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Abstract

Background: Haemonchosis is a major parasitic infestation in ruminant live-
stock, causing significant economic losses annually. The causative organisms
are helminths of the genus Haemonchus spp. Detection of the causative agent
is important for effective management and control of the disease. Molecular
detection and characterization of parasites is a very dependable approach
for parasite identification, especially where morphological characterization is
unreliable.

Methods: To detect and characterize Haemonchus species in cases of haemon-
chosis at a Municipal abattoir in Ibadan, Nigeria; abomasal samples were
collected from cattle at the abattoir. Polymerase chain reaction (PCR) was
used to detect and amplify 320 bp internal transcribed spacer-2 (IT§-2) and
400 bp external transcribed spacer (ETS) genes of the adult worms in the
samples. Multiple sequence alignment and phylogenetic tree reconstruction
were carried out to further confirm the presence of the worms.

Results: PCR, multiple sequence alignment, and phylogenetic reconstruction
confirmed the presence of H. placei in the abomasal samples and further
confirmed the species as a distinct species of bovine worms at the abattoir.
Multiple sequence alignment also revealed genetic sites that can be em-
ployed to distinguish H. placez from H. contortus and H. similis.

Conclusion: Molecular techniques; PCR and sequence analysis are very im-
portant and reliable in the diagnosis of parasitic diseases. This will help to

formulate effective control measures for eradication of the parasite.
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Introduction

embers of the genus Haemonchus are

recognized as having the most eco-

nomic impact on ruminant live-
stock worldwide (1). With a cosmopolitan dis-
tribution, members of the genus include H.
contortus (2), H. placei (3), and H. similis (4,5). H.
Pplace is a cattle parasite, while H. contortus is
usually found in sheep. However, both are
found in other domestic and wild ruminants
as well as in other hosts (6). Accurate identifi-
cation of Haemonchus spp. is essential for effec-
tive parasite control strategies, as many reports
of H. contortus in cattle might actually represent
H. placer (7). Morphological traits of Haemon-
¢hus worm populations of cattle and sheep
origin often differ. However, they do show
some phenotypic traits that are similar, making
measurements crucial for the classification of
individual worms (6,8). Therefore, proper
identification and understanding of the epi-
demiology of H. placei are crucial for imple-
menting sustainable control measures and
minimizing the economic impact of the dis-
ease in Africa (9).

Numerous epidemiological studies have
documented the prevalence and economic
importance of bovine haemonchosis in Nige-
ria (10), as an economically important parasite
in Africa, particularly in Nigeria. It is one of
the major gastrointestinal nematodes affecting
cattle in the country (11), causing adverse ef-
fects on animal health and decreasing produc-
tion and productivity (10). The disease is
prevalent throughout Nigeria, with high dis-
tribution reported during the rainy season.

In livestock production, there is a heavy de-
pendence on anthelmintic prophylaxis, which
accounts for reports of anthelmintic resistance
spanning several worm species, including
Haemonchus spp. (12,13). A precise identifica-
tion of worm species, coupled with accurate
data collection on the epidemiology of these
parasitic worms, is therefore crucial to the de-
velopment of an effective approach to control
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helminth infestation in livestock. Owing to
Morphological similarities, it is a challenging
task to differentiate between H. placei and H.
contortus. Consequently, many purported claims
of H. contortus, specifically in Bovine species may
actually have been H. placei (14).

Based on wvarious criteria of identification
(15,16), H. placei was not recognized as a sepa-
rate species, a lot of research had neglected
the diversity of Haemonchus spp. Conversely,
others who acknowledge the diversity simply
call Haemonchus worms of small ruminant’s
origin H. contortus, and those of cattle origin H.
placei. However, subsequent studies established
the identity of H. placei as a separate species
from H. contortus (14). Both species can co-
infest a single host, both cattle and small ru-
minants (5, 17, 18). Hybrids of the two species
have been produced experimentally, but there
is total or partial sterility of the F1 or F2 off-
spring depending on the reciprocal cross used
(19), Since both species occupy the same
niche, the gene flow pattern and extent be-
tween the two species is not apparent, and
there are still those who debate their status as
separate species (16,20). It can be assumed
that if the two species are genetically distinct,
then they may have different responses to an-
thelmintic drugs. If there is significant gene
flow between the two species, then there is a
high probability of the exchange of genes that
confer anthelmintic resistance.

