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Abstract | Cystic echinococcosis (CE), a zoonotic disease that can affect humans and livestock, is caused by the larval
stage of the Echinococcus granulosus. CE is more prevalent and is presently identified as a significant parasite that should
be prevented and controlled globally. This work investigated the immune response and apoptosis expression in hepatic
cystic echinococcosis. Experimentally hydatid cysts infection of BALB/c mice was established, and the manifestation
of immune actions and apoptosis were detected histopathologically and by immunohistochemical markers staining.
'The infected livers with hydatid cysts from the mice were processed for routine paraffin block technique. The sections
of infected livers that were embedded in paraffin underwent immunohistochemistry. Several immunolabeled liver
sections with anti-CD3, CD4, CD8, CD20, CD68, and caspase-3 were examined under a light microscope. The histo-
logical alterations caused by the hydatid cyst were cell degeneration, necrosis, hemorrhage, congestion, and fibrosis. The
findings revealed that the CD3 T cells were the most predominant inflammatory cell in hepatic mice tissue. Also, CD4
Helper T cells, CD8 Killer T cells, CD20 memory cells, and CD68 macrophages were detected in the infected mice.
Most samples of mice expressed a different level of tissue necrosis where anti-caspase-3 was examined. Additionally,
several mast cells in the mice liver samples were observed. By reestablishing efficient immune responses and preventing
evasion mechanisms of the parasite, these findings help improve the understanding of local immune responses to CE
and maybe lead to the design of novel treatments.
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INTRODUCTION itive host (usually dogs and other carnivores) and an inter-

mediate host (such as sheep, goats, or cattle). Humans act

ystic echinococcosis (CE) is a zoonotic infection —as accidental intermediate hosts since they acquire the in-
caused by the dog tapeworm Echinococcus granulosus fection like other intermediate hosts; however, they are not
metacestodes. The World Health Organization listed it involved in transmitting the parasite to the definitive host
as one of the twenty neglected tropical diseases (WHO’ (Shnawa et al., 20223) 'The liver is the organ that is most
2010). It is a significant helminthic disease, representing frequently impacted by hydatid cysts (50-70%), followed
worldwide public health and socioeconomic concern (Wen by the lungs (25%), spleen, kidneys, heart, bones, CNS,
et al., 2019). The life cycle of Echinococcus involves a defin-  viscera, and other organs (Kammerer and Schantz, 1993,

o
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Bhutani and Kajal, 2018). The E. granulosus hydatid cyst
comprises an external non-cellular laminated layer and an
internal cellular germinal layer. The cyst of CE grows grad-
ually, and the cyst is shielded by adventitial (fibrous) layers
derived from the host. The host’s local tissue response to
the parasite led to the development of this fibrous capsule
(Diaz, 2017). Generally, the formation of a membrane at-
tack complex and the induction of inflammatory response
on the parasites’ surface are the first steps in the comple-
ment systems defence against invasive parasites, which
lead to parasite eradication (Shani et al., 2012). In fertile
hydatid cysts, buds form in the germinal membrane and
develop into brood capsules within which protoscoleces are
produced. Compared to incidental (humans) or aberrant
(experimental animals) hosts, the parasite causes only mild
to acute pathological changes in its natural hosts, including
herbivorous in domestic and sylvatic habitats (Thompson,
2013). Mnati et al. (2020) concluded that the hydatid cyst
leads to several histopathological effects in the hepatic tis-
sues of cattle and sheep. The results include inflammatory
cells infiltration, necrosis, hepatic tissue degeneration, fi-
brosis, portal vein congestion, and dilation of the bile duct.
The hydatid cysts can rupture, resulting in spillage of hy-
datid fluid with protoscoleces, which produce new infec-
tions and consequently cause anaphylactic reactions. Cysts
can also cause irreversible damage to the organs (Beigh et

al., 2018a).

'The parasite creates lesions in the form of cysts filling with
hydatid fluid in the liver, which causes tissue damage. An
outer layer of the host-formed local inflammatory cells
surrounds these lesions, where lymphocytes, polymor-
phonuclear, eosinophils, and macrophages can be found
(Atmaca, 2022). The layers of the hydatid cyst and the
hydatid fluid contain a variety of antigens that are highly
immunogenic in Echinococcus and cause inflammatory cel-
lular reactions, the production of particular antibodies, and
T-cell and other cellular immune mechanisms in human.
Still, the parasite can survive in mammalian hosts for many
years, suggesting that the immune system’s antiparasitic re-
sponse can be modified (Shnawa et al., 2021) E. granulosus
may use either immunomodulation, in which the parasite
actively engages the host immune system to lessen the ef-
fects of an immune response, or passive escape, in which
the parasite transforms into a hydatid cyst and escapes the
harmful effects of an immune response (Zhang et al., 2003;
Siracusano et al., 2012; Jalil et al., 2022). There are dif-
ferences in the interaction between the intermediate hosts
and hydatid cysts, and the reasons of these variations are
not entirely recognized. Nevertheless, Echinococcus geno-
type and host-associated factors are proposed to be partici-
pated. It has been revealed that in infected sheep, antibody
production may be supplemented by a cellular immune re-
sponse involving polymorphonuclear, lymphocytes, eosin-

ophils, along with macrophages (Rogan et al., 2015). Also,
this has been documented previously in protozoal parasitic
diseases within humans and animals (Shnawa, 1995, Shani

et al., 2012).

