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A B S T R A C T   

Oesophagostomum spp. (Family: Chabertiidae) is keeping a low profile in terms of severity in Bangladesh while 
maintaining economic loss through disguise within sheep and goats. The study was performed to identify 
prevalence, confirmation of species through morphology and morphometry followed by phylogeny using ITS2 
and COX1 genes. In total 384 slaughterhouse-sourced small and large intestines were pooled from Mymensingh, 
Kishoreganj, Netrokona, Sherpur and Tangail districts of Mymensingh division. Followed by isolation, 
O. columbianum and O. asperum were identified following their key morphological features. Notably, O. asperum 
was first time detected in Bangladesh. The overall prevalence of Oesophagostomum spp. was found 60.93%. The 
prevalence of O. columbianum (64.95%) was almost double than that of O. asperum (35.04%). Among several 
characters, only the distance between anus to tail tip showed a significant morphological disparity in female. The 
Neighbor-joining (NJ) phylogenic trees based on ITS2 and COX1 genes confirmed the study species. The first time 
identified O. asperum along with morphometry and phylogeny will add value to the fact that nematodes are 
invisibly present with high prevalence in this country. This study will help to draw specific attention to command 
a practical control strategy for intervening in economic loss.   

1. Introduction 

Oesophagostomum or nodular worm is a bursate nematode parasite of 
large intestine belonging to the family Chabertiidae, a helminth with 
euryxenous host range starting from ruminants, apes, domestic and wild 
pigs, monkeys to human (Acevedo-Ramírez et al., 2019; Krief et al., 
2010; Legesse and Erko, 2005; McCarthy and Moore, 2000; Stewart 
et al., 2013; Tariq et al., 2008). Among different Oesophagostomum 
species, Oesophagostomum columbianum, O. asperum and O. venulosum 
are the most dominant species in small ruminants around the world 
(Roeber et al., 2011). A plethora of literatures documented on the 
prevalence of Oesophagostomum spp. globally including in Central 
Mexico (4.5 % in sheep), Ethiopia (58.7 % in sheep and 50.8 % in goats), 
India (82.9 % in goats and 55.4 % in sheep), Cameron (90 % in both 
species), China (82.2 % in sheep) and Myanmar (Acevedo-Rami rez 
et al., 2019; Choubisa and Jaroli, 2013; Hou et al., 2022; Negasi et al., 
2012; Ntonifor et al., 2013; Win et al., 2020). In Bangladesh, the 

reported prevalence of GI nematode infection ranged from 63 to 89.8 % 
and 63–92 % in sheep and goats, respectively (Chakrabortty et al., 2023; 
Mazid et al., 2006; Mohanta et al., 2007). 

Oesophagostomum are geo-helminths and the suitable climatic 
ambience of Bangladesh paved their way towards high biotic potential 
with rapid establishment rate (Kusiluka and Kambarage, 1996; Mohanta 
et al., 2007). Food or soil contaminated with infective larvae (L3) is the 
principal route of transmission (Sweeny et al., 2012). Due to browsing 
feeding habit (top browser), goats are more prone to infection than 
sheep as larvae of this species are positively hydrotropic and available at 
the tip of grass-blade (Soulsby, 1982). Adult Oesophagostomum causes 
anemia and rapid weight loss while larvae infection induces black-green 
diarrhea with mucus and occasionally blood (Zhao et al., 2014). 

Diagnosis of Oesophagostomum spp. observing only morphological 
criteria is not supportive enough as almost all nematodes show uniform 
outer view. However, application of former criterion along with 
morphometry and PCR-based tools devise solid and doubtless evidence 
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for specific identification (Dorris et al., 1999; Nath et al., 2021; Wang 
et al., 2013). 

Nowadays, the identification of parasite species and their phylogram 
analysis are validated through genetic characterization (Cerutti et al., 
2010). Besides, several studies accepted that genes of both ribosomal 
and mitochondrial DNA provide practical knowledge regarding diag-
nostic probes or species identification markers (Jex et al., 2008; Nath 
et al., 2021). 

As a specific vaccine against Oesophagostomum spp. is yet to be 
ascertained and commercialized, implementation of effective manage-
ment strategies is the best solution for now. But, in return, these stra-
tegies demand accurate identification of hosts and parasites to the 
species level (Chilton, 2004). Only a few studies detected 
O. columbianum in Bangladesh. Still, there is a paucity of research works 
mentioning the morphological, morphometrical and molecular identi-
fication of adult O. asperum. In this study, morphology, morphometry 
and genetic diversity of adult O. columbianum and O. asperum had been 
explored along with differentiation between these two species based on 
the trinity. 

