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Abstract

Background: Cystic echinococcosis (CE) is a zoonotic helminth infection that has great health
and economic importance worldwide. Iran is considered one of the endemic areas of this
parasitic infection. The aim of this study was to determine the seroprevalence and risk factors of
human CE in Baneh, west of Iran.

Methods: From March to May 2022, 460 individuals who attended health centers in Baneh
were tested for the anti-Echinococcus immunoglobulin G (IgG) antibody by enzyme-linked
immunosorbent assay. The data were analyzed by Chi-square and binary logistic regression tests.
Results: Fourteen (3.04%) participants (95% Cl: 1.49-4.59%) had the anti-Echinococcus 1gG
antibody. The average (+standard deviation) age of participants was 40.9 (16.8) years, and most
of them belonged to the age group of 35-49 years (33.9%) with the highest rate of infection
(4.5%). In terms of other demographic variables, seropositivity to CE was higher in women
(3.8%) and people who lived in rural areas (5.1%), were housewives (3.6%), and were illiterate
(4%) (P>0.05). Binary logistic regression analysis revealed that only keeping dogs at home was a
risk factor for CE (adjusted odds ratio: 31.407; 95% Cl: 5.343-184.590%; P<0.001).
Conclusion: Direct contact with dogs is the main method of CE transmission. Therefore, public
health education and the deworming of dogs can be effective in preventing and controlling CE.
Keywords: Human cystic echinococcosis, Risk factors, Dogs, Echinococcus granulosus,
Seroprevalence, Iran
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Introduction

Cystic echinococcosis (CE) is a zoonotic helminth
infection caused by the larval form of Echinococcus
granulosus sensu lato. Humans can be involved as
accidental intermediate hosts when eating eggs excreted
from a dog as a definitive host (1-4). Echinococcosis has
a global distribution and has affected more than 1 million
people, with an annual estimation of 19,300 deaths (5). In
highly endemic areas, human CE can occur in more than
50 cases per 100000 people per year, with a prevalence
rate of 5%-10% in regions of Peru, Argentina, China, East
Africa, and Central Asia (6).

Iran is one of the endemic regions of CE, where
5%-49% of stray dogs and 0.7%-67.7% of slaughtered
livestock are infected with E. granulosus (7). In addition,
cases of human CE are estimated between 1.18 and 3 per
100000 populations (8). CE is a serious public health
and economic concern in Iran, but the different aspects
of its socio-economic effects are not clearly known

(9,10). The annual cost of CE is estimated at US$ 232.3
million, including the treatment costs of patients and
livestock production losses. The cost of surgical care for
liver and lung CE is estimated to be US$ 1027 and US$
851 per case, respectively. The total cost of human CE is
also expected to reach US$ 93.39 million annually. This is
mostly due to the effect of reducing human productivity
in the asymptomatic and untreated population (8). Several
seroepidemiological studies have been performed in the
endemic areas to assess the prevalence of CE. Based on a
systematic review in 2019, the pooled prevalence of CE in
Iran was about 5% (11).

Baneh in Kurdistan province is a pastoral region and one
of the endemic areas of CE, with a prevalence rate of up to
5.69% in slaughtered livestock (12). Nonetheless, there is
no information about the prevalence of human CE and
the main ways of transmission of the infection to humans
in this region. Filling information gaps about various
aspects of the disease, including complementing human
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CE data and potential risk factors, is essential to overcome
the challenges facing CE control programs in Iran (13).
To address this issue, the present study was performed to
investigate the seroprevalence and risk factors associated
with human CE among people referring to Baneh health
centers.

Materials and Methods

Study Area and Sample Collection

This cross-sectional study was conducted in Baneh, a
bordering town in western Iran (Figure 1). It is located
in the northwest of Kurdistan province at longitude
and latitude of 45° 53’ E and 35° 59’ N, respectively. Its
altitude is 1,525 meters above sea level. According to the
2016 National Population and Housing Census, the total
population of Baneh was 110218 people.

