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SUMMARY Echinococcosis is considered a cosmopolitan zoonosis caused by different
species of small taeniid tapeworms of the genus Echinococcus and is regarded as a
neglected zoonosis. Cystic and alveolar echinococcoses are endemic diseases of Tibetan,
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Pamir, and Iranian plateaus. All of the countries within the Iranian plateau are affected by
echinococcosis. Pakistan, Turkey, and Iran are the three most populous countries of the
region, in which echinococcosis is highly endemic. The three neighboring countries share
strong cultural and socioeconomic ties. The present study aimed to provide a broad
review of the status of cystic and alveolar echinococcosis, summarizing the current knowl-
edge about geographical distribution, molecular epidemiology, and transmission dynam-
ics of Echinococcus granulosus sensu lato and Echinococcus multilocularis in this region.
Additionally, we aimed to understand disease burden and risk factors as basic require-
ments for establishing a surveillance system and planning prevention and control pro-
grams. A considerable body of information is available on different aspects of echinococ-
cosis in this region; however, several information and research gaps need to be filled
before planning control programs. None of the countries in the region have an elaborate
echinococcosis control program. Effective control programs require multi/intersectoral
coordination within a One Health approach with a long-term political and administrative
commitment and enhanced international collaboration among the three countries.

KEYWORDS alveolar echinococcosis, cystic echinococcosis, epidemiology, hydatid
disease, Pakistan, Turkey, Iran, transmission, genotypes

INTRODUCTION

Echinococcoses are different diseases caused by the different species of small taeniid
tapeworms of the genus Echinococcus infecting a wide range of mammals all over

the world. The two main types of echinococcoses are cystic and alveolar echinococco-
sis, caused by Echinococcus granulosus sensu lato and Echinococcus multilocularis,
respectively. Cystic echinococcosis (CE) is considered a prevalent zoonotic disease of
humans and herbivorous animals in most parts of the world. Most causative agents of
CE are transmitted between dogs as primary definitive hosts and different livestock
species as the intermediate hosts. The infection results from the accidental ingestion of
infective eggs of E. granulosus sensu lato through contact with feces, fur of infected
dogs, and contaminated water and food (1–4). Alveolar echinococcosis (AE) as an
emerging disease that originates from the larval stage of E. multilocularis (5). The infec-
tion results from the accidental ingestion of infective eggs of the adult tapeworm
through contact with feces/fur of infected carnivores, mainly foxes, and/or contami-
nated fruits or vegetables. AE is transmitted between foxes as the primary definitive
hosts and different rodent species as the main intermediate hosts (5) and mainly
occurs in temperate to cold regions of the Northern Hemisphere.

CE develops mostly in the liver and/or lungs and rarely in other organs of infected
animals and humans and can cause various degrees of signs and symptoms. In live-
stock animals, clinical symptoms are usually minimal, and infections are normally
detected during routine meat inspection (6). CE in humans is often considered a
chronic disease, and a large proportion of infected patients are asymptomatic, result-
ing in the underestimation of the total number of infected individuals (7). Echinococcus
granulosus sensu lato is a cluster of cryptic species that are markedly different in their
host specificity, pathogenicity, habitat distribution, and transmission dynamics as well
as their zoonotic potential (8, 9). At least nine different genotypes/species have been
identified within Echinococcus granulosus sensu lato, including three genotypes within
E. granulosus sensu stricto (genotypes G1 to G3), E. equinus (G4 genotype), E. ortleppi
(G5 genotype), E. felidis, E. intermedius (genotypes G6 and G7), and E. canadensis (G8
and G10) (10, 11).

The marked differences among the various taxa have been attributed to adapta-
tions to different predator-prey systems in different regions and environments that are
reflected in Echinococcus species life cycles (5).

The endemicity of CE has been attributed to various biotic and abiotic factors. CE
transmission in humans can be influenced by a set of behavioral and socioeconomic
factors (e.g., farming activities, including traditional sheep raising and agricultural prac-
tice, contact with dogs, geophagy, outdoor activities, or contaminated matrices) which
may facilitate acquiring a high egg concentration of E. granulosus sensu lato (12).
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CE is highly endemic and widespread in many parts of the world, especially in spe-
cific rural settings, e.g., pastoral and rural communities where humans and animals live
in close proximity in most parts of Africa, the Middle East, Mediterranean Europe,
Central Asia, South America, and western China (13). The Middle East is considered a
hot spot of CE, where E. granulosus sensu lato has coincided with sheep for almost
10,000 to 12,000 years (14). A large part of the general population is at risk of CE in
Central Asia, including Afghanistan, Pakistan, Kazakhstan, Kyrgyzstan, Uzbekistan,
Tajikistan, and Turkmenistan (15). Iran and Turkey constitute nearly one-third of the
Middle East surface and half of its population. They are among the most highly
affected countries with livestock and human CE. Both countries are considered a zone
of endemicity of CE, where high prevalence rates of infection with various species and
genotypes of E. granulosus sensu lato have been reported in different livestock animals.
Pakistan is one of the most populous countries in the world located in South Asia. CE is
endemic in some regions of Pakistan (15); however, geographical distribution of the
disease in the intermediate and definitive hosts is unclear. The incidence of the disease
appears to be generally low in humans, and this is more likely to be underestimated,
as a substantial portion of human cases are probably undiagnosed. CE also imposes a
substantial economic loss to livestock husbandry and humans in terms of direct and
indirect costs associated with human surgical and other treatment costs and livestock-
related losses (16–18). The annual monetary burden of human and animal CE has been
estimated at $232 million in Iran and $89 million for livestock in Turkey. Thus, the eco-
nomic burden of CE could be substantial (16, 19). Based on the current evidence, it
should be taken into consideration that CE imposes large socioeconomic burdens on
the nations’ economies in the three countries (16), though it remains a neglected zoo-
notic disease (20, 21).

On the other hand, AE is widely distributed in the northern and central regions of
Asia (i.e., most of the Russian Federation and central Asian states) extending into west-
ern China and northern Japan. Southwards, distribution of AE becomes increasingly
patchy, but it can be highly endemic in climatically favorable areas in Turkey and Iran.
There are isolated human AE cases known from the northern parts of South Asia, but
the situation in Pakistan, Afghanistan, India, Bhutan, and Nepal is data deficient (13).
Generally, the presence and spread of E. multilocularis are less well known than those
of the CE agents, because the life cycle does not include livestock where the
Echinococcus cysts are easily observed. Rather, E. multilocularis is transmitted by wildlife
(foxes and small mammals), which is rarely investigated, and differential diagnosis of
human AE with other space-occupying lesions of the liver is not trivial in regions where
the parasite is not suspected to occur.

In-depth understanding of the epidemiology of echinococcosis in humans and ani-
mals can be valuable for developing control programs in a cost-effective way in order
to reduce the transmission of the parasite to humans. In the present study, a broad
review was performed by a comprehensive review of the literature to assess the cur-
rent situation of E. granulosus sensu lato and E. multilocularis in Iran, Turkey, and
Pakistan (Fig. 1) and to provide a framework for expanding what is known about echi-
nococcoses, including the causative agents and life cycles, epidemiological and molec-
ular data, and transmission dynamics among different host settings as well as potential
risk factors.

ECHINOCOCCUS SPECIES LIFE CYCLES IN SOUTHWESTERN ASIA

E. granulosus sensu lato is predominantly transmitted in various synanthropic
cycles between a wide range of livestock species (as intermediate hosts) and dogs
(as the definitive host). Moreover, sylvatic/wild cycles of E. granulosus sensu lato
also occur between wild carnivores such as foxes, jackals, and wolves and wild
ruminants such as wild sheep (Ovis orientalis), goitered gazelle (Gazella subguttur-
osa), and mouflon (Ovis gmelinii anatolica) acting as intermediate hosts (22–24),
indicating the coexistence of the synanthropic and sylvatic cycles. The overlap of
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both pastoral and sylvatic cycles of E. granulosus sensu lato has also been reported
in different areas, but usually it is not clear if wildlife infection occurs independ-
ently from the domestic transmission or if it represents a spillover from infection of
livestock and dogs. Echinococcus granulosus sensu lato and E. multilocularis have
been found in wild carnivores such as foxes, jackals, and wolves through a sylvatic
cycle (23, 24), indicating a sympatric occurrence of the two species in some places.
Nonetheless, there is uncertainty on the Echinococcus species or genotypes that
infect wildlife, e.g., in Iran (13). A cycle involving donkeys (Equus asinus) has been
reported to exist in Iran and Turkey (25–27). Furthermore, an important desert cycle
occurs between dogs and camels in Iran and Pakistan. A link between domestic
and wild cycles may be facilitated by human activities in areas where raw infected
offal of slaughtered livestock is accessible to stray dogs, jackals, or foxes or where
sheep or other livestock carcasses are scavenged by wild carnivores (28, 29).

Alveolar echinococcosis (AE) caused by E. multilocularis is predominantly transmit-
ted between wild carnivores, mainly red foxes as definitive hosts, although domestic
dogs may be involved in the transmission in some areas. Arvicoline rodents and some
other small mammals act as intermediate hosts (4, 5). The disease is endemic in
Eastern Anatolia of Turkey and northwestern Iran (30). Recently, an active focus of AE
has been described in northeastern Iran in Khorasan Razavi Province (31). It has been
suggested that in Iran, domestic dogs may contribute to the life cycle of E. multilocula-
ris through hunting of rodents in rural areas (13).

HUMAN CYSTIC ECHINOCOCCOSIS IN IRAN

Data on the epidemiology of human cystic echinococcosis (CE) are mainly catego-
rized in three sections, i.e., surgical incidence based on hospital records, seropreva-
lence surveys, and community-based ultrasound studies.

