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A B S T R A C T   

Haemonchus contortus, a stomach worm, is prevalent in ruminants worldwide. They particularly hamper prof-
itable small ruminant production. Here, we estimate the genetic variation of H. contortus collected from 
slaughtered goats and sheep from various geographic zones of Bangladesh using multiple genes. To perform this, 
adult parasites were isolated from the abomasum of slaughtered animals (sheep and goats). Among them, 79 
male H. contortus were identified by microscopy. Following the extraction of DNA, ITS-2 and cox1 genes were 
amplified and subsequently considered for sequencing. After alignment and editing, sequences were analyzed to 
find out sequence variation, diversity pattern of genes, and population genetics of isolates. Among the sequence 
data, the analyses identified 19 genotypes of ITS-2 and 77 haplotypes of cox1 genes. The diversity of nucleotides 
was 0.0103 for ITS-2 and 0.029 for cox1 gene. The dendogram constructed by the genotype and haplotype se-
quences of H. contortus revealed that two populations were circulating in Bangladesh without any demarcation of 
host and geographic regions. Analysis of population genetics demonstrated a high flow of genes (89.2 %) within 
the population of the worm in Bangladesh. The Fst value showed very little amount of genetic difference among 
the worm populations of Bangladesh but marked genetic variation between different continents. The findings are 
expected to help explain the risks of anthelmintic resistance and the transmission pattern of the parasite, and also 
provide a control strategy against H. contortus.   

1. Introduction 

Sheep and goats are important components of livestock and they play 
a major role in upgrading the domestic economy of Bangladesh (Alamgir 
et al., 2023). Globally, the sheep and goat population is 2.1 billion 
among which about 80 % are present in Asia and Africa (Pitaksakulrat 
et al., 2021). Currently, 26.2 million goats and 3.5 million sheep are 
available in Bangladesh. The contribution of livestock to GDP is assessed 
annually and the GDP growth rate of livestock has gradually progressed 
from 2.51 % to 3.4 % during fiscal years 2009 and 2018 indicating 
gradual poverty alleviation and rural development (Hamid, 2019). 
However, gastrointestinal (GI) parasitic infections are a major constraint 
to the profitable production of small ruminants worldwide (Claerebout 
et al., 2018). Among GI parasites, Trichostrongylid nematode, especially 
Haemonchus Cobbold, 1898 is the major pathogen affecting the 

abomasum of wild and domestic ruminants reared in various climatic 
zones of the globe (O’Connor et al., 2006; Charlier et al., 2009). This 
parasite is prevalent in Bangladesh in various definitive hosts due to 
favorable climatic conditions for the development and existence of the 
worm, H. contortus (Dey et al., 2019; Omar et al., 2021). The fecundity of 
this parasite is very high, generally thousands of eggs in a single day. The 
blood-feeding nature of Haemonchus results in acute hemorrhagic ane-
mia (0.05 ml blood/ parasite/ day), bottle jaw, and death of animals in 
severe cases (Taylor et al., 2007). They hamper profitable livestock 
rearing by causing the decrease of body weight and production as well as 
through increasing treatment costs. Yearly, treatment costs due to hae-
monchosis have been estimated in millions in different countries 
(McLeod, 2004; Waller and Chandrawathani, 2005). 

As H. contortus is highly fecund, it shows genetic variability in nu-
clear and mitochondrial genes (Blouin et al., 1995; Doyle et al., 2020; 
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Troell et al., 2006). Many features are involved to stimulate the genetic 
structure of Haemonchus such as spatial barrier, large population size, 
random mobilization of host, and variation of host species. Therefore, 
appropriate gene selection is vital for genetic analysis. The ribosomal 
DNA and mitochondrial genes have been extensively used for identifi-
cation, genetic analysis and evolutionary relationship of the nematode 
parasite (Jacquiet et al., 1995). 