Therefore, we aimed to detect and charac-
terize Haemonchus spp. responsible for bovine
haemonchosis at a Municipal abattoir in Iba-
dan, Nigeria molecularly, and to differentiate it
tfrom H. contortus.

Materials and Methods

Sample Collection and DNA Extraction
Haemonchus samples were obtained from

each abomasum content of 322 infected cattle

at random for two months during regular vis-

449



Iran J Parasitol: Vol. 19, No. 4, Oct-Dec 2024, pp.448-456

its to the municipal abattoir in 2023. The cat-
tle originated from the derived savannah, Sa-
hel, and sub-arid climatic regions of Nigeria as
well as from neighboring countries including
the Niger Republic, Chad, and as far as Mali.
The breeds, ages, sex, and sources of origin
were documented. The age estimation was
done by the rostral dentition technique (21).
Nematodes were examined using a micro-
scope and identified up to the genus level (22).
The adult worms were collected in normal
saline, not exposed to any preservative solu-
tion, and preserved at -20 °C until DNA ex-
traction. The DNA genome was extracted us-
ing the NucleoSpin® DNA Tissue extraction
kit (Thermo SCIENTIFIC®, Pittsburgh, PA)
by following manufacturer instructions. DNA
was eluted in 50 pl nuclease-free water and
stored at —20 °C until further use.

Compliance with Ethical Standards

Haemonchus samples were obtained from the
abomasum content of already slaughtered an-
imals at the government abattoirs.

PCR and sequence analysts

A pair of primers NC1 (5-ACG TCT GGT
TCA GGG TTG TT-3") and NC2 (5-TTA
GTT TCT TTT) (23) were used to amplify a
320 bp fragment of the ITS-2 gene; whereas, a
pair of primers HaemExtTransSpacFor (5'-
ACC ACA GGG ATA ACT GGC TTG
TGGC-3") and HaemExtTransSpacRev (5'-
AGC TCC AGA ATT ACC GCA GTT-3
(3) were used to amplify a 400 bp fragment of
the ETS gene. The PCR was carried out in 50
ul volume containing 5 ul of total DNA, of
0.2 pM of each primer, 25 ul of PCR master
mix (10 mM Tris-HCI (pH 8.6), 50 mM KCI,
1.5 mM MgCl,, 50 units/ml of Taq DNA pol-
ymerase, 0.2 mM each dNTP, and 18 pl of
nuclease-free water. The GeneAmp PCR sys-
tem 9700 thermal cyclers (Applied Biosystems,
Foster City, CA) was used for amplification
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under the following conditions: initial dena-
turation at 95 °C for 2 min, followed by 35
cycles of denaturation at 95 °C for 20 sec, an-
nealing at a 55 °C (ITS2) and 62 °C (ETS) for
30 sec; extension at 72 °C for 1.5 min and a
final extension at 72 °C for 7 min. Five of the
amplified DNA fragments of each gene from
the samples were purified using Gene]ET
PCR Purification Kit (ThermoSCIENTIFIC®,
Pittsburgh, PA). Automated nucleotide se-
quencing was performed on an ABI 3130XL.
The sequences were designated NGA-Ib1-
NGA-Ib5 for each gene. The sequences have
been deposited at GenBank with the accession
numbers OR702552 - OR702556. These nu-
cleotide sequences of the ITS and ETS genes
of the Nigerian Haemonchus spp. sequences
were analyzed for homology with other
Haemonchus spp. nucleotide sequences in the
NCBI (National Center of Biotechnology In-
formation) online repository using the BLAST
tool (http://www.ncbi.nlm.nih.gov/BLAST/)
(24). Multiple sequence alignment of the par-
tial Haemonchus spp. ITS and ETS gene se-
quences from this study, other Haemonchus spp.
ITS-2 and ETS sequences retrieved from the
GenBank and F. gigantica ITS-2 as the out-
group was carried out. This was done using
the Clustal W algorithm in the CLC Main
Workbench computer application (Qiagen,
Valencia, CA). Phylogenetic analysis was
computed using maximum likelithood and Ki-
mura 2-parameter model, and bootstrap analy-
sis at 1000 replicates on the MEGA computer
application, version 7.0 (25).

