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Background: We aimed to estimate and forecast the sex-specific and national burden 

of cystic echinococcosis (CE) in Iran, Afghanistan, and Pakistan through 2040. 

Methods: We utilized data from the Global Burden of Disease Study 2023 on cystic 

echinococcosis incidence, prevalence, and mortality for Iran, Afghanistan, and Paki-

stan between 1990 and 2023. An illness–death model, a compartmental dynamic mod-

el, was applied to project the age-standardized prevalence rate (ASPR) of CE through 

2040. The model accounted for sex-specific epidemiological variations, enabling com-

parative regional and temporal analyses. 

Results: Between 1990 and 2023, all three countries exhibited a general decline in 

cystic echinococcosis burden, with projections indicating continued decreases through 

2040. Iran showed the highest age-standardized prevalence rate in 2023 (7.39 per 

100,000), followed by Afghanistan (5.28) and Pakistan (0.95). By 2040, Afghanistan 

and Pakistan are expected to experience marked reductions of 48.15% and 49.28%, 

respectively, whereas Iran is projected to decline more modestly by 11.65%. Female 

prevalence is anticipated to decrease sharply in Afghanistan (−56.34%) and Pakistan 

(−51.10%), but remain relatively unchanged in Iran (+1.90%), suggesting persistent 

gender-specific transmission dynamics. 

Conclusion: Despite overall declining trends, substantial heterogeneity persists across 

countries and between sexes. The steeper projected declines in Afghanistan and Paki-

stan may reflect recent improvements in zoonotic control, while Iran’s slower pro-

gress, especially among females, underscores ongoing exposure and inequitable access 

to preventive interventions. Sustained, gender-sensitive, and regionally coordinated 

One Health strategies are essential to further reduce cystic echinococcosis burden and 

achieve equitable health outcomes across the region. 
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Introduction 
 

Cystic echinococcosis (CE) is a zoonotic para-

sitic infection in humans caused by the larval 

form of Echinococcus granulosus (dog tape-

worm). It affects over one million people 

worldwide and results in annual economic loss-

es surpassing $3 billion [1,2]. According to the 

WHO, CE is recognized as one of the 17 ne-

glected tropical diseases (NTDs) that predomi-

nantly affect impoverished populations in de-

veloping regions [2]. According to estimates 

from the WHO Foodborne Disease Burden Ep-

idemiology Reference Group, CE is responsible 

for a significant global health burden, leading to 

approximately 19,300 deaths annually and ac-

counting for around 871,000 disability-adjusted 

life years (DALYs) lost each year [3].  

It is a globally distributed helminthic infection 

found on every continent except Antarctica [4]. 

CE is most prevalent among humans and ani-

mals in Australia, South America, Central Asia, 

northern and eastern Africa, and the Mediterra-

nean area [5–7]. It is most prevalent in low-

income pastoral areas where livestock such as 

sheep are raised and dogs are kept near house-

holds for herding or guarding. In these settings, 

dogs are frequently fed raw offal, and their 

populations often remain large due to cultural 

or religious norms that limit population control 

measures [8]. Infection rates in these communi-

ties primarily depend on how common the par-

asite is in animal offal and the level of contact 

between sheep and dogs [9,10]. 

In the life cycle of E. granulosus, domestic 

dogs are the primary definitive hosts, acquiring 

infection by eating organs of infected animals 

containing hydatid cysts. Inside dogs, the cysts 

mature into adult tapeworms, and eggs are shed 

in feces, contaminating the environment. These 

eggs remain viable for up to a year and infect 

intermediate hosts such as sheep, cattle, goats, 

and pigs. Humans become infected by acci-

dentally ingesting food or water contaminated 

with dog feces [6,7,11].  

Hydatid cysts can develop in various organs, 

but they most frequently occur in the liver 

(about 70% of cases) and the lungs (around 

20%) [12]. Symptomatic cases usually require 

surgical intervention, whereas asymptomatic 

infections often remain undetected until the 

cysts enlarge [12–14]. Currently, the main pre-

ventive measures against CE include livestock 

vaccination and routine deworming of dogs. 