Internal Transcribed Spacer-2 (ITS-2) region is the commonly used 
molecular marker that reduces the hazard of cross-reaction and distin-
guishes closely related species due to easy extension, availability of 
conserved regions, adequate rRNA, fast rate of evolution, and sufficient 
variation (Gasser et al., 1999). An insignificant amount of intra-specific 
genetic variation (less than 1 %) can be detected by this marker (Gasser 
and Newton, 2000). Helminths; especially nematodes, trematodes and 
cestodes, were specifically identified by amplifying the ITS-2 region 
(Kralova-Hromadova et al., 2012; Luton et al., 1992; Stevenson et al., 
1995). Of the mitochondrial DNA (mtDNA), cox1 gene is a very conve-
nient candidate for studying the genetic diversity pattern of parasites, 

especially Haemonchus, due to its high maternal inheritance and greater 
mutation rate (Brasil et al., 2012; Gharamah et al., 2012; Kandil et al., 
2018; Yin et al., 2013). The information related to the genetic variation 
of different populations of H. contortus is useful regarding the associated 
spreading pattern, the extent of drug resistance alleles, and sustainable 
control strategy against the parasite (Dey et al., 2019). In our previous 
communication (Dey et al., 2019), we reported our assessment of pop-
ulation genetics and the pattern of genetic diversity using the nad4 gene 
in Bangladesh. In this study, we determine the genetic pattern of 
H. contortus collected from sheep and goats from various geographic 
regions of Bangladesh using ITS-2 and cox1 genes. 

2. Materials and methods 

2.1. Parasite collections 

The abomasa of goats and sheep were collected from eight different 
areas of Bangladesh including Mymensingh, Tangail, Sirajgonj, 

Fig. 1. Different geographical regions of Bangladesh from where samples were collected from sheep and goats.  
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Dinajpur, Barishal, Khulna, Sylhet and Rangamati (Fig. 1) (Supple-
mentary file 1); and the adult H. contortus were recovered following the 
procedure described by MAFF (MAFF, 1986). In brief, the abomasum 
was separated, ligated and opened. Contents of the organ were trans-
ferred into a beaker and washed with Phosphate Buffered Saline (PBS) 
until the suspension became transparent. The adult parasites were iso-
lated and repeatedly washed in physiological saline. After that, the 
microscopic examination was performed to identify male H. contortus 
conferring the key morphological features (Soulsby, 1982). Microscop-
ically identified male H. contortus parasites were then preserved in 70 % 
glycerin alcohol. 

2.2. Genomic DNA (gDNA) extraction 

Genomic DNA was isolated from individual parasites by DNA Mini 
Kit (Qiagen, Germany) through following manufacturer’s guidelines. 
Concentrations of the extracted gDNA were assessed using a Nanodrop 
Spectrophotometer (Thermo Fisher Scientific- USA) and kept at − 20 ◦C. 

2.3. PCR amplification and visualization of PCR products 

A region of ITS-2 (~320 bp) and mitochondrial cox1 genes of 
H. contortus were amplified by PCR using appropriate primer sets and 
thermal conditions (Table 1). Visualization of PCR products (5 μl) of ITS- 
2 and cox1 genes was performed on 2.0 % agarose gel by adding EZ- 
Vision® IN-Gel (Amresco, USA). 

2.4. Sequencing and genetic data analysis 

After PCR, amplicons were purified and sequenced in both directions 
using PCR primers (Wizard PCR-Preps, Promega). The sequences were 
checked with the BioEdit software, aligned to and edited with MEGA 
v.10.2.4 software (Tamura et al., 2013) and submitted to GenBank. The 
nucleotide diversities, haplotype diversities and nucleotide variation 
were estimated with DnaSP v6 (Rozas, 2009). BioEdit software was used 
to calculate sequence identities (%) (Hall, 1999). The dendogram was 
constructed by Neighbor-Joining (NJ), Maximum-Parsimony (MP) and 
Maximum-Likelihood (ML) methods, respectively with the bootstrap 
(1000 replicates) (Tamura et al., 2013). The Fst and Nst values were 
measured with DnaSP v6 (Rozas, 2009) to assess gene flow among 
different populations. Tajima’s D, Fu and Li’s F, and Fu and Li’s D were 
calculated to assess the effect of selective forces on H. contortus 

populations by DnaSP version 6 (Tajima, 1989; Fu, 1997). The network 
tree was built to study haplotypes’ relationship with Network v.10.2.0.0 
(Bandelt et al., 1999). A hierarchical analysis of molecular variance 
(AMOVA) was implemented to calculate the genetic diversity of 
H. contortus populations using Arlequin (Excoffier et al., 1992). For 
analysis, 145 sequences from different studies were collected from 
GenBank. 

