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Abstract: Cystic echinococcosis (CE) is a neglected worldwide distributed parasitic disease caused by
the Echinococcus granulosus sensu lato (s.l.) species complex. For a better understanding of the pathways
of transmission of this parasite, clinical and molecular epidemiological studies are particularly needed
from endemic areas where data are scant, such as in the Middle East. The study aimed to identify the
characteristics, location, cyst stage and species/genotypes of E. granulosus s.l. complex in humans
from the Kurdistan region, Iraq. To this aim, from June 2019 to February 2021, 64 echinococcal cysts
were surgically removed from 62 patients in Azadi and Vajeen reference Hospitals at Duhok city,
Duhok governorate (Kurdistan region, Iraq). The results confirmed the liver as the most common
anatomical site of CE with 72.58% of the cases, followed by the lungs in 19.35%, while 66.13% of CE
cases were females. The highest rate of infections occurred in the age class 21–30 (27.42%). High
rates of CE were reported among patients living in rural areas and housewives, which were 54.84%
and 43.55% of the CE patients, respectively. The fertility of echinococcal cysts was 82.81%, and
the viability of fertile protoscoleces was 70.53%. Cysts were staged with ultrasound according to
the WHO-IWGE classification as 32.8% CE1, 32.8% CE2, 7.8% CE3a, 9.4% CE3b, 15.6% CE4 and
1.6% CE5. Molecular analyses using mitochondrial NAD5 gene showed that all analyzed samples
(n = 59) belonged to the genotypes G1 or G3 of E. granulosus sensu stricto (s.s.), thus, confirming
sheep–dog–human transmission in the Kurdistan region, Iraq. No statistically significant correlation
was found between the genotypes G1–G3 of E. granulosus s.s. and variables, such as the fertility,
location and cyst stage classification. Based on the present findings, it is necessary to implement
monitoring and control programs in sheep and dog populations to decrease the odds of human
infections. Public health education campaigns are required to be implemented at the community
level to reduce the risk of acquiring CE in humans in the Kurdistan region, Iraq.

Keywords: Echinococcus granulosus; G1/G3 genotypes; human cystic echinococcosis; clinical and
molecular epidemiology; Kurdistan region; Iraq

1. Introduction

Cystic Echinococcosis (CE) is a worldwide zoonotic parasitic disease caused by the
larval stage of Echinococcus granulosus sensu lato (s.l.) infecting humans and animals [1,2].
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The adult parasitic stage (tapeworm) resides in the small intestine of dogs and other wild
canid definitive hosts, which contaminate the environment with infective eggs contained
in their feces. The asexual larva (metacestode) is found in a wide variety of ungulate
intermediate hosts, including humans (due to the ingestion of infective eggs) that act as
dead-end hosts [3]. CE may develop in any organ or tissue of humans and intermediate
hosts, even if most of the infections can be found in the liver and secondarily in the lungs [4].

The molecular identification of species and genotypes causing human CE is important
for confirmatory diagnostic purposes, for understanding the routes of parasite transmission
and finally to implement targeted control programs. CE is caused by E. granulosus s.l.,
which is a complex of cryptic species. To date, the genotypes G1, G3, G4, G5, G6/7 cluster,
G8 and G10 have been recognized within E. granulosus s.l. [5–7].

These genotypes have been clustered into four different species: E. granulosus sensu
stricto (s.s.) (G1 and G3; previously referred to as the “sheep strain” and “buffalo strain”, re-
spectively), Echinococcus equinus (G4; previously referred to as the “horse strain”), Echinococ-
cus ortleppi (G5; previously referred to as the “ cattle strain”), Echinococcus canadensis
G6/7 cluster (previously referred to as the “camel strain” and “pig strain”, respectively),
Echinococcus canadensis G8 and G10 (also known as the “cervid strains”) and Echinococcus
felidis (also known as the “lion strain”) [8].

Within E. granulosus s.l. species complex, E. granulosus s.s. (G1 and G3) is considered
the most relevant species of public health interest, since it causes vast majority (88.5%) of
molecularly confirmed human cases [9]. In fact, very few molecularly confirmed human
cases were identified as E. equinus (G4), E. ortleppi (G5) and E. canadensis (G8 and G10) [9–11].
Echinococcus canadensis (G6/7) transmission to humans plays a more important role than
previously considered as it caused around 11% of all documented cases that were genetically
confirmed [9].

