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 Echinococcus granulosus (G1/G3) and E. ortleppi (G5) are prevalent worldwide. 
Numerous studies have been conducted to characterize these parasites and utilized 
mainly cox1, nad1, and nad5 genes. However, there is a lack of comprehensive global 
data on genetic diversity in E. granulosus and E. ortleppi based on cox2 and nad6 genes. 
The current pilot research work was executed to look into the genetic variation of the 
E. granulosus (G1/G3) and E. ortleppi (G5) populations in Pakistan using cox2 and 
nad6 and infer phylogenetic relationships with other E. granulosus sensu lato 
populations. Followed by cyst collection from slaughtered cattle in Pakistan and DNA 
extraction, the full mitochondrial cytochrome oxidase 2 and NADH dehydrogenase 
subunit 6 were amplified. After confirmation of the identity of isolates through BLAST 
analysis, population indices pertaining to neutrality and diversity were calculated using 
the DNASp program. MJNs were constructed using PopArt for intraspecific data 
investigation. Nucleotide sequences (n=17) analyzed in this investigation were matched 
with GenBank reference sequences and Echinococcus genotypes G1 (n=5) and G3 
(n=7) were discovered. Five sequences were identified as E. ortleppi (G5). For E. 
granulosus (G1/G3), a high haplotype diversity (Hd=1.00) was found for cox2 (582 bp), 
nad6 (456 bp), and concatenated cox2-nad6 (1038 bp) gene sequences. The overall 
value of Tajima’s D for the entire population was negative and insignificant. Regarding 
E. ortleppi, cox2–nad6 π and Hd were 0.07290 and 1, respectively with insignificant 
Fu’s Fs. A dataset of 40 cox2 and 35 nad6 sequences was utilized to form a median-
joining network to compare the geographical kinship between the Pakistani isolates and 
sequences reported elsewhere. The analysis of concatenated cox2-nad6 obtained in this 
study revealed a high haplotype diversity (1.00) while low nucleotide diversity 
(0.08207) was observed. Non-significant values of Tajima’s D = -0.54361 and Fu’s Fs 
= 1.303 were observed. High haplotype diversity in the current study shows a significant 
level of genetic divergence across haplotypes. The amalgamation of low π and high Hd 
indicates population expansion. We recommend amplifying a greater number of isolates 
in the future to ascertain the resolution power of cox2 and nad6 genes in the context of 
genotype differentiation.  
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INTRODUCTION 

 

Animals around the world are susceptible to different 

types of parasite-borne acute, chronic, and severe diseases. 

The parasitic disease cystic echinococcosis (CE), which 

has been ignored, has a global distribution and significant 

economic and zoonotic consequences (Wang et al., 2018). 

The larval stage metacestodes of the Taeniidae family 

member Echinococcus granulosus sensu lato (G1, G3, G5, 

G6/7, G8/10 and E. felidis) are responsible for CE 

prevalence throughout the world. The adult tapeworm 

requires a definitive canid host (commonly a dog), while 

the parasite's larval stage requires an intermediate host 

(usually livestock, primarily sheep) to grow as a cyst in 

internal organs (Otero-Abad and Torgerson 2013; Craig et 

al., 2017). Human actions, such as feeding dogs raw offal 

containing infectious hydatid cysts following home 

slaughtering, contribute to the parasite transmission cycle 

(Larrieu et al., 2019). 

