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ABSTRACT Free-range chickens are predisposed to
diverse parasitic infections during scavenging. Accurate
identification of these parasites using morphological
characters has been a challenge. Therefore, this study
aimed to identify nematodes from the Heterakidae and
Ascarididae family infecting free-ranging chickens from
KwaZulu-Natal province of South Africa using a combi-
nation of morphological and molecular techniques.
Forty-two free-ranging adult indigenous chickens were
purchased from randomly selected households in Shong-
weni (n=12), Umzinto (n=10), Gingindlovu (n=10) and
Ozwathini (n=10) rural villages and examined for nem-
atodes of the Heterakidae and Ascarididae family. Col-
lected specimen were identified morphologically and
confirmed using mitochondrial and nuclear ribosomal
markers. Results showed that Ascaridia galli was com-
mon, occurring at all sampling locations with an overall
prevalence of 58.3%, while Heterakis gallinarum and H.
beramporia occurred in three locations. Ascaridia galli
had high prevalence in Shongweni (58.3%), followed by
Gingindlovu (40%), Ozwathini (20%) and Umzinto
(10%). Heterakis gallinarum infection was prevalent in
three locations, with an overall prevalence of 90% in
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Gingindlovu, 80% in Ozwathini and 58.3 % in Shong-
weni. Heterakis gallinarum and H. beramporia were not
recorded in Umzinto. Heterakis beramporia was
recorded in low prevalence in Gingindlovu (20%),
Ozwathini (10%) and Shongweni (8.3%) villages. Mixed
infections of A. galli and H. gallinarum were recorded in
Gingindlovu, Ozwathini and Shongweni, and H. galli-
narum and H. beramporia in Gingindlovu. Molecular
analysis confirmed identification of A. galli, and further
showed close relationship with the GenBank-derived
South African isolates. Haplotype network further con-
firmed their ancestral history, where all South African
A. galli isolates formed five novel haplotypes corre-
sponding with the structure of the phylogenetic tree.
Similar structure was observed with Heterakis isolates,
where analysis of the cox1 gene showed that H. gallina-
rum formed a well-supported monophyletic clade with
other Heterakis species. The ITS marker identified
three specimens from Gingindlovu, Ozwathini and
Shongweni as H. beramporia, which formed strongly
supported sister clade to H. indica and this is the first
report confirming the occurrence of H. beramporia in
South Africa.
Key words: free-range chickens, gastrointestina
l helminth, Ascarididae, Heterakidae, South Africa
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INTRODUCTION

Poultry significantly contributes to food security, pov-
erty reduction, and ecological utilization of natural
resources (Gu�eye, 2003). It has been estimated that of
the 14.718 billion of poultry reared globally, approxi-
mately 11.038 billion of this population is found in devel-
oping countries (Minga, 1989; FAO, 2004). According to
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Melewas (1989), a large proportion of these poultry pop-
ulations are kept under a traditional free-range produc-
tion system (Maxwell et al., 2016), where they play a
significant role in pest control and socioeconomic func-
tions in traditional and religious rituals of the rural
households (Mafu and Masika, 2003; McAinsh et al.,
2004; Mtileni et al., 2012).

Saha (2003) reported that free-range chickens have
poor productivity, low economic returns, improper hous-
ing, poor marketing strategies, and veterinary care.
Through scavenging, free-range chickens feed on what
they obtain from the environment such as insects, seeds,
and other types of offal (Permin and Pederson, 2002). As
a result, they become exposed to a wide range of bacteria,
viral, and parasitic pathogens (Oniye et al., 2001; Swatson
et al., 2002). Although high morbidity rates in free-range
chickens are due to parasitic infections (Maxwell et al.,
2016), viral, bacteria, and protozoan infections remain
more economically significant to poultry farmers (Phiri
et al., 2007) and the most studied as compared to parasitic
infections (Ssenyonga, 1982; Katoch et al., 2012).

Parasitic infections in free-ranging chickens have an
estimated prevalence of up to 100% (Permin and Han-
sen, 1998; Maxwell et al., 2016). The most reported gas-
trointestinal parasites include coccidia, cestodes and
nematodes (Mwale and Masika, 2011), and mixed infec-
tions of 2 or more species of parasites in free-ranging
chickens are very common (Permin and Pedersem, 2002;
Maxwell et al., 2016). Nematodes are the most signifi-
cant gastrointestinal parasites due to the large number
of species and their wide geographical distribution
(Bahz, 2013). In South Africa, Mukaratirwa and Khu-
malo (2010) reported a high prevalence of Heterakis gal-
linarum followed by Ascaridia galli with a prevalence
range of 80.0 to 94.4% and 22.2 to 43.8% from free-range
chickens in selected rural communities of KwaZulu-
Natal province, respectively. Furthermore, Mwale and
Masika (2011) reported an overall prevalence of H. galli-
narum (Qolora = 25.72%, Nontshinga = 27.14%) and
A. galli (Qolora = 14.28%, Nontshinga = 31.43%) in 2
villages of the Eastern Cape province of South Africa.