Results

Polymerase Chain Reaction and Sequence
Analysis

PCR amplification of H. placei partial ITS-2
and ETS genes generated 320 bp (Fig. 1) and
400 bp (Fig. 2) products, respectively.
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Fig. 1: Agarose gel electrophoresis of H. placei using I'TS-2 primer in some Nigerian breeds of cattle. Lane
M=100-bp molecular electrophoresis marker. White Fulani (H1 and H2), Sokoto Gudali (H3 and H4), Red
Bororo (H5 and H6), Kuri (H7 and HS), cross between White Fulani and Sokoto Gudali (H9 and H10), and a
cross between White Fulani and Red Bororo breeds of cattle (H11 and H12). Lane —veC served as the nega-
tive control. 5 pl of each PCR amplicon was used for agarose gel for electrophoresis. The 320 bp PCR ampli-
cons are shown
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Fig. 2: Agarose gel electrophoresis of Haemonchus using ETS primer in some Nigerian breeds of cattle. Lane
M=100-bp molecular marker. White Fulani (H1 and HZ2), Sokoto Gudali (H3 and H4), Red Bororo (H5 and
Ho0), Kuri (H7 and H8), cross between White Fulani and Sokoto Gudali (H9 and H10), and a cross between
White Fulani and Red Bororo breeds of cattle (H11 and H12). Lane —VE C served as the negative control. 5
ul of each PCR amplicon was used for agarose gel for electrophoresis. The 400bp PCR amplicons are shown
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BLAST analysis on the selected positive
samples revealed high homology to sequences
retrieved from the NCBI online repository.
Multiple sequence analyses of all five ITS-2
nucleotide sequences were obtained from this
study, and six separate nucleotide sequences
were retrieved from the NCBI online reposi-
tory, with accession codes: LC430924 (NGR),
LC430923  (NGR), LC366992 (NGR),
MG669349  (India), KU870651 (India),
LS997564 (UK) was carried out. Substitution
A217T, A226G, and G240A distinguishes H.
contortus from H. placer (Fig. 3). Multiple se-
quence analysis of the five ETS nucleotide
sequences from this study and five individual
sequences retrieved from the NCBI online
repository with accession codes: AF343971
(USA), MH581148 (India), 1.S997564 (UK),
KF266762 (Ireland) 1L04152; KM259915 (Pa-
kistan) was as shown in Fig. 4, nucleotide sub-
stitutions A988C, C1030G and C1058T dis-

NGA_Ibl
NGA_Ib2
NGA_Ib3 .
NGA_Ib4
NGA Ib5 - .oove = oaosoes =
H. placei (LC366992) . . . . . . . . . .
H. placei (LC430923) . . . . . . . . . .
MIECEIDNDE) - ooon i 5aview
MG669349) . . . . . .. .. .
H. contortus (KUS70651) . . . . . . . .
H. contortus (LS997564) . . . . . . . . . .

tinguishes H. contortus from H. placei. Also, in
the ETS gene, substitutions A988G, AG to
GC at positions 1026-1027, C1030T, C1058A,
and GTGC to CCAT at positions 1059 to
1062 differentiate H. similis from H. placei and
H. contortus.