Human CE in Iran

Nourjah et al. (32) carried out the first comprehensive study on human CE incidence
based on hospital records of surgically confirmed patients in 1980. The study was

FIG 1 Geographical districts of Iran, Pakistan, and Turkey.
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conducted across Iran on a total number of 4,850 patients operated on in government
hospitals, with an overall annual incidence rate of 1.45 cases per 100,000 persons. The
highest and lowest incidences of 4.45 and 1.0 per 100,000 population were recorded in
Khorasan and Hormozgan provinces, respectively (32). A further study on 2,083 CE
cases operated between 2001 and 2005 indicated an annual incidence of 0.72/100,000
human population across Iran, which appeared to decrease to 0.54/100,000 people at
the end of the study period in 2005 (33). Human CE is distributed all over the country,
with an incidence rate of 0.6 to 1.2 per 100,000 individuals (34). Fasihi Harandi et al.
(16) reported that between 2000 and 2009, there was an average annual number of
1,295 surgical CE operations in Iran. In that study, the incidence rate of CE was esti-
mated at 1.27/100,000 population, and the number of asymptomatic people with CE
infection living in the country was estimated at 635,232 (16).

Another hospital-based study reported 318 CE cases (183 females and 135 males) in
Tabriz, East Azerbaijan (Northwest Iran), over a 10-year period (2001 to 2012), showing
a more frequent infection in females (35). Also, in a retrospective hospital-based study,
294 cases were reported in Urmia, West Azerbaijan, with an average of 29.4 cases of CE
per year leading to surgical operations and an incidence rate of 0.98/100,000 popula-
tion (36), indicating an increasing trend in recent years compared to that in a previous
study in this city (37).

Other hospital-based studies indicated an increase in surgical operations of CE in
Hamadan, Zanjan, and Kermanshah provinces in Iran. In Hamadan Province, a total of
55 cases were reported between 1982 and 1992 (10 years) (38), whereas 179 cases
were reported between 1992 and 2006 (14 years), with an annual incidence rate of sur-
gical operations estimated at 1.33 cases/100,000 population. Housewives and farmers
were at increased risk of contracting the disease (39). In Zanjan Province, a total of 56
operated CE cases were reported between 1984 and 1993. Based on the data pre-
sented in the mentioned study, there was a constant trend in the incidence of CE in
Zanjan until 1991. However, from 1992 to 1993, an increase of CE numbers was noted (40).
Moreover, 12 operated cases per year (0.75/100,000) were reported in Kermanshah during
1986 to 1993, whereas between 2003 and 2008, 48.5 cases per year were documented in
medical records (2.55/100,000) (41).

Northeastern Iran is considered a focus of CE endemicity, with an incidence rate of
up to 3.27 cases per 100,000 individuals, as highlighted by a study on the spatial analy-
sis of surgically managed CE cases (42) as well as other reports (38, 43). In the southern
province of Fars, 501 surgical cases of CE were studied in two major referral hospitals
in Shiraz over a 15-year period (2004 to 2018), and an estimated incidence of 0.74/
100,000 population was reported (44).

Overall, it is not clear if the rising CE numbers are due to increasing infection risk or
to improvements of facilities (e.g., documentation, health facilities, and new diagnostic
techniques) leading to better and more frequent diagnosis of CE in the country.

The true prevalence and incidence of CE may be even higher than reported, since
many asymptomatic cases are never diagnosed, leading to underestimation. This is
confirmed by frequent previous reports of incidental diagnosis of CE during imaging
screening. Therefore, the use of community-based ultrasonography and seroepidemio-
logical studies in mass population screening can be valuable in determining the true
situation of CE.

The national CE surveillance system of the Ministry of Health and Medical Education
collected data on CE in Iran from 1995 to 2014, in which a total of 8,518 CE cases were
included. The incidence rate was lowest in 2007 (0.35/100,000), whereas the highest
rate was registered in 2011, with 0.88/100,000 (45). These data indicate the significant
burden of CE on the Iranian health system. It should be noted that the surveillance sys-
tem for zoonotic diseases is usually hampered by underreporting. Surveillance pro-
grams are intensified at certain periods of time in the country, with health authorities
exerting pressure on public hospitals to report data, but in other periods, data may not
be appropriately reported when this pressure is relaxed.
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Extreme caution should be made on using serology as the sole diagnostic test for
the surveillance of human populations (46). Several seroepidemiological studies have
been undertaken in Iran (seroprevalence rates ranged from 1% to 21.4%); however,
because of the unreliability of serology, the results are not interpretable in terms of the
prevalence of the disease in the population (19, 47–51). Serological tests suffer from
very poor sensitivity and specificity; hence, the predictive values are extremely low.
Seroprevalence may be affected by various factors, including cyst stage, cyst localiza-
tion, the number and size of the cysts, parasite genotype and other endemic diseases
in the region, type of serological method, and antigens used in the tests (52–55).

Primary serological screening has not been considered a robust strategy for the
serodiagnosis of CE due to several pitfalls related to sensitivity and specificity (46, 53).
Imaging workup including ultrasonography and other imaging techniques such as
computed tomography (CT) scan and magnetic resonance imaging (MRI) (56) along
with the confirmative use of the serological assessment can be potentially capable of
establishing a reliable diagnosis for CE; however, extreme caution should be made in
the interpretation of the results from subjects who are negative on imaging but are
seropositive (52, 57). The use of the WHO’s international ultrasonography classification
of stage-specific cystic images is highly recommended for CE diagnosis (58).

The community prevalence of ultrasound-diagnosed CE has been estimated to be
0.2% to 1.8% in Iran, compared to the annual surgical incidence of 1.27 per 100,000.
Asymptomatic and/or non-health care-seeking individuals may be underestimated in
Iran. The estimation may depend on limited accessibility to medical imaging centers
and/or health-seeking behavior of individuals (16) as well as probable differences in
pathogenicity or infectivity among E. granulosus sensu lato species and genotypes (59).

Ultrasound prevalence of CE has been estimated to be 1.8% for nomadic tribes of
Fars in southern Iran (60) and 0.2% of 1,140 subjects for rural communities of Kerman
(19). In this regard, regular community-based ultrasound surveys are needed in Iran to
obtain more accurate estimation of CE status and to provide sound epidemiological
and surveillance data. However, it should be taken into consideration that ultrasound
is highly sensitive to detect abdominal CE, but extra-abdominal lesions, e.g., thoracic
cysts, could be overlooked in such surveys. In addition, it is difficult to detect very small
cysts in the early stages by ultrasound (53). Nonetheless, mass population screening
incorporating community-based ultrasound with serology is considered suitable for
providing solid background data of the CE status in the population (19).

Detailed epidemiological information on CE in children is limited. Current evidence
indicates that the disease is relatively frequent in children in Iran. From March 1996 to
March 2010, 100 CE patients under 14 years of age were referred to Mofid Children’s
Hospital in Tehran (61). Furthermore, 31 CE patients were referred to the Children’s
Medical Center Hospital in Tehran between 1995 and 2005 (62). Also, 40 CE patients
under the age of 15 were hospitalized in Imam Khomeini medical center in Ahwaz
between 1994 and 2000 (63). Twenty-three CE cases were also reported over a period
of 5 years (2001 to 2006) from Tabriz Children’s hospital in the eastern Azarbaijan prov-
ince in the northwest of Iran. Between 2001 and 2011, 59 CE cases among children
were reported from Tabriz Children Hospital, with most of the patients being residents
of East Azerbaijan and Ardabil provinces (64, 65). Sixteen pediatric patients were
reported in a recent study from a pediatric hospital in Babol, northern Iran. A high fre-
quency of multiorgan involvement, including the involvement of liver, lung, spleen,
kidney, and pelvis, was noted in 5 of 16 children (31%) (66). The total number of pedi-
atric CE cases is likely underreported. The incidence of CE in children is indicative of
active transmission cycles of the parasite, and it demonstrates the success of CE control
programs in regions of endemicity.

Molecular Epidemiology of CE in Humans in Iran

The characteristics of human CE genotypes have been summarized in Fig. 2. E. gran-
ulosus sensu stricto (G1 to G3) has been reported as the most frequent species responsi-
ble for human CE in Iran (67–76). The first molecular report in Iran on E. granulosus
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genotypes in 1998 by Zhang et al. confirmed the isolation of the G1 genotype from all
four examined human samples (77). The G1 genotype is the most common genotype
responsible for human CE cases across Iran. Recently, E. granulosus sensu stricto (G2 ge-
notype) was reported in one human CE isolate in Kerman Province in the southeastern
part of Iran for the first time (78), but this genotype is now considered a microvariant
of G3 (79). Human infections with the G3 genotype (buffalo strain) were first reported
by Pezeshki et al. in Ardabil Province in northwest Iran. This genotype was responsible
for 2 of 9 isolates of human CE cases (72). Moreover, Nikmanesh et al. reported CE
infections caused by the G3 genotype in 3 human isolates (out of 30 isolates, 10%)
from patients undergoing surgery in two hospitals in Tehran during 2010 to 2012 (80).
Five of 125 formalin-fixed paraffin-embedded human tissues were identified as having
G3 in Iran (78). G1 and G3 genotypes have been found to contribute to the transmis-
sion cycle of CE in neighboring areas, East Azerbaijan Province of Iran and Van
Province of Turkey (81).

FIG 2 Distributions of the genotypes of E. granulosus sensu lato in human, livestock, and carnivorous species in Iran, Pakistan, and Turkey based on
molecular identification (for more details, please refer to the main text).
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According to Alvarez Rojas et al., more than 11% of human CE cases worldwide
have been attributed to G6/G7 genotypes (82). The G6 genotype of E. intermedius was
previously reported as the second most common genotype responsible for 9.1% to
88.9% of human CE in Iran (68, 83, 84), and it is emerging as a significant genotype
worldwide. Rostami et al. reported higher prevalence of the G6 genotype in Iran from
pathology specimens of 125 CE patients (40.8%) in comparison with previous studies
in Iran (78). In the studies conducted in southeastern areas of the country, the G6 ge-
notype was found in 8/9 (88%) and 24/42 (57%) of human samples in South Khorasan
and Kerman provinces, respectively (83, 84). This may indicate probable differences of
the genotypes’ infectivity or pathogenicity to humans, potential host-related genetic
characteristics, possible differences in fecundity and resistance among Echinococcus
species/genotypes to the environmental conditions, and abundance of camels more
adapted to the genotypes perpetuating in those areas (84).

Although the two provinces are considered important areas for camel breeding,
sheep breeding is also relatively common in the area (83, 85). Sadjjadi et al. analyzed 8
specimens of human cerebral CE, and all isolates were found to be the G6 genotype,
whereas all eight isolates of hepatic cysts were identified as the G1 genotype (86). The
authors suggested that the G6 genotype may have a particular tendency to settle in
the brain. Further investigations are needed for a better understanding of the probable
affinity of the G6 genotype to the central nervous system (CNS).

