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Introduction: Haemonchus contortus (H. contortus) is a blood-feeding 
nematode causing infectious disease haemonchosis in small ruminants of 
tropical and subtropical regions around the world. This study aimed to explore 
the prevalence and phylogeny of H. contortus in small ruminants using the 
internal transcribed spacer-2 (ITS-2) gene. In addition, a comprehensive review 
of the available literature on the status of H. contortus in Pakistan was conducted.

Methods: Fecal samples were collected from sheep and goats (n  =  180). 
Microscopically positive samples were subjected to DNA extraction followed by 
PCR using species-specific primers.

Results: The overall prevalence of H. contortus was 25.55% in small ruminants. 
The prevalence of H. contortus was significantly associated with months and area. 
The highest occurrence of haemonchosis was documented in July (38.70%), 
whereas the lowest occurred in December (11.11%), with significant difference. 
The prevalence was highest in the Ghamkol camp (29.4%) and lowest in the arid 
zone of the Small Ruminant Research Institute (17.5%) (p  =  0.01). The results of 
the systematic review revealed the highest prevalence of haemonchosis (34.4%) 
in Khyber Pakhtunkhwa (p  =  0.001).

Discussion: Phylogenetic analysis revealed a close relationship between H. 
contortus and isolates from Asia (China, India, Iran, Bangladesh, Malaysia, and 
Mongolia) and European countries (Italy and the United Kingdom). It has been 
concluded that H. contortus is prevalent in small ruminants of Kohat district 
and all over Pakistan, which could be  a potential threat to food-producing 
animals, farmers, dairy, and the meat industry. Phylogenetic analysis indicates 
that H. contortus isolates share close phylogenetic relationships with species 
from Asia and Europe.

KEYWORDS

Haemonchus contortus, prevalence, small ruminants, ITS-2, PCR, phylogenetic 
analysis, epidemiology, phylogeny

OPEN ACCESS

EDITED BY

Muhammad Kasib Khan,  
University of Agriculture, Faisalabad, Pakistan

REVIEWED BY

Sultan Ali,  
University of Agriculture, Faisalabad, Pakistan
Muhammad Tahir Aleem,  
Nanjing Agricultural University, China

*CORRESPONDENCE

Abdul Majid  
 abdulmajid@kust.edu.pk  

Nisar Ahmad  
 nisarbhittani@gmail.com

RECEIVED 01 February 2024
ACCEPTED 26 March 2024
PUBLISHED 09 April 2024

CITATION

Ahmad N, Khan SA, Majid HA, Ali R, Ullah R, 
Bari A, Akbar NU and Majid A (2024) 
Epidemiology and phylogeny of Haemonchus 
contortus through internal transcribed spacer 
2 gene in small ruminants.
Front. Vet. Sci. 11:1380203.
doi: 10.3389/fvets.2024.1380203

COPYRIGHT

© 2024 Ahmad, Khan, Majid, Ali, Ullah, Bari, 
Akbar and Majid. This is an open-access 
article distributed under the terms of the 
Creative Commons Attribution License 
(CC BY). The use, distribution or reproduction 
in other forums is permitted, provided the 
original author(s) and the copyright owner(s) 
are credited and that the original publication 
in this journal is cited, in accordance with 
accepted academic practice. No use, 
distribution or reproduction is permitted 
which does not comply with these terms.

TYPE Original Research
PUBLISHED 09 April 2024
DOI 10.3389/fvets.2024.1380203

https://www.frontiersin.org/journals/veterinary-science
https://www.frontiersin.org/journals/veterinary-science
https://www.frontiersin.org
http://crossmark.crossref.org/dialog/?doi=10.3389/fvets.2024.1380203&domain=pdf&date_stamp=2024-04-09
https://www.frontiersin.org/articles/10.3389/fvets.2024.1380203/full
https://www.frontiersin.org/articles/10.3389/fvets.2024.1380203/full
https://www.frontiersin.org/articles/10.3389/fvets.2024.1380203/full
https://www.frontiersin.org/articles/10.3389/fvets.2024.1380203/full
mailto:abdulmajid@kust.edu.pk
mailto:nisarbhittani@gmail.com
https://doi.org/10.3389/fvets.2024.1380203
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/veterinary-science#editorial-board
https://www.frontiersin.org/journals/veterinary-science#editorial-board
https://doi.org/10.3389/fvets.2024.1380203