2. Methodology 

2.1. Sampling area and sampling period 

A slaughter-house based experiment was performed in Mymensingh, 
Kishoreganj, Netrokona, Sherpur and Tangail districts of Mymensingh in 
a year-long period from December 2021 to November 2022. 

2.2. Sampling technique 

A simple random sampling method was applied to study Oesopha-
gostomum infection in Mymensingh. Sample requirement of this study 
was determined using the formula generated by Thrusfield (1995). 
Considering the prospective prevalence of 50 % (P = 0.50) 

(Chakrabortty et al., 2023) and a precision of 5 % (d = 0.05), 384 
samples were obtained from the study areas of Mymensingh (Fig. 1) at 
95 % (i.e. 1.96) confidence interval. 

2.3. Collection of adult parasites 

After collection of viscera particularly small and large intestines from 
sheep and goats, the samples were shifted into the laboratory and cut 
opened through long axis by giving longitudinal incision. The contents 
were processed for examination by simultaneous washing and sedi-
mentation. Finally, the sediments were examined for intended nematode 
species for further processing. 

2.4. Microscopic examination and identification of parasites 

After isolation of adult parasites, they were washed multiple times 
with phosphate buffered saline (PBS) and subjected to morphological 
identification using lactophenol blue and identified according to keys 
and description given previously (Bowman, 2014; Gaddam et al., 2017; 
Singh, 2003; Soulsby, 1982,). 

For morphometric analysis, adult nematodes were treated with 
warm glycerin alcohol to make them straight and convenient for 
measuring different body features using photomicroscope (Labomed, 
Los Angeles, USA). For male parasites, length of the spicules and 
gubernaculum were measured and calculation of the distances between 
the vulva to the anus, and the anus to the tip of the tail were performed 
for female. However, measurement of total body length, body width and 
esophageal length were also done. 

2.5. DNA extraction and PCR amplification 

The microscopically identified adult parasites were considered for 
DNA extraction followed by preservation of DNA at − 20 ◦C. The ITS2 
region of ribosomal DNA (rDNA) and COX1 region of mitochondrial 

Fig. 1. Map showing the study area. Sheep and goat viscera were collected from several slaughter houses of Kishoreganj, Mymensingh, Netrokona, Sherpur and 
Tangail districts of Mymensingh division. 
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DNA (mtDNA) were selected and amplified using the primer sets, NC1 
and NC2 for ITS2 gene (350 bp) and Nemat F and Nemat R for COX1 
gene (720 bp) (Stevenson et al., 1995; Bowles et al., 1992). For both 
primer pairs, final reaction volume (25 µl) and quantity of primers (1 μl) 
were exactly the same. PCR conditions for both ITS2 and COX1 genes are 
presented in Table 1. Extracted DNA was analyzed and examined 
through a gel documentation system (1.5 % agarose gel). 

2.6. Sequencing of DNA 

The positive PCR products showing clear single band in appropriate 
size were considered for sequencing by applying suitable primers. To 
single out the exact species of recovered sequences, the reference se-
quences were searched out through BLAST program, all of them were 
aligned and edited using MEGA software (Tamura et al., 2013). The 
aligned studied sequences were submitted in GenBank database with the 
accession number of LC777640-LC777643, LC777649-LC777650, 
LC778201-LC778206 and LC778212-LC778221. 

2.7. Genetic data analysis 

The genotypes, nucleotide diversity (Nd), haplotypes and haplotype 
diversity (Hd) of each gene were computed applying the DnaSP v6 
program (Rozas, 2009). Pairwise comparisons (%) were performed be-
tween the studied genotypes and previously published sequences 
applying the program Bio-Edit (Hall, 1999). Genetic evaluation was 
conducted by adopting NJ method grounded on the Tamura-Nei model 
(Tamura et al., 2013). Besides, for NJ tree, bootstrap support and other 
contexts were adopted from the values available in MEGA (Tamura 
et al., 2013) along with a 50 % threshold level. In addition, a total of 29 
sequences were retrieved from GenBank (Supplementary file 1). 