Because infected livestock often exhibit few or 

no clinical signs, successful control programs 

demand coordinated, multisectoral efforts to 

address implementation challenges [15,16]. 

In the Middle East and Central Asia, CE is still 

endemic, especially in Iran, Afghanistan, and 

Pakistan, which share similar ecological and 

socioeconomic conditions conducive to the 

parasite's life cycle. In Iran, CE is a well-

documented zoonosis with reports of human 

seroprevalence ranging from 1% to over 7% 

depending on the region, and with a pooled 

prevalence of 5.6% among slaughtered 

livestock, indicating ongoing transmission [17]. 

Data suggest that rural women and housewives 

have a high rate of exposure because of 

frequent contact with domestic dogs and 

livestock [17,18]. 

Diagnostic infrastructure is limited in 

Afghanistan, and underreporting is extensive, 

obscuring the true burden. Available data from 

this nation indicate a high prevalence, 

especially in rural provinces where livestock 

husbandry is central to livelihoods [19,20]. 

Similarly, Pakistan continues to report human 

and animal CE cases from all provinces, with 

seroprevalence rates of 0.6% to 3.1% in 

humans and up to 10% in livestock, reflecting 

substantial zoonotic potential [21]. Fragmented 

control efforts, poor offal management, and 

limited veterinary resources remain significant 

challenges for both Afghanistan and Pakistan 

[19,21]. 
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Given these shared epidemiological features, 

CE in this tri-national region represents a One 

Health challenge that transcends borders. The 

continuous interaction of humans, livestock, 

and dogs, coupled with informal cross-border 

livestock trade and population movements, 

sustains endemic transmission cycles. However, 

few comparative studies have systematically 

assessed and projected the disease burden 

across these countries. 

Although control programs have been imple-

mented in various countries and regions, hyda-

tidosis remains widespread across extensive 

geographic areas [22]. The increasing incidence 

of CE underscores the importance of assessing 

both the current and projected prevalence of the 

disease, which can guide evidence-based policy 

decisions, optimize health system planning, and 

improve resource allocation. 

We aimed to address this gap by estimating and 

forecasting the burden of CE in Afghanistan, 

Iran, and Pakistan from 1990 to 2040, using the 

illness–death model (IDM) and sex-specific 

Global Burden of Disease (GBD 2021) data. 

The results are intended to provide a regional 

comparative framework to inform targeted, 

gender-sensitive, and coordinated One Health 

interventions for CE control 
 

Materials and Methods 
 

Study design and data sources 

To project the future burden of CE, epidemio-

logical information was obtained from GBD 

2021, available via the Global Health Data Ex-

change (GHDx) repository 

(https://vizhub.healthdata.org/gbd-results/). For 

Afghanistan, Iran, and Pakistan, the dataset 

provided sex-specific, age-standardized data on 

CE incidence, prevalence, and total and cause-

specific mortality between 1990 and 2021. Ad-

ditional demographic data required for popula-

tion-based projections were obtained from the 

GHDx population projection platform 

(https://vizhub.healthdata.org/population-

forecast/). 

 

Modeling approach 

We applied an illness-death model (IDM), a 

compartmental framework based on a system of 

discrete-time ordinary differential equations as 

described earlier. 

(https://www.frontiersin.org/journals/epidemiol

ogy/articles/10.3389/fepid.2022.903652/full). 

The model simulated transitions between three 

health states: susceptible, active disease, and 

death. For susceptible individuals, transitions 

included progression to active disease (via the 

annual incidence rate) or to death from non-CE 

causes. For individuals with active disease, 

transitions included remission back to health 

(reflecting the curable nature of CE) or to CE-

related death. All transitions incorporated sex-

specific epidemiological rates. Model calibra-

tion was performed by fitting model outputs to 

historical GBD prevalence data (1990–2021) 

using a least-squares optimization algorithm. 

