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Indirect hemagglutination seropositivity and residential distribution 
in suspected cystic echinococcosis: a tertiary care hospital study

Abstract
Aim: Cystic echinococcosis (CE) is one of the major zoonotic infections of public health importance in Türkiye. 
This study aimed to evaluate the distribution of indirect hemagglutination assay (IHA) seropositivity among 
patients with suspected CE and to investigate its relationship with the Socio-Economic Development Ranking 
(SEDR) levels of districts in Ankara.

Methods: This study included 2,725 patients who underwent IHA testing for suspected CE between 2024 and 
2025. The demographic and geographical distribution of seropositivity and its association with SEDR levels 
across Ankara districts were analyzed.

Results: Of the 2,725 patients included in the study, 43.2% were male, and the median age was 52 years. The 
overall IHA seropositivity rate was 11.0% (300/2,725). Seropositivity rates were 10.9% in males and 11.1% in females, 
with no significant difference between genders (P = .85). Seropositivity was lowest in the 0–17 years group (7.3%) 
and highest in the 18–40 years group (15.5%) (P < .001). Among patients residing in Ankara, the IHA seropositivity 
rate was 9.3%. SEDR rankings were not associated with seropositivity in Ankara (rho = 0.038, P = .07).

Conclusion: The observed seropositivity rate of 11.0% is consistent with hospital-based data reported from 
Türkiye. In this hospital-based cohort, the absence of a significant association between district-level SEDR 
rankings and IHA seropositivity suggests that CE seropositivity among tested patients cannot be explained 
solely by socioeconomic development indicators. These findings support the need for a broader evaluation 
of environmental and epidemiological factors in patients with suspected CE. However, they should not be 
interpreted as reflecting population-level risk or disease prevalence.
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Introduction
Cystic echinococcosis (CE) is a zoonotic helminth infection that poses 
a significant threat to both human and animal health and causes 
substantial economic losses and reduced workforce productivity.1 
The causative agent is the larval stage of Echinococcus granulosus, 
whose adult form inhabits dogs and other carnivores.1,2 In its life cycle, 
dogs serve as the definitive hosts, whereas livestock such as sheep 
and cattle, as well as humans, act as intermediate hosts.1,3 Infection 
occurs through the fecal-oral ingestion of parasite eggs shed into the 
environment via dog feces and transmitted through contaminated 
food, water, or hands.4 Following intestinal hatching, oncospheres enter 
the portal circulation and subsequently form cysts in various organs, 
predominantly the liver (75%) and lungs (15%).2 Molecular studies have 
demonstrated that the G1 genotype, commonly referred to as the 
sheep strain, is responsible for the majority of human infections.5

CE is widely distributed worldwide and remains a major public health 
concern, particularly in regions where animal husbandry is common. 
Globally, the incidence of CE was reported to be approximately 2.6 per 
100,000 population between 1990 and 2019, and the number of cases 
is projected to increase by more than 13% by 2030.6 A recent meta-
analysis conducted in children reported incidence rates ranging from 
0.12 to 17.86 per 1,000 across countries, with a rate of 1.48 per 1,000 
children in Türkiye.6

Türkiye, together with the Middle East and Central Asia, is considered 
one of the major endemic regions for E. granulosus infection.7,8 
Community-based ultrasonographic screening studies conducted in 
Türkiye have reported an abdominal cyst prevalence of approximately 
0.6%, indicating that nearly one in every 163 individuals is infected with 
CE.8 In addition, laboratory-based serological studies from different 
regions have reported seropositivity rates ranging from 2.7% to 54.1%.4 
Historical data indicate that the Central Anatolia Region accounted 
for the highest disease burden in Türkiye, representing 38.57% of 
all reported cases.9 These findings highlight the need for updated 
epidemiological evaluations of CE in large urban centers such as 
Ankara.