Ahmad et al. 10.3389/fvets.2024.1380203

Frontiers in Veterinary Science 02 frontiersin.org

1 Introduction

Haemonchus contortus (H. contortus) is a parasitic worm causing 
haemonchosis in ruminants of tropical and subtropical climates 
around the globe (1, 2). Adult worms suck blood from the abomasum 
of goats and sheep, triggering edema, anemia, diarrhea, and sometimes 
death (3). Gastrointestinal parasites are abundant, and a single female 
is capable of producing up to 10,000 eggs each day (4). Eggs are 
excreted in host feces and dispersed into infective L3s on pastures, 
where they infect new hosts when consumed, and in turn infect 
millions of sheep and goats throughout the world. Haemonchus infects 
a wide variety of hosts and quickly becomes resistant to most of the 
anthelminthic drugs to contain it (5). It causes substantial economic 
losses due to the cost of anthelmintic medications, body weight loss, 
decrease in milk, meat, wool, and overall growth, and sometimes 
causes death to infected animals, adversely affecting livestock 
production (6).

Haemonchus is the most economically important blood-feeding 
parasite in grazing ruminants worldwide (7), with ancestral roots in 
sub-Saharan Africa, where numerous species of native artiodactyl 
hosts exist (8). Three known sympatric species of Haemonchus infect 
ruminants across Asia. A greater number of H. contortus, H. longistipes, 
and H. placei have been documented due to the international 
movement of domesticated animals (7, 8). H. contortus is primarily a 
small ruminant parasite; H. longistipes is most frequently reported in 
camels; and H. placei infects cattle. In addition, H. similis, the fourth 
sympatric species, has been found to infect Latin American cattle (9).

Helminth resistance to numerous anthelmintic medications is 
rapidly growing, causing significant public health problems. In the 
near future, controlling some parasites with current anthelminthic 
medications like oxfendazole, levamisole, and ivermectin may 
become more challenging (10). H. contortus has evolved different 
strategies to evade host immune response during infection (12, 13). 
Parasitic nematodes cause a long-term infection in the host, 
generally with just a modest inflammatory response. This is 
attributed to the release of complex excretory/secretory protein 
(ESP) mixtures into host tissues that interfere with host signaling 
mechanisms and immune homeostasis. However, these molecular 
mechanisms are yet to be  explored and need further in-depth 
research. Therefore, to control parasitic infections researchers are 
actively exploring alternative methods such as nanovaccine (14, 
15), nanoparticle (16), and plant extracts have shown promising 
anti-parasitic activity to counter anthelminthic resistance in 
H. contortus (17–19).

Pakistan is mainly an agricultural country contributing 22.9% to 
the Gross Domestic Product (GDP), where livestock account for 
approximately 62.68% of agriculture and 14.36% of the national GDP 
(20). H. contortus infestation has become one of the biggest problems 
of sheep and goat husbandry in Pakistan. Aside from the lack of meat 
due to mortality and lower growth in small ruminants, there is an 
exceedingly high proclivity to gain immunity against anthelmintic 
medications, and a proven model for researching the genetics and 
population structure of resistant strains (9).

Environmental and geographical constraints, population growth, 
and living conditions are a few of the variables that alter a population’s 
genetic makeup (21). Haemonchus is favored by a high rate of gene 
flow across populations, providing an opportunity for the 

dissemination of genes conferring resistance to anthelmintics (22). 
Parasitic nematode ecology, epidemiology, and evolution can be better 
understood by studying genetic diversity and genetic relationships 
using phylogenetic trees (23). In addition, precise identification and 
genetic characterization are essential for a valid diagnosis and efficacy 
in the control programs of parasitic nematodes (3). The ribosomal 
ITS-2 gene is one of the most variable nuclear loci, and its high rate of 
evolution can be  used to achieve intraspecific variation among 
H. contortus populations (24). This nematode marker has been used 
in species differentiation and genetic variability studies. Interpretation 
of the inherited differences within and among H. contortus species 
may promote a better understanding of transmission patterns and the 
establishment of a control strategy (22).

Controlling haemonchosis is essential to recouping losses, since it 
significantly harms Pakistan’s small ruminant industry. To ensure 
effective and reliable parasite control, it is necessary to have a thorough 
understanding of the current epidemiological parameters influencing 
the distribution of disease. Numerous studies have been conducted on 
H. contortus in ruminants around Pakistan, as shown in Table  1; 
however, no microscopic, molecular, or phylogenetic analysis study 
has been found in the province of Khyber Pakhtunkhwa, particularly 
district Kohat. Therefore, the current study was designed to investigate 
epidemiology and phylogeny of H. contortus species in small 
ruminants with a systematic review of Pakistan’s previously published 
studies on ruminants to provide baseline information. The paucity of 
molecular data on Haemonchus in the small ruminant population of 
Kohat district was the main impetus to carry out this investigation. 
The current study will advance our knowledge of Pakistan’s 
haemonchosis epidemiology, including its genesis, transmission 
patterns, and population structure, which might direct government 
actions to halt the spread of the disease.

