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Abstract

Background: Hydatid cystic disease is a serious public health concern worldwide, and the link between the intermediate host
(human) and parasite is important to the disease's etiology and severity. Objective: Determine the levels of IL-40 and IL-41 in
the serum of Iragi patients infected with hydatid disease, as well as their function in disease severity. Methods: The quantified
ELISA was used to assess the levels of 1L-40 and IL-41 in serum from 35 persons in Baghdad, Irag, who had been diagnosed
with hydatid cysts and were undergoing surgery to remove them. In addition, control samples from forty healthy individuals
were taken for comparison purposes. Results: The patients' ages ranged from 8 to 63. Females had higher infection rates than
males. Rural areas have a higher rate of infection than urban areas. The lungs and liver were the most severely injured. The
majority of lung infections resulted in coughs and chest discomfort, whereas liver damage resulted in stomach pain as well as
substantial changes in hematological parameters (white blood cells, hemoglobin, and erythrocyte sedimentation rate), liver
enzyme, and C-reactive protein in patients compared to controls. Patients had lower I1L-40 levels than the control group, but
significantly higher 1L-41 levels (p<0.05) than healthy controls. Conclusions: Patients with hydatid cysts showed higher serum
levels of IL-41 and lower levels of IL-40, which may correlate with disease severity and act as biomarkers for chronic hydatid
cyst infection.
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INTRODUCTION unilocular hydatid cyst once it reaches its final

location in the body. It then forms protoscolices, or
Hydatid cystic disease (Echinococcosis), caused by daughter cysts, in its inner layer [2]. Two types of
one of the cestodes, Echinococcus granulosus, is hydatid cysts can occur in naturally infected
transmitted  from  carnivores to  herbivores. intermediate  hosts:  fertile  cysts, containing
Herbivores act as the intermediate hosts of the protoscolices either freely floating in hydatid fluid or
parasite, where the larvae reside [1]. After connected to the germinal layer, and non-fertile
intermediate hosts ingest them, the eggs transform cysts, which lack protoscolices. It is likely that the
into active oncospheres that transport through the host's immune response contributes to the formation
circulation, generally to the liver but also to other of non-fertile Echinococcus cysts (EC), although the

organs. The hexacanth embryo grows into a larger,
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exact mechanisms are not fully understood [3,4]. For
a parasite to reach this evolutionary stage, it must
successfully resist the immune system's first
response, including complement-dependent or
antibody-mediated death, and progress to the fertile
stage. The intermediate host can mount a strong
immune response to E. granulosus infection, but the
parasite has evolved sophisticated mechanisms to
evade the host's defenses and thus avoid being
eliminated [5]. In fact, it is vital to take intermediate
host immunity into account when establishing a host-
parasite relationship. The parasite secretes various
chemical species that have the ability to affect
immunocompetent human cells. Parasites have
evolved a variety of survival mechanisms to evade
the immune responses of their hosts; these
mechanisms eventually lead to chronic infection.
One such is cytokines (interleukins), which are
secreted by different cells in response to a variety of
stimuli and are an essential element in the regulation
of the immune system and one of the basic modes of
cell-to-cell transmission [6,7]. Interleukins play
primary roles in many important functions, such as
migration, adhesion, maturation, and proliferation. In
addition, they help in the activation and
differentiation of immune cells [8] and also play a
primary role in pathogeneses [9,10]. To exert their
effects, cytokines must bind to specific receptors on
their target membranes. As a result, the first step in
cytokine initiation is to match the cytokine receptor
to its ligand. Elucidating this pathway has allowed us
to gain further knowledge about the ways in which
cytokines influence the development of immune
responses [11]. The immune response against hydatid
cysts is characterized by the simultaneity of both Thl
and Th2 responses, which means the involvement of
pro- and anti-inflammatory cytokines, respectively
[12]. There are two newly discovered cytokines, IL-
40 and IL-41. Interleukin 40 (IL-40) is a new pro-
inflammatory cytokine produced by the C170rf99
gene [13]. Bone marrow, fetal liver, and peripheral B
cells after activation are the main organs responsible
for the production of this cytokine [14]. IL-40 is
implicated in immunoglobulin A (IgA) production
and in interfering with humoral immune responses
and the development of the B cell [15]. IL-40 may
also play a regulatory role in the pathogenesis of
inflammatory diseases such as rheumatoid arthritis
[16]. Metrnl/IL-41 is a recently discovered anti-
inflammatory cytokine, identified in 2004. It is
produced by the METRNL gene, which is located on
human chromosome 17 (17925.3) [17]; indeed, the
cells responsible for producing IL-41 and IL-41
target cells are still the subject of significant
investigation, where different tissues have shown the
ability to express this cytokine, such as the intestines,
skin, and respiratory tract. These investigations have
further demonstrated that 1L-41 is expressed by
alternatively activated macrophages and M2-like
macrophages, indicating its involvement in both
innate and adaptive immunity [18]. Hydatid cysts are
a major public health problem worldwide [19]. In
Iraq, various research projects have studied the
parasite in all its immunological, pathological,
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diagnostic, and therapeutic aspects, yet the hydatid
cyst still represents a serious public health issue in
Irag [20-22]. In this study, serum levels of IL-40 and
IL-41 in lragi patients with hydatid cysts were
analyzed to determine their role in disease severity.
Furthermore, the relationship between IL-40 and IL-
41 levels in patients according to the clinical baseline
and laboratory data was evaluated. This investigation
may clarify the functions of IL-40 and IL-41 in the
pathophysiology of cystic echinococcosis (CE).