Clinically, CE is characterized by slowly growing cystic lesions and may 
remain asymptomatic for prolonged periods. Clinical manifestations 
vary according to the size and anatomical location of the cysts. Hepatic 
involvement may present with abdominal pain and nausea, whereas 
pulmonary involvement may result in symptoms such as cough and 
chest pain.4,10

Due to its broad clinical spectrum, early and accurate diagnosis 
is of great importance. The diagnosis of CE relies on the combined 
evaluation of clinical findings, imaging techniques, and serological 
tests.11,12 Abdominal ultrasonography is considered the primary 
diagnostic modality in both clinical practice and population-based 
screening programs, while chest radiography is commonly used in 
cases of suspected pulmonary involvement. Computed tomography 
and magnetic resonance imaging are reserved for more detailed 
evaluations when necessary.8 Although imaging methods are currently 
regarded as the diagnostic gold standard, serological tests provide 
valuable support, particularly in atypical lesions, small cysts, and 
situations requiring differential diagnosis.13,14

Serological methods used for diagnostic purposes include the indirect 
hemagglutination assay (IHA), enzyme-linked immunosorbent assay 
(ELISA), dot-ELISA, and western blot (WB) techniques.15,16 Among these, 
the IHA test is widely utilized because of its ease of application, low cost, 
and availability in routine diagnostic laboratories. Previous studies have 
reported that the sensitivity and specificity of the IHA test range from 

78.1–90.0% and 93.9–97.5%, respectively.17 However, the performance 
of serological tests is influenced by several factors, including cyst 
stage, cyst localization, cyst number, and the host immune response. 
Serological sensitivity is higher in active cyst stages and substantially 
lower in inactive stages.13-16 Therefore, serological findings should not be 
interpreted in isolation but rather in conjunction with imaging results.12

Despite the ongoing global and local burden of CE, important gaps 
remain in the literature due to difficulties in determining the true 
prevalence of the disease, limitations in reporting systems, and 
uncertainties regarding the correlation between serological findings 
and clinical manifestations. Furthermore, contemporary data are 
needed to clarify the relationship between serological results and 
demographic and residential characteristics. Therefore, the aim of this 
study was to evaluate IHA test results in patients with suspected CE 
who presented to a tertiary care center in Ankara and to analyze the 
distribution of seropositivity according to demographic characteristics 
and urban residential areas. The findings are expected to contribute 
updated epidemiological data on CE in the region and facilitate the 
interpretation of serological findings within the diagnostic workflow.

Materials and Methods
Study Population
Patients who underwent IHA testing for suspected CE or for the follow-
up of a previous CE diagnosis between January 1, 2024, and December 
31, 2025, at Ankara Etlik City Hospital were included in the study. Serum 
samples had been submitted from various hospital departments to the 
Microbiology Laboratory. Data were retrospectively retrieved from the 
Laboratory Information Management System (LIMS) and the Hospital 
Information Management System (HIMS).

Only patients with complete demographic and laboratory data were 
included. In cases where multiple serum samples were available from 
the same patient, only the first sample was considered. For patients 
with both negative and positive results during follow-up, the first 
sample demonstrating seropositivity was included in the analysis. 
Patients with incomplete demographic data, unavailable laboratory 
reports, invalid test results due to technical reasons, or serum samples 
unsuitable for analysis because of hemolysis, lipemia, or insufficient 
sample volume were excluded.

This study was a retrospective cross-sectional study.

Serological Analysis
Serological evaluation of CE was performed using a commercial 
indirect hemagglutination assay (ELI.H.A Echinococcus®, ELITech 
Microbio, Signes, France), which semi-quantitatively detects serum 
antibodies directed against E. granulosus. All tests were performed 
manually according to the manufacturer’s instructions.

The principle of the assay is based on the agglutination of sheep 
erythrocytes sensitized with E. granulosus antigens in the presence of 
specific antibodies contained in patient sera. When specific antibodies 
are present, sensitized erythrocytes form a diffuse and irregular lattice 
pattern across the bottom of the well. In the absence of specific 
antibodies, erythrocytes sediment as a compact button at the center 
of the well. The kit also contains non-sensitized erythrocytes to identify 
potential nonspecific reactions caused by naturally occurring anti-
sheep erythrocyte antibodies.