'This study sought to assess the local immune cell responses
in experimental murine cystic echinococcosis by catego-
rizing immune cell subtypes using immunohistochemistry
and detecting tissue degeneration and necrosis caused by
hydatid cysts in the liver of infected mice.

MATERIALS AND METHODS

EXPERIMENTAL ANIMALS

Healthy BALB/c mice (females and males, 6-week-old)
were purchased from Hawler Medical University. The mice
were bred and maintained in the animal house at Biology
Department, Science Faculty, Soran University-Erbil, Iraq.
The mice were kept in climate-controlled housing at 20—
25 °C with a 12-hour cycle of darkness and light. The mice
were also given access to clean water and a standard diet.
All animals were handled following the regulations of the
ethics committee (issued by the scientific research com-
mittee: Faculty of Science at Soran University: 1/ 1/178 on
October 2021).

INrFECcTION OF BALB/C MICE WITH SECONDARY
HypaTtip Cysts

Sheep-infected livers with hydatid cysts were collected
from two slaughterhouses in Soran City-Erbil and Erbil
province. The protoscoleces were aseptically isolated, and a
0.1% eosin stain was used to assess their viability. While

viable protoscolices are colourless, dead protoscolices ab-
sorb eosin and turn red (Jalil et al., 2021).

Twenty healthy BALB/c mice, weighing 25 + 5 gm and
six weeks old, were used for the secondary hydatid cyst in-
fection. Each mouse received an intraperitoneal injection
containing 1500 protoscoleces aseptically collected from
naturally infected sheep livers. The injected mice were fol-
lowed for six months to develop hydatid cysts (Hamad et

al., 2022).

HYDATID CYSTS COLLECTIONAND HISTOPATHOLOGICAL
ANALYSIS

Infected livers of sheep with hydatid cysts were collected
from two slaughterhouses in Soran City-Erbil and Erbil
province and immediately delivered to the laboratory. Mice
samples are collected after six months of infection in the
animal house of the Faculty of Science, Soran University.
All infected livers were isolated, and small portions were
fixed with 10% neutral buffered formalin for 24 hours. Fol-
lowing this, paraffin-embedded blocks are prepared and

stored in a dry and cool environment until the examination.
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After processing, five pm sections were sectioned using a
microtome, and histopathological analysis was performed
using standard hematoxylin and eosin (H&E) staining.
The stained sections were evaluated and examined using
a light microscope under different magnification powers.
Also, toluidine blue staining was performed to detect mast

cells (Puebla-Osorio et al., 2017).

ImMuNOHISTOCHEMICAL (IHC) ANALYSIS

'The paraffin blocks were cut in 3 pm sections using a Semi-
automated microtome (Thermo Fisher Scientific, USA),
deparaftinized at a 68 °C oven and hydrated through series
of alcohol gradients. Immunohistochemical staining was
done manually with an Ultra Vision Detection System kit
(Thermo Fisher Scientific, USA). The reagents in this kit
constitute a labelled streptavidin-biotin immunoenzymatic
antigen detection system. This technique involves the
sequential incubation of the specimen with an unconjugated
primary antibody specific to the target antigen. This
biotinylated secondary antibody reacts with the primary
antibody, enzyme-labelled streptavidin, and substrate-
Chromogen. The liver samples were examined for CD3
T cells (Polyclonal Rabbit anti-human CD3, DAKO,
Denmark), CD4 helper T cells (Monoclonal Mouse Anti-
Human CD4, DAKO, Denmark) and CDS8 killer T cells
(Thermo Fisher Scientific, USA) to determine T cells.
Also, the samples were examined for determining the B
cells by CD20 memory cells (Monoclonal Mouse Anti-
Human CD20, DAKO, Denmark). The macrophages were
determined by CD68 (Mouse Monoclonal anti-CD68,
Genmed, Germany). Moreover, all the samples were
examined with caspase-3 to determine tissue degeneration

and necrosis using (Rabbit Anti-Caspase-3 Monoclonal
Antibody, SUN LONG, China).

SEMI'QUANTITATIVE MICROSCOPIC GRADING AND
SCORING

According to epithelial cell degeneration, necrosis, vascular
congestion, hemorrhage, and inflammatory cell infiltra-
tion, hepatocellular was graded. The mentioned parameters
were assessed and counted as mild, moderate, and severe,
as follows: (=) normal histology; (I) mild <25%; (II) mod-
erate 25— 50%; (III) severe >50% of the tissues affected
(Hassanen et al., 2019). The grading and scoring were
performed under 40x magnification for the inflammato-
ry cells with stained cytoplasm, and about ten microscopic
fields were randomly selected in each round (Vatankhah
et al., 2015). The expression of CD3, CD4, CD8, CD20,
and CD 68 were examined by immunohistochemistry us-
ing a Mouse Monoclonal antibody. According to Dako’s
recommendation, a method was performed to stain tissue
with Anti- CD3, CD4, CDS8, CD20, and CD68 anti-
bodies. The sections of the positive immunohistochemical
scoring system were implemented. Negative control was

performed in parallel. Immunohistochemistry analysis for
all CD showed dark-brown staining of specific structures
became apparent (cytoplasmic reaction for caspase-3 and
nucleus staining for CD3, CD4, CD8, CD20 and CD68),
and then they were considered positive. Then, the number
of immunopositive cells in ten microscopic fields under the
40x lens was estimated. The percentage of immunoposi-
tive cells in ten microscopic fields at 400 x magnification
was calculated: absence «—», weak «+» (1-10% of cells),
moderate «++» (11-50% of cells), and an intensive «+++»
(251% cell) reactions (Demyashkin et al., 2020). Addi-
tionally, mast cells were scored by several fields (minimum
five fields) of 40X magnification evaluation, and a mean
was determined for each (Patel et al., 2012). Immuno-
histochemical cytoplasmic staining for all caspases-3 was
scored by visual assessment of ten 40X microscopic fields
by counting brown stained cytoplasm as follows: (score 1)
0-30%, (score 2) 31-70% and (score 3) >71% of immuno-
labelled cells (Ummanni et al., 2010). absence «—”, — weak
«+» (1-10% of cells), moderate «++» (11-50% of cells), an
intensive «+++» (251% cell) reaction.