Echinococcus granulosus (s.l.) is the causative agent 

of a widespread disease that leads to significant economic 

losses, amounting to approximately 3 billion USD annually 

(WHO, 2019), as well as human suffering (Hammad et al., 

2018). In the veterinary sector, the impact of CE on 

livestock results in reduced productivity and quality of 

meat, milk, and wool, lower birth rates, and delayed 

performance and growth (Bingham et al., 2016). These 

consequences contribute to production losses in affected 

sheep and goats (Larrieu et al., 2019). Echinococcus 

granulosus (G1/G3) is the most prevalent Echinococcus 

granulosus species within the E. granulosus (sensu lato) 

(G1, G3, G5, G6/7, G8/10 and E. felidis), mostly found in 

Asia, Australia, South America and Africa (Deplazes et al., 

2017; Thompson 2017). CE exhibits higher prevalence in 

regions where communities rely on animal husbandry and 

agricultural practices for their livelihoods. Several studies 

have been conducted to determine the prevalence and 

molecular characteristics of CE, with reports coming from 

various Asian countries (Hammad et al., 2018; Guo et al., 

2019; Metwally et al., 2018; Nematdoost et al., 2021).  

Pakistan, as an agriculturally reliant country, relies 

substantially on the livestock sector, which accounts for 

60.03% of agriculture and contributes significantly to the 

national economy, accounting for 11.53% of GDP 

(Economic Survey of Pakistan, 2022). A recent livestock 

census reported a population of at least 30.1 million sheep, 

51.5 million cattle, and 42.4 million buffalo in the country 

(Economic Survey of Pakistan, 2022). Mitochondrial DNA 

markers like cox1, nad1, and nad5 genes have been used to 

examine the genetic structure of the parasite, however, 

there is a deficiency of comprehensive global data on 

genetic information in E. granulosus based on complete 

mitochondrial cox2 and nad6 genes.  

As a result of the scarcity of data on cox2 and nad6 

gene-based genetic information of Echinococcus species, 

the current work was undertaken as a preliminary approach 

to bridge this research gap and acquire better insights about 

the molecular characterization of E. granulosus and E. 

ortleppi. Our goal was to determine the population 

structure of Pakistani isolates of E. granulosus using 

complete cox2 and nad6 genes. 

MATERIALS AND METHODS 

 

Study location, examination of visceral organs, and cyst 

identification: The study was carried out in Pakistan, 

which borders Iran, Afghanistan, China, and India. The 

Main Urban Slaughterhouse of Sialkot was selected. With 

a moist subtropical environment and four distinct seasons, 

Sialkot is the thirteenth-most populated city in Pakistan. 

The slaughterhouse was visited every day during the whole 

cyst collection period of three months from January to 

March 2020 except on Tuesday & Wednesday because of 

the holiday for abattoirs in Punjab. To find Echinococcus 

granulosus cysts on liver, lungs and other visceral organs 

throughout this time, a total of 1926 bovines were inspected 

after slaughter. Following the recommendations of the 

World Organization for Animal Health, the lungs and liver 

of both slaughtered small and large ruminants were 

carefully examined to look for cysts. The collected cysts 

were then moved to the Department of Clinical Medicine 

and Surgery, UAF for additional processing, under cold 

storage. 

 

DNA extraction, PCR and sequencing: Phosphate-

buffered saline was used to thoroughly clean hydatid cysts 

after they had been thoroughly cleaned with 75% ethanol. 

The cystic fluid was discarded since none of the cysts were 

fertile. Cut portions of germinal coverings were subjected 

to DNA extraction. For each isolate, the complete cox2 and 

nad6 genes were amplified. Table 1 provides details about 

the primers engaged and the reactional circumstances. The 

PCR was carried out in 50 µl final volume. 5μl of 

amplicons were analyzed on a 1.5% agarose gel and then 

viewed under a trans-illuminator. The remaining amplicons 

were sent to China for sequencing. 

 

Molecular data analysis: Incorrectly read nucleotides 

were checked by using Unipro UGENE software 

(Okonechnikov et al., 2012) and were BLAST searched. 

DnaSP version 6 was used to evaluate the diversity and 

neutrality indices (Tajima, 1989; Fu, 1997). To visually 

represent the relations among haplotypes, sequences were 

converted to the Nexus format (Maddison et al., 1997) and 

generated a haplotype network using the PopArt 

application (Population Analysis with Reticulate Trees) 

(Leigh and Bryant, 2015). Using PopART software for 

intraspecific data investigation, a median-joining network 

(Bandelt et al., 1999) was constructed using the 

mitochondrial cox2 and nad6 gene sequences obtained in 

the present study and those downloaded from the NCBI 

GenBank database. 