Ethical Issues and Participants’ Consent

The methodology of this research was approved by the
Research Ethics Committee of the Hamadan University
of Medical Sciences with approval number IR UMSHA.
REC.1399.850. Written informed consent forms were
obtained from the participants attending three health
centers in Baneh, including Salahuddin Ayubi hospital,
Razi hospital, and the Central Laboratory of Baneh
County Health Center. Then, the socio-demographic
characteristics of participants and information related
to the epidemiology of CE were recorded in separate
checklists for each individual. Overall, 460 blood samples
were randomly collected from the individuals from March
to May 2022. Sera were separated and stored at -70 "C until
antibody analysis by the enzyme-linked immunosorbent
assay (ELISA).

Enzyme-linked immunosorbent Assay Test

The serum samples were investigated for the anti-
Echinococcus immunoglobulin G (IgG) antibody using the
Echinococcus IgG ELISA Kit (Pishtaz Teb, Iran). The ELISA
was performed in accordance with the manufacturer’s
protocol. The color intensity of wells was determined by
an ELISA reader at 450 nm. The results were interpreted,
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Figure 1. Map of Iran Showing Kurdistan Province and its Counties

Seroprevalence of cystic echinococcosis in baneh

and samples with values 10% higher than the cut-oft value
were considered positive for the specific anti-Echinococcus
antibody. Samples with values less than 10% of the cut-off
value were considered negative for the antibody. Values
between these two values were considered suspicious and
re-tested after 2-4 weeks with a fresh specimen.

Data Analysis

The data were analyzed using SPSS software (version
16). The Chi-square test was used to find the association
between dependent and independent variables. Statistically
significant variables were analyzed by binary logistic
regression to predict the risk factors associated with
CE. A P value less than 0.05 was considered statistically
significant.

Results

Anti-Echinococcus IgG antibody was detected in 14 out
of the 460 sera, corresponding to a seroprevalence rate
of 3.04% (95% CI: 1.49-4.59%). The age range of the
participants was from 2 to 99 years, with a mean (standard
deviation) age of 40.9 (16.8) years. About 33.9% of the
participants belonged to the age group of 35-49 years
with the highest rate of infection (4.5%). The related
data are provided in Table 1. The number of females
was higher than that of males, and their seropositivity
to CE (3.8%) was higher than that of males (1.4%). In
terms of education, more seropositive cases were found
among illiterate subjects (4.0%). The subjects who lived
in rural areas and were homemakers had the highest
seroprevalence rate in their groups, with 5.1% and 3.6%,
respectively. Eight (50.0%) and seven (33.3%) individuals
who kept dogs at their homes and had contact with dogs,
respectively, were diagnosed as seropositive. In terms of
washing vegetables, most of the participants used only
water (33.9%), but the highest seropositivity rate (6.9%)
was observed in the group that used disinfectant solution.
The relationship between seropositivity to CE and contact
with dogs and keeping dogs at home was statistically
significant (P<0.001). No statistical correlation was
observed between CE seropositivity and other variables
(P>0.05). The adjusted and unadjusted odds ratios of
the significant variables are presented in Table 2. Binary
logistic regression analysis indicated that keeping dogs at
home is an important predictor of CE seropositivity.

Discussion

CE is considered one of the 17 neglected tropical diseases
reported by the World Health Organization, and this
helminth zoonotic disease is an important public health
problem occurring worldwide (14). Kurdistan province
is one of the important areas of animal husbandry in
Iran. Therefore, there is a great potential for establishing
the life cycle of the parasite in animal hosts and human
infections in this region. Despite extensive studies on CE
in the country, there is little information about Kurdistan
province. The lack of information about the epidemiology
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Table 1. Seroprevalence of Cystic
Epidemiological Factors in Baneh, Iran