RESULTS

SECONDARY HYDATID CYSTS INFECTION OF BALB/c
MICE

According to the findings of this research, depicted in Fig-
ure 1, A, after six months, an experimental mouse infection
with cystic echinococcosis was confirmed following in-
traperitoneal injection of BALB/c with live protoscoleces
taken from the liver of sheep infected with E. granulosus

hydatid cysts, as shown in Figure 1, B.

Figure 1: (A) Experimentally heavily infected mouse
with hydatid cysts. (B) Protoscoleces were collected from
E.granulosus infected sheep liver.

HISTOPATHOLOGICAL ALTERATIONS

The liver section of the uninfected mice showed normal
hepatic tissue, as depicted in Figure 2, A. In contrast, The
histological section of hepatic tissue of infected mice dis-
played secondary hydatid cysts with distinct germinal and

laminated layers, as shown in Figure 2, B. Moreover, Fig-
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ures 3, A and B illustrate different sizes of secondary hy-
datid cysts with their characteristic feature.

Figure 2: (A) Sections from the liver of the control
uninfected mouse showed central vein (arrow) and hepatic
cells(10X), Scale bar= 10pm. (B) Section of mice infected
liver with hydatid cyst showing characteristics cyst layers
laminated layer (L) and germinal layer (G) surrounded by
fibrous tissue (F) with intense inflammatory cell infiltration

(IC). (40X), Stained with H&E. Scale bar = 2um.

Several histopathological changes were detected in the
hepatic tissue of infected mice, including infiltration of
inflammatory cells surrounding the hydatid cyst with de-
generated hepatic tissue. Also, the liver showed an accu-
mulation of giant and tissue necrosis adjacent to the hy-
datid cyst, as illustrated in Figure 4. Additionally, Figure 5
depicts the infiltration of many inflammatory cells. More-
over, more histopathological alterations were observed in
the infected liver with hydatid cyst, including vacuolated
hepatic cells expressing hydrophobic change, necrosis,
hemorrhage, initiation of fibrosis, and vascular congestion,
as shown in Figure 6.

1

Figure 3: (A) and (B) show the secondary hydatid cyst in
mice liver tissue of different sizes with (GL) germinal layer

and (LL) laminated layer (10X), Stained with H&E. Scale
bar = 10 pm

IMMUNOHISTOCHEMISTRY AND
IMMUNOHISTOCHEMICAL SCORING

Six biomarkers were examined, which are CD3, CD4,
CD8, CD20, CD68 and Caspase-3. CD3 was the most

predominant T lymphocyte in mice. In mice, the most
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Figure 4: Sections of mice liver stained by hematoxylin an
eosin (A and D) show the hydatid cyst layers: (GL) is the
germinal layer, (LL) the laminated layer, and (I) infiltration
of inflammatory cells that surround the hydatid cyst, the
star indicates dead degenerated hepatic tissue (B) Shows
accumulation of giant cells (arrows). (C) Illustrates cell
degeneration (CD) and tissue necrosis adjacent to hydatid
cyst (40X). Scale bar= 2pm

Figure 5: Sections of mice livers infected with hydatid
cysts show infiltration of different inflammatory cells like
macrophages (M), neutrophils (N), lymphocytes (L), and
Red blood cells (RBC), Stained with H&E. scale bar = 1

pm

predominant inflammatory cell was CD3 mean of
32.72+10.04, followed by CD68 inflammatory cells, with a
mean of 28.54+9.96, as illustrated in Table 1 and Figures 7
and 8. In addition, CD4 was a mean of 28.33+11.62 and
CD20 with mean of 25.48+12.18, and CD8 had a mean of
28.33+11.62. All inflammatory markers were recorded as
moderate (11-50% of cells), as shown in Figures 8 and 9.
Expression of Caspase-3 in 70% of the samples was scored
2 (from 31% to 70%), and 30% scored 1 (from 0% to 30%).
'The number of mast cells per field was 7.6+1.14, which
indicated a high number of mast cells in mice tissue in
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response to hydatid cyst infection, as shown in Figure 10. Table 1: Density of inflammatory and mast cells of the
Expression of Caspase-3 in 60% of the liver samples was mice’s liver in cystic echinococcosis. Positive cells / 100

scored 2 (from 31% to 70%), and 40% scored 1 (from 0% cell (mean% +SD)

to 30%). The number of mast cells per field was 8.5£0.07,  Marker Result

which indicated a high number of mast cells in mice tissue 3 32.72+10.04

in response to hydatid cyst infection, as shown in Table 2

and Figure 10. CD4 28.33+11.62
CDs8 17.08+7.39
CD20 25.48+12.18
CD68 28.54+9.96
Mast cells 7.6x1.14

Table 2. Expression of caspase-3 in Mice’s liver with cystic
echinococcosis. Score1(0-30%), score 2 (31-70%), score 3
(71-100%).