2 Methodology

2.1 Ethical approval

The current study was approved from Kohat University of Science 
and Technology Kohat ethical approval committee for sample 
collection from animals. Written informed consent has been 
granted by the owners for their animal’s participation in the current  
study.

2.2 Study area and sample collection

The present study was done at Kohat, Khyber Pakhtunkhwa. It lies 
489 m above sea level between 32° 47′ and 33° 53′ north latitude and 
70° 34′ and 72° 17′ east longitude (Figure 1). Approximately 5 g of 
feces was directly obtained from the rectum of 180 sheep and goats 
(90 each) under strict aseptic conditions in the study area. All 
information, including the animal type, sex, age, location, and 
collection month, was recorded on the mandated proforma for each 
sheep and goat. The Molecular Parasitology and Virology Laboratory, 
Department of Zoology, KUST, received appropriately labeled samples 
in cold boxes. Prior to further processing, the samples were preserved 
at −20°C.
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TABLE 1 Studies on H. contortus prevalence in Pakistani ruminants.

Authors Host 

species

Sampling area Sample 

type

Study 

Method

No. of 

samples

Positive 

Samples

Prevalence 

(%)

Random 

sampling/

not

Sampling 

method 

clear/not

Sampling 

method 

detailed/not

No. of 

samples>80 

or not

Risk 

factor  >  3

Score Study 

quality

Ali et al. (25) Sheep Kohat Blood 

and Fecal

Direct microscopy 150 39 26 No Yes No Yes Yes 2 Average

Goat 150 17 11.33

Ruhoollah et al. (26) Sheep Dir Upper Fecal Direct smear method 184 40 21.73 Yes No No Yes Yes 3 Average

Goat 131 31 28.7

Bibi et al. (27) Sheep Lahore, Multan, Mandi 

Bahauddin & Haripur

Worm Microscopy 100 55 55 No Yes No Yes Yes 3 Average

Goat 100 50 50

Cattle 100 35 35

Qasim et al. (28) Sheep Lodhran Fecal Direct smear & EPG method 323 97 30.03 Yes Yes Yes Yes Yes 5 Good

Goat Lodhran Fecal Direct smear & EPG method 323 81 25.07 Yes Yes Yes Yes Yes 5 Good

Jamal et al. (29) Markhor Chitral Fecal Simple direct method 25 10 40 Yes Yes No No No 2 Average

Jamil et al. (30) Sheep Dera Ismail Khan Fecal Direct microscopy, floatation, 

sedimentation & McMaster

300 120 40 No Yes Yes Yes Yes 4 Good

Lashari and Tasawar (31) Sheep Dera Ghazi khan, Multan 

& Khanewal

Fecal Direct microscopy, floatation & 

sedimentation

523 34 6.5 Yes Yes No Yes Yes 4 Good

Raza et al. (32) Sheep Bahawalpur, Rahim Yar 

Khan & Bahawalnagar

Fecal Floatation & sedimentation 500 69 13.8 Yes Yes No Yes Yes 4 Good

Goat 500 64 12.8

Khalid et al. (33) Sheep Lahore Fecal Microscopy, floatation, 

sedimentation & McMaster

240 71 29.58 No Yes No Yes Yes 4 Good

Goat 240 66 27.5

Razzaq et al. (34) Sheep Loralai Fecal McMaster 1,200 125 10.42 No No No Yes Yes 2 Average

Ayaz et al. (35) Goat Muzaffargarh Fecal Direct microscopy, floatation & 

sedimentation

100 20 20 Yes No No Yes Yes 3 Average

Ullah et al. (36) Sheep Peshawar Fecal Microscopic & floatation 356 190 53.37 No Yes No Yes Yes 3 Average

Akhter et al. (37) Goat Hyderabad Fecal Direct smear microscopy 1,065 156 14.65 Yes Yes No Yes No 3 Average

Tasawar et al. (38) Sheep Khanewal Fecal McMaster 333 259 77.7 No Yes No Yes Yes 3 Average