3. Results 

3.1. Species confirmation and genotyping 

To confirm the study species as H. contortus, the isolation of adult 
parasites was followed by amplification and sequencing of the ITS-2 
gene. After the alignment and editing of sequences, 231 bp was gener-
ated and detected 19 distinct genotypes by analyzing 79 ITS-2 se-
quences. The overall genotype and nucleotide diversities of H. contortus 
sequences were 0.905 and 0.0103 respectively from eight geographical 
locations in Bangladesh (Table 2). Sequence identities (%) among 19 
genotypes of ITS-2 sequences varied from 96.9-100 %, when matched 
with the studied isolates, or with reference sequences retrieved from the 
GenBank database (Accession no. MT424902.1 and KC415125.1) 
(Table 3). Eleven (11) single nucleotide polymorphisms (SNPs) at the 
positions of 18, 20, 21, 22, 55, 59, 63, 93, 196, 199 and 218 were 
identified after the alignment of 19 studied genotypes with the reference 
sequence (KC415125.1). Five transversions (one A<–>C, one G<–>C 
and three A<–>T) and six transitions (one A<–>G and five T<–>C) 
were recognized at their substitutions (Table 4). The average percentage 
of GC contents of the ITS-2 sequences was 33.4. The 19 studied geno-
types were also aligned to reference sequences of H. placei (LC367242 
and LC367244) to detect species variation which found 1.7 % sequences 
variation only in four nucleotide positions (24th, 123rd, 205th and 
219th). Among four nucleotide variations, three (24th, 205th and 
219th) were represented by purines (G<–>A) and one by pyrimidine 
(T<–>C). 

A phylogenetic tree (UPGMA tree) built by 19 ITS-2 genotypes was 
built using the UPGMA method where two H. placei were used as out-
group. The constructed phylogram formed two distinct clusters without 
any relation to hosts (sheep and goats) and geographic regions (Fig. 2). 

Table 1 
Details about primers and thermal cycler conditions used in this study.  

Target 
gene 

Name of 
primer 

Sequence (5′–3′) Amplicon size 
(bp) 

PCR protocol Reference 

ITS-2 NC1 ACGTCTGGTTCAGGGTTGTT ~320 95 ◦C for 5 min(35 cycles at 95 ◦C for 30 sec, 55 ◦C for 30 sec and 
72 ◦C for 1 min) 72 ◦C for 5 min. 

Stevenson et al., 
1995 NC2 TTAGTTTCTTTTCCTCCGCT 

cox1 NEMAT-F CCTACTATAATTGGTGGGTTTGGTAA ~720 94 ◦C for 2 min(35 cycles at 94 ◦C for 30 sec, 50 ◦C for 30 sec, and 
72 ◦C for 1 min) 72 ◦C for 10 min 

Kandil et al., 
2018 NEMAT-R TAGCCGCAGTAAAAT AAGCACG   

Table 2 
Genotypes of ITS-2 and haplotypes of cox1of H. contortus populations from different topographic regions of Bangladesh.  

Geographic 
regions 

ITS-2 CO1 

No. of 
sequences (N) 

No. of 
genotypes (n) 

Genotype 
diversity (Gd) 

Nucleotide 
diversity (Nd) 

No. of 
sequences (N) 

No. of 
genotypes (n) 

Genotype 
diversity (Gd) 

Nucleotide 
diversity (Nd) 

Mymensingh 10 7  0.933  0.0085 10 9 0.978  0.032 
Sylhet 10 6  0.867  0.0085 10 10 1  0.027 
Tangail 9 7  0.944  0.0118 10 10 1  0.029 
Sirajgonj 10 9  0.978  0.0127 10 10 1  0.031 
Dinajpur 10 6  0.844  0.0089 10 10 1  0.03 
Rangamati 10 6  0.889  0.0097 9 9 1  0.031 
Khulna 10 7  0.933  0.0143 10 10 1  0.016 
Barishal 10 6  0.911  0.0082 10 10 1  0.017 
Overall 79 19  0.905  0.0103 79 77 0.999  0.029  
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3.2. Genetic diversity and phylogeny of cox1 

A total of 79 cox1 sequences of H. contortus were aligned edited and 
produced 632 bp length for all cases. Sequences were considered for 
nucleotide BLAST search and detected high sequence identities (98–99 
%) with reference to cox1 gene (Accession no. KJ724366.1) of 
H. contortus. There were 77 distinct haplotypes identified from 79 
amplicons. The number of polymorphic sites was 129 (at different 
nucleotide positions) where 43 for singleton variable sites and 86 for 
parsimony informative sites. The haplotype diversity was 0.999 repre-
senting a high degree of gene diversity whereas the overall nucleotide 
diversity was 0.029 (Table 2). 