Sample Caspase-3 score
1 2
2 1
3 2
4 2
Figure 6: Liver of mice infected with hydatid cysts stained St 1
by hematoxylin-eosin. (A) Section depicts vacuolated Control 1

hepatic cells expressing hydrophobic change (black
arrow), necrosis (blue arrow), and Chronic infiltration
of inflammatory cells (lymphocytes) (white arrow). (B)
It shows vacuolation as reversible injury in hepatocytes
(black arrow), necrosis (white arrow) and hemorrhage
(blue arrow). (C) Illustrates bile duct (B), infiltration of
lymphocytes(L), spindle shape fibroblasts (S), and vascular
congestion (VC). A and B. Scale bar= 20pum, C. Scale bar=
2pm.

40-
30+ ‘|‘
Z
E 20-
=
10+
- - BN bk ¢

CD3 CD4 CDS8 CD20 CDGS Mast cells _— . “ . : :
Figure 8: CD3. Localization of T lymphocytes by CD3
immunolabeled in the liver of infected mice. (40X). CDA4.
Show localization of T helper cells by CD4 immunolabeled
in the liver of mice infected with hydatid cysts. (40X). Scale

bar= 2um

Figure 7: 'The Mice’s liver’s density of inflammatory cells

and mast cells in Cystic Echinococcosis.
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(40X). CD 20. Localization of memory cells by CD20
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Figure 10: (A-C) Expression of caspase-3 by
immunohistochemistry in mice liver with hydatid cyst
(40X) (D-F) Section of mice liver presented mast cells
stained with toluidine blue showing intracytoplasmic

granules. (40X). Scale bar= 2pm

DISCUSSION

'The most common organ infected is the liver, then the lung
in sheep and humans. Two of the experimentally infected
mice in this study displayed liver infection. In three mice,
we observed infection of all organs after intraperitoneal
injection with protoscoleces of E.granulosus, as shown in
(Figures 1, A). The results revealed that the cyst has a ger-
minal layer and a laminated layer, as determined by the he-
matoxylin-eosin. Protoscolices and hydatid fluid are pro-
duced by the germinal layer and contain antigens that alter
the liver tissue’s histology. The present histopathological
study of the liver samples of mice showed cell degradation
(necrosis), fibrosis, congestion, and infiltration of inflam-
matory and mast cells observed in different degrees around
the fibrous capsule. This result agreed with the findings
of (Beigh et al., 2018a; Hansh, 2019; Mnati et al., 2020)
(Hansh, 2019). Mast cells were observed using toluidine
blue as a specific stain, and our result indicated that the
number of mast cells was high in mice liver tissue. This re-
sult agreed with (Beigh et al., 2018b), who documented the
mast cells in sheep liver tissue. According to our data, the
inflammatory cells reacted clearly in experimentally infect-
ed mice. This fact has also been demonstrated previously, as
the experimental infection expressed more inflammation
than the naturally infected sheep had (Vatankhah et al.,
2015).

In the current experimentally infected mice, CD4, CDS8,
CD20, and CD68 showed positive reactions, and CD4
was the second most reactive biomarker that expresses the
activation of T lymphocytes as a response to the hydatid
cyst. In the murine model, the CD4 and CDS8 scored re-
markably varying degrees of susceptibility to disease, and
the parasite-induced a less severe immune response. The
immunohistochemical study for hydatid cysts of mice
samples showed that CD3 was the most predominant cell
infiltrated in the tissue surrounding the hydatid cyst. The
same result was recorded in several previous studies (Ibra-
him and Gameel, 2014; Vismarra et al., 2015;Al Malki and
Ahmed, 2022). Hou et al. demonstrated that T cells, spe-
cifically CD4+ T cells, were crucial in developing the im-
mune environment in the liver in CE patients and E. gran-
ulosus-infected mice (Hou et al., 2022). Also, the CD20
was positive in the mice samples of our study, indicating
a humoral immune response to the hydatid cyst. While
in sheep, CD20 showed a negative reaction, as mentioned
previously by (Ibrahim and Gameel, 2014), indicating the
absence of B lymphocytes. Also, Jiménez et al. reported
that CD3 T cell is predominant in sheep compared to the
CD?79 B lymphocytes (Jiménez et al., 2020) to 10 weeks
post-infection, which is consistent with our findings (Brei-

jo et al., 2008).
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According to the current findings, the liver tissue has un-
dergone numerous changes, including fibrosis, necrosis,
degeneration of the liver tissue, fibrosis around the por-
tal veins, congestion of the portal veins, an increase in the
number of bile ducts, and misalignment of the hepatic
cords. In this regard, Mnati et al. (2020) mentioned that
the enlarged cysts caused pressure that led to the hepat-
ic lines becoming misaligned, pressed on the hepatocytes,
and congested the portal veins. In another investigation,
liver sections taken from the regions close to the cyst wall
revealed fibrosis, cellular infiltration of prominent mac-
rophages, lymphocytes, and plasma cells, congestion, hem-
orrhage, hepatocyte necrosis, and atrophy. These changes
were most visible on the inner side of the fibrous capsule.
There was dilatation of sinusoids and central veins, and fi-
brosis was also seen in the portal area (Beigh et al., 2017).