Khan et al. (39) Sheep Toba Tak Singh Fecal Floatation 840 193 22.98 Yes Yes Yes Yes Yes 5 Good

Goat 660 162 24.55

Cattle 1,140 152 13.33

Buffaloe 1,140 163 14.3

(Continued)
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Authors Host 

species

Sampling area Sample 

type

Study 

Method

No. of 

samples

Positive 

Samples

Prevalence 

(%)

Random 

sampling/

not

Sampling 

method 

clear/not

Sampling 

method 

detailed/not

No. of 

samples>80 

or not

Risk 

factor  >  3

Score Study 

quality

Gadahi et al. (40) Sheep Rawalpindi Fecal Direct microscopy, floatation & 

sedimentation

90 26 28.88 No No No Yes No 1 Below 

averageGoat 310 199 64.19

Raza et al. (41) Sheep Multan Worm Key identification 2,133 793 37.18 No No No Yes No 1 Below 

averageGoat 2,607 811 31.1

Ijaz et al. (42) Goat Lahore Fecal Direct Smear, floatation & 

McMaster

300 84 28 No Yes No Yes No 2 Average

Lateef et al. (43) Sheep Faisalabad Worm Microscopy & key 

identification

960 591 61.5 Yes Yes No Yes No 3 Average

Jabeen et al. (44) Sheep Lahore, Gujranwala, 

Faisalabad, Sargodha, 

Rawalpindi, Multan, D.G. 

Khan & Bahawalpur

Fecal Microscopy 10,000 5,477 54.77 Yes No No Yes No 2 Average

Sajid et al. (45) Sheep Islamabad Fecal Floatation, & McMaster 62 54 87 No No No No No 0 Below 

average

TABLE 1 (Continued)
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2.3 Slides preparation & microscopic 
examination

Three grams of feces were added to container 1 with 50 mL of PBS 
dispensed into the same container, and a tongue blade was used to mix 
the feces with the PBS solution. The fecal suspension was transferred 
from the jar to container 2, and finally to the test tube using a double 
layer of cheesecloth. A convex meniscus formed on top of the test tube 
after the solution was1 gently tapped off. A delicate coverslip was set 
atop the test tube and left undisturbed for 20 min. Twenty minutes 
later, the coverslip and drop of fluid attached to it were carefully 
removed from the test tube and placed on a clean slide. For 
microscopic positive samples, the tube was filled with 2 mL of PBS and 
spun in a microcentrifuge for 5 min at 3000 rpm to rinse the eggs. 
After the supernatant was removed, the rinsing procedure was 
repeated. Once the supernatant was removed, 300 𝜇l of the ova in the 
pellet was collected for genome extraction (46). Coverslips adhering 
to the slide were stained with iodine and examined for eggs and larvae 
using a light compound microscope under 10X and 40X objective 
lens, according to Ebrahim (47).

1 https://www.rvc.ac.uk/review/parasitology/Flotation/Simple_flotation/

Purpose.html

2.4 DNA extraction, amplification and gel 
electrophoresis

Haemonchus positive samples were extracted using the “QIAamp 
Fast DNA Stool Mini Kit” (Qiagen GmbH, Hilden, Germany). The 
manufacturer’s protocol was used to extract the complete genomic 
DNA. Amplification of the prepared DNA was carried out as described 
by Hussain et  al. (9). The ITS2 gene was amplified using NC1F 
(5’-ACGTCTGGTTCAGGGTTGTT-3′) and NC1R (5’-TTAGTTTCT 
TTTCCTCCGCT-3′) with an amplicon size of 350 bp (23). To achieve 
the necessary gene amplification, a thermal cycler was utilized with a 
25 𝜇l PCR reaction volume comprising of 13 𝜇l PCR Master mix 
(dNTPs, MgCl2, Taq DNA polymerase), 1 𝜇l forward and reverse 
primers, 5 𝜇l PCR water (dH2O), and 5 𝜇l extracted DNA. The initial 
temperature was 96°C for 7 min, followed by 40 cycles of 95°C for 45 s, 
57.5°C for 45 s, and 72°C for 45 s, with a final extension temperature 
of 72°C for 7 min. A 1.5% agarose gel was used for DNA resolution. 
Bands (Fermentas, United States) were compared to a 2000 bp DNA 
ladder marker (23). A gel documentation device was used to resolve 
the bands under UV illumination.