All assays were performed using U-bottom microplates. Serum 
samples were serially diluted according to the manufacturer’s 
recommendations, and titers ranging from 1:160 to 1:10,240 were 
evaluated. Positive and negative controls supplied with the kit were 
included in each run to verify assay performance. Following the addition 
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of the sensitized erythrocyte suspension, microplates were incubated 
at room temperature for approximately two hours and subsequently 
interpreted visually.

A diffuse distribution of erythrocytes with a characteristic lace-like 
appearance was considered a positive reaction, whereas a compact 
button-shaped sedimentation pattern was considered negative. 
According to the manufacturer’s recommendations, antibody titers 
≥1:160 were interpreted as positive and titers <1:160 as negative. In 
routine laboratory practice, titers of 1:160 and above were considered 
indicative of seropositivity. According to the manufacturer, the ELI.H.A 
Echinococcus assay has a diagnostic sensitivity of 93.0% and a 
specificity of 94.9%.

Demographic and Geographic Data Analysis
Patient demographic characteristics, including age, gender, and 
place of residence, were obtained from the HIMS database. Age was 
categorized into four groups: 0–17, 18–40, 41–64, and ≥65 years. IHA 
seropositivity rates were calculated for each age group and gender.

For geographic analysis, residential addresses of seropositive patients 
were evaluated and classified at both provincial and district levels. The 
geographic distribution of seropositive cases throughout Türkiye was 
examined according to province of residence. A more detailed district-
level analysis was performed for patients residing within the borders 
of Ankara Province.

Districts of Ankara were categorized into six socioeconomic 
development levels according to the Socio-Economic Development 
Ranking (SEDR) published by the Republic of Türkiye Ministry of Industry 
and Technology. This index is based on a comprehensive scoring 
system incorporating 56 variables across eight dimensions, including 
demographics, employment, education, health, and quality of life. 
In the present study, level 1 represented the highest socioeconomic 
development category, whereas level 6 represented the lowest.18

Ethical Approval
The study was approved by the Scientific Research Ethics Committee of 
Ankara Etlik City Hospital (Date: 17.06.2026, Decision No: 521).

Statistical Analysis
Statistical analyses were performed using IBM SPSS Statistics for 

Windows, Version 27.0 (IBM Corp., Armonk, New York, United States of 
America). The distribution of continuous variables was assessed using 
the Kolmogorov–Smirnov test. Continuous variables not conforming 
to a normal distribution were presented as medians (interquartile 
ranges [IQRs]), as appropriate. Categorical variables were expressed as 
numbers (n) and percentages (%).

Seropositivity rates were reported with 95% confidence intervals 
(CIs), calculated using the Wilson score method. Comparisons of 
seropositivity rates across age groups and between sexes were 
performed using Pearson’s chi-square test or Fisher’s exact test 
when appropriate. The relationship between seropositivity rates and 
socioeconomic development levels was assessed using Spearman’s 
rank correlation analysis. A two-sided P value < .05 was considered 
statistically significant.

Reporting Guidelines
This study was reported in accordance with the STROBE guideline.

Results
Demographic Characteristics
A total of 2,725 individuals were included in the study. Of these, 1,176 
(43.2%) were male, and 1,549 (56.8%) were female. According to age-
group distribution, 259 (9.5%) participants were aged 0-17 years, 594 
(21.8%) were aged 18-40 years, 1,256 (46.1%) were aged 41-64 years, and 
616 (22.6%) were aged ≥65 years.

CI, confidence interval.

Table 1. Demographic characteristics of the study population (n=2725)

Table 1. Cystic echinococcosis seropositivity rates by districts of Ankara
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The overall median age was 52 years (IQR: 35–63). The median age was 
51 years (IQR: 31-64) among males and 53 years (IQR: 38–63) among 
females (P = .01) (Table 1).