Cystic echinococcosis is a public health concern of global relevance, including Iraq,
where few epidemiological data have been published. Previous studies indicated this area
as endemic for E. granulosus, such as the cities of Erbil [12], Baghdad [13], Duhok [14] and
Mosul [15]. CE surgical incidences of 2.8/100,000, 2/100,000 and 6.3/100,000 inhabitants
were reported from Erbil province (Kurdistan region) [12,16,17] with 4.5/100,000 from
Basrah province (Iraq) [18] and 5.6/100,000 from Slemani province (Kurdistan region) [19].

Regarding the molecular identification of Echinococcus spp., only E. granulosus s.s. (G1
and G3 genotypes) and E. canadensis (G6 genotype) has been identified thus far in Iraq.
In fact, in Duhok province (Kurdistan region), G1 and G3 were reported in humans [20].
In Erbil province (Kurdistan region), G1 and some of its microvariants were reported in
sheep and cattle [21,22]. In Slemani province (Kurdistan region), G1 and G3 were detected
in humans and domestic animals [23,24]. In Kirkuk province (Iraq), G1 was reported
in humans, sheep, goats and cattle [25]. In Misan province (Iraq), G1 and G3 has been
recorded in humans, buffaloes, cattle, goats, sheep and camels [26]. In Al-Qadisiyah, Al-
Najaf and Al-Diwaniyah provinces (Iraq), G1, G3 and G6 has been also detected in humans,
sheep, cattle and camels [27].

The primary aim of this study was to determine the frequency, location and causative
species of the echinococcal cysts isolated from humans in the Duhok governorate using
a molecular method [28], validated according to regulation ISO/IEC 17,025 [29] for the
identification of species and genotypes belonging to E. granulosus s.l. The secondary aim of
this study was to search for correlations between the genotype and anatomical location,
stage and size of echinococcal cysts and the presence of specific potential risk factors
for humans.

2. Results
2.1. Characteristics of Echinococcal Cysts and Patients Affected by CE

The present study identified 64 cysts from 62 patients, who underwent surgical opera-
tions for confirmed CE from government and private hospitals in Duhok city (Figure 1).
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Figure 1. Map of the studied area with Azadi and Vajeen reference Hospitals in Duhok city, Duhok
governorate, Kurdistan region, Iraq (from Wikivoiage, 2019).

Table 1 shows that 82.81% (53/64) of the isolated parasitic cysts from different organs
were fertile, and 17.19% (11/64) were sterile, while calcified cysts were not recorded. The
mean viability of fertile cysts was 70.53%. Echinococcal cysts were staged at ultrasound
according to the WHO-Informal Working Group on Echinococcosis (WHO-IWGE) classifi-
cation as follows: 32.8% CE1 (n = 21), 32.8% CE2 (n = 21), 7.8% CE3a (n = 5), 9.4% CE3b
(n = 6), 15.6% CE4 (n = 10) and 1.6% CE5 (n = 1).

Table 1. The number and fertility rate of human cysts isolated from surgical procedures according to
anatomical locations in the Duhok governorate, Kurdistan region (Iraq).

Cyst Location
No. of

Examined Cysts
Type of Cysts

Fertile (%) Sterile (%)

Liver 46 38 (82.61) 8 (17.39)
Lung 14 12 (85.71) 2 (14.29)
Heart 2 1 (50) 1 (50)

Kidney 1 1 (100) –
Spleen 1 1 (100) –
Total 64 53 (82.81) 11 (17.19)

Viability rate 10 (70.53)

The characteristics of the patients enrolled in the study are shown in Table 2. According
to sex, the rate of infection in females was higher than that of males (66.13% vs. 33.87%).
The highest rate of infection was among the age class of 21–30 years (27.42%), while the
lowest rate was recorded among the ages 5–10 years (4.84%). According to the anatomical
location, the present study revealed that the liver was the predominant site of infection
as 71.88% of the parasitic cysts were isolated from there, followed by the lungs at 21.88%.
Other sites of infection were the heart (3.12%), spleen (1.56%) and kidney (1.56%).
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Table 2. Characteristics of the 62 patients with cystic echinococcosis enrolled in the study from the
Duhok governorate, Kurdistan region, Iraq.