RESULTS 

 

There were only 18 cysts discovered throughout this 

time and all were associated with cattle (located in the 

liver & lungs). The cox2 and nad6 genes were amplified, 

yielding PCR bands of 725 base pairs and 600 base pairs, 

respectively. All 17 isolates analyzed matched with 

GenBank reference sequences. Echinococcus granulosus 

genotypes G1 (n = 5), and G3 (n = 7) were obtained and 

E. ortleppi (G5) was observed in five isolates.  
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Table 1: Primers sequences and PCR reaction conditions to amplify full-length cox2 and nad6 genes. 

Gene Primer sequence (5’-3’) Conditions Amplicon 

length 

Reference 

Initial 
denaturation 

Denaturation Annealing Extension Final 
Extension 35 cycles 

cox2 Forward TGAGGTAAGTCGTAACAAGG 95°C for 3 min 95°C for 10 
sec 

50°C for 45 
sec 

72°C for 45 
sec 

72°C for 10 
min 

725 bp Hu et al., 
2015 Reverse ATCTACAGCACGAAAAGCC 

nad6 Forward TTTCGTGCTGTAGATGGT 95°C for 3 min 95°C for 10 

sec 

58°C for 20 

sec 

72°C for 20 

sec 

72°C for 5 

min 

600 bp Zhan et al., 

2019 Reverse CACAGATTTCAAAGGGTT 

 
Table 2: Population indices for Echinococcus granulosus (G1/G3). 

Index cox2 (582 bp) nad6 (456 bp) cox2-nad6 (1038 bp) 

G1 G3 Overall G1 G3 Overall G1 G3 Overall 

Number of isolates 5 7 12 2 5 7 2 5 7 
Number of mutations 40 58 84 49 155 172 59 205 230 

Parsimony informative sites 1 16 28 0 59 81 0 67 93 
Number of haplotypes 5 7 12 2 5 7 2 5 7 
Haplotype diversity (Hd) 1 1.000 1.000 1.000 1.000 1.000 1.000 1 1.000 
Nucleotide diversity (π 0.02732 0.03338 0.03213 0.10746 0.15943 0.14662 0.05684 0.09027 0.08207 

Tajima’s D -1.29250* -1.03955 -1.52350 ---- -0.17409 -0.27964 ---- -0.36432 -0.54361 
Fu’s Fs 0.248 -0.505 -2.917 3.892 1.936 1.033 4.078 2.200 1.303 

------ Four or more sequences are needed to compute Tajima's value. 

 
Table 3: Population indices for Echinococcus ortleppi (G5) population. 

Index cox2 (582 
bp) 

nad6 (456 bp) cox2-nad6 
(1038 bp) 

Number of isolates 5 3 3 
Number of mutations 22 102 120 

Parsimony informative sites 6 0 0 
Number of haplotypes 5 3 3 
Haplotype diversity (Hd) 1.000 1.000 1.000 
Nucleotide diversity (π 0.01632 0.14035 0.07290 

Tajima’s D -0.74434 ------ ---- 
Fu’s Fs -0.407 3.050 3.219 

------ Four or more sequences are needed to compute Tajima's value. 

 

Echinococcus granulosus (s.s.) sequences revealed 

230 mutations (cox2 = 84, and nad6 = 172) and 93 

parsimony informative sites (cox2 = 28, and nad6 =81) 

(Table 2). The cox2 (582 bp), nad6 (456 bp), and cox2-

nad6 (1038 bp) gene sequences showed high haplotype 

diversity (Hd=1.00).  

The sequences generated in this study were deposited 

under the accession numbers OR251026-OR251037 (cox2) 

and OR251038-OR251044 (nad6), respectively.  