2.5 Searching strategy

Adherence to Preferred Reporting Items for Systematic Review 
and Meta-analysis (PRISMA) was maintained throughout the 
execution of this review on articles related to H. contortus 

FIGURE 1

Pakistani map with colored areas displays epidemiological studies performed on Haemonchus contortus in different districts. 1) Red indicates studies 
performed on sheep, goats, cattle, and buffaloes in that area; 2) sheep, goat, and cattle investigations are shown in yellow. 3) The golden hue indicates 
that both sheep and goats were examined for H. contortus in certain areas. 4) Studies on sheep are indicated in green. 5) Studies involving goats are 
shown in blue. 6) Studies involving only markhor are displayed in gray, and 7) Red outline on golden hue color shows the current study sampling area 
district Kohat. (Drawn using the software “ArcGIS” (https://desktop.arcgis.com/en/)).
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epidemiology in ruminants across Pakistan (10). Research articles 
published in English were retrieved from different databases, including 
ISI Web of Science, Mendeley, PubMed, ScienceDirect, EBSCHO, and 
Google Scholar. Databases were searched for articles using keywords 
such as prevalence, epidemiology, infection rate/infestation rate, 
Haemonchus contortus, Haemonchus, sheep, goat, ruminants, and 
Pakistan. Boolean operators “AND” and “OR” were also used to 
retrieve articles (“Prevalence” OR “epidemiology” OR “infection rate” 
OR “infected” AND “Haemonchus contortus” AND “Pakistan” AND 
“ruminants” OR “sheep” OR “goat”) on the H. contortus distribution 
rate across Pakistan from January 2000 till July 2023. The article 
references and PDFs were downloaded to a folder created using 
Mendeley reference manager software for the current study. Duplicate 
studies were removed from the folder after checking the title and 
references, followed by irrelevant article removal due to the 
non-availability of data in the abstract.

2.6 Inclusion and exclusion criteria

We checked the article titles and abstracts to determine 
whether they had any data on the prevalence of H. contortus in 
Pakistan. The inclusion criteria were as follows: i) articles written 
in English, ii) articles containing H. contortus distribution in 
ruminants, and iii) articles published between January 2000 and 
July 2023. However, we excluded reviews, duplicate articles, studies 
dealing with other species of Haemonchus prevalence data, articles 
involving two species without confirmation of a single species 
outcome, publications with vague data such as trichostrongylid/
strongyles infection rate, or sources of samples without 
complete text.

2.7 Quality assessment

The current systematic review included studies that were evaluated 
using the following criteria to ascertain quality scores: (a) random 
sampling/not, (b) sampling method clear/not, (c) sampling method 
detailed/not, (d) number of samples ≥80/not, and (e) ≥3 risk factors. 
By calculating the aforementioned answers, each study was given a 
score; a score of 0 for “no” and a score of 1 was given for “yes,” 
aggregating a total score of 5. Studies with a score of 0–1, 2–3, and 4–5 
were classified as below average, average, and good quality, respectively.

2.8 Study selection and data extraction

To ensure that no papers were overlooked, two writers (NA and 
RA) separately searched the English databases for titles and abstracts 
of articles that met the inclusion criteria. The eligibility of the study 
for inclusion was determined by the same writers who independently 
reviewed the entire text. Potentially eligible studies were excluded if 
(i) the prevalence data results were not provided in terms of the 
number of samples and (ii) the dataset was ambiguously presented 
based on ruminants. Another author (AM) made the ultimate choice 
following a debate in which the two writers could not reach an 
agreement. Finally, the data were extracted by NA and RA, which 
included pertinent information about the initial author, publication 

year, host species, type of sample, method of study, number of 
examined samples, positive sample, prevalence rate, random 
sampling/not, clear sampling method/not, detailed sampling method/
not, number of samples ≥80/not, and ≥ 3 risk factors studies/not to 
calculate the score and quality of included studies using a pre-designed 
Microsoft Excel spreadsheet (Figure 2).

2.9 Sequencing and phylogenetic analysis

After amplicon confirmation through gel electrophoresis, 4 
randomly selected amplified DNA products (two each sheep and goat 
samples) were shipped to Macrogen Inc. (Seoul, South Korea) for 
purification and sequencing. The chromatograms of the sequenced 
samples were interpreted, and noise was removed at the start and end 
of each sequence using BioEdit software. The resulting sequences were 
subjected to BLAST in NCBI2 for confirmation of H. contortus. After 
confirmation of H. contortus, the reference sequences were retrieved 
and transferred to Mega11 for further processing. Sequences were 
trimmed and aligned using Clustal W, followed by the inclusion of an 
outgroup in the software, and the maximum composite likelihood 
technique was used for phylogenetic analysis. The sequences from this 
study and those from the NCBI gene repository were used to construct 
a phylogenetic tree. Through the addition of a maximal composite 
probability parameter and 1,000 bootstrap replications, an 
evolutionary tree was constructed using the maximum composite 
likelihood approach. Nucleotide sequences reported in the present 
study are available in GenBank™, an NCBI database, under the 
accession numbers OK447878, OK481181, OM276841, 
and OM276825.