Evaluation of the geographical distribution revealed that 87.2% of all 
participants resided in the Central Anatolia Region. Of the patients with 
suspected CE, 2,144 were residents of Ankara, including 900 males and 
1,244 females (Table 1).

Overall Seropositivity and Distribution According to Age and Gender
Among the 2,725 patients included in the study, 300 tested positive by 
IHA, yielding an overall seropositivity rate of 11.0% (95% CI: 9.8%–12.2%).

The IHA seropositivity rate was 10.9% (128/1,176) among males and 11.1% 
(172/1,549) among females.

No statistically significant association was found between gender and 
IHA seropositivity (P = .85) (Table 1).

When evaluated according to age groups, IHA seropositivity rates 
were 7.3% (19/259) in the 0–17 years age group, 15.5% (92/594) in the 
18–40 years age group, 10.4% (131/1,256) in the 41–64 years age group, 
and 9.4% (58/616) in the ≥65 years age group. The highest seropositivity 
rate was observed in the 18–40-year age group, whereas the lowest 
rate was observed in the 0–17-year age group. A statistically significant 
association was identified between age group and IHA seropositivity (P 
< .001) (Table 1).

In the gender-stratified analysis, IHA seropositivity among males was 
7.3% (11/150) in the 0–17 years age group, 15.3% (40/262) in the 18–40 
years age group, 11.1% (54/488) in the 41–64 years age group, and 8.3% 
(23/276) in the ≥65 years age group. Seropositivity rates differed 
significantly across age groups among males (P = .02).

Among females, the corresponding seropositivity rates were 7.3% 
(8/109), 15.7% (52/332), 10.0% (77/768), and 10.3% (35/340), respectively. 
Similarly, significant differences in seropositivity rates were observed 
across age groups among females (P = .02).

Geographic and Urban Distribution

Ankara consists of 25 districts. Among the 2,144 patients residing in these 
districts, IHA seropositivity was detected in 199 cases, corresponding to 
an overall seropositivity rate of 9.3% (95% CI: 8.1%–10.6%).

District-level analysis demonstrated the highest seropositivity rates 
in Ayaş (40.0%), Elmadağ (37.5%), and Sincan (27.1%), whereas no 
seropositive cases were detected in Çamlıdere, Kahramankazan, 
Kızılcahamam, Nallıhan, and Şereflikoçhisar (Table 2).

When the distribution of Ankara districts according to the SEDR-
2022 classification was examined, most districts were concentrated 
within socioeconomic development levels 1 to 5, whereas no district 
was classified as level 6. The potential association between the 
socioeconomic development levels of Ankara’s 25 districts and CE 
seropositivity rates was evaluated using Spearman’s rank correlation 
analysis. No statistically significant correlation was identified 
between SEDR level and seropositivity rate (Spearman’s rho = 0.038, 
P = .07). Figure 1 illustrates the distribution of CE seropositivity rates 
across Ankara districts according to their SEDR-2022 socioeconomic 
development levels.

When the place of residence of patients who underwent IHA testing 
was evaluated, the majority were found to reside in Ankara (n = 2,144, 
78.7%). Patients residing outside Ankara accounted for 21.3% (n = 581) of 
the study population. Among the 300 seropositive cases, 66.3% (n = 199) 
were residents of Ankara, whereas 33.7% (n = 101) resided in provinces 
outside Ankara (Figure 2).

When the regional distribution of seropositivity was evaluated, the 
highest rates were observed in the Southeastern Anatolia (26.9%) and 
Eastern Anatolia (20.3%) regions, whereas the lowest seropositivity rate 
was found in the Central Anatolia region (10.2%). Seropositivity rates in 
the remaining regions ranged from 11.8% to 18.2%. The distribution of 
seropositive cases and seropositivity rates by geographical region in 
Türkiye is shown in Figure 3.