According to Oliveria et al. (2011), morphological
approaches have been used vastly in the taxonomy of
gastrointestinal nematode species. However, identifying
nematodes to species level using morphological techni-
ques alone is challenge due to their varying microscopic
size, morphological similarity, finite number of distin-
guishable classification characters, and intersecting mor-
phometry, which may lead to misidentification
(Madsen, 1950; Tarbiat et al., 2015). Therefore, molecu-
lar based approaches have been developed and increas-
ingly used to overcome these challenges and provide an
avenue to understand the epidemiology, phylogeny, and
population genetic structure of gastrointestinal nemato-
des (Zhou et al., 1998; Newton et al., 2002; Gasser, 2006;
Bazh, 2013) at the same time ensuring correct identifica-
tion of species.

Although several gastrointestinal nematodes of free-
range chickens have been identified in different regions
of South Africa including A. galli, H. gallinarum, and
Capillaria species (Mwale and Masika, 2011;
Thekisoe et al., 2003; Malatji et al., 2016), these findings
cannot be used to reference beyond region of their study
sites/area. This is because gastrointestinal nematode
species differ across geographic areas. Furthermore,
there is scarcity of gastrointestinal nematodes studies
utilising molecular identification to species level
(Malatji, 2017). The intergeographic diversity of nemat-
odes and the paucity of molecular studies are main hin-
drances for correct control measures. Therefore,
molecular characterization of the gastrointestinal nem-
atodes from different ecological zones is a necessity and
can be useful in development of effective control meas-
ures within South African provinces and across other
countries (Malatji et al., 2016). Against this back-
ground, this study aimed at identifying gastrointestinal
nematodes of free-range chickens from the Heterakidae
and Ascarididae family occurring in four rural localities
of KwaZulu-Natal province using a combination of mor-
phological and molecular approaches.
MATERIALS AND METHODS

Study Areas and Sample Collection

Free-range chickens were purchased from four rural
localities of KwaZulu-Natal, South Africa, namely,
Shongweni, Umzinto, Ozwathini, and Gingindlovu
(Figure 1). Shongweni and Umzinto are situated at the
South Coast, whereas Gingindlovu and Ozwathini are
located at the North Coast of KwaZulu-Natal. The
south and north coast receive an average annual rainfall
of 864 mm and 823 mm, respectively, with most rainfall
occurring mainly during mid-summer (January to Feb-
ruary). The chickens were reared by rural livestock and
crop farmers for subsistence purposes.
A total of 42 free-range adult chickens were randomly

purchased from households in Shongweni (n = 12),
Umzinto (n = 10), Gingindlovu (n = 10) and Ozwathini
(n = 10). Chickens were caged and transported to the
Biomedical Research Unit (BRU) of the University of
KwaZulu-Natal, Westville Campus, South Africa.
Chickens were housed for 5 d after purchase in the BRU,
with room temperature maintained at 25 § 1°C and fed
with chicken feed (Epol (PTY) Ltd, South Africa) and
water ad libitum. They were maintained in their cages
with flooring covered with sawdust for moisture absorp-
tion. The chickens were guillotined under supervision of
a veterinarian to minimize pain and allow easy recovery
of parasites from the gastrointestinal tract.
Isolation of Parasites

After slaughter the chickens were eviscerated and the
small intestines and ceca regions were removed from the
gastrointestinal tract using a thumb forceps, scalpel
blades, and a pair of scissors. The small intestines were slit
open, and contents washed with distilled water through a
metal sieve with an aperture of 63 mm to recover helminth



Figure 1. Map showing sampled rural communities in KwaZulu-Natal province of South Africa.
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parasites. Parasites were then preserved in 70% ethanol for
morphological and molecular analysis.
Microscopic Examination of Parasites

Gastrointestinal nematodes recovered from the chick-
ens were rinsed with tap water to remove excess ethanol
from the preservation. Nematodes were observed under
a light microscope at £10 magnification to distinguish
between families and genera following the identification
keys described by Anderson et al. (1974) and nematodes
were counted for each individual chicken to determine
the intensity of infection. Nematodes were then fixed in
3% buffered glutaraldehyde for 1 h in preparation for
scanning electron microscope (SEM). GIT nematodes
were then processed following instructions described by
Lalchhandama (2010) and Lalchhandama (2011). Speci-
mens were dehydrated in ascending series of graded eth-
anol (50, 70, 80, 90, 100%), for 10 min for each
concentration, followed by subjecting them to Critical
Point Drying (CPD). During CPD, ethanol was
replaced with liquid CO2, which was heated and pressur-
ized to its critical point, at which the liquid was con-
verted to gas without damaging effects of surface
tension of the samples. This resulted in dry and intact
specimens which were mounted onto SEM stubs. The
specimen stubs were transferred to the sputter coater, to
make them conductive to the electron beam. The coated
samples were viewed with the SEM and morphological
characters such as spicules, number of pairs of papillae,
and postanal suckers were examined and measured.
Identification using morphological characters was done
using combination of primary literature and standard
taxonomic references including Anderson et al. (1974),
Chabaud (1978), and Soulsby (1982).
DNA Extraction and Amplification