2.10 Data analysis

To determine the differences between the observed and expected 
data, numerous factors, including type of ruminant, age, sex, month, 
and distribution by locality, were analysed in relation to the prevalence 
of haemonchosis using Chi-squared and Fisher exact tests in R 
software. A p-value of less than 0.05 was used to determine the 
statistical significance of the findings (11).

3 Results

3.1 Epidemiology of Haemonchus 
contortus in small ruminants

A total of 180 fecal samples were collected from both sheep and 
goats of different age groups, sex, months, and area from July to 
December, 2021. Forty-six (46) small ruminants were found positive 
for haemonchosis. The documented overall prevalence of H. contortus 
in small ruminants was 25.55%. However, sheep was non-significantly 
more susceptible (28.89%) to haemonchosis in comparison to goats 
(22.22%) p > 0.05 (Figure 3A). Both goats and sheep were divided into 

2 http://www.ncbi.nlm.nih.gov
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FIGURE 2

Article screening and selection process used for conducting current systematic review.

FIGURE 3

(A) Showing host based overall prevalence of H. contortus, (B) sex wise prevalence of sheep and goat, (C) H. contortus occurrence based on age 
group, (D) area wise prevalence, and (E) Month wise prevalence of H. contortus in sheep and goats.
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male and female categories based on sex. The sex-wise infection of 
H. contortus recorded in the current research work was higher in 
female sheep and goats (28.82%) as compared to male sheep and goats 
(20.28%) p > 0.05 (Figure 3B).

Small ruminants were divided into three age groups: <1 year, 
1–3 year, and > 3 years named as juvenile, young and adult, 
respectively. The highest prevalence rate was recorded in juvenile 
(33.33%) and adult age groups (29.82%), while the lowest was in the 
young age group (19.54%) however, the differences were 
non-significant p > 0.05 (Figure 3C). The present study was divided 
into 5 different localities of district Kohat named Lachi, Ghamkol 
Camp, Arid Zone Small Ruminant Research Institute (SRRI), 
Paracha Town, and Gumbat. The highest occurrence of Haemonchus 
was observed in Ghamkol camp (29.41%), while the lowest was in 
the Arid Zone (SRRI) (17.5%) of district Kohat p < 0.02 (Figure 3D). 
The current study was comprised of 6 months of sample data from 
July to December. The highest incidence of 38.70% of H. contortus 
was documented in the month of July, whereas the lowest was 
11.11% in December p < 0.01 (Figure 3E).

3.2 Bibliographic search and quality 
assessment

We identified and added a total of 118 articles PDF with references 
from our searched databases using Mendeley Web Importer. 
We  removed 35 duplicate articles from the Mendeley reference 
manager software dedicated folder for the current study. After 
removing duplicate articles, 83 articles remained. Primary screening 
of the title and abstract resulted in the exclusion of 24 papers not 
concerning with Pakistan; the remaining 59 articles were then chosen 
for full-text reading. In addition, 38 studies were removed according 
to our inclusion and exclusion parameters. Finally, 21 eligible papers 
based on H. contortus epidemiology in Pakistani ruminants were 
eventually included in the current systematic review, as shown in 
Table 1.

Out of 21 articles, the highest number of studies 13 (61.90%) 
were reported from Punjab, followed by Khyber Pakhtunkhwa 

5(23.80%) and 1(4.76%) each from Baluchistan, Sindh, and 
Islamabad capital territory. The current systematic review consists 
of Haemonchus contortus studies on the ruminant population, 
which includes sheep, goats, cattle, buffalo, camels, and markhor. 
The most common types of samples used for H. contortus 
identification were fecal 17, followed by worm 3, and a single study 
collected both blood and fecal samples. Multiple methods were 
used for H. contortus evaluation, including direct smear 
microscopy, key identification, floatation, sedimentation, 
McMaster, and the Eggs per gram method. The most common 
evaluation method was direct microscopy, while the least common 
was key identification, as shown in Table 1. Based on risk factors 
12 studies fall in the average category, followed by 6 in the good 
category and 3 in the below-average category.

