. 9, August 2023,
1653. https://doi.org/10.3390/antiox12091653.

[9] Aslam, H. er al “Histologic, Histochemical and
Immunohistochemical Changes in Buffalo Liver with
Cystic Echinococcosis.” Veterinary Pathology, vol. 62, no. 3,
2025, pp. 319-326. https://doi.org/10.1177/0300985824
1309399.

[10] Bygott, JM. and P.L. Chiodini. “Praziquantel: Neglected
Drug? Ineffective Treatment? Or Therapeutic Choice in
Cystic Hydatid Disease?” Acta Tropica, vol. 111, no. 2,2009,
pp. 95-101.  https://doi.org/10.1016/j.actatropica.2009.
04.006.

90



First Author Last Name et al.: Ovine Hepatic Echinococcus granulosus Infection Induces Histopathological Alterations and Immune Responses

jpms

(1]

[12]

[13]

[14]

[15]

[16]

(17]

(18]

(19]

[20]

[21]

[22]

(23]

[24]

Rigano, R. ef al. “Modulation of Human Immune Response
by Echinococcus granulosus Antigen B and Its Possible Role
in Evading Host Defenses.” Infection and Immunity, vol. 69,
no. 1, 2001, pp. 288-296. https://doi.org/10.1128/iai.
69.1.288-296.2001.

Stiss, G. et al “Roles of CD4- and CD8-Bearing T
Lymphocytes in the Immune Response to the Erythrocytic
Stages of Plasmodium chabaudi” Infection and Immunity,
vol. 56, no. 12, 1988, pp. 3081-3088. https://doi.org/10.1128/
1ai.56.12.3081-3088.1988.

Meiraz, A. et al. “Switch from Perforin-Expressing to
Perforin-Deficient CD8(+) T Cells Accounts for Two
Distinct Types of Effector Cytotoxic T Lymphocytes in
Vivo.” Immunology, vol. 128, no. 1, 2009, pp. 69-82. https://
doi.org/10.1111/j.1365-2567.2009.03072.x.

Hamad, B.S. ef al. “Comparative Analysis of Host Immune
Responses to Hydatid Cyst in Human and Ovine Hepatic
Cystic Echinococcosis.” Veterinary Immunology and
Immunopathology, vol. 273, 2024. https://doi.org/10.1016/j.
vetimm.2024.110775.

Jafari, Y. et al. “Th1/Th2/Th17 Pattern in Pregnant Mice
Inoculated with Live Echinococcus granulosus Protoscolex.”
Journal of Zoonotic Diseases, vol. 4, no. 4, 2020, pp. 36-50.
https://doi.org/10.22034/jzd.2020.11347.

Siracusano, A. et al “Immunomodulatory Mechanisms
during Echinococcus granulosus Infection.” Experimental
Parasitology, vol. 119, no. 4, 2008, pp. 483-489. https://doi.
org/10.1016/j.exppara.2008.01.016.

Moghaddam, S.M. et al. “Interactions between Hydatid Cyst
and Regulated Cell Death May Provide New Therapeutic
Opportunities.” Parasite, vol. 26, 2019, 70.

Hassanein, A. et al “Impact of Electro-Conductive
Nanoparticles  Additives on  Anaerobic  Digestion
Performance-A Review.” Bioresource Technology, vol. 342,
2021. https://doi.org/10.1016/j.biortech.2021.126023.
Vatankhah, A.R. “Stage-Discharge Relationship for Sharp-
Crested Rectangular Slit Weirs.” Journal of Irrigation and
Drainage Engineering, vol. 145, no. 10, 2019. https://doi.org/
10.1061/(ASCE)IR.1943-4774.0001419.

Eckert, J. et al. “Echinococcosis in Animals: Clinical Aspect,
Diagnosis and Treatment.” WHO/OIE Manual on
Echinococcosis in Humans and Animals: A Public Health
Problem of Global Concern, World Health Organization,
2001, pp. 72-99. https://www.cabidigitallibrary.org/doi/full/
10.5555/20013100617.

Al-Azizzi, S.A. et al. “Histocomparative Study of Liver and
Lung of Donkey and Sheep Infected with Hydatid Cyst in
Basrah City.” Journal of International Academic Research for
Multidisciplinary, vol. 4, no. 3, 2016, pp. 298-306.
Abdul-Wahaab, L.T. et al. “Multiple Fat-Containing Hepatic
Hydatid Cysts: A Case Report in The X-Ray Institute at
Medical City Health Directorate in Iraq.” Diyala Journal of
Medicine, 2021. https://doi.org/10.26505/DJM.21026070
530.