DNA was extracted from individual Heterakis spp.
and Ascaridia sp. specimens using the Genomic DNA
Tissue MiniPrep kit (Zymo Research Corporation,
Irvine, CA 92164, USA) according to the manufacturer’s
instructions. The mitochondrial cox1 region of Ascaridia
sp. was amplified using species-specific primers gcox1
(4F: 5’-ATTATTACTGCTCATGCTATTTTGATG-
30 and 4R: 5-CAAAACAAATGTTGA AAAT-
CAAAGG-3’) (Katakam et al., 2010) under the follow-
ing conditions: 10 min initial denaturation step at 958C,
followed by 35 cycles of 30 s of denaturation at 958C,
40 s of annealing at 558C, 30 s of polymerization at 728C
and 10 min of final polymerization at 728C. Thermal
cycling of Heterakis species were amplified based on the
mitochondrial and ribosomal nuclear markers using the
primers cox1 (F: 5’-TTTCATACAGAATAAATAT-
CAGGA-3’ and R: 5’-AGTTCTAATCATAAGGA-
TATTGGGA-3’) (Amor et al., 2018) and ITS (ITS-1F:
50-TTTCCGTAGGTGAACCT-30 and ITS-2R: 50-
TCCTCCGCTTAGTGATA-30) (Davidson et al.,
2012), respectively. Thermal cycling of the ITS was set
at 3 min of initial denaturation at 948C, followed by 35
cycles of 1 min of denaturation at 948C, 30 s of annealing
at 558C, 1 min polymerization at 728C, and lastly final
polymerization for 10 at 728C. Thermocycling condi-
tions for the cox1 included an initial denaturation at
948C for 5 min, followed by 35 cycles of denaturation at
948C for 45 s, annealing at 508C for 45 s, extension at
728C for 45 s, and lastly final extension of 728C for
10 min. PCR amplification reactions were performed in
a 25 mL volume, containing 12.5 mL of 2X DreamTaq
PCR Master Mix (Thermo Scientific, Waltham, Massa-
chusetts, USA), 5 mL of DNA, 1 mL of each primer (for-
ward and reverse) and 5.5 mL of nuclease-free water.
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Fragment was separated on a 1.5% agarose gel
stained with ethidium bromide. Successful amplicons
were sent to Inqaba Biotechnical Industries, Pretoria
(South Africa) for Sanger sequencing of both forward
and reserve directions using the same amplification
primers.
Sequence and Phylogenetic Analysis

Sequences were assembled, edited, and aligned with
homologue sequences obtained from GenBank database
using BioEdit program (Sequence Alignment Editor
version 7.2; Hall, 1999). Aligned sequences were
trimmed to common length of 393 bp for gcox1 (Ascari-
dia), 600 bp for cox1 (Heterakis), and 370 bp for the
ITS gene (Heterakis). The appropriate model of nucleo-
tide substitution to use in maximum likelihood and
neighbor-joining analyses were selected using MEGA
v7.0.26 software (Kumar et al., 2016). Hasegawa mod-
els: HKY+G (gcox1), HKY+G (cox1), and HKY (ITS)
were selected as the best fit models of nucleotide substi-
tution to use for analyses. Maximum likelihood and
Neighbor-joining trees were generated using MEGA
(Kumar et al., 2016). For both methods, the phylo-
grams were 50% majority-rule consensus trees and the
nodal support was estimated using 1,000 bootstrap
pseudo-replicates. DnaSP (v 5.10.1) (Rozas et al.,
2003) was used to determine the number of haplotypes
generated by the dataset and estimate the haplotype
diversities. Haplotype networks were constructed using
Network 5 (Bandelt et al., 1999) and the median join-
ing rooting method under default (10) weight and with
epsilon (e) set to 0.
Data Analysis

Data of the collected parasites was recorded on Micro-
soft Excel. Prevalence of infection (%) was calculated
using the following formula: Prevalence = (Total num-
ber of infected chickens by a species of parasite/total
number of chickens examined) £ 100. Intensity of infec-
tion was estimated as the number of worms collected for
each species on each chicken.
Table 1. Prevalence of Heterakidae and Ascarididae species from fr
Africa.