The results of the current study revealed that the hydatid
cysts in the infected mice were sterile. Numerous investi-
gations have demonstrated that apoptosis-inducing factors
are expressed at higher levels in the germinal layer of sterile
cysts than in fertile cysts, and anti-apoptotic materials are
expressed at higher rates in fertile cysts, which may have an
impact on hydatid cyst infertility (Moghaddam etal.,2019).
Inflammatory CD3+ T cells and CD19+ B cells were the
two most common inflammatory cells in all groups. Ac-
cording to (Jafari et al., 2019), various immune cells are
involved in the local response to human echinococcosis.
According to immunology, hydatid cysts release and make
avariety of immune-modulatory molecules available to the
host’s immune system. Siracusano et al. (2008) found that
these molecules target both humoral and cellular reactions
and activate innate and adaptive immune responses. For a
deeper understanding of the interaction between the host
and the parasite as well as the variables that affect this
interaction, research into the pathologic pathways of cell
death is also crucial. In particular, in the liver and lungs,
factors that affect the enzyme activity in hydatid cysts can

cause cystic infertility and stop the spread of the disease
(Moghaddam et al., 2019).

Immunohistochemical techniques utilizing anti-INOS
besides anti-IL-10 antibodies were used to identify the
different kinds of macrophages participating in the local
immune mechanisms against hydatid cysts in sheep’s he-
patic tissue. They demonstrated that the local immune re-
sponse to hydatid cysts coexists with the activation of Th1
and Th2 immune responses (Atmaca, 2022).

Our data showed a high percentage of caspase-3 in mouse
liver samples, demonstrating the hydatid fluid antigens’ ca-
pacity to induce apoptosis in surrounding tissue. Hussein
et al. (2020) mention it is a parasite strategy for surviving
and controlling the immune response. The same authors

concluded that, following the induction of a cystic echino-
coccosis mouse model, The parasite could stimulate apop-
tosis in hepatic and spleen tissues (Hussein et al., 2020).
Additionally,immunohistochemistry analysis revealed that
cytokeratin and caspase3 levels were higher in echinococ-
cus tissues than in normal tissues. Hepatic echinococcosis
increases the expression of cytokeratin and apoptosis-as-
sociated molecules, which indicate liver damage (Yang et
al., 2022). Moreover, (Hu et al., 2011) mentioned some
drug-induced apoptosis of E. granulosus protoscoleces and
proved the presence of a CED-3-like apoptosis gene in the
protoscoleces. Therefore, apoptosis is a possible mechanism
for the action of some drugs, including the ZnO-nanopar-
ticles tested against E.granulosus (Shnawa et al., 2022b).

It has long been believed that the adventitial layer of CE
cysts serves as the parasite’s protective, fibrous capsule de-
rived from its host. Although many fertile CE cysts still
display this feature, the adventitial layer is currently as-
sumed to result from a local immune response that includes
granulomatous tissue, lymphocytes, eosinophils, plasma
cells, and other innate immune cells that target both fertile
and sterile CE hydatid cysts. In contrast to fertile cysts,
the density of inflammatory cells was significantly higher
in the small and sterile cysts, particularly lymphocytes and
multinucleated giant cells (Barnes et al., 2011; Hidalgo et
al., 2019; Hidalgo et al., 2021). These facts also support our
findings regarding the inflammatory infiltrates involving
mainly macrophages and T cells.

CONCLUSION

Among the intermediate hosts, humans are harmed when
hydatid cysts develop, predominantly in the hepatic and
pulmonary tissues. Many known pathways enable the
cysts to survive in different hosts while the host immune
response is suppressed. Immune response modulation and
controlled cell death fundamentally influence cyst devel-
opment, growth, and pathogenesis. This work proved that
the histological alterations caused by the hydatid cyst were
degeneration, necrosis, hemorrhage, congestion, and fi-
brosis. The findings revealed that the CD3 T cell was the
most predominant inflammatory cell in hepatic mice tis-
sue. Also, CD4 Helper T cells, CD8 Killer T cells, CD20
memory cells, and CD68 macrophages were detected in
the infected mice. Most samples of mice expressed a dif-
ferent level of tissue necrosis where anti-caspase-3 was ex-
amined. Additionally, several mast cells in the mice liver
samples were observed. By possessing efficient immune
responses and preventing evasion mechanisms of the para-
site, these findings may improve the understanding of local
immune responses to CE and maybe lead to the design of
novel medications.

November 2022 | Volume 10 | Issue 11 | Page 2373

%0 .
Qals Links
OResearchers


https://www.sciencedirect.com/topics/medicine-and-dentistry/t-cell

OPEN 8ACCESS

Advances in Animal and Veterinary Sciences

ACKNOWLEDGEMENTS

We express our gratitude to the staff of the slaughterhous-
es in Soran City, Erbil, and Erbil province for providing

the parasite samples.

CONFLICT OF INTEREST

The authors declare that there are no conflicts of interest.

NOVELTY STATEMENT

The current work’s novelty is the immunohistochemical
characterization of immune response and apoptosis ex-
pression in an experimental model of hepatic cystic echi-
nococcosis.

AUTHORS CONTRIBUTION

Shnawa BH and Alrawi RA suggested and designed the
study, and Hamad BSh performed the practical parts. All
authors interpreted the data and wrote as well as revised
the manuscript.