METHODS
Study design and setting

Between November 2022 and March 2023, a total of
35 patients diagnosed with hydatid cysts were
referred for surgical excision in different hospitals in
Baghdad, Iraq (Ghazi Hariri Surgical Specialties,
Gastroenterology and Hepatology Teaching Hospital,
Medical City, and Baghdad Teaching Hospital).
Imaging modalities, including computed tomography
(CT) and ultrasonography (US), are universally
recognized as critical diagnostic procedures for
identifying infections. Additionally, a control sample
of forty healthy volunteers (individuals who showed
normal levels of erythrocyte sedimentation rate
(ESR) and C-reactive protein (CRP)) was assembled
and matched with patients according to their age,
gender, and ethnicity.

Collection of samples

Five milliliters of venous blood were obtained from
each participant (patient and control). The blood was
divided into two aliquots; the first was drawn in an
EDTA tube for the detection of white blood cells
(WBC), hemoglobin (Hb), packed cell volume
(PCV), and erythrocyte sedimentation rate (ESR).
The second aliquot was dispensed in a plain tube to
collect serum; after clotting, blood was centrifuged at
2000 rpm for 15 minutes at room temperature, and
the resulting aliquots were transferred to firmly
sealed Eppendorf containers and stored at -20°C until
being assayed for biochemical liver function (ALT
and AST) and assessment of cytokine levels (IL-40
and IL-41).

Fertility cyst examination

After removing the cyst from the infected organ
(liver or lung) tissue via surgery, its surface was
cleaned with an ethanol solution (70%). The cyst
fluid was then extracted using a syringe and
examined under a microscope; if the cyst fluid
appeared cloudy, this indicated that the cyst was
fertile. For more precise results, we also
microscopically examined the cystic fluid to identify
the presence of protoscolices.

Outcome measurements

Hemoglobin (Hb), white blood cell count (WBC),
and erythrocyte sedimentation rate (ESR) assays
were performed using conventional laboratory
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methods. The serum levels of AST, ALT, and C-
reactive protein (CRP) were measured using a
Germany automated (Cobas ¢311, Roche). The levels
of IL-40 and IL-41 in the blood of both patients and
healthy people were determined using sandwich
ELISA kits from BT LAB, China. These kits are
intended for quantitative measurement of human IL-
40 and IL-41. The findings were derived by
interpolating from a standard curve determined in the
same test as the specimens, with standard curve
fitting equations for the parameters.

Statistical analysis

The data was analyzed statistically using IBM's SPSS
v27 software. The results are reported as
meanzstandard error (SE); after data processing, the
Duncan test was performed to establish statistical
significance (i.e., when p-value was less than 0.05).