Verma, Y. and M.Swamy. “Prevalence and Pathology of
Hydatidosis in Buffalo Liver.” Buftfalo Bulletin, vol. 28, no.
4, 2009, pp. 207-211. https://www.cabidigitallibrary.org/doi/
full/10.5555/20103310410.

Jafari, R. ef al. “Immunohistochemical Observation of Local
Inflammatory Cell Infiltration in the Host-Tissue Reaction
Site of Human Hydatid Cysts.” Journal of Helminthology,
vol. 93, no. 3, 2019, pp. 277-285. https://doi.org/10.1017/
S0022149X1800024X.

[25]

[26]

(27]

(28]

[29]

(30]

(31]

(32]

[33]

[34]

[35]

(36]

[37]

(38]

[39]

Yasen, A. et al. “Identification of Infiltrating Immune Cell
Subsets and Heterogeneous Macrophages in the Lesion
Microenvironment of Hepatic Cystic Echinococcosis
Patients with Different Cyst Viability.” Acta Tropica, vol.
221,  2021.  https://doi.org/10.1016/j.actatropica.2021.
106029.

Ahmedullah, F. er al. “Pathological Investigation of Liver of
the Slaughtered Buffaloes in Barisal District.” Bangladesh
Journal of Veterinary Medicine, vol. 5, no. 1-2, 2007, pp. 81-
85. https://doi.org/10.3329/bjvm.v5i1.132.

Borai, M.G. et al. “Comparative Pathological Studies on
Parasitic Affections of Liver in Farm Animals.” Benha
Veterinary Medical Journal, vol. 25, no. 2,2013, pp. 284-295.
Khalaf, A.K.H. and S.K.Majeed. “Evaluation of
Histopathological Changes of Hydatid Cyst on Kidney of
Experimental Infected Mice.” Basrah Journal of Veterinary
Research, vol. 17, no. 3, 2018, pp. 621-628.

Al-Sabawi, B.H. er al. “Histochemical Study of the Hepatic
Metacestodes in Sheep Infected with Hydatidosis.” Iragi
Journal of Veterinary Sciences, vol. 37, no. 1, 2023, pp. 45-
51. https://doi.org/10.33899/ijvs.2022.133402.2222.
Ibrahim, S.E.A. and A.A. Gameel. ‘“Pathological,
Histochemical and Immunohistochemical Studies of Lungs
and Livers of Cattle and Sheep Infected with Hydatid
Disease.” The 5th Annual Conference-Agricultural and
Veterinary Research, February 2014, pp. 1-17.

Mnati, .M. er al. “Histological Changes in Liver Tissue
Resulting from Hydatid Cyst Infection: Comparison between
Sheep and Cattle in Iraq.” Medico-Legal Update, vol. 20, no.
1, 2020. https://doi.org/10.37506/v20/i1/2020/mlu/194466.
Singh, B.B. et al. “Histopathological Changes Associated
with E. granulosus Echinococcosis in Food Producing
Animals in Punjab (India).” Journal of Parasitic Diseases,
vol. 40, 2016, pp. 997-1000. https://doi.org/10.1007/s12639-
014-0622-4.

Xu, J. et al. “Schistosoma japonicum Infection Induces
Macrophage Polarization.” Journal of Biomedical Research,
vol. 28, no. 4, 2014. https://doi.org/10.7555/JBR.27.201
30072.

Mejri, N. et al “Impairment of Macrophage Presenting
Ability and Viability by Echinococcus granulosus Antigens.”
Iranian Journal of Immunology, vol. 14, no. 1, 2017.
Faz-Lépez, B. et al “Role of Macrophages in the Repair
Process during the Tissue Migrating and Resident Helminth
Infections.” BioMed Research International, 2016. https://
doi.org/10.1155/2016/8634603.

Lechner, A. et al. “Macrophage Regulation & Function in
Helminth Infection.” Seminars in Immunology, vol. 53,
March 2021. https://doi.org/10.1016/j.smim.2021.101526.
Wang, H. et al. “Hepatic Macrophages Play Critical Roles in
the Establishment and Growth of Hydatid Cysts in the Liver
during Echinococcus granulosus Sensu Stricto Infection.”
PLoS Neglected Tropical Diseases, vol. 17, no. 11, 2023.
https://doi.org/10.1371/journal.pntd.0011746.