This calibrated model was then used to generate 

annual representative projections of CE preva-

lence among three countries up to 2040. All age 

standardized prevalence rate (ASPR) were pro-

vided with 95% confidence interval. All analy-

sis were conducted in R software (version 

4.3.2). 
 

Results 
 

Regional ASPR trends for CE 

Between 1990 and 2023, the epidemiological 

pattern of CE across the three analyzed coun-

tries demonstrated a steady decline. In 2023, 

Iran recorded the highest age-standardized 

prevalence rate (ASPR) at 7.39 per 100,000, 

followed by Afghanistan (5.28) and Pakistan 

(0.95). In all countries, females consistently 

exhibited higher prevalence rates than males. 

Projections indicate a continued and notable 

reduction in ASPR across the region by 2040, 

although the rate and extent of this decline are 

expected to differ considerably by country and 

sex (Table 1). 

https://vizhub.healthdata.org/gbd-results/
https://vizhub.healthdata.org/population-forecast/
https://vizhub.healthdata.org/population-forecast/
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Table 1: Projected age-standardized prevalence rate of cystic echinococcosis in three neighboring countries from 

2023 to 2040 

 
Countries Sex 2024 2025 2030 2035 2040 1990 

vs. 

2023 

2023 

vs. 

2040 

Afghani-

stan 

Both 4.969 (4.9-

5.04) 

4.788 (4.71-

4.87) 

3.975 (3.85-

4.1) 

3.3 (3.15-

3.46) 

2.739 (2.58-

2.91) 

-

14.745 

-

48.150 

Female 6.063 (5.96-

6.17) 

5.784 (5.66-

5.91) 

4.574 (4.39-

4.77) 

3.617 (3.4-

3.84) 

2.86 (2.64-3.1) -

12.586 

-

56.344 

Male 3.844 (3.82-

3.87) 

3.784 (3.76-

3.81) 

3.499 (3.45-

3.55) 

3.235 (3.17-

3.31) 

2.992 (2.91-

3.08) 

-

16.155 

-

24.072 

Iran Both 8.055 (7.68-

8.45) 

7.95 (7.51-

8.42) 

7.444 (6.67-

8.31) 

6.97 (5.92-

8.21) 

6.527 (5.25-

8.12) 

-

10.993 

-

11.650 

Female 9.558 (8.83-

10.35) 

9.476 (8.6-

10.43) 

9.076 (7.54-

10.92) 

8.693 (6.6-

11.45) 

8.326 (5.77-

12.01) 

-4.436 1.899 

Male 6.541 (6.44-

6.64) 

6.41 (6.29-

6.53) 

5.792 (5.59-

6.01) 

5.234 (4.96-

5.53) 

4.73 (4.4-5.08) -

18.052 

-

28.518 

Pakistan Both 0.895 (0.88-

0.91) 

0.86 (0.85-

0.87) 

0.709 (0.69-

0.73) 

0.583 (0.56-

0.61) 

0.48 (0.46-

0.51) 

-

19.099 

-

49.278 

Female 1.011 (1-1.03) 0.971 (0.95-

0.99) 

0.791 (0.77-

0.82) 

0.645 (0.61-

0.68) 

0.525 (0.49-

0.56) 

-

20.476 

-

51.097 

Male 0.791 (0.78-

0.8) 

0.763 (0.75-

0.77) 

0.637 (0.62-

0.65) 

0.531 (0.51-

0.55) 

0.443 (0.42-

0.46) 

-

18.280 

-

46.828 

 

Country-specific ASPR trajectories 

Afghanistan is anticipated to undergo the most 

significant reduction in the burden of cystic 

echinococcosis. The overall ASPR is expected 

to decline from 5.28 in 2023 to 2.74 (95% UI: 

2.58–2.91) by 2040, reflecting a substantial 

48.15% decrease. This downward trend is par-

ticularly notable among females, with a pro-

jected reduction of 56.34%, compared to a 

24.07% decrease among males (Table 1). 