Risk Factors for Human CE

Risk factor analysis identified several factors influencing human CE epidemiology in
Iran. It should be noted that no sound experimental evidence has been generated in
recent time to document specific routes of transmission of echinococcosis to people
living in rural and urban areas. Current data have been mostly derived from epidemio-
logical and/or exposure analyses performed in regions of endemicity. Figure 3 illus-
trates the situations in which CE transmission has occurred in the three countries. The
results of a recent meta-analysis support the hypothesis that dog contact, drinking
contaminated water, and, probably, food are major routes of CE transmission in areas
of endemicity (2). However, the evidence for the comparative significance of food and
water to CE transmission is weak, and further in-depth studies are required on this
topic. Free-roaming dogs could contaminate surface water as well as farm produce
intended for human consumption. Therefore, eating contaminated food and raw vege-
tables can be one of the major risk factors of human CE in Iran. A global multicriteria-
based ranking of foodborne parasites conducted by the Food and Agriculture
Organization of the United Nations (FAO) and World Health Organization (WHO)
ranked E. granulosus as second among the list of 24 food-transmitted parasites, con-
firming the importance of foods and vegetables in the transmission of echinococcoses
(87). Contaminated water has been recently considered an important risk factor of
echinococcosis and is suspected to be one of the significant routes of transmission (88,
89). However, little information is available regarding the presence of E. granulosus
eggs in water, and more environmental studies are required on this topic in the region.
In the northern province of Mazandaran, 2 of 989 water samples (0.2%) were found
contaminated with taeniid eggs by using conventional parasitological techniques (90).

Several studies have been conducted in Iran on the presence of taeniid eggs in veg-
etables by using microscopic techniques; however, no molecular evidence has been
presented to document E. granulosus eggs in vegetables. Findings of a recent study
performed in northwestern Iran revealed that 7.8% of 2,757 vegetable samples were
contaminated with taeniid eggs, and lettuce was found as the most contaminated veg-
etable species. Interestingly, the frequency of taeniid eggs on the vegetable samples
grown in unfenced fields was 2.7 times more than that of those grown in fenced vege-
table fields (91). In the southern city of Shiraz, taeniid eggs were detected in 2.5% (2/
80) and 4.1% (6/144) of vegetable samples collected from markets and farms, respec-
tively (92). In Qazvin Province, 1.8% of 218 vegetable samples were found contami-
nated with Taenia/Echinococcus eggs (93).
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Frequent human contact with dogs or sheep has been reported in many studies in
Iran. The presence of sheep in the vicinity of a place where there are infected dogs is
an important factor for the contamination of sheep wool with parasite eggs. Sheep
shearing by nomads and sheep markets in rural areas could potentially result in human
infection (38). However, it should be noted that no experimentally sound evidence has
been available to document specific routes of CE transmission. Current data have been
mostly derived from epidemiological and/or exposure analyses performed in regions
of endemicity. Echinococcus/Taenia eggs have been frequently recovered from soil/
dirt, dog feces, and vegetables (91); therefore, it is usually believed that the CE trans-
mission is most probably initiated from these sources. Studies have shown a higher

FIG 3 Epidemiology of cystic echinococcosis in Iran, Pakistan, and Turkey. (A) Uncontrolled
population of free-roaming dogs in urban areas in Iran. (B) Unregulated abattoir in Turkey. (C) Home
slaughter butcher’s shop and stray dog in Pakistan. (D) Free-roaming dogs feeding on a dead
livestock body left around an abattoir in Iran. (E and F) Traditional animal husbandry in the region: a
shepherd with his dogs and children herding livestock with a sheep dog in Iran. (G) Unfenced
vegetable fields in Pakistan and the dogs roaming freely in the farms. (H) Community-based
ultrasound survey on cystic echinococcosis in Iran.
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prevalence rate of CE in females than in males (1.05:1.0 to 3.0:1.0). This may be
explained by the fact that housewives, particularly in rural areas, have more frequent
contacts with potential infection sources due to their activities such as washing vegeta-
bles, animal care, milking, and cleaning the home environment and the yard. Women
have a key role in crop and livestock sectors in the region. The female contribution in
the agricultural labor force in the Middle East has increased from 34% during 1990 to
1995% to 45% in 2011 (94, 95). In Pakistan, 80% of milk production activities at small
farms are conducted by rural women (96). Geophagy, the tendency to eat soil by preg-
nant women, especially in rural areas, may also be responsible for some cases (38).
However, the significance of gender difference has been variable in different regions,
and we should be cautious about the significance of higher CE frequency in women
due to several factors, particularly the gender selection bias in sampling (7, 19). The
disease is more prevalent in the 20- to 40-years age group; however, it should be noted
that the disease is chronic, and it may take a long time for a cyst to grow to a sympto-
matic stage. Also, the fact that 20- to 40-year-old women might be more frequently
tested by ultrasound for pregnancy could partially explain the age and gender distribu-
tion of CE in the region.

People living in urban areas of Iran are more likely to present as CE cases to health
centers. It is believed that CE is gradually being urbanized, and it can therefore no lon-
ger be regarded as a rural disease (16). Urban areas in Iran have challenges with the
free-roaming dog population. It has been estimated that the total dog population in
Iran is approximately 3.5 to 11.5 million dogs; however, no official data and/or specific
studies are available in the country (19). As in many developing countries, municipal
abattoirs are usually substandard, and home slaughter is prevailing (13). Moreover, the
increase in outdoor activities such as camping and recreational activities of the people
living in the cities has also contributed to the increasing rate of CE in urban areas. The
changing population demography over the last 3 decades and migrations of rural peo-
ple to the urban and periurban areas may contribute to the apparent rise of urban CE
cases (16, 39, 97). Therefore, a large population of free-roaming dogs, low-quality sub-
standard abattoirs, unlicensed/unregulated abattoirs, practice of home slaughter,
increased outdoor activities, and migration to urban regions are among the major fac-
tors of CE prevalence in urban areas.

CE IN LIVESTOCK SPECIES IN IRAN

In Iran, all ungulate livestock species can act as intermediate hosts of E. granulosus,
including sheep, goats, cattle, buffaloes, camels, and donkeys. Moreover, Echinococcus
cysts have been described in wild ruminants, including wild sheep (Ovis orientalis) and
goitered gazelle (Gazella subgutturosa) (22).

Prevalence of CE in Livestock Species in Iran

Livestock CE is widespread in many areas of Iran; however, in some areas of the
country, epidemiological data are not available, inadequate, and/or in need of updat-
ing. A substantial amount of information has come from retrospective abattoir-based
studies (postmortem examinations). We tried to use confirmed data obtained from
research studies for estimating the prevalence of CE, because official data reported by
the abattoirs are not considered reliable, as described before (29). False-negative diag-
nosis may be made by overlooking small intraparenchymal cysts (98). On the other
hand, there may be false-positive results due to unspecific granulomas, pseudotuber-
culosis, emphysema, abscesses, fatty degeneration, and cysticerus tenuicollis (Taenia
hydatigena) that could be mistaken as CE (29, 99, 100).

It should be taken into account that the prevalence of CE tends to be underesti-
mated in slaughterhouse-based surveys. Given the low rate of cyst growth and the
marked age dependency of prevalence in livestock, preferred slaughtering of young
animal in abattoirs will result in a gross underestimate of the true prevalence. Such can
only be achieved if data from abattoir studies are age stratified (101). Further age-spe-
cific studies on CE in livestock are required in Iran as well as other countries.
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The origin of livestock arriving at the slaughterhouse should also be considered in
this regard, particularly when the catchment region of the abattoir includes both high-
and low-prevalence areas.

Differences in the prevalence of CE in livestock species based on abattoir studies
may result from a number of factors such as the differences in geographical areas, dif-
ferent parasite species/genotypes existing in the livestock (102), animal husbandry sys-
tems such as traditional free grazing versus commercial animal production, differences
in infection pressure and transmission dynamics (103), the sociocultural behavior of
livestock owners, attitude toward dogs (104, 105), and environmental factors that are
involved in the perpetuation of the parasite (106). Furthermore, it has been reported
that seasonal difference in the prevalence of livestock CE may be associated with dif-
ferences in the age of animals sent to the abattoir (104, 107). In fact, seasonal patterns
of CE prevalence among livestock cannot be accurately determined if the abattoir
studies are not age stratified, but any reports of such seasonal fluctuations are likely a
result of sampling bias given the long development time of hydatid cysts (108).

Prevalence studies of CE in livestock in Iran since 1994 have indicated that sheep
have high rates of infection in most regions compared to that for other livestock.
Based on available data, the prevalence of livestock CE in Iran ranges from 1.3% to
74.4% in sheep, 0.4% to 37.8% in goats, 4.3% to 31.9% in buffaloes, 1.3% to 40.1% in
cattle, 8.8% to 40.4% in camels, and 2% in donkeys (13, 27, 109, 110).

There is evidence of a higher prevalence rate of CE among livestock in the north-
western regions of Iran than in semidesert zones of the central and eastern regions
(104, 107, 111–114).

According to existing data, sheep are the key intermediate hosts in the transmission
of CE in most parts of Iran, with fertility rates that may exceed 88% (38). Sheep are
mostly infected with E. granulosus sensu stricto according to genotyping studies.
Camels with fertility rates ranging from 67% to 70% are also important intermediate
hosts (115, 116) as well as goats with fertility rates ranging from 61% to 66% (115,
117). Based on the data in the literature, cysts of cattle and buffaloes have markedly
lower fertility than those of other livestock species in Iran (38, 116, 118, 119). This can
be linked to different host infectivity of different Echinococcus species and genotypes
but also to different age at slaughter (e.g., camels versus sheep), exposure of the offal
or carcasses to dogs (animal husbandry), and possibly the livestock breeds (5).

Molecular Epidemiology of CE in Livestock in Iran

The various species and genotypes of E. granulosus sensu lato show considerable
differences of adaptation to different livestock hosts (29). To assess the genetic diver-
sity of E. granulosus sensu lato among livestock species in Iran, data on molecular epi-
demiological surveys that have been conducted to date have been summarized in Fig.
2. Evidence shows that the two species that most frequently infect livestock in Iran are
E. granulosus sensu stricto (G1 and G3 genotypes) and E. intermedius (E. canadensis; G6
genotype).