RESULTS

Thirty-four patients with the human hydatid cyst
were confirmed to have undergone surgery. The age
group of the patients ranged from 8 to 63 years old.
The rate of infection among females was found to be
higher compared to males, at 56% and 44%,
respectively. The incidence of infection was higher
in rural areas (62%) than in urban areas (38%).
Regarding the organs affected by the disease, the
study results indicate that cystic echinococcosis (GE)
mostly affects the lung, with a prevalence of 59%.
The disease also has a significant impact on the liver,
with a prevalence of 23%. It should be noted,
however, that 18% of cases showed concurrent liver
and lung damage. In addition, there were six cases
(18%) of secondary hydatid cysts and 28 cases (82%)
of primary hydatid cysts. Based on the results of the
cyst fertility examination, it was observed that 85%
of the patients showed active cysts, while 15%
showed non-fertile cysts, as reported in Table 1.

Table 1: The demographics of the groups studied

L Patients Controls
Characteristic n=34 n=40
Age (year) 8-63 15-60
Sex Males 15(44) 16(40)
Females 19(56) 24(60)
. Urban 13(38) 23(58)
Residence Rural 21(62) 17 42)
Lung 20(59) -
Cyst location Liver 8(23)
Lung & liver 6(18)
o Fertile 29(85)
Fertilization Sterile 5(15)
N Yes 6(18)
Recurrent infection No 28(82)

Values were expressed as frequencies and percentages.

Table 2 reports the clinical symptoms of patients
with hydatid cysts as distinguished from those of
asymptomatic infections by varying clinical
symptoms according to the location of the infection.
We observed that the majority of infections in the
lung were characterized by cough, chest pain, fever,
and vomiting but could also be asymptomatic (8, 6,
3, and 5), respectively. In the cases of liver issues,
the majority of patients (5 cases) experienced
abdominal pain, while 2 cases noted the presence of

188

IL-40 and IL-41 in cystic echinococcosis

a mass. There were two cases of injuries that did not
exhibit any symptoms.

Table 2: Clinical symptoms of patients with hydatid cysts

Organ infected Symptoms Frequency

Cough 8
Chest pain

Fever and vomiting

Asymptotic

Abdominal pain

Mass

Asymptotic

Chest pain

Abdominal pain

Chest pain with fever and vomiting

lung

liver

Lung & liver

P NWRND OB nw

Also, the study revealed a highly significant increase
(p<0.001) in the number of white blood cells in
patients compared to HC patients. The mean level of
white blood cell counts was 11.90+0.41 cells x 10%/L
in the patient group and 7.87+0.40 cells x 10%L in
the control. It was found that the erythrocyte
sedimentation rate (ESR) of the patients was
significantly higher than that of the healthy control
group (30.30+£2.12 mm/h vs. 8.90+£1.31 mm/h). The
C-reactive protein result was 21.17£3.60 in patients,
while in the healthy group it was 3.37 £ 0.56. After
infection with the hydatid disease, the levels of AST
and ALT in the blood increased. The AST level was
33.0+£2.71 and the ALT level was 31.36+1.66 in the
patient group compared to 21.19+1.08 and 20.8
+1.51 in the control group, respectively, as reported
in Table 3.

Table 3: The hematological and biochemical changes among
study groups

Parameters Patients Controls p-value
WBC (x10°/L) 11.90+0.41 7.87+0.40 <0.001
Hb (g/dL) 11.99+0.31 13.60+0.23 <0.001
ESR (mm/hr) 30.30+2.12 8.90+1.31 <0.001
PCV% 37.30+1.02 42.9+0.69 <0.001
CRP (mg/mL) 21.1743.6 3.37+0.56 <0.001
ALT(U/L) 33.0+2.71 21.19+1.08 <0.001
AST (U/L) 31.36+1.66 20.86+1.51 <0.001

The results were expressed as mean+SE.

Moreover, the results showed that the concentration
of IL-40 in the serum of patients with CE was
significant (p<0.05) compared to that of the healthy
controls. The mean IL-40 level in patients was
19.30£1.90 pg/mL, compared with 29.25+4.45
pg/mL in the control group; the amount of IL-41 in
the blood of patients was also significantly higher
(p<0.05) than that of the healthy controls, at
2.474+0.248 pg/ml and 1.824+0.161 pg/ml,
respectively. Also, the results indicated that the
average ratio of IL-40/IL-41 was 7.8+0.38 in CE-
infected patients, compared to 16.04+1.4 in the
control, as reported in Table 4.