Echinococcosis  According  to

Results of Anti-Echinococcus
Antibody Test

Variables P Value
Positive Negative Total

Age (y)
<20 0(0) 37 (100) 37 (8.0)
>20,<35 1(0.8) 128(99.2) 129 (28.0)
>35,<50 7 (4.5) 149 (95.5) 156 (33.9) 0.204
>50,<65 4(4.3) 89 (95.7) 93 (20.2)
>65 2(4.4) 43 (95.6) 45(9.8)
Gender
Male 2(1.4) 141 (98.6) 143 (31.1)

0.243
Female 12 (3.8) 305 (96.2) 317 (68.9)
Education
Illiterate 6 (4.0) 145 (96.0) 151 (32.8)
Primary school 2 (3.9 49 (96.1) 51 (11.1)

0.672
Secondary school 6(2.5) 231(97.5) 237 (51.5)
College 0(0) 21 (100) 21 (4.6)
Occupation
Manual worker 5(3.4) 141 (96.6) 146 (31.7)
Homemaker 9 (3.6) 241 (96.4) 250 (54.3)

0.678
Student 0(0) 52 (100) 52 (11.3)
Employee 0(0) 12 (100) 12 (2.6)
Residence
Urban 9(2.5) 352(97.5) 361 (78.5)

0.193
Rural 5(5.1) 94 (94.9) 99 (21.5)
Contact with dogs
Yes 7 (33.3) 14 (66.7) 21 (4.6)

<0.001
No 7 (1.6) 432(98.4) 439 (95.4)
Keeping dogs at home
Yes 8 (50.0) 8 (50.0) 16 (3.5)

<0.001
No 6(1.4) 438 (98.6) 444 (96.5)
Method of washing vegetables
Water 5(3.2) 151 (96.8) 156 (33.9)
Salt water solution 3(2.2) 136(97.8)  139(30.2)

0.185
Detergent solution 1(1.1) 92 (98.9) 93 (20.2)
Disinfectant solution 5(6.9) 67 (93.1) 72 (15.7)

Note: Data are expressed as number (percent).

of CE in this region justifies the present study conducted
in Baneh.

Based on a systematic review performed in 2016, the
pooled seroprevalence of CE was estimated to be 6%,
with data ranging from 0.23% in Tehran to 15.4% in
Khorramabad (15). In the present study, 3.04% of the
participants were seropositive for the anti-Echinococcus
antibody. This value is within the range of those
reported in the systematic review study. Nonetheless, the
seroprevalence of CE in Baneh was lower than in regions
such as Khuzestan (13.8%) (16), Yasuj (7.2%) (17) in the
south of the country, Lorestan (15.4%) (18) in the center
of Iran, but more than in regions such as Qom (1.6%) (19),

Arak (1.3%) (20), Isfahan (1.1%) (21) in central semi-arid
areas, and East Azerbaijan (1.28%) (22) in the northwest
of Iran. Further, the prevalence rate was higher than the
result of the study by Nazari et al (2.2%). This study was
conducted in 2019 in Sanandaj, the capital of Kurdistan
province (23). The seroprevalence of CE can be affected by
some factors such as test method, sample size, geographical
area, population under study, and demographic factors,
partly explaining the difference in various studies.

Immunoassay based on ELISA techniques is a reliable
tool for epidemiological surveys of infectious diseases.
ELISA with the AgB of E. granulosus has high sensitivity
and specificity for the detection of CE (10). Therefore, in
this study, AgB-ELISA was used for the detection of IgG
antibodies against Echinococcus.

In the current study, the highest CE seropositivity was
detected in the 35-49 age group, and all individuals <20
years were seronegative. Although this finding was not
significant, it is in line with the results of other studies
conducted in Iran (10,15). In the study performed in Fars
province, the relationship between seropositivity and
age was significant, and multivariate logistic regression
analysis showed that the age group of 35-45 years was
associated with seropositivity to CE (OR: 2.23, P=0.002)
(10). Despite the majority of studies, Sarkari et al reported
a prevalence of 7.6% among children aged 5-20 years
in rural Fars province (24). Naturally, age increases the
likelihood of exposure to the parasite, and the prevalence
of the infection is expected to increase with age (25).