2.8. Statistical analysis 

Prevalence was calculated using GraphPad Prism software (Agresti 
and Coull, 1998). An independent sample t-test was executed to compare 
several morphometric characters of O. asperum and O. columbianum 
using SPSS version 25 (Statistical Package for the Social Sciences). 

3. Results 

3.1. Prevalence of Oesophagostomum in sheep and goats from 
Mymensingh 

In this study, out of total 384 slaughtered viscera (small and large 
intestine), 60.93 % (234/384) samples manifested Oesophagostomum 
spp. infections in sheep (82/234) and goats (152/234). O. columbianum 
identified in 51 % goat and 27.28 % sheep, respectively. Also, O. asperum 
showed 32.89 % prevalence in goat and 17.45 % prevalence in sheep. 
However, irrespective of host species, the prevalence of infection was 
higher in O. columbianum (64.95 %) compared to O. asperum (35.04 %) 
(Fig. 2). 

3.2. Morphological features of o. Asperum 

Adult male and female O. asperum were dioecious and twinning in 
color (milky-white) with medium body size. Males were analogously 
shorter than the female worms. The adult parasite had a typical straight 
body with much broader anterior end, depicting as a hood and trans-
versely striated cuticle. Buccal capsule was divided into two elements, 
external and internal corona radiata along with a well-developed and 
inflated cervical vesicle. A constriction separated the cervical groove 
from the rest of the body. And further down near the end of the groove, 
there was a depression, called the excretory canal. In the case of 
esophagus, they showed typical club-shaped pattern which can be 
characterized by initial tapering behind the esophageal duct followed by 
progressive inflation posteriorly (Fig. 3A). 

Male had a convex-shaped bursa with bursal rays. The medio and 
posterio-lateral rays were fused proximally, and discernible from the 
latero-ventral ray. Dorsal rays had 2 short lateral branches along with 
externo-dorsal ray and spicule. Spicules were found paired and equal 
(Fig. 3B, 3D). 

In female, tail was suddenly tapered from vagina to the tip of the tail. 
The constriction marked off a conical terminal posterior end where 

Table 1 
Primers and their sequences used in the study.  

Target 
Genes 

Primers Amplicon 
size 

References 

ITS2 NC1 (Forward): 
ACGTCTGGTTCAGGGTTGTT 

350 bp Stevenson 
et al., 1995 

NC2 (Reverse): 
TTAGTTTCTTTTCCTCCGCT 

COX1 Nemat F: 
TTTTTTGGGCATCCTGAGGTTTAT 

720 bp Bowles et al., 
1992 

Nemat R: 
TAAAGAAAGAACATAATGAAAATG  

Fig. 2. Prevalence of Oesophagostomum species in Mymensingh. The bar 
diagram indicates significant difference in the prevalence between 
O. columbianum and O. asperum. ***, p < 0.0001. 
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vulva and less prominent anus were located. However, in this nematode, 
vagina was long and opened into relatively anteriorly placed ovejector 
(Fig. 3C). 

3.3. Morphological features of o. Columbianum 

Despite being originated from the same genus, O. columbianum had 
some morphological disparity with O. asperum. At the anterior end, well- 
developed striated lateral alae, cephalic vesicle and cervical papillae 
(Fig. 4A) are those three striking features which display the discreteness 
of this species. Leaf-like projections known as external and internal 
corona radiata wrap the margin of small buccal capsule. On top of that, 
hook-like curvature of the upper portion of the body was also visible. 
However, inspite of housing several unique characters, inflated cervical 
vesicle and excretory canal were little to nowhere to be found. 

In male, O. columbianum endorsed morphological uniformity with 
O. asperum in parameters like bell-shaped bursa, dorsal rays, lateral rays 
and spicule (Fig. 4B, 4D). 

In female, the tail was gradually diminished along with distinct 
kidney-shaped pars-ejectrix (Fig. 4C). 

3.4. Morphometric measurements of o. Asperum and o. Columbianum 

A total of 200 adult parasites (50 male and 50 female for each spe-
cies) were undergone through morphometry. Except for the length of 
spicules and gubernaculum for male and distance from vulva to anus for 
female; numerous morphometric features were common for both sexes. 
Measurements have been shown in Table 2. Oesophagostomum colum-
bianum evidently stated morphometric deviation from O. asperum. Fe-
males displayed longer distances ranging 0.24–1.04 mm from vulva and 

Fig. 3. Microscopic identification of O. asperum collected from sheep and 
goat viscera from Mymensingh. A) Anterior part (both male and female): 1- 
cervical vesicle, 2- excretory pore, 3- mouth collar, 4- cervical groove; B and D) 
Posterior part of male: 5- spicule, 6- ventral ray, 7- dorsal lobe of bursa, 8- 
lateroventral ray, 11- mediolateral ray, 12- posterior-lateral ray; C) Posterior 
part of female: 9- anus, 10- tail. 