Table 4: Serum levels of IL-40 and IL-41 in hydatid cyst patients
and controls

Cytokines level

(pg/ml) Patients Controls p-value
1L-40 19.3+1.9 29.25+4.45 <0.05
1L-41 2.47+0.25 1.82+0.16 <0.05
1L-40/IL-41 7.8+0.38 16.04+1.4 <0.05

The results were expressed as mean+SE.

It was also found that there is no relationship
between the concentrations of IL-40 and IL-41
according to site of infection (lung, liver, and both
lung and liver) (18.05+1.59, 20.83+6.28, and
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20.35+4.63 for 1L-40, and 2.27+0.30, 2.10+0.79, and
2.73+0.61 for IL-41, respectively). In addition, it was
noted that the concentrations of IL-40 and 1l-41 in
fertile cysts were higher than those in non-fertile
cysts, although this result was non-significant
(20.01£2.13 and 15.24+3.86 for IL-40, and
2.47+0.30 and 2.19+0.84 for IL-41, respectively).
The results confirm that patients who suffer from
recurrent hydatid cysts show a significant increase in
concentration of IL-41 compared to the primary
infection (2.57+£0.61 and 1.78+0.29, respectively),
while there was no significant difference in 1L-40
with regard to recurrent infection (20.66+4.77 and
18.84+2.08) (Table 5).

Table 5: Serum levels of IL-40 and IL-41 in hydatidosis patients
according to cyst location, cyst fertilization, and recurrent infection

- 1L-40 level I1L-41 level
Characteristic Status (pg/ml) (pg/ml)

Lung 18.05+1.59a 2.27+0.3a

Cyst location Liver 20.83+6.28a 2.10+0.79a

Lung & liver 20.35+4.63a 2.73+0.61a

P Fertile 20.01+2.13b 2.47+0.3b

Cyst Fertilization Infertile 152443860 2.19+0.84b

Recurrent infection Yes 20.66+4.77c 2.57+0.61c

No 18.84+2.08c 1.78+0.29d

The results were expressed as mean+SE. Values with non-identical
letters (a,b,c,d) within the same character are significantly different
(p<0.05).