There is ample evidence for the presence of the dog-sheep cycle of CE in most
regions of Iran with the G1 genotype as the most prevalent variant. The coexistence of
E. granulosus sensu stricto and E. intermedius in livestock has also been documented.
The first reports of the G2 genotype (now considered a variant of G3) were docu-
mented from goat in Isfahan Province (120). The first confirmation of the G2 genotype
in cattle was reported from Golestan Province, Iran (121). The G3 genotype was iso-
lated from camel in the central part of Iran (122). Other studies found the G3 genotype
in buffaloes, cattle, sheep, and camels originating from different regions of the country
(123). However, this genotype was not found in buffaloes in southwestern Iran (72,
115, 121, 124), although it is known to occur in buffaloes in the east and southeastern
parts of Turkey (125), which share borders with the West Azerbaijan province of Iran.

A study reported the isolation of E. granulosus sensu stricto from Iranian wild sheep
(Ovis orientalis) from the Khojir National Park near Tehran, indicating the probability of
interaction between the domestic and wild cycles of the parasite (126).
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The presence of G6 genotype of E. intermedius has been confirmed in several stud-
ies in Iran, and current evidence demonstrated the presence of this parasite cycle in
sheep, goats, cattle, and camels. It is particularly well adapted to camels and, possibly,
goats but seems to have a secondary role in the transmission via sheep (16, 68).

Coexistence of G1 and G3 was found in sheep in Iran (127). Moreover, the G1 and
G3 genotypes have been isolated from infected goats in Iran in the ranges of 63% to
100% and 0% to 25% of isolates, respectively. A previous study reported E. intermedius
with a G6 genotype frequency of 12% in infected goats (128). Furthermore, there was
evidence of the presence of the E. intermedius G7 genotype in six isolates of goats in
the northeastern province of North Khorasan in Iran (129). Further research will be
needed to confirm the presence of the G7 genotype in animals and humans in the
country. In any case, both genotypes are closely related and can be considered micro-
variants (130, 131).

According to molecular epidemiological studies, E. granulosus sensu stricto (both G1
and G3 genotypes) is considered a major cause of bovine CE in Iran. Approximately
64% to 100% of bovine CE cases were caused by the G1 genotype, whereas the G3 ge-
notype was responsible for 5% to 28% of the infections. The presence of E. intermedius
(G6 genotype) has also been documented among cattle in Iran, with a genotype fre-
quency of 6% to 36% (68, 70). In Iranian buffaloes, E. granulosus sensu stricto has fre-
quently been reported with prevalence rates of 92% to 100% and 8% for G1 and G3
genotypes, respectively (124, 132). In camels, both the G1 and G3 genotypes of E. gran-
ulosus sensu stricto were detected with frequencies of 25% to 88% and 22%, respec-
tively. It has been demonstrated that 12% to 100% of camels are infected by other spe-
cies of Echinococcus, including E. intermedius (G6 genotype) (132, 133).

Echinococcus ortleppi (G5 genotype) was recently reported from Iran; however, the
dynamics of the parasite transmission are unknown. Molecular studies are required to
confirm the transmission of this genotype between different intermediate (e.g., cattle,
camel, and human) and definitive hosts. G5 presence in Iran is based on two studies
reporting E. ortleppi from a camel in central Iran (134) and from 5 of 45 cattle from the
northern province of Gilan (135). A recent study from Mazandaran Province indicates
the dominance of the G1-G3 genotype in sheep and cattle in Caspian littoral regions
(136). Evidence indicates that, like humans, cattle and camels are capable of harboring
multiple genotypes, suggesting their importance for maintaining the CE life cycle in
various parts of the country, with camels being largely restricted to the central, south-
eastern, and eastern arid ecosystems (84).

E. GRANULOSUS SENSU LATO OF CARNIVORES IN IRAN

E. granulosus sensu lato has been isolated from dogs as well as wild carnivores,
including wolf, jackal, and red fox, indicating the presence of both domestic and wild
cycles in Iran (23, 24, 137–139).

Echinococcus granulosus sensu lato in definitive hosts has been reported in various
parts of Iran. However, the coverage and quality of data differ across Iran, and in some
parts of the country, such data do not exist, are inadequate, or need updating. More
surveys are required to focus on the biological and ecological aspects as well as the ep-
idemiological and geographical patterns of E. granulosus sensu lato in Iran.

Based on data available, domestic dogs are by far the most important definitive
hosts both by population size and prevalence. The dog population in Iran has been
estimated to range from 3.5 to 11.5 million, of which 70% to 90% were stray dogs (19).
Reported prevalence estimates range from approximately 7% to 64% in stray dogs and
3% to 63% in owned dogs, depending on the geographical area and the type of speci-
men examined. Unless stated otherwise, the following data were determined by ne-
cropsy and visual inspection of worms.

In the northern Caspian coastal provinces, the prevalence of canine echinococcosis
was reported to be 21.1% to 46.7% in Mazandaran Province and 25% in Gilan province
(140–144).
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A comprehensive study conducted in 13 provinces of Iran reported 27.2% preva-
lence in sheep dogs. The percentage of infection was between 3.3% in Sistan, south-
east Iran, and 63.3% in Isfahan, central Iran (142). Also, the number of worms detected
in each sample varied extensively from a single worm to approximately 2,000 worms;
however, most dogs harbored fewer than 50 worms (142). In five western provinces of
Iran (West Azarbaijan, Kordestan, Kermanshah, Ilam, and Lorestan), the prevalence of E.
granulosus sensu lato was reported at 9% to 44%, classified as medium to high preva-
lence (24, 28, 48, 145, 146); worm burden was determined to range from 3 to 2,000
worms (24).

In the northwestern province of East Azerbaijan, 20% of stray dogs were found to
be infected in four different areas, including Ahar, Basmenj, Anakhatoun, and
Sarizamin (147). Using fecal samples for PCR (copro-PCR), a prevalence of 23.7% was
found in domestic dogs of Moghan Plain in the northwestern province of Ardabil (138).
In this region, Zare-Bidaki et al. also estimated the prevalence in owned dogs at 27.1%
based on copro-antigen enzyme-linked immunosorbent assay (ELISA) (148).

In the northeastern part of the country, depending on the technique used, the prev-
alence of E. granulosus sensu lato in dogs in different counties was as follows:
Chenaran, 17% to 21.6%; Mashhad, 22% to 38%; and Bojnurd, 62% (23, 149–151). In
the study conducted in Mashhad, 81% of infected dogs harbored 1 to 100 worms, 13%
had 100 to 1,000 worms, and heavy worm burdens (.1,000 worms) were reported in
4.5% of infected dogs (151). In the central regions of the country, available prevalence
estimates are 12.3% to 63.3% in Isfahan and 55.7% in Kashan (113, 142, 152). In the
southern parts of the country, studies resulted in prevalences of 34.4% to 36.2% in
Shiraz, 6.6% to 6.8% in Kerman, and 4.2% to 20% in Khuzestan (142, 153–157).

Some studies conducted in Iran have indicated that there is no association between
prevalence rates and age and sex of the dogs (151, 158); however, these findings need
to be interpreted cautiously because of the small sample size.

There are few studies on wild carnivore species as hosts of E. granulosus sensu lato and
E. multilocularis. Data have to be regarded as preliminary due to small sample sizes and lim-
ited geographical coverage in most of the studies. Beiromvand et al. (23), using a necropsy
method, found mixed infections with both E. multilocularis and E. granulosus sensu lato in
two golden jackals (Canis aureus) and one wolf (Canis lupus) and infection with only E. mul-
tilocularis in three jackals in Chenaran, Khorasan Razavi Province, in northeastern Iran.
These results indicate the sympatric transmission of different Echinococcus species by wild
animals in the region. In the same area, E. granulosus sensu lato was detected in fecal speci-
mens of 16.9% of 77 dogs and 66.7% of nine jackals as well as all of three red foxes (Vulpes
vulpes), one wolf, and one hyena (Hyaena hyaena) (23).

Echinococcus multilocularis was first reported in the early 1970s in 10% of the red
foxes of Moghan plain of the northwestern parts of the country, where both E. granulo-
sus sensu lato and E. multilocularis are endemic in carnivores (139). Further studies
revealed prevalence rates of 22.9% in red foxes and 16% in jackals (159). Using specific
copro-PCR, Mobedi et al. found E. granulosus sensu lato infection in 10 (11.9%) red
foxes and a golden jackal in Moghan Plain in northwestern Iran (138). However, no evi-
dence of E. multilocularis infection was found in wild carnivores in the study area.

The frequency and intensity of canine echinococcosis may be influenced by a num-
ber of factors, including access to uncooked offal, dogs freely roaming in and around
slaughterhouses, home slaughtering of livestock, particularly in the rural areas, dog
occupation and ownership status, and age and sex of the dogs. Home slaughtering
mainly due to traditional activities and religious ceremonies can increase the risk of
transmission of infection to dogs. Socioeconomic factors related to dog ownership,
including regular anthelmintic treatments of dogs, knowledge of dog owners concern-
ing echinococcosis, and cultural and economic background of dog owners also con-
tribute to the distribution and intensity of the infection (160–163).

Echinococcus granulosus sensu stricto (G1 genotype) appears to be the most com-
mon species in canines. A genotyping study in western Iran by Parsa et al. (146)
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indicated the existence of three E. granulosus sensu stricto genotypes in dogs from
Lorestan Province. G1 was the most abundant genotype (75.0%), followed by G3
(15.0%) and G2 (10.0%) (146). Other studies in this province have also reported the
presence of the G1 genotype in livestock species (Fig. 2). Different species and geno-
types of E. granulosus sensu lato (G1, G3, and G6) have also been found in northwestern
Iranian stray dogs (147). Previously, E. granulosus sensu stricto (G1-G3 complex) was
found to be the predominant species transmitted in Ilam Province in the west of Iran
(145). In the Sothern Caspian Sea, northern Iran, E. granulosus G1 and G3 genotypes
have been reported in dogs and G1 in jackals (140). Another study reported G1 geno-
type from four dogs, two jackals, and one wolf in North Khorasan Province, northeast-
ern Iran (164). It is quite possible to see spillover events between domestic and sylvatic
transmission cycles of different genotypes. Further clarification of Echinococcus epide-
miology in dogs requires in-depth understanding of the transmission dynamics of dif-
ferent species and genotypes in the country.