Fig. 4. Microscopic identification of O. columbianum collected from sheep 
and goat viscera from Mymensingh. A) Anterior part (both male and female): 
1- cervical vesicle, 2- esophagus, 3- cervical papillae; B and D) Posterior part of 
male: 4- bursa, 5- ventral ray, 6- spicules, 7- gubernaculum, 8- externo-dorsal 
ray, 11- mediolateral ray, 12- dorsal ray, 13- posterio-lateral ray; C) Posterior 
part of female: 9- anus, 10- pars-ejectrix. 

Table 2 
Morphometric measurements of Oesophagostomum species.  

Parameters (millimeter) Oesophagostomum 
asperum 

Oesophagostomum 
columbianum  

Male Female Male Female 

Total body length 7.60–10.0 9.8–13.48 6.0–10.0 9.0–14.4 
Total body width 0.34–0.38 0.42–0.48 0.28–0.40 0.28–0.50 
Length of the esophagus 0.62–0.64 0.60–0.68 0.60–0.70 0.60–0.76 
Length of spicules 0.90–1.33 – 0.20–1.44 – 
Length of the gubernaculum 0.07–0.12 – 0.07–0.16 – 
Distance from vulva to anus – 0.28–0.55 – 0.24–1.04 
Distance from anus to tail tip – 0.10–0.14 – 0.10–0.46  
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0.10–1.46 mm to tail tip depositing anus as the middle point within 
these two features. While numerous parameters complied similar ranges 
with O. asperum, length of spicules (0.20–1.44 mm) of O. columbianum 
showed variation in the sense of elongation (Table 2). 

3.5. Genetic analysis of o. Columbianum and o. Asperum 

3.5.1. Species identification and genotyping 
For the identification of species, amplification of ITS2 gene was 

followed by sequencing of 23 representative samples from different 
areas of Mymensingh. A 320 base pair consensus length was obtained for 
all the samples. From 23 ITS2 sequences, 6 distinct genotypes were 
obtained. The sequence similarities were 98.1–99.6 % and 99.6–100 %, 
when contrasted with one another, or with 2 ITS2 BLAST sequences (1 
for each) of O. columbianum (JX188470.1) and O. asperum 
(KM200806.1), respectively. Following the comparison of 6 study ge-
notypes with the one ITS2 sequence of Oesophagostomum bifurcum 
(HQ283349.1), the nucleotide identities ranged from 21.2 % to 26.2 % 
involving both study species (Table 3). 

Four ITS2 genotypes of O. columbianum were aligned with the 
reference sequence (JX188470.1) and nucleotide positions 68, 106, 121, 
156, 157 and 238 displayed polymorphisms, each depicted as single 
nucleotide polymorphism (SNP). There were two transversions (G<->A) 
and four transitions (T<->C) among those 6 polymorphisms (Table 4). 
Besides, O. columbianum also showed the genetic divergence of 0.00343 
(nucleotide diversity) and 0.8492 (genotype diversity). Alignment of 2 
ITS2 genotypes of O. asperum with the recovered GenBank sequence 
(KM200806.1) detected only a single nucleotide polymorphism (SNP) at 
nucleotide position 140 which was a transversion (G<->A). ITS2 se-
quences of O. asperum showed the nucleotide diversity of 0.00081 along 
with the genotype diversity of 0.261. 

3.5.2. Phylogenetic analysis using ITS2 gene 
Following the identification of species, the phylogram was created 

using 6 studied sequences of O. columbianum and O. asperum combining 
with 19 ITS2 sequences of Oesophagostomum from different countries 
(Supplementary file 1) where Haemonchus contortus used as out-group 
(Fig. 5). The analysis separated the NJ phylogram into two main clusters 
depicting two study species. Cluster I was unique with the studied and 
reference sequences of O. asperum with strong nodal support (74 %). But 
cluster II divided into two sister clades where sister clade 1 clustered 
with the sequences of O. columbianum and sister clade 2 with the se-
quences of O. bifurcum. The unique clustering pattern of studied species 
with the reference sequences of O. columbianum and O. asperum con-
firming the species of the studied sequences. 