The 21 selected Pakistani studies on ruminants show a 38.06% 
overall prevalence rate of H. contortus across Pakistan. Studies 
performed in all 5 regions of Pakistan, namely Khyber 
Pakhtunkhwa, Punjab, Baluchistan, Sindh, and Islamabad capital 
territory area, accounted for 34.49, 40.53, 10.41, 14.64, and 88.5%, 
respectively, p < 0.001. Based on the type of animal, sheep, goat, 
cattle, buffalo, and markhor show 44.99, 27.09, 15.08, 14.29, and 
40% H. contortus with significant difference p < 0.001 respectively, 
Figure 4.

3.3 Phylogenetic tree

Followed by DNA extraction and amplification of the ITS-2 
gene, a PCR product of approximately 350 bp was found under UV 
light. The top hits and highly similar sequences were retrieved for 
downstream phylogenetic tree construction. A dendrogram was 
constructed for the ITS-2 gene of Haemonchus spp. and other 
related nematode genera, including Marshallagia and 
Trichostrongylus. The dendrogram is comprised of 4 sequences 
from Kohat and 24 published sequences of different geographical 
localities, including Pakistan, China, India, Malaysia, Iran, 
Bangladesh, Thailand, Mongolia, Yemen, Italy, Denmark, and 
Japan, among others.

FIGURE 4

(A) showing territory wise prevalence of H. contortus; (B) showing animal wise prevalence of H. contortus in ruminants across Pakistan.
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The phylogenetic analysis clustered H. contortus into a major 
clade with different subclades (Figure 5). H. contortus is grouped 
separately from other related species, i.e., H. bedfordi, 
H. longistipes, and H. placei. The H. contortus of the current study 
was closely related to the H. contortus of the neighboring Asian 
countries, including Iran, India, China, Mongolia, and Malaysia. 
This subclade also comprised a sequence from district Jhang of 
Pakistan, United Kingdom, Italy, and Mongolia. Surprisingly, our 
study’s neighbor joining dendrogram (Figure 5) showed that the 
isolates under investigation were quite closely related to those 
from Italy and the United Kingdom.

4 Discussion

Haemonchus contortus is an efficient blood feeding parasite that 
causes significant economic losses to the livestock sector via 
decreased body weight, milk, meat, and wool production, in addition 

to other forms of harm and often the death of afflicted animals. 
Considering the significance of haemonchosis, the current study was 
carried out with the goal of determining the prevalence and 
phylogenetic analysis of H. contortus using microscopic and genetic 
marker ITS2 in small ruminants of district Kohat with a systematic 
review of Pakistan H. contortus prevalence studies to provide 
baseline information.

Our findings of 27.55% H. contortus in sheep and goats of 
district Kohat are lower than the total 38.06% prevalence rate in 
21 selected studies across Pakistani ruminants, with 34.49% 
Haemonchus occurrence in our study area province Khyber 
Pakhtunkhwa, as shown in Table  1. Earlier, several studies 
indicated varying prevalence rates of haemonchosis in the small 
ruminants of Pakistan, with numbers ranging from 6 to 88%, as 
shown in Table 1. Researchers across the globe observed 3–90% 
of haemonchosis infection rate in small ruminants (52–59). 
Possible explanations for the observed variation in prevalence 
include differences in sample size, seasonality, environmental 

FIGURE 5

Phylogenetic tree of H. contortus in sheep and goat using ITS2 marker. The evolutionary history was inferred using the Neighbor-Joining method (48). 
The optimal tree is shown. The percentage of replicate trees in which the associated taxa clustered together in the bootstrap test (1,000 replicates) are 
shown next to the branches (49). The tree is drawn to scale, with branch lengths in the same units as those of the evolutionary distances used to infer 
the phylogenetic tree. The evolutionary distances were computed using the Maximum Composite Likelihood method (50) and are in the units of the 
number of base substitutions per site. This analysis involved 29 nucleotide sequences. All positions with less than 95% site coverage were eliminated, 
i.e., fewer than 5% alignment gaps, missing data, and ambiguous bases were allowed at any position (partial deletion option). There were total of 88 
positions in the final dataset. Evolutionary analyses were conducted in MEGA11 (51).

https://doi.org/10.3389/fvets.2024.1380203
https://www.frontiersin.org/journals/veterinary-science
https://www.frontiersin.org


Ahmad et al. 10.3389/fvets.2024.1380203

Frontiers in Veterinary Science 10 frontiersin.org

variability, and management practices in the research region. 
Several variables, including management practices, grazing 
patterns (such as mixed herds of male, female, juvenile, and adult 
animals), farmers incomes and education levels, and the irrational 
use of anthelmintics, might affect the parasite population density 
(31, 40).