Region/Coast Study location N

A. galli

M (%) F (%) Overall (%)

South Shongweni 12 1 (16.6) 6 (41.7) 7 (58.3)
South Umzinto 10 1 (10) 0 1 (10)
North Gingindlovu 10 3 (30) 1 (10) 4 (40)
North Ozwathini 10 1 (10) 1 (10) 2 (20)

Total 42 14 (33.3)

Abbreviations: F, female; A. galli, Ascaridia galli; H. gallinarum, Heterakis g
RESULTS

Prevalence of Gastrointestinal Nematodes

Twenty-eight of 42 (66.7%) chickens were infected by
gastrointestinal helminth species from the family Ascari-
didae and Heterakidae. Heterakis gallinarum had the
highest overall prevalence by species (57.1%), as com-
pared to A. galli (33.3%) and Heterakis beramporia
(9.5%; Table 1). Results showed that A. galli was the
most common nematode species, found in all 4 sampling
locations with prevalence of 58.3% in Shongweni, 40% in
Gingindlovu in the North Coast, 20% in Ozwathini, and
10% in Umzinto (10%) in the South Coast region
(Table 1). Heterakis species infections were recorded in
3 locations, with highest prevalence of H. gallinarum
infections recorded in Gingindlovu (90%), followed by
Ozwathini (80%) in the North Coast and Shongweni
(58.3%). Prevalence of H. beramporia infection was high
in Gingindlovu (20%), followed by Ozwathini (10%) and
the least prevalence was recorded in Shongweni (8.3%).
There was no Heterakis species infections recorded from
Umzinto village. Mixed infections by Heterakidae and
Ascarididae species accounted for 23.8% (10/42) as com-
pared to 42.8% (18/42) single infections by each species.
Mixed infections of A. galli and H. gallinarum were
recorded in Shongweni (3/12, 25%), Gingindlovu (4/10,
40%), and Ozwathini (5/10, 50%). Mixed infection
between the three parasites was recorded in only 10%
(1/12) from Shongweni.
Out of 42 chickens examined, females accounted for

54.8% (23/42) and 45.2% (19/42) were males. In the
South Coast, Umzinto did not show any association of
sex and parasitic infection, however, females showed
higher prevalence of A. galli (41.7%) and H. gallinarum
(50%) as compared to males (10 and 8.2%) in Shongweni
(Table 1). In the North Coast, infection of A. galli and H.
gallinarum was more in males. The prevalence of A. galli
in males was 30% compared to 10% in females in Gingin-
dlovu. There was no observed difference in the prevalence
of A. galli between sex in Ozwathini. The prevalence of
A. galli infection in female and male chickens in this area
was 10%. However, the prevalence of H. gallinarum infec-
tions in Gingindlovu was higher in males (60%) than in
females (30%). In Ozwathini, the prevalence of H. gallina-
rum was also high in males (50%) than females (30%).
ee-range chickens in rural communities of KwaZulu-Natal, South

H. gallinarum H. beramporia

M (%) F (%) Overall (%) M (%) F (%) Overall (%)

2 (8.3) 5 (50) 7 (58.3) 0 1 (8.3) 1 (8.3)
0 0 0 0 0 0
6 (60) 3 (30) 9 (90) 1 (10) 1 (10) 2 (20)
5 (50) 3 (30) 8 (80) 0 1 (10) 1 (10)

24 (57.1) 4 (9.5)

allinarum; H. beramporia, Heterakis beramporia; M, male.
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Intensity of Infection

Results shows that majority of the infected chickens
had worm intensity range of 1 to 50 worms per chicken
for A. galli, H. gallinarum, and H. beramporia (Table 2).
The intensity for A. galli, was low (1−50) in 15 birds,
with only one chicken which harbored worms ranging
between 51 and 100. All chickens infected with H.
beramporia showed a worm burden range of 1 to 50. The
intensity of infection was the highest with H. gallinarum,
where one chicken harbored more than 100 worms, while
4 chickens harbored worms ranging from 51 to 100 and
15 chickens had 1 to 50 worms.
Morphological Identification

Ascaridia Galli Ascaridia galli adult worms were
observed as yellowish white and translucent nematodes.
The males were shorter than females, measuring
between 58 and 60 mm in length. The mouth of A. galli
consisted of 3 conspicuous lips. The males had 2 unequal
spicules at the posterior portion, with the right spicules
measuring 1.30 to 1.70 mm in length and the left spicule
measuring 1.10 to 1.50 mm. Males possessed a well-
developed precloacal sucker that is oval and one pair of
postanal papillae. The tail of males was curly with a ter-
minal tip that was partially expanded at the base. Cau-
dal papillae were located on the ventral side of the tail
next to the anus and the extreme terminal tip was
sharply pointed. These morphological features matched
with the morphological structures of A. galli
(Ramadan and Abouznada, 1992).
Heterakis Gallinarum Heterakis gallinarum adult
worms were white in color and the male worm was lon-
ger than the female parasite. The anterior portion of the
mouth of both female and male specimens was encom-
passed by 3 prominent lips. The lips were shrunk, col-
lapsed, and depressed at the center. The male had
unequal spicules, with the right spicule measuring 0.40
to 0.57 mm in length and the left spicule measuring 0.83
to 0.96 mm. The precloacal sucker of the male was
round, well-developed, and encased in a chitinized ring.
The tail of the male was slender and tapered toward the
posterior portion of the worm. These characters corre-
sponded to the description of H. gallinarum
(Bobrek et al., 2019).
Heterakis Beramporia Heterakis beramporia and H.
gallinarum are similar in size, length and were both iso-
lated from the ceca. Both these species possessed
Table 2. Overall prevalence and intensity of Ascaridia galli,
Heterakis gallinarum and H. beramporia infection in free-range
chickens from rural communities of KwaZulu-Natal (n = 42).