Discussion
In the present study, 2,725 patients who underwent IHA testing for 

Figure 1. Cystic Echinococcosis Seroprevalence and Socioeconomic 
Development in Ankara’s Districts.
Orange bars represent the IHA seropositivity rates (%), while blue bars indicate the district 
Socio-Economic Development Ranking (SEDR) categories (Levels 1–6; level 1 = highest and 
level 6 = lowest socioeconomic development).

Figure 2. Geographic distribution of IHA seropositivity by province in 
Türkiye (Seropositive cases/Total tested cases).

Figure 3. Regional distribution of cystic echinococcosis seropositivity 
rates in Türkiye.
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suspected CE at a tertiary care hospital in Ankara were evaluated, 
and the overall seropositivity rate was found to be 11.0%. Seropositivity 
was further analyzed according to age, gender, geographic region, 
and district-level socioeconomic development characteristics. While 
similar seropositivity rates were observed in males and females, the 
highest seropositivity rate was detected in the 18–40 years age group.

In the present study, the relationship between IHA seropositivity for 
CE and the SEDR classification was evaluated. This classification is 
based on 56 variables representing eight fundamental dimensions, 
including demography, employment, education, health, finance, 
accessibility, innovation capacity, and quality of life.18 In contrast, the 
Socio-demographic Index used by Yang et al. comprises only three 
indicators: income per capita, educational attainment, and total 
fertility rate among women younger than 25 years. This methodological 
difference may partly explain why Yang et al. reported an association 
between sociodemographic development and disease burden at the 
global level, whereas no significant relationship was observed between 
district-level SEDR categories and CE seropositivity in our study.6 Our 
findings suggest that the epidemiology of CE cannot be explained 
solely by socioeconomic indicators and that local factors, such as 
environmental exposure, livestock farming practices, and other region-
specific determinants, may play a more important role in shaping 
disease distribution.

Globally, the seroprevalence of human CE has been reported to vary 
considerably across regions. Seroprevalence rates are generally 
estimated to range between 1% and 3% in Africa, 2% and 6% in Asia, 7% 
and 11% in the Middle East and Eastern Mediterranean region, 5% and 
7% in Latin America, and below 1% in most European countries.19-21 In 
the Eastern Mediterranean region, the pooled seroprevalence has been 
reported as 7.4% in the general population and 10.7% among high-risk 
groups.19 By contrast, very low prevalence rates have been reported 
from European countries such as Italy (0.2%) and Slovakia (0.6%).20  The 
11.0% seropositivity rate was comparable to rates reported among high-
risk populations in the Eastern Mediterranean region.19-21 However, such 
comparisons should be interpreted cautiously because of differences 
in study populations and methodologies.

Hospital-based studies conducted in Türkiye have reported CE 
seropositivity rates ranging from 6.9% to 32.0%.22,23 The seropositivity 
rate observed in our study falls within the lower range of these 
reported values and is generally consistent with previous findings from 
the country. Regionally, reported seropositivity rates range from 6.9% to 
32.0% in the Aegean region,22,23 15.5% to 19.9% in the Marmara region,24,25 
and 15.0% to 21.6% in the Central Anatolia region.26-28 Rates reported 
from Eastern Anatolia range between 9.5% and 22.5%,29,30 whereas 
values between 15.2% and 28.7% have been reported from Southeastern 
Anatolia.4,31,32

The overall seropositivity rate identified in the present study was lower 
than many of the rates reported from Southeastern Anatolia and 
Central Anatolia and was close to the lower end of the range reported 
for Eastern Anatolia.4,27,29 Nevertheless, the highest seropositivity rates 
in our cohort were observed among patients residing in Southeastern 
and Eastern Anatolia. Although the retrospective design of the study 
prevented the evaluation of individual risk factors such as livestock 
farming, contact with infected dogs, rural living conditions, and 
slaughtering practices, these findings are consistent with previous 
reports identifying these regions as areas with a higher burden of CE.