The selective neutrality test of H. contortus populations was also 
analyzed and found insignificant (P > 0.05) variation from neutrality 
signifying a lack of selective forces functioning on the studied pop-
ulations (Table 5). 

The network tree was built to determine the association between 77 
haplotypes data from eight populations of H. contortus (Supplementary 
file 2). From the network profile, two clusters were formed randomly 
with the haplotypes of H. contortus excluding a few isolates without any 
demarcation of host and source of isolates. Interestingly, isolates from 
Khulna and Barishal were uniquely grouped in a single cluster. 

For comparing population genetics, cox1 sequences of H. contortus 
including studied sequences and reference sequences from Nigeria, 
Brazil and Pakistan were selected. In the phylogenetic tree constructed 
by NJ method, three main clades were found with 1000 replicates in 
bootstrap analysis in which H. placei (KJ724428) served as an outgroup 
(Supplementary file 3). The isolates from Nigeria and Brazil formed 
separate clades termed as African and American clades respectively, and 
the isolates from Pakistan and Bangladesh formed a unique clade termed 
as Asian clade. The phylogenetic trees built in ML and MP methods also 
showed a similar clustering pattern. 

3.3. Population genetic structure 

To determine genetic distinction, pairwise Fst and Nst values were 
computed among the H. contortus populations of different geographic 
regions of Bangladesh. An insignificant amount of genetic difference was 
observed which ranged from − 0.03495 to 0.23575 in case of Fst value 
and − 0.03541 to 0.23839 in case of Nst value. Comparatively high ge-
netic variation was detected in H. contortus populations of Khulna (Fst 
value = 0.05241 to 0.23575, Nst value = 0.0526 to 0.23839) and 
Barishal (Fst value = 0.05241 to 0.2309, Nst value = 0.0526 to 0.23332) 
when comparing with other studied populations (Table 6). 

The Fst value between the studied worm populations reported from 
Nigeria, Brazil and Pakistan was calculated. The results showed the 
highest genetic variation between populations of H. contortus of 
Bangladesh and Brazil (Fst = 0.66752), and the lowest between 
Bangladesh and Pakistan (Fst = 0.06944) (Table 7). 

A hierarchical AMOVA was estimated which showed 89.2 % of ge-
netic variance circulated within the studied population (Fst = 0.108, p 
= 0.001) and 7.57 % among groups (Fct = 0.076, p = 0.034) (Table 8). 

4. Discussion 

Small ruminants are generally parasitized by numerous endo- and 
ecto-parasites (Poddar et al., 2017; Shuvo et al., 2021; Dey et al., 2022). 
Among them, H. contortus is an important blood-feeding stomachworm. 
The prevalence of this parasite depends on availability of host and host 
range, zoogeographic location, climatic condition, and habit and habi-
ted of the host. The freeliving stages (egg to L3) of H. contortus experi-
ence with the fluctuation of climatic conditions that affect the 
development and spatio-temporal distribution of this parasite (Rose 
et al., 2016). H. contortus is prevalent all over the world in multiple 
hosts, however, particularly affects livestock, with a varying infection 
rate (Jacquiet et al., 1998; Waller and Chandrawathani, 2005; Craig, Ta
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2009; Hussain et al., 2014). The climatic conditions such as annual 
temperature and rainfall are the important abiotic factors impacting on 
genetic variation of H. contortus (Salle et al., 2019). In our previous 
communication (Dey et al., 2019), we described the genetic diversity 

pattern and population genetics of H. contortus using the mitochondrial 
gene nad4, and Mannan et al (2023) also confirmed the findings using 
the same genetic markers. Therefore, in this study, the genetic pattern of 
H. contortus has been validated further using COX1 and we 

Table 4 
Variation of nucleotides at different position of 19 genotypes from 79 H. contortus isolates with the reference sequence of H. contortus of ITS-2 gene.  