Breijo, M. et al “Echinococcus granulosus. The
Establishment of the Metacestode Is Associated with Control
of Complement-Mediated Early Inflammation.”
Experimental Parasitology, vol. 118, no. 2, 2008, pp. 188-
196. https://doi.org/10.1016/j.exppara.2007.07.014.

Chen, X. et al. “Novel Interventional Management of Hepatic
Hydatid Cyst with Nanosecond Pulses on Experimental
Mouse Model.” Scientific Reports, vol. 7,no. 1,2017. https://
doi.org/10.1038/s41598-017-04873-5.

91



First Author Last Name et al.: Ovine Hepatic Echinococcus granulosus Infection Induces Histopathological Alterations and Immune Responses

jpms

(40]

(41]

(42]

[43]

[44]

(45]

[46]

[47]

(48]

[49]

(50]

(51]

[52]

Solcan, C. et al ‘“Histological Aspects of Cystic
Echinococcosis in Goats.” Scientific Parasitology, vol. 11,
no. 4, 2010, pp. 191-198.

Beigh, A.B. ef al. “Gross and Histopathological Alterations
Associated with Cystic Echinococcosis in Small Ruminants.”
Journal of Parasitic Diseases, vol. 41, no. 4, 2017, pp. 1028-
1033. https://doi.org/10.1007/s12639-017-0929-z.

Beigh, A.B. et al “Pathological and Histochemical Studies of
the Effects of Cystic Echinococcosis in Sheep.” Comparative
Clinical Pathology, vol. 27, no. 2, 2018, pp. 407-412. https://
doi.org/10.1007/s00580-017-2606-0.

Rashed, A.A. et al. “The Effect of Severe Cystic Hydatidosis
on the Liver of a Najdi Sheep with Special Reference to the
Cyst Histology and Histochemistry.” Journal of the Egyptian
Society of Parasitology, vol. 34, no. 1, 2004, pp. 297-304.
Hammad, B.S. er al “Immunohistochemical and
Histopathological Characterization of Immune Changes in
the Host-Tissue Reaction Site of Murine Cystic
Echinococcosis.” Advances in Animal and Veterinary
Sciences, vol. 10, no. 11, 2022, pp. 2367-2375. https://doi.
org/10.17582/journal.aavs/2022/10.11.2367.2375.

La, X. et al. “Upregulation of PD-1 on CD4+ CD25+ T Cells
Is Associated with Immunosuppression in Liver of Mice
Infected with Echinococcus multilocularis.” International
Immunopharmacology, vol. 26, no. 2, 2015, pp. 357-366.
https://doi.org/10.1016/j.intimp.2015.04.013.

Wang, J. et al. “Immunotherapy of Alveolar Echinococcosis
via PD-1/PD-L1 Immune Checkpoint Blockade in Mice.”
Parasite Immunology, vol. 40, no. 12, 2018. https://doi.org/
10.1111/pim.12596.

Zhang, W. et al. “Concepts in Immunology and Diagnosis of
Hydatid Disease.” Clinical Microbiology Reviews, vol. 16,
no. 1, 2003, pp. 18-36. https://doi.org/10.1128/CMR.16.1.18-
36.2003.

Rahemtulla, A. ef al. “Normal Development and Function of
CD8+ Cells but Markedly Decreased Helper Cell Activity in
Mice Lacking CD4.” Nature, vol. 353, no. 6340, 1991, pp.
180-184. https://doi.org/10.1038/353180a0.

Dai, W.J. et al “Major Carbohydrate Antigen of
Echinococcus multilocularis Induces an Immunoglobulin G
Response Independent of Alphabeta+ CD4+ T Cells.”
Infection and Immunity, vol. 69, no. 10, 2001, pp. 6074-6083.
https://doi.org/10.1128/1A1.69.10.6074-6083.2001.
Lopez-Briones, S. et al. “CD4+ TCRaf T Cells Are Critically
Involved in the Control of Experimental Murine
Cysticercosis in C57BL/6J Mice.” Parasitology Research,
vol. 87, 2001, pp. 826-832. https://doi.org/10.1007/
s004360100448.