Parasite species

Intensity of infection (worms)

Prevalence (%)1−50 51−100 >100

A. galli 19 1 0 20 (47.62)
H. gallinarum 15 4 1 20 (47.62)
H. beramporia 11 0 0 11 (26.19)
Total 45 5 1
identical features such as the colour, lips, precloacal
sucker, and the tail, but differed in the size and shape of
the spicules when examined under a microscope. This
further confirms the importance of molecular diagnostics
to distinguish species.
Sequence, Phylogenetic, and Haplotype
Analyses

Ascaridia Galli Amplification of these Ascaridia speci-
mens was only successful with gcox primers. Molecular
analyses confirmed the identification of all Ascaridia
specimens as A. galli, showing a homology of 99 to 100%
with isolates from South Africa (KT388440.1,
KT388438.1) and were submitted to GenBank under
the accession numbers OL457049-OL457072. Phyloge-
netic analysis showed that all A. galli isolates formed a
well-supported monophyletic with GenBank A. colum-
bae isolates from China (Figure 2). Within the A. galli
clade, all isolates from this study formed a weakly sup-
ported clade with all A. galli isolates from GenBank
from South Africa and China (KT613902.1), which is a
sister clade to other GenBank A. galli isolates from
Ghana (MW243594.1) and Italy (FM178545.1). Fur-
thermore, analysis showed that our study isolates
formed paraphyletic clades, which were not unique to
locations. Molecular results confirmed the presence of A.
galli in all 4 sampling sites; occurring as the only species
in Umzinto area, and in conjunction with Heterakis spe-
cies in the other three locations, where co-infections of
A. galli + H. gallinarum and H. gallinarum + A. beram-
poria were also observed.
Haplotype analysis based on 393 nucleotides of gcox1

primes yielded 9 haplotypes (Supplementary Table 1,
Supplementary Figure 1), with a moderate haplotype
diversity of 0.7892. The structure of the haplotype net-
work resembled that of phylogenetic tree. Haplotype dis-
tribution showed that isolates from this study formed 5
novel haplotypes, which were unique to South Africa,
but not specific to locality of study. Haplotypes (H_1,
H_2, H_3, H_5) were the most common haplotypes,
consisting of ≥3 isolates in each haplogroup. Haplotype
H_1 consisted of 3 isolates; 2 isolates from Shongweni
and Umzinto and one A. galli GenBank isolate from
South Africa (KT388440.1). Haplotype H_2 consisted
of 13 isolates; 2 isolates from Shongweni, 6 from Ozwa-
thini, 4 from Gingindlovu and one GenBank isolate from
South Africa (KT388438.1). Haplotype H_3 consisted
of 2 isolates from Shongweni, one isolate from Umzinto,
and 2 isolates from Gingindlovu. Haplotype H_5 was
composed of 3 isolates from Umzinto and one isolate
from Gingindlovu. Haplotypes H_7, H_8 and H_9
each contained one A. galliGenBank isolates from China
(KT613902.1), Ghana (MW243594.1), and Italy
(FM178545.1), respectively. Haplotype H_4 was the
only haplotype consisting of one isolate, from Shong-
weni. This haplotype separated from the other South
African haplotypes by 3 mutational steps from H_1 at
positions 30, 117, 137; 5 mutational steps from H_2 at



Figure 2. Neighbor-joining tree based on the 393 nucleotides of the mitochondrial GCOX gene illustrating the relationship between Ascaridia
galli isolates from KwaZulu-Natal province of South Africa (in bold), and the closest matches from the NCBI GenBank. The nodal support values
indicated in the order: maximum likelihood and neighbor-joining. Abbreviations: MP, Gingindlovu; MV, Mvoti; MZ, Mzinto; SH, Shongweni.
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positions 7, 30, 117, 137, 228; three mutational steps
from H_3 at positions 30, 132, 177, and three muta-
tional step from H_1 at positions 30, 114, 177
(Supplementary Table 2). The most common mutation
occurred on position 30, where Haplotype H_4 con-
tained G, while the other 4 haplotypes contained A.
None of the haplotypes contained isolates from all four
sampling sites.
Heterakis Species Amplification of Heterakis speci-
mens was only successful with cox1 and ITS markers.
The cox1 primers identified specimens from 12 chickens
as H. gallinarum and are deposited into GenBank under
the accession numbers OL457523-OL457534.These iso-
lates showed a homology of 98 to 100% with GenBank
isolates from China (KP308362.1; KP308363.1) and
United States (MN732842.1). Phylogenetic tree further
supported the classification of all the isolates from this
study along with the GenBank H. gallinarum isolates by
forming 2 sister clades (Figure 3). Eight isolates from
Shongweni (SH), Gingindlovu (MP), and Ozwathini
(MV) showed a close relationship with the isolates from
China by forming, though moderately supported, a clade
with these GenBank isolates. The remaining 4 isolates
from the north coast formed a weakly supported clade
with isolates from Tunisia and United States. The H.
gallinarum clade formed a moderately supported mono-
phyletic clade with Heterakis sp. and H. isolonche.
Heterakis isolates based on the cox1 gene produced 11