Parameters Factors Number %

Sex
Female 41 66.13

Male 21 33.87

Age group in years

5–10 3 4.84
11–20 11 17.74
21–30 17 27.42
31–40 13 20.97
41–50 7 11.29
51–60 4 6.45
61–80 7 11.29

Cyst location

Liver 46 71.88
Lung 14 21.88
Heart 2 3.13

Kidney 1 1.56
Spleen 1 1.56

Occupation

Housewives 27 43.55
Student 14 22.58
Farmer 14 22.58
Soldier 4 6.45
No job 2 3.23
Retired 1 1.61

Residency Urban 28 45.16
Rural 34 54.84

Cyst size
Large (>10 cm) 20 32.26

Medium (5–10 cm) 40 64.51
Small (<5 cm) 2 3.23

Regarding multiple organ involvement, two patients were detected with liver–lungs
and lung–heart cysts. With respect to the number of echinococcal cysts per patient in the
involved organs, for the liver, it was from 1 to 15 echinococcal cysts, while for lungs, it was
from one to five cysts. Regarding the symptoms of patients, abdominal pain was detected
for cysts localized in the liver (69.56%; 32/46), while chest pain (28.57%; 4/14) was found
for cysts in the lungs (Table 3).

Table 3. Summary of the symptoms experienced by 62 patients that lead them to seek medical advice
and discover that they were infected with cystic echinococcosis in the Kurdistan region, Iraq.

Anatomical Location Number of Patients Symptoms (If Present)

Liver

32 Abdominal pains
9 Incidental finding
1 Jaundice
2 Shortness of breath
1 Acute Abdomen, hypotension
1 Fever

Lung

4 Chest pain
7 Shortness of breath
2 Incidental finding
1 Hemoptysis

Heart
1 Shortness of breath
1 Incidental finding

Kidney 1 Incidental finding

Spleen 1 Abdominal pain



Pathogens 2022, 11, 408 5 of 12

With regard to the occupation, the highest infection rate was recorded among house-
wives in 43.55% (27/62), followed by students and farmers (both 22.58%). Regarding the
residency, most of the infected patients were from rural or semi-rural areas surrounding
Duhok city with 54.84% (34/62) and 45.16% (28/62), respectively. According to the size of
cysts, most were of medium size (5–10 cm), then large (>10 cm) and small sizes (<5 cm) at
rates of 64.52%, 32.26% and 3.22%, respectively (Table 3).

2.2. Molecular Analysis of Echinococcal Cysts

A total of 62 cyst samples from 60 patients (two with double organ localization) were
molecularly analyzed for Echinococcus species identification. Sixty-two cyst samples were
analyzed using a Restriction Fragment Length Polymorphism–Polymerase Chain Reaction
(PCR-RFLP) assay [28], which resulted in 59 amplifications, while three samples did not
amplify. The first step of the method in conventional PCR amplified a fragment of 444 bp,
the cytochrome c oxidase subunit 1 (COXI) mitochondrial gene, while the second step
(RFLP) produced two fragments of 235 and 209 bp.

All 59 samples were identified as E. granulosus s.s. (genotypes G1 and G3), and thus it
was not necessary to proceed with the third step of the method (Multiplex PCR), which
allows the identification of the remaining genotypes of E. granulosus s.l. complex [28].
Fifty-nine E. granulosus s.s. samples were further characterized by the amplification and
sequencing of the NADH dehydrogenase subunit 5 (NAD5) mitochondrial gene to dif-
ferentiate genotypes G1 from G3 [30]. Analysis of the informative nucleotide positions
within this gene allowed the identification of 47 samples as G1 and 12 as G3. In case of
multiple organ involvement, the genotypes were concordant. The nucleotide substitutions
are shown in Table 4.

Table 4. The number and percentages of G1 and G3 E. granulosus sensu stricto samples (n = 59) from
the Kurdistan region, Iraq, identified in the current study and their anatomical location. Nucleotide
substitutions of the NAD5 mitochondrial gene, based on the Reference G1 sequence AB786664
are shown.