Genotypes Nucleotide position No. of isolates 

18 20 21 22 55 59 63 93 196 199 218  

LC360148.1 T G G C C T C A A T T  
1. BDMYHC1(LC716151) . . . T . . . C . . . 1 
2. BDMYHC9(LC716152) A . . T . . . C . . . 2 
3. BDSYHC12(LC716153) A . . . . A . . . . . 2 
4. BDSYHC19(LC716154) . . . T . . . . T . . 4 
5. BDTAHC22(LC716155) A . . . . A . . . . . 4 
6. BDTAHC26(LC716156) A . . . . . T . . . . 3 
7. BDTAHC28(LC716157) . . . . . . . . T . . 2 
8. BDSGHC34(LC716158) A . . . . . . . T . . 1 
9. BDSGHC36(LC716159) . A C T. . . . . T . . 1 
10. BDSGHC38(LC716160) . . . T T . . C . . . 1 
11. BDDPHC41(LC716161) . . T T . . . . . . . 11 
12. BDDPHC49(LC716162) . . . . . . . . . . . 12 
13. BDRMHC54(LC716163) . . C T. . . . T . . . 1 
14. BDRMHC58(LC716164) . . C T . . . . T . C 1 
15. BDKHHC66(LC716165) . . . . . . T . . . C 1 
16. BDKHHC70(LC716166) . . .  T . . C T . . 1 
17. BDBSHC73(LC716167) A . . . . . . . . . . 11 
18. BDBSHC77(LC716168) . . . T . . . . . . . 7 
19. BDBSHC80(LC716169) . . C T . . . . T . . 13 
Total            79 

Dot (.) represents similar position with LC360148.1. 

Fig. 2. Unweighted pair group method with arithmetic mean dendogram showing the relationships among H. contortus genotypes isolated from sheep and goats from 
different geographical regions of Bangladesh based on ITS-2 and H. placei (GenBank accession nos. LC367242 and LC367244) serve as outgroup. 
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unambiguously proved that two distinct genotypes of H. contortus pop-
ulations (irrespective to hosts and special distribution) is circulating 
simultaneously in Bangladesh. 

Haemonchus contortus was identified by morphological structures at 
the genus level (Gareh et al., 2021) and is quite impossible to detect at 
the species level using microscopic features. Identification at the species 
level was confirmed by sequencing with the nuclear ribosomal ITS-2 
gene. Haemonchus contortus and H. placei have very low intra-specific 
variation and this insignificant amount of variation can be detected by 
the analysis of ITS-2 sequences, a suitable gene for the diagnosis of any 
large range of trichostrongylid parasites (Gasser et al., 1994). 

In this study, 1.7 % variation was estimated between H. contortus and 
H. placei at the 24th, 123rd, 205th and 219th nucleotide positions. Ac-
cording to Stevenson et al.(1995), variation between the closely related 
species is detected at nucleotide positions 24, 205 and 219. In addition, 
2.6 % variation was observed among ITS-2 sequences of H. contortus 
isolates. Similar results were reported in Kenya, Sweden and Germany 
(Heise et al., 1999; Troell et al., 2006). Hence the variation was recorded 
as high (5.2 %) in Australia, France, New Zealand and the UK (Gasser 
et al., 1998). Among 79 ITS-2 sequences, 19 unique genotypes were 
determined. However, these numbers were varied in earlier reports 
including seven among the isolates of Pakistan (Hussain et al., 2014), six 
of Yemen and Malaysia (Gharamah et al., 2012), and eighteen of China 
(Yin et al., 2013). The GC nucleotide contents of ITS-2 sequence were 
33.4 %. A similar result was reported by previous studies such as 33.0 % 
from sheep in Switzerland, China and Australia (Stevenson et al., 1995) 
and 33.4 % from Malaysian and Yemenese goats (Gharamah et al., 
2012). 

The nucleotide and genotype diversity in our study was 0.01 and 
0.905 respectively. The low nucleotide and high genotype diversity were 

also recorded in H. contortus isolates in Thailand (0.017, 0.832) (Lao-
sutthipong and Eardmusic, 2019) and China (0.006, 0.703) (Yin et al., 
2013). Several host-related and parasite-related factors are responsible 
for the high genotype diversity of the Haemonchus population. Host- 
related factors include parasites from heterologous host species or 
cross-infection, mobilization of the host within or between countries, 
and absence of selection pressure of anthelmintics (Akkari et al., 2013). 
Parasite-related factors comprise high fecundity with high prevalence, 
short and direct life cycle, and a large population size with extensive 
genetic variability (Prichard, 2001). In Bangladesh especially in rural 
areas, grazing of multiple hosts such as cattle, sheep and goats in a 
common pasture is very predominant. This grazing pattern enhances the 
chance of cross-infection of H. contortus infection among the broad range 
of ruminant hosts (Dey et al., 2021). 