Pakistan exhibits a similarly steady and sub-

stantial downward trend. The overall ASPR is 

projected to decrease from 0.95 in 2023 to 0.48 

(95% UI: 0.46–0.51) by 2040, marking a 

49.28% reduction. The decline is expected to be 

slightly more pronounced among females 

(−51.10%) compared to males (−46.83%) (Ta-

ble 1). 

Although Iran also demonstrates an overall 

downward trend, the pattern appears more 

moderate and variable. The total ASPR is pro-

jected to decline by 11.65%, decreasing from 

7.39 to 6.53 (95% UI: 5.25–8.12). However, 

among Iranian females, the prevalence rate is 

expected to remain nearly unchanged, with a 

slight increase of 1.90%. In contrast, a marked 

reduction of 28.52% is anticipated among Ira-

nian males (Table 1). 

 

Comparative analysis of country trajectories  

The projected trends indicate distinct public 

health trajectories across these neighboring 

countries. Although all three are expected to 

follow an overall downward trend, the decline 

in disease burden is projected to be considera-

bly steeper in Afghanistan (−48.15%) and Paki-

stan (−49.28%) than in Iran (−11.65%). A no-

table divergence appears in the sex-specific 

projections: while female prevalence is antici-

pated to decrease sharply in Afghanistan and 

Pakistan, it is expected to remain relatively un-

changed in Iran. This contrast, particularly 

among females, points to possible differences 

in zoonotic control measures, accessibility of 

veterinary and public health services, or evolv-

ing risk factors that deserve further exploration 

(Figure 1). 
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Figure 1: Observed and projected age-standardized prevalence rate of cystic echinococcosis in three neighbor-

ing countries between 1990-2040 

 

Discussion 
 

The present study provides comparative projec-

tions of CE burden across Afghanistan, Iran, 

and Pakistan from 1990 to 2040, based on the 

sex-specific and ASPR. While all three coun-

tries are estimated to follow a declining trend in 

ASPR, the rate, extent and sex-specific patterns 

of decline are substantially different. These dif-

ferences have public health policy, zoonotic 

prevention of disease, livestock husbandry and 

health equity implications. 

The sharp expected declines in ASPR for Af-

ghanistan and Pakistan are suggestive of favor-

able dynamics in underlying transmission 

and/or control efforts, possibly reflecting im-

provements in dog deworming, livestock man-

agement, and public health education in parts of 

Central Asia [19]. In contrast, Iran demon-

strates a more modest reduction, indicating ei-

ther slower progress in CE control or persistent 

transmission in specific demographic groups 

(e.g., females) that prevent equalized decline 

[17]. 

These findings suggest that, in Pakistan and 

Afghanistan, interventions, socio-behavioral 

changes, or livestock/veterinary practices may 

have been evolving more rapidly or more inten-

sively scaled, thereby driving steeper declines. 

Alternatively, Iran's lower decline could be a 

plateau in gains or a higher incidence of more 

established transmission cycles that are harder 

to break. 

The sex-related projections reveal a large di-

vergence: while female ASPR is projected to 

drop substantially in Afghanistan and Pakistan 

(−56.34% and −51.10%, respectively), in Iran 

female ASPR is projected to be hardly impact-

ed (with a marginal increase of +1.90%) 

whereas male ASPR is anticipated to decrease 

by 28.52%. This divergence points toward po-

tential gender differences in exposure, access to 
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control interventions, or behavior-based risk 

factors. 

The meta-analytic research in Iran has docu-

mented higher CE prevalence among women, 

especially housewives, likely reflecting greater 

domestic or household contact with sources of 

infection. This might be attributed to women’s 

more frequent involvement in animal husband-

ry, home slaughtering, and domestic contact 

with dogs and livestock well-recognized risk 

factors for CE. The persistent prevalence 

among females likely reflects ongoing exposure 

that is not being adequately addressed by exist-

ing control strategies [18,23]. 

In central Asia, including Iran, Afghanistan and 

Pakistan, control efforts have been fragmented 

and are usually under-funded. For example, the 

region was examined and noted that whereas 

de-worming of dogs and other interventions 

have been attempted, they are often uncoordi-

nated and erratic [19]. 