haplotypes (Supplementary Table 3, Supplementary
Figure 2) and they showed a higher diversity between
each other (Hd = 0.806). There was no novelty in the
haplotypes produced from these isolates. Eight isolates
formed a clade with Chinese GenBank isolates formed a
haplogroup (H_6) with 2 isolated from China
(KP308362.1, KP308343.1). This haplotype diverged
from H_7, which included one GenBank isolate from
China (KP308363.1) by one mutational step at position
404. The remaining 4 isolates formed in 3 haplotypes:
H_2 consisting of 2 isolates from Gingindlovu (MP4H)
and Ozwathini (MV5H), H_3 and H_4 consisting of
individual isolates MV4H and MP1H respectively.
Other African isolates from Tunisia (MF066712.1;



Figure 3. Neighbor-joining tree based on the 600 bp nucleotides of the mitochondrial Cytochrome c oxidase subunit 1 (cox1) gene illustrating
the relationship between Heterakis isolates from KwaZulu-Natal province of South Africa (in bold), and the closest matches from the NCBI Gen-
Bank. The nodal support values indicated in the order: maximum likelihood and neighbor-joining. Abbreviations: MP, Gingindlovu; MV, Mvoti;
MZ, Mzinto; SH, Shongweni.
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MF066720.1; MF066715.1) formed their own haplotype
(H_1). Haplotype 5 included one isolate of H. gallina-
rum from United States (MN732842.1). The number of
mutations and positions where the mutations occurred
between all H. gallinarum isolates is outlined in
Supplementary Table 4. Haplotype 8 represented a H.
isolonche isolate from United States (MN737041.1)
while Haplotype 9 represented an uncategorized Hetera-
kis sp from United States (MN717038.1). Haplotypes 10
and 11 consisted of 2 H. beramporia isolates from Peru
(LC592900.1; LC502868.1).

The ITS marker successfully amplified 6 Heterakis iso-
lates from 4 locations. The sequences of these isolates
were deposited into GenBank under the following acces-
sion numbers OL470970-OL470975. BLAST analysis
identified 3 isolates as H. beramporia, showing a homol-
ogy ranging from 97 to 100% with H. beramporia isolate
from China (KU529974.1) and Bangladesh
(LC592731.1). These isolates formed a strongly sup-
ported monophyletic sister clade with GenBank H. ind-
ica isolates from Bangladesh. Within the H. beramporia
clade, isolate MP5H, a well-supported clade by neigh-
bor-joining with other H. beramporia isolates (Figure 4).
The pairwise distances show that this isolate separated
with other H. beramporia isolates by genetic p-distance
of 2.4 to 2.9%. Results show that specimen MP1H was
successfully amplified with both cox1 and ITS markers.
The cox1 gene identified the specimen as H. gallinarum,
whereas the ITS marker identified this specimen as H.
beramporia with a homology of 98 %. BLAST and
molecular analysis of specimens SH6H and MV3H iden-
tified them as H. gallinarum. These isolates showed a
homology of >99% with numerous H. gallinarum iso-
lates, and further formed strong supported clade with all
GenBank H. gallinarum isolates included in the analysis.
The H. gallinarum isolates showed a genetic distance of
>50% from the H. beramporia and H. indica.
The ITS gene generated 7 haplotypes from 18 isolates

consisting of 6 isolates from this study, and 2 H. indica, 3
H. beramporia, and 7 H. gallinarum isolates from Gen-
Bank (Supplementary Table 5, Supplementary Figure 3).
The haplotypes showed a haplotype diversity (Hd) of



Figure 4. Neighbor-joining tree based on the 370 nucleotides of the ribosomal nuclear gene (ITS) gene illustrating the relationship between
Heterakis isolates from KwaZulu-Natal province of South Africa (in bold), and the closest matches from the NCBI GenBank. The nodal support val-
ues indicated in the order: neighbor-joining and maximum likelihood. Abbreviations: MP, Gingindlovu; MV, Mvoti; MZ, Mzinto; SH, Shongweni.