Genotype Number (%) NAD5 Nucleotide Substitutions Location

758 781 1035 1123 1371 1380
Liver Lung Heart Kidney

n (%) n (%) n (%) n (%)

G1 47 (79.7) G A C G A G 32 (54.2) 12 (20.3) 2 (3.4) 1 (1.7)

G3 12 (20.3) C G T A G A 10 (16.9) 2 (3.4) 0 (0.0) 0 (0.0)

Total 59 (100) 42 (71.2) 14 (23.7) 2 (3.4) 1 (1.7)

No statistical correlation (p > 0.05) was found in the logistic regression between both
genotypes G1 and G3 of E. granulosus s.s. and the characteristics of the echinococcal cysts,
such as fertility, anatomical location and cyst stage according to WHO-IWGE classification.

3. Discussion

Even though CE is a serious parasitic disease of increasing public health concern, cur-
rent global efforts to control the disease are insufficient, as little advances have been made
for improving the diagnostics, drugs and clinical management [31,32]. In Iraq, including
the Kurdistan region, several epidemiological factors contribute to the transmission of this
parasitic infection, such as unauthorized home slaughtering of animals (especially during
religious festivals and national holidays), the low level of health education of most butchers
and farmers and the presence of stray dogs in the region.

According to this study, the frequency of human fertile cysts was higher than that
reported for sterile cysts. This finding highlights the risk of secondary CE infections during
surgical procedures, stressing the use of albendazole as an adjuvant either preoperatively or
postoperatively. These results are consistent with Salem [33] in Mauritania, Al-Bosely [34]
in Zakho (Kurdistan region, Iraq), Piccoli [35] in Romania and Khalf [13] in Baghdad (Iraq)
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as they reported fertility rates of 76%, 90%, 92% and 47%, respectively. The viability of the
protoscoleces reported in this study was 70.53%; similarly, in Zakho city a high viability
was reported by Al-Bosely with 79.13% [34]. The fertility rate of hydatid cysts coupled
with molecular typing studies are important factors in the epidemiological studies as these
could provide valuable information on the pathways of transmission.

Regarding gender, the rate of CE was higher in females compared with in males, this
agrees with other studies performed in the Kurdistan region and other parts of Iraq, such as
in Theqar [36], Erbil [16], Baghdad [13] and Duhok [14]. All of these studies, when gender
data was available, reported higher infection rates in females (vs. males), which were
58.3% (vs. 41.7%), 63.08% (vs. 37.58%), 60% (vs. 40%) and 64.6% (vs. 35.4%), respectively.
Similarly, some neighboring countries, such as Turkey [37], Jordan [38] and Iran [39] also
reported higher rates of CE among females (8.1%, 67.4% and 57.95%, respectively).

As previously discussed, the higher prevalence of CE in females in this study might
be related to many factors, such as occupation and cultural habits; in addition, females
are more in close contact with infection sources, such as soil or vegetables contaminated
with viable eggs of E. granulosus from dog feces [40]. Nevertheless, being female cannot be
excluded as a confounding factor of living in rural contaminated endemic areas, since large
cohort studies on CE did not find any statistically significant difference between the male
and female prevalence [41].

Regarding the age of operated CE patients, the highest rate of infection was found
among the age class of 21–30 years, while the lowest rate was recorded among the age class
of 5–10 years. This finding agrees with a previous study in the Kurdistan region of Iraq, Al
Saeed and Almufty [14] in Duhok, where high infection rates were reported among the age
class 21–30 years (22.9%).

On the other hand, the current results disagree with some other studies performed
in Iraq and worldwide, as they reported that the highest rate of infection occurred among
ages of 30–39 years in Iran, 41–50 years in Erbil, 10–19 years in Baghdad and 30–39 years
in Turkey and Italy [13,16,37,42,43]. As previously suggested, CE can be acquired at any
age [44]. In fact, the higher rate of CE in young ages agree with Beard [44], who found, in
a study conducted in Australia and New Zealand, that the incidence of the disease was
halved without altering the age distribution, indicating that adults are relatively susceptible.

In the present study, the infection rate of CE in patients living in rural areas was higher
than that reported from urban areas. Similarly, Abdi [45] stated that rural inhabitants were
more prone to be infected with hydatid cysts than those living in urban communities. In
fact, the life cycle of this parasite is maintained in rural areas, where a large number of stray
dogs contaminate the environment with Echinococcus eggs, thus, increasing the odds of CE
infection in humans [42,43].