ALVEOLAR ECHINOCOCCOSIS AND E. MULTILOCULARIS IN IRAN

Human alveolar echinococcosis (AE) is considered underreported and/or underesti-
mated in Iran, and only sporadic data are available for the disease. Cases of human AE
have been reported in the northwestern, southern, and eastern parts Iran. The esti-
mated annual number of AE cases in Iran is 11 cases, but this number should be inter-
preted with caution. Cases of human AE were first documented between 1948 and
1993 in the northwestern province of Azerbaijan, which involved 37 patients (,1 case
per year), including farmers, shepherds, workers, housewives, and hunters (159, 165).
Owing to the fact that AE is highly endemic in the neighboring provinces in Turkey,
the disease is likely underreported in Iran. Further comprehensive studies are needed
to clarify the endemicity status for human AE in Iran.

Recently, some human AE cases were reported from Ardabil, Khorasan Razavi,
Khuzestan, and Tehran provinces. The geographical spread of the human cases
approximately correlates with the records of E. multilocularis in animals, and so there is
substantial likelihood that the human cases are autochthonous.

In Iran, no E. multilocularis metacestode was found in any of the 5,000 examined
rodents (I. Mobedi, unpublished) in the course of epidemiological studies conducted in
1971 in the Moghan Plain in the northwestern part of the country (139). In a later study
in Ardabil Province performed in 1992, no metacestodes were found in 2,505 rodents
examined (159), but adult E. multilocularis organisms were detected in foxes and jack-
als, indicating an ongoing parasite life cycle in wildlife (145). Metacestodes have been
isolated in several small mammal species acting as intermediate hosts in Khorasan
Razavi Province, including Microtus transcaspicus (Transcaspian vole), Ochotona rufes-
cens (Afghan pika), Crocidura gmelini, Mus musculus, and Apodemus witherbyi (31). M.
transcaspicus had the highest frequency of infection (.40% of trapped Transcaspian
voles were infected), suggesting an important role in the life cycle of E. multilocularis in
this area. Overwhelming evidence suggests autochthonous transmission of E. multilo-
cularis in the region. Despite the identification of various intermediate host species, far
too little data are currently available on the impact of each species in the life cycle.
Moreover, the fertility of the metacestodes of E. multilocularis remains unclear. The
involvement of other susceptible rodents should not be excluded from investigations
due to lack of evidence supporting their role (5).

Moghan Plateau of Ardabil Province is a well-known area of endemicity for E. multi-
locularis. In the early 1970s, Mobedi and Sadighian reported E. multilocularis in 10% of
red foxes in the Moghan Plain in northwestern Iran (139). E. multilocularis was isolated
from 22.9% of red foxes and 16% of jackals as well as from two wild cats in Ardabil
Province in the northwestern part of Iran (159). Further studies conducted by Mobedi
et al. confirmed the presence of E. multilocularis in wild carnivores of Moghan Plain
using specific copro-PCR. However, the differences in diagnostic procedures or ecologi-
cal changes in recent years such as population growth, immigration, establishment of
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new villages and towns around local rivers, and the construction of new dams, new
water reservoirs, and irrigation systems should be noted when comparing old and new
data (138).

Beiromvand et al. (23) have reported a focus of E. multilocularis in Khorasan Razavi
Province in the northeast of Iran. Infection in five jackals (two of them as coinfections with
E. granulosus sensu lato) and a wolf in Chenaran region showed that both parasites may be
sympatric in this region (23). In Chenaran, a higher frequency of E. multilocularis was found
in wild carnivores (100%) than in domestic and stray dogs (6.5%). The burden of infection
was found as high (.1,000 worms) in the jackals and low (1 to 100 worms) in the wolf.
Moreover, in a copro-PCR-based investigation, 6.5% of dogs (5/77 dogs) and all the wild
carnivores (nine jackals, three foxes, one wolf, and one hyena) involved in the study were
found to be infected with E. multilocularis (23). The occurrence of E. multilocularis in wolves
and golden jackals in Iran is considered sporadic (23). Another study in North Khorasan
Province reported the presence of E. multilocularis by molecular evaluation (4%; eight jack-
als and two foxes) (164). It is noteworthy that the high prevalence of E. multilocularis in car-
nivores in Khorasan Razavi Province indicates a potential autochthonous transmission of
this parasite, and it is suggestive of its potential risk to human population. Chenaran
County is located near the Iran-Turkmenistan border. Fragmentary data on E. multilocularis
in Turkmenistan indicate that red foxes, corsac foxes (Vulpes corsac), and golden jackals
may be involved in the persistence of the life cycle (166). Therefore, transboundary trans-
mission of E. multilocularis needs to be considered in the epidemiology of AE in the region.

ECHINOCOCCOSES IN PAKISTAN

Transmission of E. granulosus sensu lato between sheep and dogs plays a key role in
the domestic life cycle of the parasite in Pakistan. No abattoirs generally exist in the ru-
ral areas, and home slaughter of animals is likely to be the major risk factor of CE in the
country (18). Due to lack of comprehensive data on echinococcosis, further studies are
needed to clarify the importance of this disease in Pakistan.

Human and Animal CE in Pakistan

Human CE has not been extensively investigated in Pakistan. So far, no community-
based ultrasound survey has been performed in Pakistan, and only a limited number of
hospital-based studies or case reports are available for different provinces of the coun-
try, mainly from Khyber Pakhtunkhwa, Punjab, Baluchistan, and Sindh, which are likely
to cover only a fraction of the total CE cases in the country (167–180). A 10-year period
study by Fatimi et al. (180) reported 49 human pulmonary CE patients in Karachi and
Punjab. Refugees from Afghanistan accounted for 30% of these patients; the remaining
70% were Pakistani citizens (180).

A hospital-based study performed in five major metropolitan cities of Pakistan
reported 188 surgically confirmed CE patients from 2008 to 2018, with a higher occur-
rence of the disease in females (61.7%) (181). A total of 198 CE cases were reported by
three hospitals in the northeastern region of Lahore in the Punjab province during
2012 to 2017: 41.4% male and 58.6% female (182). A total of 228 cases have been
reported from three regions of Islamabad, Rawalpindi, and Peshawar, where most
records concern young adults (.20 to 30 years; 22.8%). Farmers (21.9%) and butchers
(11.4%) were the most important occupations associated with CE. Occurrence of CE
has been attributed to well-known risk factors such as poor sanitation and unhygienic
living conditions, rural lifestyle, home slaughtering, and substandard slaughterhouses,
which all create a suitable environment for the transmission of CE (183).

In total, 1,611 cases of CE have been recorded in Pakistan between 1990 and 2018. This
is assumed to be a gross underestimate of the true situation, and there is need for commu-
nity-based ultrasound screening, seroepidemiological surveys, and a CE registry system in
the region to provide up-to-date knowledge on the socioeconomic burden of the disease
in Pakistan (184). There is an urgent need of developing and implementing an effective
national surveillance system for monitoring the incidence of CE and AE in Pakistan. Also,
improving the hospital information system is essential for conducting large-scale high-
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quality studies in the future. Latif et al. reported the presence of the G1 genotype of E.
granulosus sensu stricto (two human cysts) in the Punjab province of Pakistan using an mt-
CO1 gene marker (18) (Fig. 2). Subsequent studies confirmed the dominant presence of E.
granulosus sensu stricto (G1-G3) in humans; however, E. intermedius (G6 genotype) was also
reported from humans in Pakistan (179, 185, 186). Based on cox1, cytb, and nad1 sequences
of 38 human Echinococcus cyst samples, the relative frequencies of E. granulosus sensu
stricto, E. canadensis (G6/G7), and E. multilocularis in Punjab Province were 92.0%, 5.3%, and
2.7%, respectively (187). A recent study revealed the high rate of E. granulosus sensu stricto
in humans (35 cases), followed by E. canadensis (G6/G7; 2 cases), revealing camel-dog and
pig-dog cycle interactions (187).

Between 1989 and 2018, the reported prevalence rates of livestock CE in Pakistan
were 2.2% to 15.8% in sheep, 1.7% to 6.2% in goats, 2.4% to 35% in cattle, 5.2% to
24.4% in buffaloes, and 17.3% to 77.5% in camels. Herbivores such as donkeys can con-
tribute to the life cycle in Pakistan (18, 179, 188–200).

In a study conducted in abattoirs of the Punjab area in Pakistan, CE was diagnosed
in 17.3% of 590 camels (95% fertility), 7.5% of 15,857 sheep (86.4% fertility), 7.2% of
5,300 buffaloes (84.3% fertility), 5.5% of 15,001 goats (79.1% fertility), and 5.2% of
2,990 cattle (75.2% fertility) (18). A recent study by Mehmood et al. indicated preva-
lence rate of livestock in seven major cities of Pakistan from 2016 to 2018, where
higher prevalence belonged to buffaloes (11.9%) and sheep (11.5%), followed by cattle
(8.9%) and goats (3.6%) (195). Like other countries in the region, limited age-specific
data are available for livestock CE in Pakistan.

Two genotypes of E. granulosus sensu stricto (G1 and G3) have been identified in
goats, camels, and cattle in a district of Punjab (18, 201). The G1 genotype was
detected in cattle, buffaloes, sheep, and goats in three districts of Punjab, including
Okara, Jhang, and Lahore (201). Another study identified different genotypes in sheep
(G1 and G3), goat (G1 and G3), cattle (G1), buffalo (G3), and camel (G1) (18, 202).
Findings of a recent study indicate a significant frequency of G3 genotype in sheep
(77.1%) and buffaloes (93.3%), whereas most of the goat isolates (65.4%) were identi-
fied as the G1 genotype. Considering the large population of buffaloes, it seems the
buffalo-dog cycle perpetuates the G3 genotype in Pakistan (202).