DISCUSSION

Hydatid disease is a neglected zoonotic tropical
disease. Its annual impact is estimated to be one
million disability-adjusted life years. The disease is
distinguished by the development of bladder-like
larvae that are full of fluid and inhabit internal organs
[23]. Variable clinical manifestations of cystic
echinococcosis (CE) are influenced by the lesions'
location, size, and condition. Variable growth rates
of cysts range from one to five centimeters in
diameter annually. The gradually proliferating
echinococcal cyst is frequently well tolerated until its
magnitude induces dysfunction [24]. Hydatid disease
affects all age groups; here, the youngest patient was
eight years old, while the oldest was 63. Based on the
findings, the total occurrence of CE was significantly
greater in females compared to males. Some agreed
with our findings, as in the results reported by Khan
et al. [25], while in contrast, llbeigi et al. (2015)
revealed that surveys suggested a greater
susceptibility of males in comparison to females to
the disease [26]. The results indicate that the
geographical distribution showed a higher incidence
of infection in rural regions compared to urban areas,
in contrast with Uchiumi et al. [27], the authors of
which conducted a separate study that revealed a
higher incidence of infection among individuals
residing in urban regions compared to those in rural
areas. In fact, numerous factors, including
substandard living conditions, inadequate health
education in rural regions, economic volatility, and
budgetary constraints that affect the management of
disease and its prevention, can contribute to the
observed outcome. Another observation is that
reported by Asghari et al. [28] who showed that
living in rural regions may be considered a risk factor
for CE, but Bait Almal et al. [29] found that CE is
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becoming more urbanized and can no longer just be
considered a rural illness. In addition, it was found
that the lung is the most susceptible organ to
infection by hydatid cysts compared to other organs
such as the liver. Ali et al. (2020) explained that the
reason for this was that the liver tissue surrounding a
cyst shows a remarkable level of resistance,
hindering or even entirely preventing its spread over
a long period of time. In contrast, the lungs have a
reduced ability to combat the expansion of the
hydatid cyst due to their inherent elasticity, which
facilitates the cyst's continued growth [30]. The
current study also agreed with many studies
regarding the occurrence of hematological variations
in white blood cells, hemoglobin levels, and
erythrocyte sedimentation rate, as well as variations
in liver enzyme levels and C-reactive protein [31,32].
In fact, the clinical symptoms range from
asymptomatic to a variety of symptoms, depending
on the organ implicated. Moreover, CE symptoms
are characterized by abdominal pain and a mass in
the abdomen in most liver infections, while patients
with lung hydatidosis most frequently present with
chest pain and cough, as consistent with that reported
by Heikal and El-Lessy [32]. Indeed, the clinical
manifestation of the disease lesion may reflect the
host's immune responses to the parasite in terms of
range and intensity. The presence of E. granulosus in
humans stimulates both humoral and cellular
immune responses. This reaction is characterized by
increased levels of antibodies in the bloodstream and
the presence of T helper cell 1 (Thl) and T helper
cell 2 (Th2) cytokines. To determine the severity of
CE disease, this study investigated two types of
newly discovered interleukin: IL-40, which is a
proinflammatory interleukin produced by Thl cells,
and IL-41, which is an anti-inflammatory interleukin
produced by Th-2 cells. The result was clear: the
concentration of IL-41 in the patients’ sera exceeded
the concentration of IL-40. Also, there was no
apparent relationship between the concentrations of
IL-40 and I1L41 with regard to the site of infection or
fertility of the cyst. It has been confirmed that
patients who suffer from recurrent hydatid cysts have
an increased concentration of 1L-41 compared to the
concentration of IL-40, for the purposes of reaching a
clearer understanding of the role of the studied
cytokines in the incidence of hydatid cysts. These
cytokines were evaluated in terms of the ratio of the
concentration of proinflammatory interleukins (1L40)
to that of anti-inflammatory interleukins (IL-41). The
ratios between the patients with hydatid cysts and the
control group were 7.8+0.38 and 16.04+1.4,
respectively. Many studies tend to present these
concentrations in this way because this could
potentially shed light on the polarity of the cells
producing these cytokines. This indicates an increase
in the anti-inflammatory interleukin  (IL-41)
compared to the pro-inflammatory interleukin
concentration (IL-40). The increased number of Th-2
cells over Th-1 cells suggests that the development
of chronic infection typically correlates with the
dominant Th2 cell immune response. In fact, both
Thl and Th2 cells are present in the immune
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response against E. granulosus. Thl cells activate
during early parasite infection, contributing to the
host's immune protection, while Th2 cells activate
during the parasite's chronic stages [16,33]. Thus,
this result is consistent with the many studies that
have shown an increase in Th2 cells in parasitic
infections. Also, Al-Aouadi et al. [34] showed that
Th2 cytokines (IL-4, IL-5, and IL-10) had a much
higher concentration in late active HC compared to
early active HC and the control group (p<0.05). This
implies that antigen B enhanced an immune evasion
species, potentially causing a shift in the immune
response from Thl to Th2. This species inhibits
elastase activity and neutrophil chemotaxis, leading
to a non-protective Th2 immune reaction; as a result,
the parasite is able to evade the immune response
[35]. Little is known about cytokine production
during the initial stages of a primary E. granulosus
infection as a result of oral exposure to eggs.
However, Baz et al. observed an initial low level of
both Thl and Th2 cytokines during a primary E.
multilocularis infection, which later increased [7].
Additionally, it is believed that the Th2 cytokines are
responsible for hindering the elimination of parasites
due to the anti-inflammatory effects of IL-10 [36].
Elevated levels of IL-10, a cytokine commonly
associated  with  immune  response control,
characterize chronic Echinococcus infection [37].

Conclusion

The current study suggests that the severity of the
disease was positively correlated with the decrease in
serum IL-40 and the increase in IL-41 levels in the
serum of patients with hydatid cyst. Furthermore, IL-
41 has the potential to function as a biomarker for
chronic infection with hydatid cysts and may be
essential to the immunopathological mechanism of
the hydatid cyst.
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