8 MLONDO ET AL.
0.752. The structure of the haplotype network
(Supplementary Figure 3) followed that of the phyloge-
netic tree (Figure 4). Three H. beramporia isolates from
this study formed one haplogroup H_1, which included
also 2 GenBank sequences from China and Bangladesh.
Isolate MP5H, which formed a sister clade to these isolates
formed its own haplotype (H_3), which separated from
the other H. beramporia haplotypes H_1 and H_2 with 7
and 9 mutational steps in the positions as indicated in
(Supplementary Table 6A), respectively. Haplotypes H_1
and H_2 diverged from each one with 2 mutational steps
occurring in positions 158 and 159 (Supplementary Table
6A). The H. gallinarum isolates formed 2 haplogroups,
H_4 and H_5). These haplotypes were separated by one
mutational step which occurred at position 76
(Supplementary Table 6B). Heterakis indica isolates
formed 2 individual haplotypes, H_6 and H_7, showing
eight mutations occurring between them.
DISCUSSION

Several nematode species of free-range chickens have
been recorded in other sub-Saharan African countries
and elsewhere (Permin et al., 1999; Permin et al., 2002;
Mungube et al., 2008; Kaufmann et al., 2011). This study
identified A. galli, H. gallinarum, and H. beramporia
from the Family Ascarididae and Heterakidae respec-
tively, infecting free-ranging chickens in Shongweni,
Umzinto, Ozwathini, and Gingindlovu in KwaZulu-Natal
province of South Africa. This was not surprising as the
free-ranging system exposes chickens to eggs with infec-
tive larval stages including arthropods that act as para-
tenic or intermediate hosts of gastrointestinal parasites
(Pandey and Jiang, 1992; Opara et al., 2014).
The overall prevalence of GIT nematodes recorded in

this study was similar to the 66.44% previously recorded
by Malatji et al. (2016) in South Africa.
Permin et al. (1999) reported 72.5% of H. gallinarum in
laying hens reared under an organic free-range system,
while Kaufmann et al. (2011) documented 48% of H. gal-
linarum in laying hens raised under the same system.
Permin et al. (2002) observed 48.24% prevalence of A.
galli in free-range chickens and an infection rate of
33.3% was recorded by Mungube et al. (2008). Their
findings correspond with the prevalence observed in our
study, where approximately 90, 80, and 58.3% of chick-
ens were infected with of H. gallinarum in Gingindlovu,
Ozwathini, and Shongweni, respectively. Ascaridia galli
accounted for 53.8% in Shongweni and 40% in Gingin-
dlovu. Mushi et al. (2000) also recorded a high preva-
lence of H. gallinarum and A. galli in indigenous
chickens in Botswana, which were also identified in the
present study. Mukaratirwa et al. (2001) also found 11
species of nematodes in chickens, with A. galli being the
most frequently recorded species in Zimbabwe. However,
this was in contrast to previous records of
Malatji et al. (2016), where low infestations of A. galli
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and H. gallinarum were observed in KwaZulu-Natal
(17.65 and 8.82%) and Limpopo (1.12 and 6.64%) prov-
inces, respectively.

The highest infection rate of H. gallinarum was
encountered in Gingindlovu and Ozwathini, and these
areas are located in the north coast of KwaZulu-Natal.
This was not expected as the north coast is generally
characterized by low humidity compared to the south
coast (Shongweni and Umzinto) which is distinguished
by high temperature, moisture, and humidity
(Mukaratirwa and Khumalo, 2010). The high prevalence
of H. gallinarum and A. galli may be linked to the pres-
ence of the paratenic hosts of these nematodes in the
study areas and for this reason, the prevalence of H. gal-
linarum and A. galli was relatively high. Furthermore,
another contributing factor may be that H. gallinarum
and A. galli eggs can remain viable in the soil for several
months, thereby lengthening the duration of contamina-
tion in the environment as chickens continuously con-
sume eggs from the environment when scavenging
(Taylor et al., 2007).

Ascaridia galli was present across the 4 rural commu-
nities. Previous studies have showed that A. galli is the
most common and significant gastrointestinal nematode
of poultry (Eshetu et al., 2001; Basit et al., 2014;
Raza et al., 2019). The prevalence of infection by A. galli
was higher in the south coast compared to the north
coast. This corresponds with the findings of
Mukaratirwa and Khumalo (2010), who recorded 22.2
and 22.6% in the north coast (Maphumulo and Mvoti)
and 43.3 and 43.8% in the south coast (Port Shepstone
and Shongweni), respectively.

There was a low prevalence of H. beramporia in Gin-
gindlovu (20%), Ozwathini (10%), and Shongweni
(8.3%). This species is native to Asia and other countries
(Tran et al., 2015). This is the first record of H. beram-
poria in South Africa, and it is thought to may have
been introduced into the country, especially in Kwa-
Zulu-Natal province by indentured Indian workers
brought to Natal between 1860 and 1911 to develop the
sugar industry in this province (Gupta, 1960). Further-
more, it is possible this species has been present in South
Africa for decades, and might have been misidentified as
H. gallinarum, as the 2 species are very similar morpho-
logically with only difference in the size of the adult,
where H. gallinarum is bigger than H. beramporia
(Gupta, 1960). The absence of H. gallinarum and H.
beramporia in Umzinto might be attributed to the dif-
ferences in climatic conditions which might have influ-
ence in the life cycle of the parasite (Tarbiat et al.,
2015).