The existence of E. granulosus sensu stricto (G1-G3; 16 cattle isolates) and G6 geno-
type (one cattle isolate) has been confirmed in Khyber Pakhtunkhwa (179). Moreover,
the G1-G3 complex has been identified in buffaloes in Hyderabad, Sindh Province,
southeastern Pakistan (192). In a recent study in Pakistan, the G3 genotype was
reported to be prevalent in bovines (38/60 cattle and buffalo) in Lahore, Faisalabad,
and Peshawar, followed by G1 (14/60) and G5 (8/60) (203). Based on current (insuffi-
cient) knowledge, E. granulosus sensu stricto is by far the most frequent species of
Echinococcus in Pakistan (Fig. 2).

Human and Animal AE in Pakistan

Little is known about human AE in Pakistan. Records of E. multilocularis are limited
to human cases. AE incidence is believed to be very low, as the estimated number of
AE cases per year is reported as ,1 (165). Human AE has been found, based on three
isolates, in Khyber Pakhtunkhwa, Pakistan, while a record from cattle in the same area
needs confirmation (179). Our knowledge is very limited about the occurrence of AE in
the definitive and intermediate hosts in Pakistan. Until recently, no studies had been
conducted on animals in Pakistan. A very recent publication indicates the occurrence
of E. multilocularis from three foxes (3/68 [4.4%]) in Kaghan and Siran regions of north-
ern Pakistan (204). The first molecular confirmation of human AE has been reported
from one patient in Punjab Province (187). To determine the current situation of AE in
Pakistan, further comprehensive epidemiological assessments are required.

ECHINOCOCCOSES IN TURKEY

As in most parts of western Asia, the transmission of CE in Turkey is based on the
“classical” domestic sheep-dog cycle, where feeding of raw offal to dogs is considered
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to be the most common way for spreading the parasite (5, 13). In addition, records
from wild animals indicate the presence of E. granulosus sensu stricto in wild sheep
(Ovis gmelinii anatolica); however, little is known about wild definitive and intermedi-
ate hosts involved in the sylvatic cycle of the parasites in Turkey (205).

HUMAN CE IN TURKEY

CE has been regularly reported in different regions of Turkey. Based on the official
reports of the Ministry of Health, a total of 52,000 patients (3,257 people/year) under-
went surgery for CE between 1990 and 2005 in different geographical regions. The an-
nual incidence of CE in Turkey ranged from 0.8 per 100,000 to 2 per 100,000 (206), with
foci of elevated incidence (6.4/100.000) in some parts of the country (207). A total of
14,789 surgical patients were documented between 2001 and 2005, most of whom
have been reported from central Anatolia (38.6% of the total number of patients), fol-
lowed by the Aegean (16.94%), Mediterranean (16.09%), Black Sea (5.70%), and south-
eastern Anatolian regions (208).

Seroprevalence estimates of human CE range from 2.7% to 14.6% in different regions
of Turkey (208–213). However, as mentioned earlier, serological surveys in human popula-
tions should be interpreted with caution due to the limitations and pitfalls associated with
this type of study. Meaningful results can be obtained in epidemiological studies through
using multiple imaging as well as immunodiagnostic techniques (46).

In several recent studies, the prevalence of CE in humans in Turkey was determined
using abdominal ultrasound screening. Six population-based studies have been reported
in the Eastern and Central Anatolia and Aegean regions of Turkey with limited age and
geographical ranges and high endemicity (208, 210, 211, 214–216). In a large-scale ultra-
sound study in six areas of endemicity in Turkey, hydatid cysts were found in 53 of 8,618
(0.6%) participants (217). The prevalence of CE was found to be 0.3% in a screening survey
on children in Manisa Province of Turkey, where 8.9% and 10.1% seroprevalence by ELISA
and indirect hemagglutination assay (IHA) had been reported in the same subjects. Other
community-based ultrasound studies found 0.2% prevalence among 2,500 primary school
children from Elazig, 0.15% prevalence among primary school children of Manisa in 2007,
and 0.47% prevalence among 7- to 88-year-old individuals from four villages of Aydin in
2012 (211, 214, 215). A cross-sectional ultrasound study detected abdominal CE in 53 of
8,618 (0.61%; 95% confidence interval [CI], 0.2% to 1.9%) people screened in various rural
populations of Turkey from 2014 to 2015, with an age- and sex-adjusted prevalence of
0.59% (95% CI, 0.19% to 1.85%). No lung cysts were diagnosed in 7 individuals who under-
went additional chest radiography (217).

Molecular Epidemiology of Human CE in Turkey

As in other regions of endemicity of Western Asia and the Middle East, the most fre-
quent genotype affecting humans in Turkey is the G1 genotype, followed by the G3,
G6, and G7 genotypes. Very recently, a single human patient was found infected with
the G4 genotype of E. equinus (218).

As summarized in Fig. 2, different DNA-based molecular studies in Turkey have reported
E. granulosus sensu stricto (G1 and G3 genotypes) as the dominant species responsible for
human CE in Turkey. Utuk et al. reported the G1 genotype infecting humans from Elazig in
Eastern Anatolia (219). Another study indicated that all of the human CE cases belonged to
genotypes G1-G3 in Istanbul in the Marmara region of northwestern Turkey (220). The
presence of the G1/G3 cluster has been confirmed in human formalin-fixed paraffin-em-
bedded tissues in Elazig (221). Moreover, the G1 genotype has been found to affect
humans in Edirne in the Thrace region bordering Greece and Bulgaria (222). Echinococcus
granulosus sensu stricto was demonstrated in eastern provinces of Turkey among pediatric
CE cases (223). Another study in central Anatolia found the majority (12 of 16) of human
isolates to belong to the G1 genotype, while three cases belonged to the G3 genotype
and the remaining isolate was E. canadensis G7 genotype (224).

The G6 (“camel strain”) and G7 (“pig strain”) genotypes are closely related and often
not discriminated in molecular studies. Members of this genotypic cluster were
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confirmed in human patients as shown in Fig. 2 (209, 221, 222, 225). The G7 genotype
has been reported from humans in western Turkey as well as in central Anatolia (209,
222, 224). The occurrence of the G6 genotype was reported from two human isolates
(221, 226). Recently, five human cysts of the G6/7 cluster were identified in Aydin
Province of the Aegean region (225).

CE OF LIVESTOCK IN TURKEY

Numerous studies reported the prevalence of livestock CE in Turkey over the past
years, with overall prevalence estimates in different regions ranging from 3.5% to
58.6% (206, 227–235). Stratified for different animal species, prevalence ranged from
3.5% to 70.9% in sheep, 1.6% to 25.1% in goats, 3% to 46.4% in cattle, and 10.2% to
41.1% in buffaloes. The results of several studies published in Turkish language were
also considered here. A wild cycle in Turkish mouflon (Ovis gmelinii anatolica) has been
revealed by molecular confirmation (205).

The molecular epidemiology of CE in livestock species is summarized in Fig. 2. A
large proportion of genotyping studies, especially in livestock, have shown that E.
granulosus sensu stricto (G1 and G3 genotypes) is the dominant species responsible for
sheep, cattle, goat, and camel infection in Turkey (125, 209, 219, 222, 226, 233, 236).
Echinococcus intermedius (both G6 and G7 genotypes) was found less frequently in
sheep (209, 237). Additionally, E. granulosus sensu stricto (G1) and E. equinus (G4) have
been confirmed in horses and donkeys (27, 178, 206). As E. equinus is a rather specific
parasite of equids, a transmission pattern involving stray dogs and donkey/horse
seems to exist in Turkey (26, 238). Further support for the autochthonous transmission
of E. equinus in Turkey was presented very recently in the report of a human patient
confirmed to be infected by this species in Konya, Inner Anatolia (218).

PREVALENCE ANDMOLECULAR EPIDEMIOLOGY OF CANINE ECHINOCOCCOSIS IN
TURKEY

Studies in Turkey have reported prevalences of canine infection from 0.8% to 40.5%
depending on the geographical region and diagnostic technique (239–244). Copro-
antigen ELISA diagnosed echinococcosis in 8.9% of owned dogs in Antakya, a south-
eastern city near the border with Syria (242).

As shown in Fig. 2, there are few molecular epidemiological studies on canine echi-
nococcosis using different techniques. A fecal prevalence of 14% was found in dogs
(owned, guard and sheep dogs) from Ankara in the central Anatolia region based on
copro-PCR studies (245). In Aydın Province, one of 100 surveyed dogs was found to be
positive (244). Mitochondrial CO1 gene sequence analyses revealed that E. granulosus
sensu stricto (G1) is also the dominant species responsible for stray dog infection in the
eastern province of Van, where four dogs (40% [4/10]) were found to be infected (246).
An isolate from one dog showed the G1 genotype in Elazig in Eastern Anatolia (219).

AE AND E. MULTILOCULARIS IN TURKEY

The central Asian countries and the Caucasus region as well as Turkey are consid-
ered areas of endemicity for E. multilocularis and human AE. The first AE case was
reported in Turkey by Mutlu in 1939 (240). Since then, a total of approximately 500
human cases of AE have been reported in more than 60 investigations (206, 240,
247–250). Two hundred six cases of AE in Turkey have been reported from eastern,
southeastern, and central Anatolia and the Black Sea region. During 1980 to 2000, an
incidence of 0.4 cases/100,000 was recorded in southeastern Anatolia, including
Diyarbakır, Sanliurfa, and Batman provinces (248). In addition, 162 human cases of AE
were reported between 2000 and 2010, mostly from eastern and southeastern
Anatolia (250), especially Erzurum Province (83 cases) (250).

Between 1994 and 1999, 219 cases of intracranial echinococcosis were documented
in Turkey (251), of which 16 were found to be AE (two cases had CNS involvement).
Another study reported four AE cases with cerebral involvement in eastern Turkey over
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a period of 27months (252). Estimates arrive at an annual incidence of at least 100
new hepatic AE cases in Turkey (165). However, further hospital- as well as population-
based studies are required to demonstrate the extent of the problem.