MtDNA including nad4 and cox1 genes were more useful genetic 
markers due to high substitution rates and potential to distinguish 
closely related species (Anderson et al., 1998; Troell et al., 2006). These 
genes are also used as basic tools for several studies such as taxonomic 
studies and population genetics (Blouin, 2002). 

Several approaches have been described to find out the genetic 
pattern of Haemonchus populations in different countries of the world 
(Brasil et al., 2012; Gharamah et al., 2012; Yin et al., 2013; Pitaksakulrat 
et al., 2021). Our previous research on H. contortus populations has been 
performed by the nad4 gene to find out the pattern of genetic diversity 
(Dey et al., 2019). Along with other authors (Brasil et al., 2012; Hussain 
et al., 2014), the cox1 gene was used to detect the level of genetic di-
versity of Haemonchus populations in Bangladesh. In our study, the 
nucleotide diversity was 0.029. The value is in line with the previous 

Table 5 
Selective neutrality test among cox1 sequences from H. contortus populations of 
different geographic regions of Bangladesh.  

Geographic 
regions 

Tajima’s 
D 

p 
value 

Fu & Li’s 
D 

p 
value 

Fu & Li’s 
F 

p 
value 

Mymensingh  − 0.2698 p ˃ 
0.10 

− 0.1396 p ˃ 
0.10  

− 0.1945 p ˃ 
0.10 

Tangail  − 0.1397 p ˃ 
0.10 

− 0.2495 p ˃ 
0.10  

− 0.2508 p ˃ 
0.10 

Sirajgonj  − 1.02248 p ˃ 
0.10 

− 1.0092 p ˃ 
0.10  

− 1.1440 p ˃ 
0.10 

Dinajpur  − 0.4907 p ˃ 
0.10 

− 0.8640 p ˃ 
0.10  

− 0.8706 p ˃ 
0.10 

Sylhet  − 0.9949 p ˃ 
0.10 

− 0.8640 p ˃ 
0.10  

− 1.0130 p ˃ 
0.10 

Rangamati  − 0.6464 p ˃ 
0.10 

− 0.5036 p ˃ 
0.10  

− 0.6046 p ˃ 
0.10 

Khulna  − 1.3220 p ˃ 
0.10 

− 1.4700 p ˃ 
0.10  

− 1.6180 p ˃ 
0.10 

Barishal  − 1.1757 p ˃ 
0.10 

− 1.1259 p ˃ 
0.10  

− 1.2852 p ˃ 
0.10 

Overall  ¡1.3914 p ˃ 
0.10 

¡2.0840 0.10 
˃ p ˃ 
0.05  

¡2.1599 0.10 
˃ p ˃ 
0.05  

Table 6 
Pairwise Fst and Nst value of cox-1 gene between H. contortus populations of different geographic regions of Bangladesh.  

Geographic regions Mymensingh Sylhet Tangail Sirajgonj Dinajpur Rangamati Khulna Barishal 

Mymensingh − 0.00635 0.00076 0.00658 − 0.01170 − 0.00910 0.20733 0.22703 
Sylhet 0.00669 − 0.01826 − 0.00396 0.04110 − 0.03541 0.11431 0.13419 
Tangail 0.00109 0.01815 − − 0.00125 − 0.03192 − 0.01248 0.21070 0.22978 
Sirajgonj 0.00674 − 0.00437 − 0.00129 − 0.03006 − 0.02806 0.12800 0.14411 
Dinajpur − 0.01197 0.04051 − 0.03122 0.02944 − 0.00956 0.23839 0.23332 
Rangamati − 0.00869 − 0.03495 − 0.01220 − 0.02805 0.00939 − 0.13363 0.15108 
Khulna 0.20594 0.11343 0.20820 0.12629 0.23575 0.13194 − 0.05260 
Barishal 0.22557 0.13322 0.22750 0.14264 0.2309 0.14937 0.05241 −

Fst and Nst are below and above the diagonal, respectively. Negative values signify more nucleotide substitutions within than between populations. 

Table 7 
Pairwise Fst value of cox-1 gene of H. contortus populations between Bangladesh 
and other three countries.  