Wen, H. ef al. “Echinococcosis: Advances in the 21st
Century.” Clinical Microbiology Reviews, vol. 32, no. 2,
2019, e00075-18. https://doi.org/10.1128/CMR.00075-18.
Hou, X. et al. “Echinococcus granulosus: The Establishment
of the Metacestode in the Liver Is Associated with Control of
the CD4(+) T-Cell-Mediated Immune Response in Patients
with Cystic Echinococcosis and a Mouse Model.” Frontiers
in Cellular and Infection Microbiology, vol. 12,2022 https://
doi.org/10.3389/fcimb.2022.983119.

(53]

[54]

[55]

[56]

[57]

(58]

[59]

[60]

[61]

[62]

[63]

[64]

Lee, J. et al. “Set Transformer: A Framework for Attention-
Based Permutation-Invariant Neural Networks.” Proceedings
of the International Conference on Machine Learning, May
2019, pp. 3744-3753.

Janssen, EMM. er al. “CD4+ T Cells Are Required for
Secondary Expansion and Memory in CD8+ T
Lymphocytes.” Nature, vol. 421, 2003, pp. 852-856. https://
doi.org/10.1038/nature01441.

Zander, R. et al. “CD4+ T Cell Help Is Required for the
Formation of a Cytolytic CD8+ T Cell Subset That Protects
against Chronic Infection and Cancer.” Immunity, vol. 51,
no. 6, 2019, pp. 1028-1042. https://doi.org/10.1016/].
immuni.2019.10.009.

Lu, Y.J. er al. “CD4 T Cell Help Prevents CD8 T Cell
Exhaustion and Promotes Control of Mycobacterium
tuberculosis Infection.” Cell Reports, vol. 36, 2021. https://
doi.org/10.1016/j.celrep.2021.109696.

Bourreau, E. e al. “IL-10 Producing CD8+ T Cells in Human
Infection with Leishmania guyanensis.” Microbes and
Infection, vol. 9, no. 8, 2007, pp. 1034-1041. https://doi.org/
10.1016/j.micinf.2007.04.009.

Sun, J. et al. “CD4+ T Cell Help and Innate-Derived IL-27
Induce Blimp-1-Dependent IL-10 Production by Antiviral
CTLs.” Nature Immunology, vol. 12, 2011, pp. 327-334.
https://doi.org/10.1038/ni.1996.

Trandem, K. ef al. “Highly Activated Cytotoxic CD8 T Cells
Express Protective IL-10 at the Peak of Coronavirus-Induced
Encephalitis.” Journal of Immunology, vol. 186, 2011, pp.
3642-3652. https://doi.org/10.4049/jimmunol.1003292.
Buxbaum, L.U. “Interleukin-10 from T Cells, but Not
Macrophages and Granulocytes, Is Required for Chronic
Disease in Leishmania mexicana Infection.” Infection and
Immunity, vol. 83, 2015, pp. 1366-1371. https://doi.org/10.
1128/1AL.02909-14.

Jiang, L. et al. “Type I IFN Signaling Facilitates the
Development of IL-10-Producing Effector CD8(+) T Cells
during Murine Influenza Virus Infection.” European Journal
of Immunology, vol. 46, 2016, pp. 2778-2788. https://doi.
org/10.1002/eji.201646548.

Little, M.C. et al. “The Characterization of Intraepithelial
Lymphocytes, Lamina Propria Leukocytes and Isolated
Lymphoid Follicles in the Large Intestine of Mice Infected
with the Intestinal Nematode Parasite Trichuris muris.”
Journal of Immunology, vol. 175, 2005, pp. 6713-6722.
https://doi.org/10.4049/jimmunol.175.10.6713.

Metwali, A. et al. “Induction of CD8+ Regulatory T Cells in
the Intestine by Heligmosomoides polygyrus Infection.”
American Journal of Physiology-Gastrointestinal and Liver
Physiology, vol. 291, no. 2, 2006, pp. G253-G259. https://
doi.org/10.1152/ajpgi.00409.2005.

Li, Z. et al “The Local Immune Response during
Echinococcus granulosus Growth in a Quantitative Hepatic
Experimental Model.” Scientific Reports, vol. 9, no. 1, 2019.
https://doi.org/10.1038/541598-019-56098-3.

92