For cox2-nad6 gene sequences in E. granulosus 

(G1/G3), a low nucleotide and a high haplotype diversity 

were observed as follows: cox2 (Hd = 1, π = 0.03213) and 

nad6 (Hd = 1, π =0.14662), whereas cox2-nad6 Hd and π 

were 1 and 0.08207, respectively. The values of Tajima's D 

were all negative and negligible. 

Regarding E. ortleppi isolates, 5 and 3 unique 

haplotypes were detected for the cox2 and nad6 genes, 

respectively, whereas a concatenation of both gene 

sequences (cox2-nad6, 1038 bp) revealed 3 distinct 

haplotypes. Overall cox2-nad6 nucleotide and haplotype 

diversities were 0.07290 and 1, with insignificant Fu's Fs 

(3.219) (Table 3). The sequences of the E. ortleppi cox2 

and nad6 genes acquired in this investigation were posted 

in the GenBank database as OR251038-OR251049 and 

OR251050-OR251052. 

A dataset of 40 cox2 and 35 nad6 sequences was 

utilized to form a median-joining network to compare the 

geographical kinship between Pakistani isolates and those 

from other parts of the world. In this study's analysis of 

concatenated cox2-nad6, 7 haplotypes were observed with 

a high haplotype diversity (1.00) and a low nucleotide 

diversity (0.08207). Non-significant Tajima's D (-0.54361) 

and Fu's Fs (1.303) were found. Hap-1 and Hap-17 were 

discovered to represent the central haplotypes for G1 and 

G3, respectively, for cox2 gene sequences (Fig. 1). The 

haplotypes Hap-3 and Hap-2 were the core haplotypes for 

G1 and G3, respectively, for the nad6 gene (Fig. 2). The 

median-joining network (MJN) of E. ortleppi cox2 and 

nad6 gene sequences is mentioned in Fig. 3 and 4, 

respectively. 

 

DISCUSSION 
 

Infectious illnesses, particularly parasitic ones, are 

one of the major health concerns in both humans and 

animals, resulting in severe health effects and economic 

losses (Alberfkani et al., 2022; Mahmood et al., 2022). 

Diseases caused by parasites result in large economic 

losses due to reduced production and illness (Javed and 

Alkheraije, 2023; Quratulain et al., 2023). Infection with 

E. granulosus has zoonotic effects and remains a 

substantial concern to livestock productivity. A greater 

understanding of genetic diversity is important in many 

disciplines of study, like epidemiology and diagnosis.  

There are numerous studies using mitochondrial and 

nuclear fragments such as cox1, nad1, nad5, atp6, cytb, 

16S rRNA and 12S rRNA genes to explore the population 

structure of Echinococcus species (Ma et al., 2008; Ma et 

al., 2012; Wang et al., 2015; Yan et al., 2013; Wang et al., 

2016). Bowles et al. released the first reports on E. 

granulosus' evolutionary history in 1992-1993. The 

phylogeny was based on mitochondrial DNA genes cox1 

and nad1, as well as ribosomal DNA PCR-RFLP patterns 

(Bowles et al., 1992; Bowles and McManus 1993a, 

Bowles and McManus 1993b). However, varied-length 

markers are not suited for comparing genetic architecture 

in different regions, and diverse gene fragments may not 

be true representative, as each fragment on a gene is 

distinct in terms of conservation properties. As far as we 

know, this study is the maiden effort to characterize E. 

granulosus employing concatenated complete cox2 and 

nad6 genes since the discriminatory strength of a group of 

gene targets thumps that of a single gene approach for CE 

genotyping (Nikmanesh et al., 2017). 

Furthermore, mtDNA markers are strong contenders 

for measuring population genetic diversity due to their 

preserved structure, lack of recombination, and quick 

evolution. This study employed these two gene sequences  

to examine the genetic structure of E. granulosus (G1/G3)
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Fig. 1: Complete cox2 gene-
based MJN of Echinococcus 

granulosus (G1 and G3) 

 

 

Fig. 2: Complete nad6 gene 
based MJN Echinococcus 
granulosus (G1 and G3). 