The present study showed that the liver and lungs are the predominant infection sites
for E. granulosus. Similar findings were reported by many studies in the Kurdistan region,
other areas of Iraq and worldwide, such as in Molan in Theqar (Iraq) [36], Ranjbar-bahadori
in Iran [42], Saida and Nouraddin in Erbil (Kurdistan region, Iraq) [12], Khalf in Baghdad
(Iraq) [13], Al Saeed and Almufty in Duhok (Kurdistan region, Iraq) [14] and Khan [46]
in Pakistan.

In fact, the liver acts as the first filter for larval infection, and the lungs act as the second
filter. Regarding the residency of enrolled patients, a higher proportion of them were from
rural settings. Similarly, many researchers reported the highest rate of CE in rural areas,
such as Saida and Nouraddin in Erbil (Kurdistan region, Iraq) [12] and Khan in Pakistan [46].
In this aspect, the present results contradict other studies in Iran [39,42] as they reported
higher infection rates in urban populations, with 61% and 89.77%, respectively.

The identification of E. granulosus s.s. in the Kurdistan region is in line with other
studies that identified this species as the most prevalent (88.5%) in humans among all
molecularly confirmed E. granulosus s.l. species worldwide [9]. The subset of cysts analyzed
for genotype G1 or G3 distinction revealed the presence of both the genotypes and the
predominance of G1 genotype, with no specific correlation with age, gender or occupation.
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The results of this study are similar to previous studies from the Kurdistan region
and other areas of Iraq, showing that the G1 genotype is predominant in humans from
Sulaimani province [47], Dohuk province [20], Kirkuk province [25], Misan province [26]
and Al- Najaf and Al-Diwaniyah provinces [27]. Furthermore, these genotypes were
reported in countries neighboring Iraq, such as Turkey [48,49], Iran [50,51], Jordan [52] and
Saudi Arabia [53–55]. These results are also in line with a recent systematic review that
highlighted G1 as the main genotype present in Europe [56].

Whether genotypes G1 and G3 may be of different grades of infectivity and pathogenic-
ity to humans and animal species is currently unclear and requires further systematic epi-
demiological studies. Even though the distinction between G1 from G3 represents a useful
tool for source attribution in the field of molecular epidemiology, this study did not find any
evidence for potential correlations between cyst biological features and these genotypes.

4. Materials and Methods
4.1. Collection of Samples

From June 2019 to February 2021, a total of 64 parasitic cysts were isolated and
collected from 62 patients admitted in the Azadi and Vajeen reference hospitals in Duhok
city (Kurdistan region, Iraq) after removal by an open surgery procedure and pathological
confirmation (Figures 1 and 2). Of these 64 echinococcal cysts, 62 were molecularly analyzed.
Patient informed consent and ethical committee approval from the Duhok Directorate
General of Health (ethical clearance n 1207-2021-7-24) were obtained for the use of data
and samples in this study.

Suspected CE cases were clinically examined by physicians and confirmed by one or
more imaging diagnostic techniques, such as ultrasound, CT scans and X ray imaging in
addition to serology. After surgery, the cysts were confirmed by histopathology [16,17,19].

It should be also emphasized that, among all imaging techniques, ultrasound (US)
has a key role in the diagnosis, clinical management and follow-up of patients affected
by CE since it is portable and can be used in the field and rural settings, harmless and
does not require patient preparation and can be repeated as often as required. Due to
US classification, the concept of stage-specific treatments was introduced providing new
insight in the natural history of this parasitic disease. In this context, human echinococcal
cysts from this study were staged at ultrasound according to the WHO-IWGE [57].

Uncomplicated cyst stages CE1, CE2, CE3a and CE3b less than 5 cm were medically
treated with Albendazole (10–15 mg/Kg) for 3–6 months with follow-up by US. Cyst stages
CE1, CE2, CE3a and CE3b more than 5 cm received surgical intervention with one-month
preoperative and 2 months postoperative albendazole. Inactive cyst stages CE4 and CE5, if
uncomplicated, received follow-up (the watch and wait approach) after excluding solid
organ tumors unless there were complications.