3.5.3. COX1 gene: Genetic diversity 
Total 25 COX1 sequences of O. columbianum and O. asperum were 

analyzed. A 695 base pair gene fragment was considered for making a 
phylogenetic tree. From the 25 COX1 amplicons, 16 distinct haplotypes 
were identified (6 from O. columbianum and 10 from O. asperum). For 

O. columbianum (6 isolates), the nucleotide diversity was 0.00534 and 
haplotype diversity was 0.8364. Besides, for 10 haplotypes of 
O. asperum, haplotype diversity was noted 0.9231 with nucleotide di-
versity, 0.0315. 

Table 3 
Pairwise identities (%) among 6 ITS2 genotypes of O. columbianum and O. asperum from Mymensingh using reference sequences of different Oesophagostomum spp. from 
GenBank.  

Sample ID 1 2 3 4 5 6 7 8 9 

1.OA1          
2.OA2  99.6         
3.OC1  79.9 80.2        
4.OC2  79.9 80.2  99.3       
5.OC3  79.6 79.9  99.6  99.6      
6.OC4  80.2 80.5  99.6  99.0  99.3     
7. O. asperum (KM200806.1)  99.6 100  80.2  80.2  79.9  80.5    
8.O. columbianum (JX188470.1)  80.2 80.5  98.7  98.1  98.4  98.4  80.5   
9.O. bifurcum (HQ283349.1)  26.2 26.2  21.6  22.2  21.9  21.2  26.2  22.5  

OC, O. columbianum; OA, O.asperum; Black boxes indicate 100%sequence similarity 

Table 4 
Nucleotide details and distribution of 4 genotypes from 9O. columbianum worms 
isolated from sheep and goats.  

Genotypes Nucleotide position 

68 106 121 156 157 238 

JX188470.1 T G C T G T 
OC1 . . . C A C 
OC2 C . T C A C 
OC3 C . . C A C 
OC4 . A . C A C 

OC, O. columbianum; Dot (.) represents similar position with JX188470.1 

Fig. 5. The Neighbor-joining phylogenetic analysis was based on 25 nucleotide 
sequences of ITS2 gene of O. columbianum and O. asperum. Among them nine-
teen ITS2 sequences were retrieved from GenBank databases and applied for 
analysis with six studied sequences (Accession nos. LC777641-LC777643, 
LC777649-LC777650). Only > 50 % of replicate trees in which the associated 
taxa clustered together in the bootstrap test (1,000 replicates) are shown. The 
sequence of Haemonchus contortus (Accession no. HQ389229.1) was used as 
out group. 
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3.5.4. COX1 gene: Phylogenetic analysis 
All recovered sequences were harmonized with other available COX1 

reference sequences of both study species with 97 %-100 % similarity. 
To genetically compare all recovered COX1 sequences from 

Mymensingh district with foreign countries, a NJ phylogenic tree was 
constructed. For this, 16 studied haplotype data set of O. columbianum 
and O. asperum along with 7 sequences from China, 3 from Brazil and as 
out-group, Haemonchus contortus was employed (Supplementary file 
1). Here, two crucial clusters were viewed by bootstrap analysis with 
1000 replicates. The large group divided into two sister clades with 
strong bootstrap support (100 %). Sister clade 1 and 2 uniquely grouped 
with the studied and reference sequences. But the smaller group (Sister 
clade 3) of Chinese reference sequences did not grouped with the study 
sequences. The clade forming nature of studied sequences confirmed 
species identification. The isolates of O. columbianum from Brazil and 
China formed monophyletic clade with the studied isolates of 
O. columbianum (Accession no: LC778201- LC778206) from Bangladesh. 
Besides, the isolates of O. asperum from China formed cluster with 
Bangladeshi isolates (LC778212-LC778221). However, another small 
group is found occupying only Chinese isolates of O. asperum. In this 
tree, it is evident that, the isolates did not follow any specific relation in 
terms of host and geographical origin (Fig. 6). 