Theresults of our study demonstrated that the prevalence
rate in women (3.8%) is higher than in men (1.4%)
(P>0.05). The findings of some studies are consistent with
those of our study (10,16,25,26), while other studies have
reported conflicting results (19-21). Additionally, lifestyle
can affect the prevalence rate of infection. The traditional
lifestyle is still observed in most parts of Iran, including the
Kurdistan region. In this lifestyle, housewives are involved
in activities such as cleaning the home and neighborhood
environment, washing vegetables, caring for animals, and
growing vegetables in the yard, allowing them to have
more exposure to possible sources of infection.

In the present study, 43.9% of the participants were
illiterate or had primary education, which had the highest
CE prevalence of 4.0% and 3.9%, respectively. This finding
is also in line with that of another study (20). Other
findings of our study revealed that seropositive individuals
in this region had poor knowledge and attitudes toward
this parasitic disease. Obviously, low education and a lack
of health awareness are associated with the prevalence of
infectious diseases (27,28).

In Baneh, some people reside in the village for some
time of the year due to agricultural or livestock farming
activities. Furthermore, 21.5% of the participants were
only residents of the village, and the prevalence rate among
them (5.1%) was more than twice that of the residents in
the city (2.5%) (P>0.05). In our study, keeping dogs at
home and contact with dogs were significantly associated
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Table 2. Binary Logistic Regression for Unadjusted (Crude) and Adjusted Odds Ratio for Risk Factors Associated With Cystic Echinococcosis in Baneh

Model A (cOR)

Model B (aOR)

Variables Sero- positive Sero- negative  Total

OR P Value 95% Cl OR P Value 95% ClI
Keeping dogs at home 8 8 16 73 <0.001 20.52-259.58 31.407 <0.001 5.343-184.59
Contact with dogs 7 14 21 30.85 <0.001 9.52-99.92 3.421 0.19 0.54-21.55

Note. aOR: Adjusted odds ratio; cOR: Crude odds ratio; Cl: Confidence interval.

with seropositivity to CE. Moreover, the binary logistic
regression test represented that people who kept dogs at
home had a 31.4 times higher chance of seropositivity to
CE compared to people who did not keep dogs. Studies
conducted in Iran indicated a significant prevalence of
echinococcosis in dogs (7,29,30). Dogs, as definitive hosts,
are the most important sources of infection for humans
because they spread the parasite’s eggs through their
feces in the environment. Swallowing the eggs through
food, water, or contact with dogs are the most important
ways of human infection (1,27,28). Rural lifestyles have
often been suggested as a set of risk factors for human
CE. Employment in agriculture and animal husbandry,
contact with dogs, and a low level of hygiene facilitate
the conditions for the spread of human CE in villages
(27,28,30).

Finally, there are limitations to seroepidemiological
studies that should be taken into consideration. The
diagnosis of CE is mainly based on a combination of an
imaging approach and serological methods as auxiliary
tests. Limitations in the sensitivity and specificity of
serological methods due to the location of the cyst lesion
and cross-reactions with other helminth infections or
non-infectious conditions can lead to underestimating or
overestimating the prevalence of CE (1).

Conclusion

The considerable seroprevalence of CE among the
individuals indicated that CE is a major health problem
in Baneh. Contact with dogs is the main route of
echinococcosis transmission in this region, and people
lack the necessary information about this parasitic disease.
Therefore, the prevention and control of CE transmission
are considered priorities in this region. In addition to
taking health measures to control echinococcosis, creating
educational campaigns to raise people’s awareness of this
infection and deworming dogs can play an effective role in
controlling human CE.
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