According to Uhuo et al. (2013), sex and age of the
chickens are some of the factors that can be linked with
the rate of infection of gastrointestinal parasites.
Zuk et al. (1998) observed that the differences in physi-
ology and behavior between male and female chickens
are the main determinant of their vulnerability to gas-
trointestinal parasites infections. The results of this
study revealed that female chickens had more A. galli
infections compared to males in the South region.
Asumang et al. (2019) and El-Dakhly et al. (2019)
recorded a high incidence of gastrointestinal parasites in
females than males in their investigation on indigenous
and exotic breeds (Asumang et al., 2019), which is com-
parable with our findings. Abdelqader et al. (2008) also
reported contrary to our findings observed in the south
coast region that A. galli infections were encountered
more in males than in females among local chickens.
However, in agreement with those obtained in the north
coast region, where infections were generally higher in
males compared to females. In this study there was an
observed mixed infection by Ascarididae and Heteraki-
dae species which accounted for 23.8%. The highest rate
of mixed infections was observed in Ozwathini (70%),
followed by Gingindlovu (50%), and Shongweni
(33.3%). The overall mixed infection rate of the current
study is comparable with the findings of Ogbaje
et al. (2012) who recorded 23.9% of mixed infections in
domestic fowls. In contrast, Uhuo et al. (2013) reported
86.6% of mixed infections in local chickens. This study
revealed that females harbored more mixed infection
compared to males. In contrast, Wuthijaree et al. (2019)
reported more mixed infections in males (72.4%) than in
females (61.1%). Mixed infection with multiple species
might be attributed by the food selected and consumed
by the chicken at a particular time which may be
contaminated and as a result lead to infection
(Smyth, 1976).
Although Ascaridia infection in indigenous chickens is

well known to exist in sub-Saharan Africa, application of
molecular techniques in the identification is still scarce
and as a result there is insufficient reference sequence for
comparison. Results from this study confirmed the iden-
tification of Ascaridia specimens in this study as A. galli.
These isolates showed a minimum percentage identity of
99%, and further formed a weekly supported clade with
other South African (KT388440.1, KT388438.1) isolates
documented by Malatji et al. (2016) and China
(KT613902.1). The results further showed that Ascari-
dia isolates used in the analysis formed 9 haplotypes, of
which 4 haplotypes are from South African isolates.
Although the isolates from this study did not show
uniqueness with location, the isolates were however
unique to country (South Africa) and with the muta-
tions occurring in 6 sites.
Heterakis gallinarum isolates, based on the cox1 gene,

from this study formed a strong supported clade by
neighbor-joining. The results also showed that although
majority of our specimens were closely related to Chi-
nese isolates, some of the isolates from this study were
closely related to the isolate from the United States.
Similar relationship was depicted by the haplotype anal-
ysis, where isolates from this study either formed hap-
logroup (H_2) with the Chinese isolates, or they showed
few mutational divergences from the Chinese isolates.
This was the first molecular confirmation of H. gallina-
rum in South Africa.
The ITS marker identified specimens from this study

as H. beramporia and H. gallinarum. According to
Biswas et al. (2021), Heterakis beramporia is one of the
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most common nematodes in gallinaceous poultry in
Asian countries. Phylogenetic analysis showed that H.
beramporia specimens formed a strongly supported
monophyletic clade with H. gallinarum specimens. Simi-
lar phylogenetic relationship was illustrated by
Biswas et al. (2021), who further showed that H. indica
and H. beramporia formed sister clade, which was also
observed in this study. Haplotype analysis showed that
H. beramporia isolates from this study formed one hap-
logroup with GenBank isolates from Bangladesh
(LC592731.1) and China (KU529974.1). The remaining
isolate MP5H formed its own haplotype, which showed
mutations on 7 sites from H_1 which contained other
isolates from this study. This is the first study identify-
ing Heterakis species based on the ITS marker, and the
first confirmation and report of H. beramporia in South
Africa.
CONCLUSIONS

The prevalence of gastrointestinal nematodes of fam-
ily Ascarididae and Heterakidae in free-range chickens is
high in 3 of the 4 sampled rural communities of Kwa-
Zulu-Natal province of South Africa. This study
reported for the first time, the occurrence of H. berampo-
ria in free range chickens using molecular techniques in
KwaZulu-Natal Province of South Africa. Future
research should focus on more to provide fundamental
evidence on the geographical limits of the presence of H.
beramporia in southern Africa. Furthermore, identifying
and barcoding these species will provide a clear insight
over the infection dynamics and the epidemiology of
gastrointestinal nematodes in free-range chickens in
South Africa.
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