 

 

Fig. 3:  Complete cox2 gene 

MJN of Echinococcus ortleppi 
(G5).  
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Fig. 4: Complete nad6 gene-based 
MJN of Echinococcus ortleppi (G5).  

 

 

and E. ortleppi (G5) in Pakistan. Previous research has 

shown that E. granulosus G1 is the most common genotype 

in the Asian, African, and South American continents (Li 

et al., 2008; Xiao et al., 2003; Zhang et al., 1998; Beyhan 

and Umur 2011; de la Rue et al., 2011; Andresiuk et al., 

2013; Boufana et al., 2014). In contrast to the previous 

results, we found G3 to be the most common genotype in 

this investigation (G3 7/17 (41.17%); G1 5/17 (29.41%)). 

The G5 genotype has been documented in humans from 

many Asian, European, and South American countries 

(Romig et al., 2015; Grenouillet et al., 2014; Sharma et al., 

2013; Shi et al., 2019; Ebrahimipour et al., 2017; Thapa et 

al., 2017; Zhang et al., 2000), indicating that it is a 

significant genotype from a public health standpoint. In this 

study, we found 5 isolates of E. ortleppi G5 (5/17; 29.41)  

The results obtained in this study showed a high degree 

of genetic discrepancy. Both the genes under study showed 

the highest haplotype diversity (1.00) while π was higher for 

the nad6 gene (0.14662) than that of the cox2 gene 

(0.03213). In a previous study utilizing a full-length cox2 

gene to describe genetic diversity, lower Hd (0.667) and 

nucleotide diversity (0.00148) were obtained (Hu et al., 

2015) which are in contrast to our results from Pakistan. 

Upon concatenation of both genes, the observed value of 

nucleotide diversity was 0.03213. Similar patterns of 

nucleotide and haplotype diversities were observed for E. 

granulosus (G5) (cox2 = 0.01632, nad6 = 0.14035; cox2-

nad6 = 0.07290). For E. granulosus (G1/G3) negative but 

insignificant Tajima’s D was observed for the whole 

population while Fu Fs was positively insignificant. 

Regarding E. ortleppi (G5), Tajima’s values were not 

computed as four or more sequences are needed to estimate 

its value, however, Fu Fs was positive but insignificant for 

the whole population. Since most of the population structure 

data consists of cox1, nad1, cytb, and nad5 genes, we were 

unable to draw a comparative genotypic diversity analysis 

of findings of the current investigation with other studies 

from elsewhere. 

The current study's Hd divulges a large level of genomic 

divergence between haplotypes, as demonstrated in the 

MJNs. According to one study, the amalgamation of low π 

and high Hd specifies a swift population expansion (Sharma 

et al., 2013). The number of isolates investigated in the 

current study was less. Thus, to give conclusive remarks, we 

recommend amplifying a greater number of isolates in the 

future to ascertain the resolution power of cox2 and nad6 

genes in the context of genotype differentiation. 

 

Conclusions: Echinococcus cysts were recovered from 

slaughtered cattle in Faisalabad, Pakistan, and were 

identified using mitochondrial cox2 and nad6 genes in what 

we believe is the first attempt in Pakistan to detect 

Echinococcus granulosus and Echinococcus ortleppi based 

on these genetic markers. The Pakistani E. granulosus 

(G1/G3) and E. ortleppi populations have a significant 

degree of genetic variety and haplotype diversity. This 

study provides crucial preliminary data for Pakistan as well 

as critical baseline data for upcoming studies on the G1, 

G3, and G5 populations around the world. We urge that in 

future research, the cox2 and nad6 genes be amplified. 

Furthermore, more number of samples should be 

investigated to assess the genotype differentiation potential 

of cox2 and nad6 genes. 
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