Each isolated parasitic cyst sample was stored in a sterile tube and delivered, within
half an hour after surgical excision, to the Advanced Microbiology Laboratory, Biology
Department, Faculty of Science (University of Zakho, Zakho city, Duhok governatorate,
Kurdistan region, Iraq). Each cyst was divided into two parts: one containing the germinal
layer with or without protoscoleces was stored in 70% ethanol at −20 ◦C for molecular
analyses, and the remaining part was examined by microscope to detect the presence of
protoscoleces and to determine the rate of viability.

4.2. Examination of Fertility and Viability of Echinococcal Cysts

The estimation of the viability rate of fertile echinococcal cysts was performed at the
Advanced Microbiology Laboratory, Biology Department, Faculty of Science (University
of Zakho). Each cyst fluid was centrifuged for 5 min at 3000× g rpm. Subsequently, one
drop of the precipitate was taken using a sterile pipette and placed onto a clean glass slide
together with a drop of 0.1% aqueous eosin solution (v/v), mixed and covered with a cover
slip and examined under 40× magnification. Living protoscoleces did not take up the stain,
unlike the dead ones as shown in Figure 3 [58].
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Figure 2. Computed tomography (CT) and the open surgery procedure for the excision of Echinococcus
granulosus sensu lato cysts (CE3b stage) from a human liver in Duhok city, Duhok governatorate,
Kurdistan region, Iraq.

Figure 3. (A) Viable and dead protoscoleces of Echinococcus granulosus sensu lato from the Kurdistan
region (Iraq) stained with aqueous Eosin stain. (B) Evaginated protoscoleces of Echinococcus granulosus
sensu lato without stain.
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The viability was determined by the following formula:

Viability of protoscoleces =
No of viable protoscoleces
Total No. of protoscoleces

× 100

4.3. Molecular Typing of Echinococcus Granulosus s.l.

Sixty-two out of 64 cysts isolated from the liver, lungs and other organs from humans
were delivered to the Department of Infectious Diseases (Istituto Superiore di Sanità,
Rome, Italy) where DNA extraction and the molecular identification of cysts were carried
out. Genomic DNA from protoscoleces or the germinal layer was extracted using the
DNeasy Blood & Tissue kit (Qiagen, Valencia, CA, USA), according to the manufacturer’s
instructions. A negative control (nuclease-free water) was included in this working session
to verify the absence of contamination during the DNA extraction. DNA was stored at
−20 ◦C until use.

The molecular identification of genotypes/species belonging to E. granulosus s.l. was
performed according to the recently validated protocol (ISO/IEC 17025) described by
Santolamazza and colleagues [28,29]. In brief, the method first identifies the common
E. granulosus s.s. based on a PCR-RFLP assay and can further identify the remaining
genotypes/species based on a multiplex PCR assay (E. equinus, E. ortleppi, E. canadensis
G6/7 and E. canadensis G8/G10).

From the echinococcal cysts identified as E. granulosus s.s., discrimination between
genotypes G1 and G3 was further achieved by sequencing the NAD5 gene. Amplifica-
tion of the NAD5 gene (amplicon size 759 bp) and genotype discrimination based on
Single-Nucleotide Polymorphism (SNP) analysis were performed according to the protocol
described by Kinkar and colleagues [30].

The correlations between E. granulosus s.s. genotypes G1 and G3 and cyst-related
variables (anatomical location, fertility and cyst stage according to the WHO-IWGE classifi-
cation) were investigated using logistic regression in univariate and multivariate analysis
with the genotype considered as a dichotomous outcome. Statistical analysis was performed
using Statistical Package for the Social Sciences (SPSS; version 26, 2019) [59]; p values < 0.05
were considered as significant.

5. Conclusions

In conclusion, this study confirmed that CE is endemic with higher rates in rural
areas and among females, and it is caused by E. granulosus s.s. in the Duhok, Kurdistan
region of Iraq. Based on the present findings, it is necessary to implement monitoring and
control programs in sheep and dog populations to decrease the odds of human infections.
This requires public health education campaigns implemented at the community level.
Awareness hygiene campaigns on how to properly wash vegetables, fruits and hands and
how to dispose of infected sheep offal should be considered as the main control measures
to reduce the risk for acquiring CE in humans in the Kurdistan region of Iraq.
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