The total recorded sex-wise prevalence of haemonchosis in small 
ruminants was greater in females (28.82%) than males (20.28%) 
p > 0.05. Our findings are consistent with those of Brik et al. (59) and 
Raza et al. (41), who found a greater rate of haemonchosis in females 
(30.98 and 35.19%) than in males (15.63 and 31.80%), respectively. 
Whereas, the present research contradicts Nabi et  al. (60), and 
Tassawar et  al. (2010) as they reportedhigher prevalence rate of 
H. contortus in male as compared to female population. The increased 
prevalence of haemonchosis may be attributed to female sensitivity to 
parasitism as a result of reproductive stress and a weakened immune 
system (61).

The age-specific prevalence rate of haemonchosis in small 
ruminants showed that juvenile age group is most vulnerable to 
H. contortus (33.33%), followed by adult age group (29.82%), with 
the lowest infection rates found in young age group (19.54%) 
p > 0.05. Our findings concur with those of (38, 62–64), as they also 
noted a higher H. contortus infection rate in the younger and older 
age groups. Higher infection rates in the younger and older age 
groups could be associated with reduced immunity in these animals 
since most cases of haemonchosis afflict either immunocompromised 
adults or non-immune young animals (i.e., during the first grazing 
season) (65).

Month-wise observed prevalence rates of H. contortus in small 
ruminants show that July and August had the highest rates of infection 
(38.71 and 35.48%, respectively), followed by September (30%), 
whereas December had the lowest rate of infection (11.11%) p < 0.01. 
Our results are in agreement with (43, 66–69) as they also reported a 
higher infection rate in humid conditions. The elevated biotic 
potential of H. contortus infection contributes to its swift 
predominance at a time when environments on pastures are favorable 
for free-living phases to develop and survive (69). Similar to our 
finding, Durrani et al. (70) and Rizvi et al. (71) also reported a higher 
prevalence of haemonchosis in the months of July and August, with 
the authors explaining that the presence of moisture favored the 
growth of the larvae.

The highest haemonchosis was documented in the localities 
of Ghamkol camp (29.41%), while the lowest prevalence was 
recorded in Arid zone (SSRI) 17.5% with p < 0.02. Variations in 
the prevalence rate of haemonchosis in sheep and goats might 
be influenced by different factors, including the grazing behavior, 
economic status, education level of the farmers, differential 
management practices, natural resistance, nutrition, and 
anthelmintics used (72).

The current study result is consistent with previous 
investigations as we  found a single Haemonchus specie, 
H. contortus, in both sheep and goats, showing close association 
with the same geographical region and neighboring countries, 
including Iran (73), Pakistan (Jhang) (74), India (OM334880, 
MW595998), China (22), Malaysia (24), and Mongolia (844231). 
However, our H. contortus samples from both sheep and goat 
yielded an unexpected finding in the neighbor joining 

dendrogram (Figure 5), showing a strong correlation with the 
isolates from Italy (75) and the United Kingdom (LS997564) of 
distinct European continent. Troell et al. (76) and Dey et al. (23) 
also reported similar findings, where isolates from Greece 
overlapped with the obtained isolates of Australia and Malaysian 
isolates were closely related to American isolates, respectively. 
Since there is no proof of direct animal migration across two 
continents, the cause of these occurrences is the introduction of 
parasite populations via imported animals of the same 
provenance (23).

The primary limitation of the current research work was our 
inability to target multiple districts of Khyber Pakhtunkhwa province 
for sampling and sequenced limited samples for H. contortus 
identification and genetic variability in sheep and goats of district 
Kohat owing to limited time of study.

5 Conclusion

We concluded that H. contortus is prevalent across Pakistan, 
particularly in district Kohat and ITS2 genetic marker confirms our 
microscopic and molecular identification. The incidence of 
H. contortus is correlated with area and seasonal groups. Phylogenetic 
analysis shows a close association with Asian and European (Italian 
and UK) isolates. Haemonchus contortus must be further studied in 
unexplored areas in future studies, and other genes should be targeted 
for more diverse results.
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