REFERENCES

Al Malki J, Ahmed N. (2022). Epidemiological and histomorphic
studies in sheep infected with hydatid cyst in Taif area.
Saudi J. Biolog. Sci., 29: 886-893. https://doi.org/10.1016/].
$jbs.2021.10.017

Atmaca H. T. (2022). Determination of macrophage types
by immunohistochemical methods in the local immune
response to liver hydatid cysts in sheep. Acta Trop., 229:
106364. https://doi.org/10.1016/j.actatropica.2022.106364

Barnes TS, Hinds LA, Jenkins DJ, Bielefeldt-Ohmann H,
Lightowlers MW, Coleman GT (2011). Comparative
pathology of pulmonary hydatid cysts in macropods and
sheep. J. Comp. Pathol. 144:113-122. https://doi.org/10.
1016/j.jcpa.2010.07.003

Beigh A., Darzi M., Bashir S., Shah A., Shah S. (2018a). The
pathology of cystic echinococcosis and structural details of
hydatid cyst and protoscolex. https://doi.org/10.5958/0973-
970X.2018.00002.0

Beigh A. B., Darzi M. M., Bashir S., Shah A, Shah S. A. (2017).
Gross and histopathological alterations associated with
cystic echinococcosis in small ruminants. J. Parasit. Dis., 41:
1028-1033. https://doi.org/10.1007/s12639-017-0929-2

Beigh A. B., Darzi M. M., Bashir S., Shah A, Shah S. A. (2018b).
Pathological and histochemical studies of the effects of
cystic echinococcosis in sheep. Comparat. Clin. Pathol., 27:
407-412. https://doi.org/10.1007/s00580-017-2606-0

Bhutani N., Kajal P. (2018). Hepatic echinococcosis: a review.
Ann. Med. Surg., 36: 99-105. https://doi.org/10.1016/;.
amsu.2018.10.032

Breijo M., Anesetti G., Martinez L., Sim R. B., Ferreira A. M.
(2008). Echinococcus granulosus: the establishment of the
metacestode is associated with control of complement-

mediated early inflammation. Exper. Parasitol., 118: 188-
196. https://doi.org/10.1016/j.exppara.2007.07.014

Demyashkin G., Kogan E., Borozdkin L., Demura T., Shalamova
E., Centroev Z., Ivanova 1., Gevandova M., Smirnova-
Sotmari V., Kalinin S. (2020). Immunohistochemical and
morphological characteristics of tissues response to polylactic
acid membranes with silver nanoparticles. Medicina Oral,
Patologia Oral y Cirugia Bucal., 25: €29. https://doi.
org/10.4317/medoral.23171

Diaz A (2017). Immunology of cystic echinococcosis (hydatid
disease). Br. Med. Bull. 1;124(1):121-133. https://doi.
0rg/10.1093/bmb/1dx033. PMID: 29253150.

Hamad S. M., Shnawa B. H,, Jalil P. J., Ahmed M. H.
(2022). Assessment of the Therapeutic Efficacy of Silver
Nanoparticles against Secondary Cystic Echinococcosis in
BALB/c Mice. Surfaces.,5: 91-112. https://doi.org/10.3390/
surfaces5010004

Hansh W. J. (2019). The Study of Histopathological Changes
in Some of Intermediate Hosts Infected With Cystic
Echinococcosis. Uni. Thi-Qar J. Sci., 7: 47-56.

Hassanen E. I, Khalaf A. A., Tohamy A. F., Mohammed E. R,,
Farroh K. Y. (2019). Toxicopathological and immunological
studies on different concentrations of chitosan-coated silver
nanoparticles in rats. Int.J. Nanomed., 14: 4723. https://doi.
org/10.2147/IJN.S207644

Hidalgo C., Stoore C., Strull K., Franco C., Corréa F., Jiménez
M., Hernandez M., Lorenzatto K., Ferreira H. B., Galanti N.
(2019). New insights of the local immune response against
both fertile and infertile hydatid cysts. PLoS One., 14:
€0211542. https://doi.org/10.1371/journal.pone.0211542

Hidalgo C, Stoore C, Baquedano MS, Pereira I, Franco C,
Hernindez M, Paredes R (2021). Response patterns in
adventitial layer of Echinococcus granulosus sensu stricto cysts
from naturally infected cattle and sheep. Vet. Res. 2021 May
7;52(1):66. https://doi.org/10.1186/s13567-021-00936-8.

Hou X, Shi Y, Kang X, Rousu Z, Li D, Wang M, Ainiwaer
A, Zheng X, Wang M, Jiensihan B, Li L, Li J, Wang H,
Zhang C. (2022). 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. Front Cell
Infect. Microbiol., 15: 12:983119. https://doi.org/10.3389/
fcimb.2022.983119

Hu H.,, Kang ]J., Chen R., Mamuti W,, Wu G., Yuan W.
(2011). Drug-induced apoptosis of Echinococcus granulosus
protoscoleces. Parasitol. Res., 109: 453-459. https://doi.
org/10.1007/s00436-011-2276-9

Hussein TW,AliW.R.,Ghazi H.F.(2020).Immunohistochemical
Evaluation of Apoptotic Proteins Expression in Liver
and Spleen after Treatment of Cystic Echinococcosis: An
Experimental Study. Indian J. Forensic Med. Toxicol., 14:
1457.

Ibrahim S.E.A., Gameel A.A (2014). Pathological, histochemical
and immunohistochemical studies of lungs and livers of
cattle and sheep infected with hydatid disease. Proceedings
of 5th annual conference-agricultural and veterinary
research—February, 1-17.