The studies included in the literature have used various serological 
techniques, including IHA, ELISA, indirect fluorescent antibody 
testing, WB, and rapid immunochromatographic assays.4,22,27,29 ELISA 

and WB methods are generally considered more sensitive than IHA. 
Indeed, the highest seropositivity rate reported in Türkiye (32.0%) was 
obtained using ELISA in a study conducted in Aydın.23 Therefore, direct 
comparison of seropositivity rates obtained using different serological 
methods should be approached with caution.

Differences among studies are not limited to diagnostic techniques. 
Study populations and sampling strategies may also substantially 
affect reported seropositivity rates. While some investigations included 
only clinically suspected patients, others were conducted in specific 
risk groups or as community-based screening programs.

In our study, CE seropositivity was highest among individuals aged 
18-40 years, whereas no significant gender-related differences were 
observed. This finding may be related to the prolonged latent course 
of CE and the increased exposure of economically active adults to 
environmental and occupational risk factors associated with livestock 
farming. In a study conducted in Gaziantep between 2015 and 2022, 
the highest seropositivity rate was reported among individuals older 
than 50 years (29.3%), followed by the 20-30 years (23.1%) and 30–40 
years (22.9%) age groups. Nevertheless, both studies indicate that 
seropositivity is concentrated in adult age groups, which is consistent 
with the long incubation and growth period of hydatid cysts. Although 
female patients constituted the majority of seropositive cases in the 
study by Özkeklikçi et al.,4 the overall evidence suggests that gender 
alone is not a major determinant of infection risk and should be 
interpreted together with age and environmental exposure factors.

One of the notable strengths of the present study is the district-level 
evaluation performed within Ankara. The highest seropositivity rates 
were observed in Ayaş (40.0%), Elmadağ (37.5%), and Sincan (27.1%), 
whereas lower rates were detected in central districts such as Çankaya, 
Yenimahalle, and Keçiören. In addition, district-level socioeconomic 
development was assessed using the SEDR, a comprehensive index 
published by the Ministry of Industry and Technology of Türkiye.18,33,34 
No significant association was identified between SEDR levels and 
CE seropositivity rates. To our knowledge, no previous study has 
evaluated human CE seroprevalence together with district-level SEDR 
classifications in Türkiye, making this one of the novel aspects of the 
present study.

Previous studies have identified rural residence, livestock farming, 
dog contact, and uncontrolled slaughtering practices as the principal 
risk factors for CE.22,23 The absence of a significant relationship 
between socioeconomic development level and seropositivity in our 
study suggests that CE cannot be explained solely by socioeconomic 
indicators and that environmental and epidemiological factors may 
also play important roles.35

Limitations
This study has several limitations. First, its retrospective and single-
center design may limit the generalizability of the findings. Furthermore, 
only patients who underwent testing because of suspected CE 
were included, and therefore the results cannot be interpreted as 
representing the true prevalence of CE in the general population.

Another important limitation is the lack of comprehensive clinical 
and radiological data. Information regarding imaging findings, cyst 
localization, cyst stage, and individual risk factors such as livestock 
exposure, dog contact, occupational history, and rural residence was 
not consistently available and therefore could not be included in the 
analyses.

In addition, serological evaluation was based solely on the IHA method, 
and results could not be confirmed using other serological assays 
such as ELISA or WB. Although the manufacturer reports a sensitivity 
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of 93.0% and a specificity of 94.9% for the ELI.H.A Echinococcus assay, 
independent studies have reported sensitivity values ranging from 
78.1% to 90.0%.17 Consequently, the true seropositivity rate may have 
been slightly underestimated.

Conclusion
The observed seropositivity rate of 11.0% was consistent with previous 
hospital-based studies from Türkiye. District-level SEDR rankings were 
not associated with IHA seropositivity, suggesting that environmental 
and epidemiological factors may play a greater role than socioeconomic 
development indicators in suspected CE cases. However, these 
findings should not be interpreted as reflecting population-level risk 
or prevalence.
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