4. Discussion 

Oesophagostomum, a nodular worm inhabiting in small and large 
intestine of cattle, sheep, pig and primates as a serious pathogen and 
causing severe interference in absorption of nutrients, movement of 
bowel and digestion (Soulsby, 1982). This parasite is prevalent world-
wide but more commonly in tropical and subtropical areas (Nath et al., 
2014; Ntonifor et al., 2013; Win et al., 2020). 

The frequency of Oesophagostomum worm encountered in this 
experiment (60.93 %) is higher but not as much as Mazid et al., (2006) 
(89.89 %) and Nath et al., (2014) (92 %) documented. Besides, Islam 

et al., (2017) (15.9 %), Rahman et al., (2017) (10.8 %), Hassan et al., 
(2011) (10.9–12.9 %) and Dagnachew et al., (2011) (37.6 %) reported 
comparatively lower frequency. Both of the study species belong to the 
same genus as well as share common location and food resources which 
might lead to ‘interspecies competition’. Higher prevalence of 
O. columbianum may be an indication of triumph over O. asperum. Be-
sides parasite species, there is also variation in prevalence between two 
host species. As a top browser, goats are more prone to infection 
(Soulsby, 1982) and in sheep, presence of putative quantitative trait loci 
(QTL) responsible for resistance against internal nematode infection is 
already reported (Dominik et al., 2010). Besides, lack of sufficient 
available data concerning prevalence of only O. asperum in Bangladesh 
pairing with smaller and scattered study areas might be the reasons 
behind the variation in prevalence. However, the noticeable contrasts 
amid the present and previous findings may be as a result of variation in 
location, climate, sample size, nature and population size of studied 
animals together with methods of examinations. 

This study announced with certainty the morphological elements of 
O. asperum describing dioecious nature and sexual dimorphism are in 
agreement with Nath et al., (2021). Unlike O. columbianum, O. asperum 
depicted inflated cervical vesicle which mimics the explanation of 
Gaddam et al., (2017) and Singh (2003). However, there was absence of 
lateral alae in this study which is in coincidence with the statement of 
Soulsby (1982). Yadav and Tandon (1992) illustrated similar features of 
this study regarding mouth collar and cervical groove. In male 
O. asperum, the statement of this study explaining developed bursa along 
with lateral and dorsal rays expressed similarity with Gaddam et al., 
(2017) and Singh (2003). Spicules were equal in length just like Soulsby 
(1982) detected. In female, Gaddam et al., (2017) and Singh (2003) 
reported that the tail tapered abruptly with shorter distance between 
vulva and tail tip which is coherent with the present study findings. In 
addition, the length and position of vagina endorse the descriptions of 
Singh (2003). 

In morphometry of male O. asperum, total body length and esopha-
geal length were found 7.60–10.0 and 0.62–0.64 mm, respectively 
which are relatively shorter than the features described by Soulsby 
(1982). Body width, length of the gubernaculum and spicules were 
recorded 0.34–0.38, 0.07–0.12 and 0.90–1.33 mm, sequentially. In fe-
male, only total body width of the study O. asperum (0.42–0.48 mm) 
were broader than the features illustrated by Soulsby (1982). As per our 
knowledge, still today, there is scarcity of articles mentioning mea-
surements of other morphometric features of adult O. asperum, namely, 
esophageal length, distance between vulva to anus and anus to tip of the 
tail, length of the gubernaculum and spicules. 

All adult male and female O. columbianum were pointed out by 
observing their morphological characters marking both anterior and 
posterior ends which displayed analogy with the specimens described 
previously (Gaddam et al., 2017; Nath et al., 2021). Interestingly, 
anterior end was identical irrespective of sex of the parasites. Even if 
there was presence of well-developed lateral alae, cephalic vesicle was 
merely present in the current study. Nath et al., (2021) agreed with the 
statement while Goodey (1924) and Soota (1981) outlined highly 
developed cephalic vesicle. Oesophagostomum columbianum was occu-
pied with two pear-shaped cervical papillae just behind the constriction. 
All of these observations are compatible with the description of Nath 
et al., (2021) and Zhao et al., (2014). Yadav and Tendon (1992) 
addressed bending of the anterior end like a hook which also represent 
one of the findings of the present study. Descriptions of these inquiry 
namely, moderate sized worm with sexual dimorphism, females being 
larger than the male, straight body with tapering at both ends are also in 
agreement with Gaddam et al., (2017) and Nath et al., (2021). Striated 
cuticle with full-length lateral alae matched with the characteristics 
reported by Goodey (1924), Nath et al., (2021) and Zhao et al., (2014). 
The Scanning Electron Microscopy findings of Yadav and Tandon 
(1992), Gaddam et al., (2017) and Soulsby (1982) supported the present 
study inferences. In male O. columbianum, present study reported dorsal 