Jafari R., Sanei B., Baradaran A., Kolahdouzan M., Bagherpour
B., Darani H.'Y. (2019). Immunohistochemical observation
of local inflammatory cell infiltration in the host-tissue
reaction site of human hydatid cysts. J. Helminthol., 93:
277-285. https://doi.org/10.1017/50022149X1800024X

Jalil P.J., Shnawa B. H, Hamad S. M. (2021). Silver Nanoparticles:

November 2022 | Volume 10 | Issue 11 | Page 2374

%0 .
Qals Links
OResearchers


https://doi.org/10.1016/j.sjbs.2021.10.017 
https://doi.org/10.1016/j.sjbs.2021.10.017 
https://doi.org/10.1016/j.actatropica.2022.106364 
https://doi.org/10. 1016/j.jcpa.2010.07.003 
https://doi.org/10. 1016/j.jcpa.2010.07.003 
https://doi.org/10.5958/0973-970X.2018.00002.0 
https://doi.org/10.5958/0973-970X.2018.00002.0 
https://doi.org/10.1007/s12639-017-0929-z
https://doi.org/10.1007/s00580-017-2606-0
https://doi.org/10.1016/j.amsu.2018.10.032 
https://doi.org/10.1016/j.amsu.2018.10.032 
. https://doi.org/10.1016/j.exppara.2007.07.014 
https://doi.org/10.4317/medoral.23171
https://doi.org/10.4317/medoral.23171
https://doi.org/10.1093/bmb/ldx033. PMID: 29253150
https://doi.org/10.1093/bmb/ldx033. PMID: 29253150
https://doi.org/10.3390/surfaces5010004 
https://doi.org/10.3390/surfaces5010004 
 https://doi.org/10.2147/IJN.S207644 
 https://doi.org/10.2147/IJN.S207644 
https://doi.org/10.1371/journal.pone.0211542
https://doi.org/10.1186/s13567-021-00936-8
https://doi.org/10.3389/fcimb.2022.983119 
https://doi.org/10.3389/fcimb.2022.983119 
https://doi.org/10.1007/s00436-011-2276-9 
https://doi.org/10.1007/s00436-011-2276-9 
 https://doi.org/10.1017/S0022149X1800024X 

OPEN aACCESS

Advances in Animal and Veterinary Sciences

Green Synthesis, Characterization, Blood Compatibility
and Protoscolicidal Efficacy against Echinococcus granulosus.
Pakistan Vet.].,41(3): 393-399. http://dx.doi.org/10.29261/
pakvetj/2021.039

Jalil PJ, Shnawa BH, Al-Ali SJ (2022). Immunological aspects of
cystic echinococcosis: an overview. In: AbbasRZ, Khan A,
Liu P and Saleemi MK (eds), Animal Health Perspectives,
Unique Scientific Publishers, Faisalabad, Pakistan, Vol. I, pp:
103-113. https://doi.org/10.47278/book.ahp/2022.14

Jiménez M., Stoore C., Hidalgo C., Corréa F., Herndndez M.,
Benavides J., Ferreras M., Sienz L., Paredes R. (2020).
Lymphocyte populations in the adventitial layer of hydatid
cysts in cattle: relationship with cyst fertility status and
Fasciola hepatica co-infection. Vet. Pathol., 57: 108-114.
https://doi.org/10.1177/0300985819875721

Kammerer W. S, Schantz P. M. (1993). Echinococcal disease.
Infectious disease clinics of North America, 7: 605-618.
https://doi.org/10.1016/50891-5520(20)30545-6

Mnati 1. M., Mutlak B. H., Abed N. D. (2020). Histological
Changes in Liver Tissue Resulting from Hydatid Cyst
Infection: Comparison between Sheep and Cattle in Iraq.
Medico-legal Update., 20: 1215.

Moghaddam S. M., Picot S., Ahmadpour E. (2019). Interactions
between hydatid cyst and regulated cell death may provide
new therapeutic opportunities. Parasite., 26. https://doi.
org/10.1051/parasite/2019070

Patel N., Mohammadi A., Rhatigan R. (2012). A comparative
analysis of mast cell quantification in five common
dermatoses: lichen simplex chronicus, psoriasis, lichen
planus, lupus, and insect bite/allergic contact dermatitis/
nummular dermatitis. International Scholarly Research
Notices., 2012. https://doi.org/10.5402/2012/759630

Puebla-Osorio N, Sarchio SNE, Ullrich SE, Byrne SN (2017).
Detection of Infiltrating Mast Cells Using a Modified
Toluidine Blue Staining. Methods Mol. Biol.. 1627:213-
222. https://doi.org/10.1007/978-1-4939-7113-8_14.

Rogan M., Bodell A., Craig P. (2015). Post-encystment/
established immunity in cystic echinococcosis: is it really that
simple? Parasit. Immunol., 37: 1-9. https://doi.org/10.1111/
pim.12149

Shani W. S., Bushra H. S., Nabel E. (2012). Levels of
Immunoglobulins and complements in sera of patients with
toxoplasmosis. Basrah J. Sci. (B). 30: 72-77.

Shnawa B. (1995). Biological and immunological studies on
Giardia lamblia. Ph. D. thesis, 1995, Univer. Basrah, Basrah,
Iraq.

Shnawa B. H., Al-Ali S. J., Swar S. O. (2021). Nanoparticles
as a new approach for treating hydatid cyst disease. Vet.
Pathobiol. Pub. Health; Unique Scientific Publishers:
Faisalabad, Pakistan., 180-189. https://doi.org/10.47278/
book.vpph/2021.015

Shnawa B.H.,Hamad S. M., Barzinjy A. A.,Kareem P.A., Ahmed
M. H. (2022a). Scolicidal activity of biosynthesized zinc
oxide nanoparticles by Mentha longifolia L. leaves against
Echinococcus granulosus protoscolices. Emergent. Materials.,

5: 683-693. https://doi.org/10.1007/s42247-021-00264-9

ShnawaB.H.,Jalil P.J., Aspoukeh P.K.,Mohammed D.A.,Biro D.
M. (2022b). Protoscolicidal and Biocompatibility Properties
of Biologically Fabricated Zinc Oxide Nanoparticles Using
Ziziphus spina-christi Leaves.