The phylogenetic tree was computed from
the multiple sequence alignments of I'TS-2 and
ETS genes from H. placei of Nigerian origin
and other Haemonchus species from GenBank
sequences. For the I'TS-2 gene, the five nucle-
otide sequences from this study clustered with
H. placei (clade A) indicating that they are H.
placei whereas H. contortus clustered separately
as clade B (Fig. 5). There are three clades in
the ETS phylogenetic tree, the five sequences
from this study and three Nigerian sequences
in the GenBank clustered in clade A, H. confor-
tus sequences clustered in clade B and H. -
milis in clade C (Fig. 5).

B
CIAITG T ATGG A

Fig. 3: Multiple sequence alignment of the nucleotide sequences of partial I'TS-2 genes in Haemonchus of Nige-
rian origin and corresponding gene sequences retrieved from the NCBI online repository.

The I'TS-2 sequences are represented by the
codes NGA_Ibl, NGA_Ib 2, NGA_Ib3,
NGA_Ib4, NGA_Ib5; H. placei (1.LC430924),
H. placei (1.C430923), H. placei (1.C366992), H.
contortus (1.S997564), H. contortus voucher H.

1.000
I

NGA_Ibl GATTCGT TGGTGGTCTG CGAAACTGCA AACGTGTTAG AT

NGAIb4 ii . ... L

NGAIIDS il s o o o amemnins  Ssersmte S s ey % 856 &7 obe i &

NGAIB2 ii ..o i ot e

NOABE (Ll con 5 o wis amoemany w5
H.place(AFM39TI) liic o oo o oo vod as oo ois wieise s s o 3 a's o6 ais sia o e
EEpIaceMESSIME) 15l von o ws ene wsbensiieie  eumaimics e iene B b sie s AT GH N @
Hcontortag (ES997564) iCLiin o3d ) 86 a d% aNaly Wi e aa 5he
H: contors (KB266762) iCi..c oo o0 soe ce wm smieiie  reis esce sva ove
H. similis (L04152) GGGCG.C . T. . TCG.C. AT.TT.C.A. ..A....C-- -.

contortus (MG669349), H. contortus (IKU870651).
The sites of interspecies mutations of the
Haemonchus ITS-2 gene in the Nigerian strains
are at positions 217, 226, and 240 in the high-
lighted boxes

| I
SGGGT GATTCGCTGC TATTCGAATC AACG

Fig. 4: Multiple sequence alignment of the nucleotide sequences of partial ETS genes in Haemonchus of Nige-
rian origin and corresponding gene sequences retrieved from the NCBI online repository
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The ETS gene sequences are represented by
the codes NGA_Ib1l, NGA_Ib 2, NGA_Ib3,
NGA_Ib4, NGA_Ib5; H. placei (AF343971),
H. placei (MH581148), H. contortus (1.8997564),
H. contortus (KF266762), H. simulis (1.04152).

- O H. placei (LC430923) |
O H. placei (LC366992)
QO H. placei (LC430924)
@ NGA Ib5 —
@ NGA b4
@ NGA b3

@ NGA b1
@ NGA b2 )

H. contortus (LS997564)
H. contortus voucher H. contortus (MG669349) B
H. contortus (KU870651)
H. similis (MN709010)
H. similis (KY741889) c

H. similis (KY741880)

—
0.1

The sites of mutations of the Haemonchus ETS
gene in the Nigerian strains are at positions
1026-1027, 1030, and 1058-1062 in the high-
lighted boxes

F. gigantica (KM259915)

Fig. 5: Phylogenetic analyses of H. placei based on partial ITS-2 and ETS genes. The phylogenetic tree
was computed using the multiple alignments of the nucleotide sequence of the ITS-2 gene from Nigeria H.
placei and other Haemonchus spp. from GenBank sequences. Fasciola gigantica gene was used as the out-
group. The tree was computed by the maximum likelihood method with bootstrapping at 1000 replicates.
The Haemonchus sequences from this study are labeled with black circles while H. placei sequences retrieved
from the online repository are labeled with white circles

Discussion

Genetic information plays a crucial role in
managing parasitic diseases, enabling the easy
identification of the specific parasites infecting
the host (26). Molecular data serves as valua-
ble markers for species description and de-
termining genetic populations. For example,
the use of ITS genes, known for their variabil-
ity, is particularly important for evolutionary
studies and the discrimination of nematode
species (23). This study highlights the signifi-
cance of comparative sequence analysis in in-
ferring the functionality of ETS and ITS-2 as
novel functional genes for identifying H. placei.
Additionally, the use of ITS gene is notably
important for quickly distinguishing between
known species, due to lower levels of intra-
specific polymorphism (27).