Fig. 6. The Neighbor-joining phylogenetic analysis was based on 26 nucleotide 
sequences of COX1 gene of O. columbianum and O. asperum. Only > 50 % of 
replicate trees in which the associated taxa clustered together in the bootstrap 
test (1,000 replicates) was represented in the dendogram. Ten COX1 sequences 
were retrieved from GenBank databases and used for analysis with sixteen 
studied sequences (Accession nos. LC778201-LC778206, LC778212-LC778221). 
The sequence of Haemonchus contortus (Accession no. NC_010383.2) was used 
as out group. 
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lobe with several ventral and lateral rays. All of these are in coincidence 
with the findings of Gaddam et al., (2017), Singh (2003) and Soulsby 
(1982). Spicules were equal and alate which are identical to the state-
ment of Singh (2003) and Soulsby (1982). In females, anus appeared as a 
fissure and tail was tapered following gradual reduction manner with 
slightly prominent vulva. Vagina was shorter which opened posteriorly 
in a kidney-like structure, Pars-ejectrix which are coherent with Khan-
mohammadi et al., (2013) and Soulsby (1982). 

Unlike anterior end, during morphometry, lower part of 
O. columbianum showed more versatility and represented several ele-
ments appropriate not only for identification but also to sort sexuality. In 
male, length of the body was found relatively shorter than the reports 
previously published by Goodey (1924), Nath et al., (2021) and Soota 
et al., (1981). Yet, total body width and length of gubernaculum were in 
harmony with Goodey (1924) and Nath et al., (2021). However, longer 
esophageal (0.60–0.70 mm) and spicule length (0.07–0.16 mm) were 
outlined in multiple literatures (Nath et al., 2021; Ransom, 1911; Soota 
et al., 1981) than those in the present study. In female O. columbianum, 
higher range of body length (12–18 mm) had been documented in 
former experiments (Goodey, 1924; Nath et al., 2021; Soota et. al., 
1981) compared to this research work (9.0–14.4 mm). Interestingly, 
total body width and length of the esophagus were also coherent with 
the results of Nath et al., (2021) and Soota et al., (1981). Besides, dis-
tance between vulva to anus and anus to tip of the tail supported the 
statements of the previously published data (Goodey, 1924; Nath et al., 
2021). Both for morphology and morphometry, inspite of having same 
origin, due to genetic changes over time, variation (based on physical 
and reproductive parts) may exist between species within the same 
genus. 

Unfortunately, there are several articles where both of the species 
were studied for morphological analysis without involving any mor-
phometrical comparison between them which justifies lack of refer-
encing data regarding the difference between adult O. asperum and 
O. columbianum in case of morphometry (Gaddam et al., 2017; Zhao 
et al., 2013; Zhao et al., 2014). 

When the study sequences were compared with reference sequences 
from China, Japan and Australia from BLAST search, sequence identities 
ranged from 97 to 100 % (NCBI, 2022). Distinguished morphological 
characters of these two study species is proved by very high intra specific 
variation (19.5–20.1 %) between them which is supported by Hu et al., 
(2014) and Li et al., (2016). Furthermore, slightly higher sequence di-
versity has also been reported by Jia et al., (2014) and Zhao et al., 
(2014). In this research work, 0.7–1 % and 0.4 % variation in sequence 
identities were observed in ITS2 sequences among O. columbianum and 
O. asperum isolates, respectively. The value of disparity exactly coincides 
with the variation of reference sequences from China and Brazil (Bacelar 
et al., 2022; Li et al., 2016; Zhao et al., 2014). However, divergence 
(0–1.5 %) was also reported among O. asperum isolates from Shaanxi 
province and Hunan province, China (Li et al., 2016; Yu et al., 2012). 
Among 23 sequences of ITS2 gene, we determined 6 unique genotypes. 
Of them, recovered 4 isolates of O. columbianum outnumbered the pre-
viously reported articles including a single isolate from Bangladesh and 
two isolates from China (Nath et al., 2021; Zhao et al., 2013). Among 6 
isolates, 2 of them belong to O. asperum but the number varied in several 
studies experimented with this species including Makouloutou et al., 
(2014), Yu et al., (2012) and Zhao et al., (2013). 