The steeper declines in Afghanistan and Paki-

stan might indicate that some of the control ef-

forts are gaining momentum, or host–parasite 

interactions and animal–human contact are be-

ing disrupted in a desirable manner (e.g., higher 

rates of slaughtering dogs, improved access to 

veterinarians, or fewer stray dogs) [20]. In con-

trast, Iran's more gradual decline and female-

specific plateauing might reflect either worse 

enforcement of control in female-dominant ex-

posure contexts, or persisting risk behavior or 

structural barriers (e.g., culture roles, veterinary 

care provision, or dog–livestock–human inter-

face) disproportionately affecting women. 

Our use of IDM calibrated to GBD 2021 data 

for CE (1990–2021) provides a structured way 

to project future prevalence up to 2040, while 

incorporating sex-specific epidemiological dy-

namics. The compartmental framework allows 

simulation of transitions from susceptibility to 

active disease and to disease-attributable mor-

tality, aligned with the modelling of chronic 

zoonotic conditions. 

However, several limitations should be 

acknowledged. First, the model draws on ag-

gregated, age-standardized GBD data, which 

may mask regional heterogeneity (e.g., sub-

national differences, rural vs urban disparity, 

nomadic populations). Second, the model as-

sumes that historical trends and sex specific 

patterns continue into the future this may not 

hold if key drivers change (e.g., livestock trade, 

dog population management, con-

flict/displacement, migration). Third, the pro-

jections do not explicitly model intermediate 

host (livestock) or final host (dog) populations, 

nor explicitly simulate interventions at the vet-

erinary level this could under- or overestimate 

future declines. Fourth, these projections are 

inherently model-based and rely on GBD data 

that may include uncertainty arising from un-

derreporting, diagnostic variability, and limited 

surveillance coverage in some countries. The 

IDM does not explicitly model dog or livestock 

host dynamics, which may influence CE trans-

mission. 

Finally, data quality and diagnostic coverage 

for CE vary across countries; under-reporting 

and diagnostic delays may affect the calibration 

of the model. 

The marked declines projected for Afghanistan 

and Pakistan represent an opportunity: these 

countries are on a trajectory to significantly re-

duce the burden of CE, but further effort will be 

needed to sustain and accelerate progress. Giv-

en the higher baseline prevalence and demon-

strated reductions among females, interventions 

should emphasize equity of benefit for females. 

For Iran, the relative stagnation among females 

indicates that gender-sensitive control measures 

should be reviewed and strengthened, such as 

outreach to rural/nomadic women, safe slaugh-

tering in a domestic setting, dog de-worming 

programmes targeting female-headed house-

holds, and behavioral interventions addressing 

domestic exposure. 

The regional variation in decline trajectories 

suggests that cross-border coordination might 
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be useful: nomadic movement of livestock; mi-

gration of dogs; illegal slaughtering and infor-

mal trade across borders between Afghanistan, 

Iran, and Pakistan could sustain transmission 

cycles. Joint one-health initiatives of human 

health, veterinary services, and community ed-

ucation may leverage synergies. 

Further research should investigate the sub-

national dynamics of CE burden and transmis-

sion in each country, including attention to rural 

vs. urban heterogeneity, nomadic pastoralist 

populations, and livestock trade networks. 

Gender-disaggregated studies of dog–

livestock–human contact patterns would yield 

insights into why female prevalence remains 

elevated in some settings, such as Iran. In addi-

tion, assessment of intervention coverage like 

de-worming of dogs, vaccination of dogs, offal 

disposal practices, safe slaughter, and meat in-

spection should be incorporated into modelling 

frameworks to enable more realistic scenario 

projections. Lastly, cost-effectiveness analyses 

of scaled one-health interventions in these set-

tings would underpin resource allocation by 

policy makers. 