In the past 2 decades, E. multilocularis expanded its distribution in Europe, corre-
lated with rising red fox populations, increasing urbanization of foxes, anthropogenic
climate changes, a growing human population at risk, and the involvement of domes-
tic dogs (253–258). Most of these developments are observed in Turkey, but hard data
are not available. As in most countries of endemicity, human cases of AE in Turkey are
likely underreported, but in the absence of reliable surveys, a shift to an increase in AE
incidence has not yet been noted. AE has been more frequently diagnosed in females,
and this is likely due to the involvement of women in farming activities in the country
(240, 259). However, the difference in AE rates between men and women is not signifi-
cant, and fragmentary data cannot be reasonably assessed because sound epidemio-
logical investigations are absent. Since 1980, AE case series have documented age
ranges from 7 to 70 years in Turkey (240, 259, 260). AE has been reported from the liver,
but other organs were also involved, including brain, lung, kidney, and pancreas.

Many parts of Turkey are considered endemic for E. multilocularis. Despite the large
number of human cases, there are very few data on the infection of animal hosts,
including rodents. There is only one study on the infection of rodents with E. multilocu-
laris conducted in Eastern Anatolia (Erzurum). Among 498 trapped small mammals
(Microtus spp., Apodemus spp., Mesocricetus spp., and Crocidura spp.), 49 showed sus-
pected lesions on the livers, and 5 Microtus irani exhibited fertile metacestodes of E.
multilocularis, with a prevalence of 1.3% via molecular assessment (261). No further
data exist from rodents; however, AE has been reported in a wild boar from Bingöl
Province in eastern Anatolia (262).

Only one infected fox has been reported from the European part of the country, in
1963, based on microscopic identification (263). A very recent study performed in 20
counties of Erzurum, Eastern Anatolia, found E. multilocularis infection in 42% of foxes
(21/50 carcasses) using sedimentation and counting techniques. Also in this study, 63
of 600 fox fecal samples (10.5%) were positive for E. multilocularis using a sequential
sieving and flotation method followed by PCR sequencing (264). Another recent study
reported E. multilocularis infection in 8 of 405 (1.9%) fecal samples from red foxes in
the central Anatolia (Kayseri and Nevs�ehir) and the European parts of the Marmara
region (Kırklareli, Edirne, and Tekirda�g) using flotation and sieving followed by multi-
plex PCR (265). In the Eastern Anatolian province of Erzurum, E. multilocularis infection
was found in 1 of 10 red foxes based on microscopy and molecular confirmation (266).
More recently, a Eurasian lynx (Lynx lynx) was found infected with E. multilocularis in
Erzurum, where the largest number of human AE has been reported (267). Some foxes
have infiltrated into the cities, mostly feeding on foods in household waste or rodents.
This presents a potential risk of AE transmission in urban areas (255). Further in-depth
studies on the distribution of infection in definitive and intermediate hosts are
required in this region and other parts of the country. It is yet unclear whether wolves,
jackals, dogs, and other definitive hosts contribute to the life cycle or the parasite cycle
depends on foxes as definitive hosts in most parts of the parasite’s geographical range
in the Northern Hemisphere (5).

BURDEN OF CE IN IRAN, PAKISTAN, AND TURKEY

Several studies on the monetary cost of human and animal CE have been conducted in
Iran, Turkey, and Pakistan. However, disability-adjusted life years (DALY) as a well-recog-
nized index of the nonmonetary burden of CE has not yet been calculated in these coun-
tries. Global DALYs for echinococcoses have been estimated at 871,000 by the WHO
Foodborne Disease Burden Epidemiology Reference Group (FERG) (CE, 183,573 DALYs; AE,
687,823 DALYs). The far higher DALY for AE (despite the lower number of cases) results
from the severity of the disease (higher mortality and fewer treatment options), particularly
in regions with less-developed medical systems (268, 269).
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The estimated average annual cost of CE in Iran is more than $236.7 million per
year (both direct and indirect costs). The annual cost of CE in livestock is estimated at
$138.1 million, including direct ($23.7 million) and indirect costs ($114.4 million).
Human CE is estimated to cost more than $98.6 million (16). Between 2000 and 2009,
the average annual number of surgical CE operations was estimated as 1,295 cases,
although, in the absence of a reliable surveillance system at the time, this number is
certainly an underestimate. Productivity loss for asymptomatic/non-health care-seek-
ing people was estimated to be approximately $100 million, based on two community-
based ultrasound investigations conducted by Saberi-Firouzi et al. (60) and Harandi
et al. (16, 19), with an estimated number of 635,000 asymptomatic cases in the country.
The average cost of surgical treatment of a patient with hepatic or pulmonary echino-
coccosis in a public hospital in Iran has been estimated at $1,027 (16).

In ruminants, the total annual economic loss due to CE has been estimated as
$459,660 in a municipal abattoir of the southwestern city of Ahwaz. This was calculated
based on the market prices at the time of publication for the direct (cost of the con-
demned organs) as well as the indirect costs (livestock production losses, e.g., reduc-
tions in milk, hide, wool, etc.) incurred by CE in livestock (104, 110). This indicates that
CE causes a substantial loss for the animal industry in Iran. In North Khorasan Province,
northeastern Iran, a 5-year retrospective study estimated the cost of food lost due to
condemnation in livestock at $421,826 between 2005 and 2010, most of which was
caused by CE found in carcasses (52.2%) (270). In Khuzestan Province in southwestern
Iran, the economic importance of parasite-related condemnation in livestock has been
estimated at $1,148,181, and CE was responsible for 29.2% of all economic losses asso-
ciated with condemnation (271). Such data are valuable for the development of cost-
benefit analyses as a basis for the economic rationale of CE control programs.

Economic losses caused by livestock CE are presumably high also in Pakistan. CE-related
losses have been estimated at $276 per 100 infected sheep and goats, whereas CE-related
losses were estimated at $165 per 100 infected buffaloes, cattle, and camels (18).

No data are available on the monetary cost of human CE in Turkey; therefore, system-
atic studies on human-related CE costs are required (17). According to Sariözkan and Yalçin
(17), there is a considerable economic impact of livestock CE on the Turkish animal indus-
try, with an estimated $89 million (12% to 13% of the market values) annual production
loss. Calculated per species of livestock, this amounts to $54 million for sheep, $2.7 million
for goats, and $32.4 million for cattle. According to a study conducted on cattle slaugh-
tered in two abattoirs in Erzurum Province between December 2008 and April 2009, the
direct economic losses due to hydatid cysts was calculated as TL 3.320 (227).

PROSPECTS FOR CE CONTROL IN THE REGION
Present Status of Control Programs

Despite the implementation of at least 18 echinococcosis control programs in dif-
ferent regions of the world, e.g., Iceland, New Zealand, Tasmania, Uruguay, Cyprus,
China, Chile, and Spain, no integrated control program has yet been implemented
across Iran, Turkey, and Pakistan, where echinococcoses remain a major health prob-
lem in the 21st century (272).

Only one pilot control study has been conducted in rural and urban areas of the
city of Kerman in southeastern Iran. The project, run between 1991 and 1994, was
mainly based on culling stray dogs and biannual treatment of owned dogs with prazi-
quantel. The mean infection rate of dogs was 5% in 1993 and dropped to 1.5% in
1994, probably due to the impact of the project. Consequently, the rate of CE in
slaughtered animals dropped in 1995 compared to that in 1994 (5.4% in April 1994
and 0.5% in March 1995) (273).

Targets, Approaches, and Tools for Implementation of Control Programs

Dog dosing, dog population management, meat inspection, and livestock vacci-
nation. Targeting the definitive hosts, particularly dogs, can be considered the first line
of the control strategies. Praziquantel (PZQ) has been shown to be very effective in the
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control of E. granulosus sensu lato in owned dogs, stray dogs, and foxes (5mg/kg body
weight, 4 to 8 times per year) (272). There are numerous studies where the dog dosing
component of the control program has been evaluated. More recently, a second pillar
of control has been proposed: the immunization of intermediate hosts with the EG95
vaccine to reduce the number of cysts available to definitive hosts. While the efficacy
of the vaccine and its potential role in the control programs are well documented, fur-
ther field trials are required in different regions of endemicity of the world (274).
Drawbacks of the EG95 livestock vaccine (Providean Hidatil EG95), which is currently
provided by Tecnovax Sanidad Animal (Buenos Aires, Argentina), include potential
reduced performance of the vaccine for certain E. granulosus genotypes such as G6
(remains to be investigated in livestock vaccination trials) and the relatively high price
($1.80 to $1.90 per dose), which may prevent its application in resource-poor countries
(82, 272). An integrated control program consisting of an appropriate combination of
PZQ dosing and EG95 livestock vaccination (with free-roaming dog population control
where necessary) should be effective in reducing or eliminating CE transmission in dif-
ferent regions of endemicity. Moreover, incorporation of other control strategies,
including the improvement of slaughterhouse facilities and practices, control of home
slaughter, and educational programs, are also advised (272, 275).

Dog population management (DPM) methods, including catch, neuter, and release
(CNR) and culling, have been applied in combination with other strategies such as dog
dosing (276, 277). However, ethical concerns have been raised regarding culling.
Effective DPM needs cooperation of various organizations such as municipalities, vet-
erinary and health authorities, education stakeholders, and the media. Dog culling as a
method of zoonoses prevention used to be carried out in an irregular manner in many
parts of the region under review but is now largely abandoned for ethical concerns.
Sheltering stray dogs has been suggested but appears to be feasible only in some
areas. No vaccine is currently available for prevention of canine echinococcosis.

Slaughterhouses are officially supervised by the veterinary sector. However, some
municipal slaughterhouses may not have appropriate facilities for destroying the con-
demned organs, leading to the offal being available for dogs. Improvement of carcass
inspection and slaughter facilities in general are urgently needed as an important com-
ponent for CE control. Illegal slaughtering, home slaughter practices during cultural
and religious events, and lack of knowledge of the disease by animal owners also play
key roles in CE transmission and need to be addressed (193). It seems that integrated
PZQ dosing, EG95 vaccination, and health education should be considered an appro-
priate strategy compared to other control options.

Health education and science communication. School children can be targeted for
health education and promotion of knowledge about the disease and its prevention.
However, the education approach has not been proven to be effective as a stand-alone
measure anywhere (272). It is rather considered to be a complementary activity to win
acceptance of the local people for control and prevention activities. Apart from the
role of academic institutions in promoting health education, the media, including ra-
dio, television, newspapers, and different platforms of social media, can be used to
provide substantive insights into the promotion of public health through science com-
munication frameworks. Radio and television are capable of spreading information to
a large population at a low cost per individual.