Name of countries No. of sequences Fst value Nucleotide diversity 

Pakistan 61  0.069  0.031 
Nigeria 73  0.459  0.019 
Brazil 05  0.667  0.014 
Bangladesh 77   0.029  

Table 8 
Analysis of Molecular Variance (AMOVA) and F-statistics of partial CO1 gene for 
different populations of H. contortus in Bangladesh.  

Source of variation Percentage of 
variation 

F-statistics p-value 

Among groups  7.57 Fct = 0.076  0.034* 
Among populations within 

groups  
3.23 Fsc = 0.035  0.056 

Within populations  89.2 Fst = 0.108  0.001** 

Eight populations were divided into two groups including northern part 
(Mymensingh, Tangail, Rajshahi, Rangpur and Sylhet) and southern part (Ran-
gamati, Khulna and Bhola) in Bangladesh. 

* p < 0.05. 
** p < 0.01. 
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study in Thailand (0.043) and Pakistan (0.036) (Hussain et al., 2014; 
Pitaksakulrat et al., 2021). Our 79 cox1 sequences from Bangladesh 
represented 77 haplotypes with high haplotype diversity (0.999). The 
high haplotype diversity has also been found in H. contortus isolates 
originating from Thailand and Pakistan. For example, 73 haplotypes 
among 74 Pakistani isolates (Hussain et al., 2014) and 122 haplotypes 
among 130 Thailand isolates (Pitaksakulrat et al., 2021) were detected. 
Haemonchus follows a high level of intra-population diversity, the key 
feature of trichostrongylid parasites (Blouin et al., 1998; Archie and 
Ezenwa, 2011). 

In the present study, Tajima’s D and Fu and Li’s D showed statisti-
cally significant negative values for H. contortus populations of eight 
different geographical regions. The negative value indicates a high 
number of low-frequency polymorphisms attributing a recent selective 
sweep or population expansion (Belanger and Perkins, 2010). 

The phylogram built by 77 sequences of the cox1 gene revealed two 
populations of H. contortus circulating in Bangladesh. Particularly, the 
clustering pattern was not unique according to the geographical origin 
of isolates or the host species. A similar clustering pattern was also found 
previously relating to nad4 gene (Dey et al., 2019; Mannan et al., 2023). 
Possibly, two populations of H. contortus existed during the onset of 
infection in Bangladesh (Cerutti et al., 2010). Within the country, there 
is no strong geographical barrier. Moreover, extensive management 
systems and practice of common grazing fields for multiple host species 
namely sheep, goats, cattle and buffaloes are responsible for the fast 
transmission of infection and breakdown of the host barrier; signifying 
the circulation of two H. contortus populations. 

Globally, clustering patterns were observed based on continental 
demarcation such as Asian clade including Pakistani and Bangladeshi 
H. contortus isolates, African clade including Nigerian isolates and 
American isolates including Brazilian isolates. Also, noticeable genetic 
differentiation was observed between continents. Lack of opportunity 
for regular movement of hosts restricts the spreading of parasites; thus, 
contributing to the distinct continental clustering pattern (Troell et al., 
2006). 

A low genetic differentiation was noted between the populations of 
the same continent (Bangladeshi and Pakistani populations) (Blouin 
et al., 1995). This might be due to the poor control strategy of nematodes 
and the frequent entrance of hosts within the continent for trading 
purposes. 

In population genetics, host is an essential component for detecting 
the gene flow and genetic variability (McCoy et al., 2003). The genetic 
analysis of the cox1 gene revealed that most of the genetic variation 
(89.2 %) was dispersed within the H. contortus populations, signifying 
high gene flow without strong terrestrial obstacles among the pop-
ulations. The high gene flow favors the transmission of resistant para-
sites within the populations. High variation within populations, 
followed by variation among groups and population within the group is 
in line with the earlier report in Thailand (Pitaksakulrat et al., 2021), 
Pakistan (Hussain et al., 2014) and Brazil (Brasil et al., 2012). These 
findings are related to the rapid evolutionary rate of mtDNA in nema-
todes (Blouin et al., 1995). 

In conclusion, the present study confirms that two H. contortus 
populations are circulating in Bangladesh without any host and spatial 
discrimination. The insignificant amount of genetic differentiation was 
found within the studied H. contortus populations. The analysis of COX1 
gene showed high gene flow within the populations of H. contortus 
irrespective to geographical barriers. The generated knowledge of the 
study will help assess the risk of anthelmintic resistance and eventually 
formulate an effective and sustainable control strategy against 
H. contortus. 
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