 

Conclusion 
 

The observed projections for CE across Af-

ghanistan, Pakistan and Iran highlight broadly 

encouraging trends, but also reveal critical het-

erogeneities particularly by sex and country that 

warrant focused attention. The sharp projected 

declines in Afghanistan and Pakistan suggest 

that considerable progress may be achievable 

with sustained control efforts, while the more 

modest decline and female-specific stagnation 

in Iran underscores the need for targeted, gen-

der-sensitive interventions and enhanced zo-

onotic control. As CE remains a significant 

one-health challenge in this region, achieving 

equitable burden reduction will require coordi-

nated human–animal health strategies, rigorous 

surveillance and responsive policy measures.  
 

Ethics approval  
 

This study utilized publicly available, aggregat-

ed data from the GBD database. No individual 

or identifiable human or animal data were used; 

therefore, ethical approval and informed con-

sent were not required. 
 

Data availability statement 
 

The data supporting the findings of this study 

are available from the corresponding author up-

on reasonable request. 

 

Acknowledgments 
  

This research did not receive any specific grant 

from funding agencies in the public, commer-

cial, or not-for-profit sectors. 

 

Conflicts of interest 
 

The authors declare no competing interests. 

 

References 
 
1. Karshima SN, Ahmed MI, Adamu NB, Magaji 

AA, Zakariah M, Mohammed K. Africa-wide 

meta-analysis on the prevalence and distribution 

of human cystic echinococcosis and canine 

Echinococcus granulosus infections. Parasites & 

Vectors. 2022;15:357.  

2. Agudelo Higuita NI, Brunetti E, McCloskey C. 

Cystic echinococcosis. J Clin Microbiol. 

2016;54:518–23.  

3. Organization WH, others. WHO estimates of the 

global burden of foodborne diseases: foodborne 

disease burden epidemiology reference group 

2007-2015. World Health Organization; 2015. 

https://www.who.int/publications/i/item/978924

1565165  

4. Bhutani N, Kajal P. Hepatic echinococcosis: A 

review. Ann Med Surg. 2018;36:99–105.  

5. Moro P, Schantz PM. Echinococcosis: a review. 

Int J Infect Dis. 2009;13:125–33.  

6. Grosso G, Gruttadauria S, Biondi A, Marventano 

S, Mistretta A. Worldwide epidemiology of liver 

https://www.who.int/publications/i/item/9789241565165
https://www.who.int/publications/i/item/9789241565165


Vafaei Eslahi, et al.  Spinghar Journal of Biomedical Sciences.  Vol. 1., No.1, October 2025, pp. 68-75 

75            
 

hydatidosis including the Mediterranean area. 

World J Gastroenterol. 2012;18:1425.  

7. Eckert J, Conraths FJ, Tackmann K. 

Echinococcosis: an emerging or re-emerging 

zoonosis? Int J Parasitol. 2000;30:1283–94.  

8. Craig PS, Li T, Qiu J, Zhen R, Wang Q, 

Giraudoux P, et al. Echinococcoses and Tibetan 

communities. Emerg Infect Dis. 2008;14:1674.  

9. Anderson RM, May RM. The population 

dynamics of microparasites and their 

invertebrate hosts. Philos Trans R Soc London 

B, Biol Sci. 1981;291:451–524.  

10. Begon M, Bennett M, Bowers RG, French NP, 

Hazel SM, Turner J. A clarification of 

transmission terms in host-microparasite models: 

numbers, densities and areas. Epidemiol Infect. 

2002;129:147–53.  

11. McManus DP, Zhang W, Li J, Bartley PB. 

Echinococcosis. Lancet. 2003;362:1295–304.  

12. Omidinia N, Zibaei M, Hosseini H, Pourrostami 

K, Vafae Eslahi A, Badri M. Human hydatidosis 

in Alborz Province: a 5-year retrospective 

epidemiological analysis of hospitalized cases 

(2014--2019). Ann Parasitol. 2020;66.  

13. Derbel F, Mabrouk M Ben, Hamida MBH, 

Mazhoud J, Youssef S, et al. Hydatid cysts of the 

liver-diagnosis, complications and treatment. 