Available at: http://ijpa.tums.ac.ir

Adult worm counts done at necropsy give a
better picture of the extent of parasitic infesta-
tion than fecal egg counts (23). In other words,
adult worm count allows for precise Morpho-
logical identification of the worms present,
while also giving a direct means of assessing
the total worm burden. Although considered
the most accurate means of diagnosing hel-
minthosis, postmortem worm count is rather
expensive. The differentiation of Haemonchus
spp. ova from those of other gastrointestinal
worms requires expertise. Owing to Morpho-
logical similarities among nematode ova, it is
often challenging to distinguish them micro-
scopically, particularly up to the species level
(28).
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Although larva culture offers a better alter-
native to fecal floatation methods, it is a time-
consuming technique that requires certain ex-
pertise to identify subtleties in the Morpholog-
ical appearance of the L3 larvae produced; the
diagnosis from larva culture can therefore be
subject to the expertise and experience of the
microscopist (29).

To address this issue, the use of PCR in di-
agnosing bovine hemonchosis by identifying
and assessing the genetic diversity among the
parasite population studied is a viable alterna-
tive. The use of primers specific to the
Haemonchus genus removes the need for PCR-
positive controls (30). In the present study,
the ITS-2 region is sufficient for differentiat-
ing H. placei from H. contortus. An ETS PCR
has been employed to identify animals infested
with H. similis (31). Although, H. similis has
been isolated from cattle, in a study done in
Brazil, there have been no reports of its pres-
ence in sheep, even in sheep grazed on the
same pasture as H. siuilis-infected cattle (17,
32). This can be explained by a high predilec-
tion for cattle. Conversely, there has been a
report of H. similis in wild ruminants in Brazil
(33).

Amplification of the rtDNA [TS-2 and ETS
regions of the adult worm samples aids the
determination of H. species, using species-
specific primers which produced (ITS-2) 320
bp and (ETS) 400 bp bands, respectively on
agarose gel electrophoresis. H. placei has also
been characterized in Brazilian cattle using
these genes (34,2).

In conclusion, this study revealed that H.
Pplacei 1s a distinct and major Haemonchus species
in Nigerian cattle found in Ibadan southwest-
ern Nigeria. The study animals were infected
only with H. places. This aligns with the species
delineation of Haemonchus in another study
(31). Genetically identifying Haemonchus spp.
isolates and phylogenetic analysis will help
monitor the spread of Haemonchus species within
and outside Nigeria as well as provide epide-
miological data on Haemonchus spp. in Nigeria.
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Identifying the specific species is crucial for
understanding the parasites that infect animal
hosts (35). The evolutionary presence of
Haemonchus is linked to genetic drift, mutation,
and changes in its morphological characteris-
tics, which have been observed to influence
the development of drug resistance. Employ-
ing molecular markers for identification can
offer insights into the genetic variations of the
species, potentially enhancing our understand-
ing of treatment procedures, including drug
discovery.

Conclusion

We advocate for further research into para-
site intensity and the development of strate-
gies to control Haemonchus species in Nigeria.
This will give a perspective on the possibility
of using genetic, genomic, and bioinformatic
tools to better understand these parasites, an-
thelminthic resistance, vaccine im-
munoprophylaxis, and control of parasitic dis-
eases. This study confirmed that the study
samples are H. place; with distinct subtypes
and delineated species nomenclature from
other sequences subtypes belonging to other
Haemonchus species.
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