The use of media requires an in-depth understanding of the importance of the One
Health approach in the transmission of infectious diseases, including echinococcoses.
Unfortunately, the importance of this issue is still not well embraced by the relevant
authorities in most countries of high endemicity. It is therefore recommended that
governments encourage all relevant authorities to deliver training programs enabling
local media to provide public education on zoonotic diseases (278).

To promote community health, interactive health talks can be organized discussing
the origin of various diseases and why public health may be at risk (279, 280). Science
communication can also be considered in other contexts, including science exhibitions,
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media production, etc. Crucial changes are required in the care policy and educational
system in the context of science communication for raising the scientific literacy of the
public. Several drawbacks are associated with the use of social media, including the
spreading of inappropriate or inaccurate scientific data and erroneous contents (281).

The Iranian National Parasitology Museum, founded in 2006 and affiliated with the
Faculty of Veterinary Medicine, University of Tehran, not only has tried to be involved
in academic activities but also is engaged in enhancing science literacy among the
general public, especially school students, through the promotion of science commu-
nication programs across different disciplines of parasitology (e.g., echinococcosis).
Freely available collections of the museum provide people with an opportunity to
appreciate nature and to enjoy scientific activities.

Mathematical modeling. Due to the diverse conditions and complexities of echino-
coccosis, a one-size-fits-all strategy will not be successful for interrupting transmission
in all areas of endemicity. Therefore, mathematical models have attracted the attention
of researchers over the last 5 decades. Models are needed to incorporate the effects of
a number of factors, including the demographics of the host populations (i.e., age-
associated differences such as age prevalence and intensity), seasonality (i.e., intrasea-
sonal variations), density-dependent variations, and spatial aggregation due to overdis-
persion of the parasite in a specific population as well as natural immunity and the
association with disease transmission dynamics (282–290).

Modeling can be applied in targeting parasite transmission at high and low infec-
tion pressures, thereby paving the way for targeted and cost-effective control meas-
ures. Overall, mathematical models are useful in providing valuable information for
predicting infection pressure and its variations in a group of hosts over time (i.e.,
human and animal) in different spatial contexts by demonstrating the dynamics of
echinococcosis transmission. This can lead to the implementation of effective control
strategies (284, 291).

To the best of our knowledge, no mathematical models have ever been applied in
the three countries under review, although a mathematical model has been developed
to explain transmission dynamics and treatment of E. multilocularis in foxes via quanti-
tative approach of Petri net (PN), where forecasting the thresholds and network analy-
sis could be helpfully effective for designing efficient experimental settings under spa-
tial and temporal heterogeneities (292).

One Health approach. Due to the complexity of CE transmission, control of this
zoonosis requires a true One Health (OH) approach in policies, legislation, programs,
and research projects for achieving successful control. In-depth understanding of
Echinococcus transmission and the achievement of appropriate control need the incor-
poration of multiple sectors, including public health, veterinary, and agricultural sec-
tors, as well as other disciplines, including epidemiology, ecology, parasitology, geog-
raphy, economics, modeling, biomedical engineering, anthropology, and sociology
(293–295). A high tendency for interdisciplinary and interinstitutional cooperation is
required to bring us closer in order to establish an integrated OH approach for the con-
trol and surveillance of echinococcoses, especially in the low- and middle-income
settings.

Combining academic expertise with experience in the field will be valuable in
addressing the challenges of an OH approach through knowledge cocreation as
described by Ribeiro et al. (296). The success of this approach depends not only on
such efforts but also on providing rapid communication between disciplines, creating
interdisciplinary educational programs, and raising the scientific literacy of the public.
On the other hand, there may be challenges and friction associated with the inclusion
of a wide range of expertise and stakeholders with diverging priorities and interests.

Joint sessions can be held for both health services (veterinary and medical) and the
public in an open discussion forum on issues regarding integrated surveillance and
monitoring systems for both humans and animal CE. This can be facilitated by forming
a national OH commission and/or OH joint steering committee.
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Further development of integrated epidemiological studies will require systematic
understanding of the hosts, agents, and environmental factors that underlie the trans-
mission of zoonotic infections, including CE, in order to improve control strategies and
management of the diseases.

Surveillance. It is noteworthy that there is a critical challenge for proper surveil-
lance of both echinococcoses (CE and AE), particularly regarding the prevalence and
incidence of both human and animal CE as well as canine infection with adult stages.
In many developing countries, including Pakistan, Iran, and Turkey, an effective reliable
surveillance system in not in place, and it has been shown that official/governmental
surveillance data significantly underreport. In Pakistan, no surveillance system is yet
available under the umbrella of health authorities, reporting human and animal CE
data on a national level. Official surveillance data from Iran are available, but it should
be noted that the data suffer from underreporting and lack of sensitivity (297, 298).
According to the communicable disease surveillance system in Turkey, most diseases
are expected to be notified only by clinicians and hospital staff; however, considerable
underreporting of communicable diseases has been documented in Iran and Turkey
(297, 298). Appropriate surveillance data would be needed for embarking on programs
and evaluating their impacts on a quarterly basis in the beginning and over an annual
period during the implementation of control programs (272). In this regard, surgical
and treatment data for human CE need to be registered in a standardized and accessi-
ble format, and an appropriate national CE registry system can be of great benefit in
regions of endemicity. Accordingly, Iran joined the European Register of Cystic
Echinococcosis (ERCE) in 2015 (299, 300), and the Ministry of Health and Medical
Education supported the Research Center for Hydatid Disease in Iran to establish a
national CE registry system. As mentioned earlier, regular and active mass screening
surveys using portable ultrasound devices and hospital registry records should be
appropriately applied by the health care system to assess the status of CE in areas of
endemicity, especially in rural and nomadic/seminomadic communities. This will pave
the way for active and effective CE surveillance (301).

For CE surveillance in the definitive hosts, copro-antigen ELISA could be the screen-
ing method of choice, with a better ratio between sensitivity and specificity and better
applicability than the other techniques such as necropsy (time consuming, high labora-
tory standard needed, and only applicable to dead animals) and arecoline testing (haz-
ardous and low sensitivity) (101, 285).

Abattoir surveillance of CE in livestock provides valuable data for the assessment of
the overall transmission risk and monitoring of a control scheme. Passive livestock CE
surveillance constitutes continuous examination of offal in each abattoir, regularly
reported to veterinary authorities. However, there are serious concerns on the value of
this kind of data, as prevalence data are only useful when accompanied by data on the
precise origin of the animals and their age class, which are often not available, e.g.,
due to unrecorded animal transport across the country. Trained staff and careful super-
vision are needed for establishing a vigilant reporting system. Therefore, active surveil-
lance through abattoir-based studies provides more reliable information on the dy-
namics of livestock CE transmission in areas of endemicity (101). However, again, most
of the abattoir studies lack age-stratified data, resulting in a substantial underestima-
tion of the actual CE rate in livestock due to decreased CE prevalence at young and
marketable ages (101, 285) Therefore, the recording of age groups and comparison of
similar age groups at various time points provide more valuable information on CE sta-
tus (272).

A reliable serological test is not available for livestock animals, and mass ultrasound
screening is difficult to perform for diagnosis in sheep and goats in Iran, although its
efficacy was previously established in Tunisia and Italy (302, 303). Additionally, sentinel
lambs can be screened by this method for detecting continuing transmission of the
parasite (304).
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Cost-Benefit Analysis of Control Programs

Before any cost-benefit analyses of control strategies can be performed, reliable
and comprehensive estimates have to be established of the overall cost of CE, includ-
ing human CE (e.g., cost of surgery, productivity losses of patients and of undiagnosed
cases, etc.) as well as CE in livestock (i.e., direct and indirect costs). Additionally, a com-
plementary analysis of the nonmonetary burden of CE, measured using disability-
adjusted life years (DALYs), should enter the calculation.

For policy makers, cost-benefit analyses are useful for choosing appropriate long-
term control strategies. The benefits of a specific intervention measure(s) to reduce dis-
ease burden (including averted DALYs) can be presented to decision makers, allowing
appropriate resource allocation. The averted DALYs linked to the interventions are con-
sidered an approach for evaluating the cost effectiveness of control strategies.
Therefore, DALYs averted by control programs need to be calculated. (305, 306). Based
on the proportional benefit of control measures in Shiqu County, Tibetan Plateau
(costs to both public health and agricultural sectors), the cost per averted DALY was
estimated at less than $150 (307).

CONCLUDING REMARKS

Echinococcoses have been endemic in the region for a long time, and targeted con-
trol programs are required for each area of endemicity. This requires detailed baseline
data on different epidemiological settings including human disease as well as infection
in the animal hosts. There is much work to be done in the near future to improve our
understanding of the epidemiology of echinococcosis in Iran, Pakistan, and Turkey.
Establishing an effective and reliable surveillance system and disease registry is a key
measure for providing detailed information about the echinococcosis epidemiology in
the region. Community-based ultrasound screening of the population living in differ-
ent areas of endemicity is required to increase our knowledge of the epidemiology
and risk factors of human echinococcosis in the region. Improved diagnosis and man-
agement of the disease can be achieved through the development of national and
international clinical guidelines based on the WHO ultrasound classification of echino-
coccosis (308).

A major knowledge gap is the lack of hard experimental evidences for different
routes of echinococcosis transmission. Food and vegetables, soil, water, and animal
body surfaces are among the suspected vehicles for the transmission of echinococco-
sis; however, very few studies have been performed to fill this important knowledge
gap. Despite the remarkable bulk of information available for human and animal echi-
nococcosis from different regions of endemicity, age-specific data have been generally
absent from most of the studies. Estimating disability-adjusted life years (DALY) and
monetary burden of echinococcosis as well as cost-benefit analyses of different scenar-
ios of control programs are required in each country of endemicity.

Science communications as well as public and professional education (for the gen-
eral public, physicians, veterinarians, people working in agriculture, dog owners, hunt-
ers, children, etc.) are crucial for the successful implementation of any control program.
Control measures are multidisciplinary programs and require multi/intersectoral coor-
dination with a clear and comprehensive One Health approach and long-term adminis-
trative commitment in Iran, Turkey, and Pakistan.
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