Abdom Surg. 2012;5:105–38.  

14. Mavilia MG, Pakala T, Molina M, Wu GY. 

Differentiating cystic liver lesions: a review of 

imaging modalities, diagnosis and management. 

J Clin Transl Hepatol. 2018;6:208.  

15. Craig PS, Hegglin D, Lightowlers MW, 

Torgerson PR, Wang Q. Echinococcosis: control 

and prevention. Adv Parasitol. 2017;96:55–158.  

16. Velasco-Tirado V, Romero-Alegria A, Pardo-

Lled\’\ias J, Alonso-Sardón M, Lopez-Bernus A, 

et al. Management of cystic echinococcosis in 

the last two decades: what have we learned? 

Trans R Soc Trop Med Hyg. 2018;112:207–15.  

17. Mahmoudi S, Mamishi S, Banar M, Pourakbari 

B, Keshavarz H. Epidemiology of 

echinococcosis in Iran: a systematic review and 

meta-analysis. BMC Infect Dis. 2019;19:929.  

18. Possenti A, Manzano-Román R, Sanchez-

Ovejero C, Boufana B, La Torre G, Siles-Lucas 

M, et al. Potential risk factors associated with 

human cystic echinococcosis: systematic review 

and meta-analysis. PLoS Negl Trop Dis. 

2016;10:e0005114.  

19. World Health Organization. Epidemiology and 

control of echinococcosis in central Asia, with 

particular reference to the People’s Republic of 

China [Internet]. 2014. Available from: 

https://www.who.int/publications/i/item/j.actatro

pica.2014.03.014?utm_source=chatgpt.com 

20. Talafuhan W, Tuoheti K, Lixia Y, Shuang Q, 

Yeerjiang M, Aizezi G, et al. Trends in 

incidence, mortality, and DALYs of cystic 

echinococcosis in Central Asia from 1992 to 

2021: an age-period-cohort analysis. Front 

Public Heal. 2025;12:1504481.  

21. Khan MI, Ali R, Ji D, Lan W, Saleh AA, 

Rehman SU, et al. Investigating the 

Epidemiology and Socioecological Dynamics of 

Hydatid-like Cysts Within a Specific Endemic 

District. Animals. 2025;15:1617.  

22. Eckert J, Gemmell MA, Meslin F-X, Pawlowski 

ZS, Organization WH, others. WHO/OIE 

manual on echinococcosis in humans and 

animals: a public health problem of global 

concern. World Organisation for Animal Health; 

2001. 

https://www.who.int/publications/i/item/929044

522X 

23. Ma T, Wang Q, Hao M, Xue C, Wang X, Han S, 

et al. Epidemiological characteristics and risk 

factors for cystic and alveolar echinococcosis in 

China: an analysis of a national population-based 

field survey. Parasites & Vectors. 2023;16:181.  

24. Abdelghani MH, M’rad S, Chaâbane-Banaoues 

R, Taoufik S, Charfedine MA, Zemzemi L, et al. 

Zoonotic threat of cystic echinococcosis in 

Tunisia: insights into livestock prevalence and 

identification of the G1 genotype. Front Vet Sci. 

2025;12:1536368.  

25. World Health Organization. Echinococcosis 

[Internet]. 2021. Available from: 

https://www.who.int/news-room/fact-

sheets/detail/echinococcosis?utm_source=chatgp

t.com 

 

 

 

https://www.who.int/publications/i/item/j.actatropica.2014.03.014?utm_source=chatgpt.com
https://www.who.int/publications/i/item/j.actatropica.2014.03.014?utm_source=chatgpt.com
https://www.who.int/publications/i/item/929044522X
https://www.who.int/publications/i/item/929044522X
https://www.who.int/news-room/fact-sheets/detail/echinococcosis?utm_source=chatgpt.com
https://www.who.int/news-room/fact-sheets/detail/echinococcosis?utm_source=chatgpt.com
https://www.who.int/news-room/fact-sheets/detail/echinococcosis?utm_source=chatgpt.com