Among several mtDNA, cytochrome oxidase subunit 1 (COX1) gene 
was more suitable genetic markers than that of nuclear rDNA due to 
maternal origin and higher substitution rates, thus making it proficient 
to differentiate among closely connected groups (Anderson et al., 1998; 
Liu et al., 2012; Troell et al., 2006). Here, the COX1 gene was adopted to 
ascertain the presence and level of genetic diversity of O. columbianum 
and O. asperum in Mymensingh. Comparatively lower nucleotide di-
versity (0.009) has been reported in China (Li et al., 2013) than that of 
O. columbianum (0.00534) and O. asperum (0.0315) of this study. This 
variation of nucleotide diversity may be due to scarce availability of 

relevant sequences in GenBank. Here, 25 COX1 sequences from 
Mymensingh denoted 16 unique haplotypes with high haplotype di-
versity (Hd) of both species (O. columbianum: 0.8364 and O. asperum: 
0.9231). These significant values are supported by Li et al., (2013) who 
found nine haplotypes for pCOX1 gene (Hd = 0.81) and fifteen haplo-
types for pnad1 gene (Hd = 0.939). High degrees of haplotype diversity 
have also been documented in other nematode species including Hae-
monchus contortus isolates originated from Bangladesh (77 haplotypes), 
Thailand (122 haplotypes) and Pakistan (73 haplotypes) (Dey et al., 
2019; Hussain et al., 2014; Pitaksakulrat et al., 2021). Disparity of ge-
netic diversity may resurface when a species undergoes mutations and 
genetic differentiation over an extended period of time since their time 
of origin. 

As a nematode, Oesophagostomum spp. is difficult to identify and 
differentiate according to their morphological features. To serve the 
purposes of detection and distinction, the revolutionary molecular 
technique has evolved and is accepted worldwide (Yu et al., 2012). The 
nuclear (ITS2) and mitochondrial (COX1) genes play an effective role in 
performing accurate genetic analysis of the parasites. The ITS2 gene of 
rDNA is an important marker in identifying helminths (Králová- 
Hromadová et al. 2012; Luton et al., 1992; Stevenson et al., 1995; Zhao 
et al., 2014) because of its easy amplification, enough conserved regions 
and large variation to discriminate the inter and intra species (Ghobashy 
and Taeleb, 2015). In the study, within the phylogenetic tree, 
O. columbianum and O. asperum formed distinct monophyletic clusters 
with sequences from several countries mostly China, Japan and 
Australia. Bootstrap support (87 % and 74 %) of O. columbianum and 
O. asperum expressed noteworthy harmony with Yu et al., (2012) and 
Zhao et al., (2014). 

Besides ITS2, mtDNA is also practiced as a marker because of its 
greater variation rate and uniparental inheritance (Liu et al., 2012; Nath 
et al., 2021). The phylogeny of COX1 followed the same pattern of ITS2. 
COX1 gene sequences also formed a distinctive group of both study 
parasites and GenBank references of O. columbianum and O. asperum 
with strong bootstrap value (100 %). This finding is consistent with Zhao 
et al., (2013). Besides, Bangladeshi isolates of Haemonchus contortus and 
Mecistocirrus digitatus also formed cluster with China and Japan in 
dendograms made with ITS2 and nad4 genes (Dey et al., 2019; Parvin 
et al., 2021). In these phylogenic trees, the reason behind considering 
sequences from China, Japan and Australia as a sister clade by study 
sequences might be owing to importation of a great quantity of animals 
and by products from those countries. 

5. Conclusions 

Oesophagostomum is highly prevalent and O. columbianum is more 
common compared to O. asperum in Mymensingh, Bangladesh. 
Morphology of both species showed distinct morphological features 
especially in cephalic vesicle and excretory canal at the anterior end as 
well as shape of spicule in male and visibility of anus in female at the 
posterior part. In morphometry, female features of O. columbianum 
showed larger distance ranges than those in O. asperum. Among all the 
morphometric features of O. asperum female, only the distance between 
anus to tail tip showed significant difference with O. columbianum fe-
male. The phylogenetic analysis of the sequence data belonging to both 
ITS2 and COX1 genes confirmed two distinct species as O. columbianum 
and O. asperum while O. asperum was first time detected in Bangladesh. 
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