Siracusano A., Delunardo F., Teggi A., Ortona E. (2012).
Cystic echinococcosis: aspects of immune response,
immunopathogenesis and immune evasion from the
human host. Endocrine, Metabolic & Immune Disorders-
Drug Targets (Formerly Current Drug Targets-Immune,
Endocrine & Metabolic Disorders), 12: 16-23. https://doi.
org/10.2174/187153012799279117

Siracusano A, Rigano R, Ortona E, Profumo E, Margutti P,
Buttari B, Delunardo F, Teggi A (2008). Immunomodulatory
mechanisms during Echinococcus  granulosus  infection.
Exp. Parasitol. 119(4):483-489. https://doi.org/10.1016/j.
exppara.2008.01.016.

Thompson R. A. (2013). Parasite zoonoses and wildlife: one
health, spillover and human activity. Int. J. Parasitol., 43:
1079-1088. https://doi.org/10.1016/].ijppaw.2013.09.007

Ummanni R., Lehnigk U., Zimmermann U.,, Woenckhaus
C., Walther R, Giebel J. (2010). Immunohistochemical
expression of caspase-1 and-9, uncleaved caspase-3 and-6,
cleaved caspase-3 and-6 as well as Bcl-2 in benign epithelium
and cancer of the prostate. Exper. Therapeut. Med., 1: 47-52
https://doi.org/10.3892/etm_00000008.

Vatankhah A., Halisz J., Piurko V., Barbai T., R4s6 E., Timir J.
(2015). Characterization of the inflammatory cell infiltrate
and expression of costimulatory molecules in chronic
Echinococcus granulosus infection of the human liver. BMC
Infect. Dis., 15: 1-12. https://doi.org/10.1186/s12879-015-
1252-x

Vismarra A., Mangia C., Passeri B., Brundu D., Masala G.,
Ledda S., Mariconti M., Brindani F., Kramer L., Bacci
C. (2015). Immuno-histochemical study of ovine cystic
echinococcosis (Echinococcus gmnu/osus) shows predominant
T cell infiltration in established cysts. Vet. Parasitol., 209:
285-288 https://doi.org/10.1016/j.vetpar.2015.02.027.

Wen H, Vuitton L, Tuxun T, Li J, Vuitton DA, Zhang W,
McManus DP (2019). Echinococcosis: Advances in the
21st Century. Clin. Microbiol. Rev. Feb 13;32(2):e00075-
18.  https://doi.org/10.1128/CMR.00075-18.  PMID:
30760475; PMCID: PMC6431127.

World Health Organization (2010). Working to Overcome the
Global Impact of Neglected Tropical Diseases: First WHO
Report on Neglected Tropical Diseases: Summary; World
Health Organization: Geneva, Switzerland. Available
online: https://apps.who.int/iris/handle/10665/70503
(accessed on 9 November 2021).

Yang H.,Xing Z.,Shao H.,Tan X.,Wang E., Liao Y.,Chen H., Wu
X., Chen X, Zhang S. (2022). The expression of cytokeratin
and apoptosis-related molecules in echinococcosis related
liver injury. Molecul. Biochem. Parasitol., 248: 111455.
https://doi.org/10.1016/j.molbiopara.2022.111455

Zhang W.,,Li].,McManus D. P.(2003). Concepts in immunology
and diagnosis of hydatid disease. Clin. Microbiol. Rev., 16:
18-36. https://doi.org/10.1128/CMR.16.1.18-36.2003

November 2022 | Volume 10 | Issue 11 | Page 2375

%0 .
Qals Links
OResearchers


http://dx.doi.org/10.29261/pakvetj/2021.039 
http://dx.doi.org/10.29261/pakvetj/2021.039 
https://doi.org/10.47278/book.ahp/2022.14
https://doi.org/10.1177/0300985819875721 
https://doi.org/10.1016/S0891-5520(20)30545-6 
https://doi.org/10.1051/parasite/2019070 
https://doi.org/10.1051/parasite/2019070 
https://doi.org/10.5402/2012/759630 
https://doi.org/10.1007/978-1-4939-7113-8_14
 https://doi.org/10.1111/pim.12149 
 https://doi.org/10.1111/pim.12149 
https://doi.org/10.47278/book.vpph/2021.015
https://doi.org/10.47278/book.vpph/2021.015
https://doi.org/10.1007/s42247-021-00264-9 
https://doi.org/10.2174/187153012799279117
https://doi.org/10.2174/187153012799279117
https://doi.org/10.1016/j.exppara.2008.01.016
https://doi.org/10.1016/j.exppara.2008.01.016
https://doi.org/10.3892/etm_00000008
https://doi.org/10.1186/s12879-015-1252-x 
https://doi.org/10.1186/s12879-015-1252-x 
https://doi.org/10.1016/j.vetpar.2015.02.027
https://doi.org/10.1128/CMR.00075-18
https://apps.who.int/iris/ 
https://doi.org/10.1016/j.molbiopara.2022.111455 
https://doi.org/10.1128/CMR.16.1.18-36.2003 

