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Abstract | The present study was conducted to find out the prevalence of nematode parasites in different 
birds of Karachi, Hyderabad, Jacobabad and to find out the histopathological changes caused by Heterakis 
gallinarum in the intestine of common quail. The overall prevalence of nematodes parasitic infection was 
7.48% while the overall intensity was 9.62. The histopathological study revealed complete destruction of villi 
and crypt glands. The intestine showed heavy infiltration of inflammatory cells. Increase in apparent size of 
villi with blunt and pointed ends was also observed.
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Introduction

Helminths are macroscopic as well as microscopic 
parasites that can be easily seen with naked eyes 

in adult form. Infection with these parasites are found 
in almost every group of vertebrates including the 
birds acting as definitive hosts for the worms. All these 
worms are economically and medically important as 
these metazoans generate pathogenesis. More over 
a third of the globe’s demographic is thought to be 
infested by one or perhaps more number of helminth 
parasites (Salazar-Castañon et al., 2014).

Nematodes are an extremely diverse group of animals, 

with estimates ranging from 100,000 to 100 million 
species (Hammond, 1992; Lambshead, 1993; Hugot 
et al., 2001; Morand et al., 2006). The majority of 
nematode species are free living and are found in 
every aquatic and moist terrestrial habitat (Convey 
and McInnes, 2005) while many are parasitic. 
Nematode parasites particularly large ones have 
multiple pathogenicity that includes mechanical 
damages to mucosa and submucosa, deformation 
of organs, inflammation, hemorrhage, blockage to 
the intestinal tract. Other than adult nematodes 
the migratory larvae cause various damages such 
as necrosis, hyperplasia, hyper anemia, fibrosis and 
inflammation at the site of migration. The present 
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study is performed to find out the prevalence and 
intensity of nematode parasites in different birds of 
Karachi, Hyderabad, Jacobabad and histopathological 
changes caused by Heterakis gallinarum Schrank, 1788 
in the intestine of Coturnix coturnix L.

Materials and Methods

The birds were collected from 2016 to 2019 from 
Karachi, Hyderabad and Jacobabad. Birds were 
identified by using hand book of Birds of Pakistan 
(Roberts, 1991). The birds were dissected in 
Parasitological Laboratory, Department of Zoology, 
University of Karachi for examinations of nematode 
parasites. During internal examination each organ  
was suspected for all pathological signs of parasitic 
infections such as change in colour of organ, fluid 
contents, cysts, tumorous growth, colour and smell 
of intestinal content. Nematodes were recovered 
from the lumen of the small intestine. The specimens 
were transferred to the petri dish containing normal 
saline with the help of dropper or fine brush. The 
temporary mount of nematode parasites were made 
and examined under the microscope. Identification of 
nematode parasites was done according to Yamaguti 
(1961) and the relevant research papers for genus 
required.

For histopathological tissue samples from the infected 
part of the intestine were fixed in 10% formalin for 
twenty-four hours. Fixation is essential to maintain 
the tissue’s molecular and structural composition 
and enhance the absorbance to prevent the staining 
procedure. After fixation, tissue is processed through 
dehydrated ethanol series, cleared in xylene, and 
placed for 24 hours in paraffin wax. The wax infiltrates 
the tissue’s structure, increasing optical differentiation, 
hardening the tissue, and easier tissue sectioning. 

Tissue was placed into cavity blocks then melted 
paraffin wax was applied to the tissue. 6-8 micron 
thick strips were produced using standard histology 
methods on slides. For extending the strips, the slides 
were placed on a hot plate set to 40°C-45°C. Then 
sections were stained with hematoxylin and eosin. 
The stainings were used to contrast the component 
sections of the tissue slice. Then, in each grade, went 
through a declining series of alcohol (100%-30%) 
for 5-8 minutes, followed by an ascending series of 
alcohol (30%-100%) for 5-10 minutes, cleared in clove 
oil and xylene and mounted with Canada balsam. 
Microphotographs of permanently mounted tissue 
slices were obtained with a Nikon photomicroscope.

Results and Discussion

The total 3286 birds were examined includes Gallus 
domesticus (Chicken), Columba livia (Rock dove), 
Passer domesticus (House sparrow), Acridotheres tristis 
(Common myna), Coturnix coturnix (Common q uail) 
and Alectoris chukar (Chukor) and 246 birds found to 
be infected. 2368 nematode parasites belonging to six 
species were recovered from the intestine of birds of 
Karachi, Hyderabad and Jacobabad named Ascaridia 
columbae Gmelin, 1790, Ascaridia galli (Schrank, 
1788) Pal and Ahmed, 1985, Heterakis gallinarum 
(Schrank, 1788) Pal and Ahmed, 1985, Capillaria spp. 
Zeder, 1800, Cheilospirura hamulosa Hussain, 1967 
and Diplotriaena sp. Railliet et Henry, 1909.

The overall prevalence of nematodes infection was 
7.48% while the overall intensity was 9.62. Among 
Nematodes Heterakis gallinarum showed highest 
prevalence of infection i.e. 28.57% whereas Heterakis 
gallinae was recorded least prevalent species 2.36% 
(Table 1).

Table 1: Prevalence of nematode parasites in different birds of Karachi, Hyderabad and Jacobabad.
S. No. Host Parasitic spp. Birds examined/ 

infected
No. of worms Prevalence

%
Intensity

1 Gallus domesticus Ascaridia galli
Heterakis gallinae

254/32
254/6

206
25

12.6
2.36

6.44
4.17

2 Columba livia Capillaria sp.
Ascaridia columbae

760/41
760/61

760
1130

9.08
7.37

18.54
18.52

3 Passer domesticus Diplotriaena sp. 592/83 190 9.12 2.29
4 Acridotheres tristis Diplotriaena sp.

Capillaria sp.
322/13
322/7

22
21

30.67
30.67

1.69
3

5 Coturnix coturnix Heterakis gallinarum 7/2 10 28.57 5
6 Alectoris chukar Cheilospirura hamulosa 15/1 4 14.29 4
Total 3286/246 2368 7.48 9.62
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Histopathological changes in the intestine of common 
quail (Coturnix coturnix L.)
The histological structure of the quail’s intestine is 
composed of a serosa, muscularis externa, submucosa, 
and a mucosa which forms villi that project into the 
lumen. Nematode infection causes enteritis. Current 
histopathological investigation revealed hemorrhages 
in mucosa throughout the length of intestine in case 
of high infestation and few patches in mild infection, 
degeneration of epithelial cells of the small intestine 
villi and crypt.

Figure 1: Photomicrograph of intestine showing 
congestion and fibroid formation of muscularis mucosa, 
extreme distortion of villi (arrow), crypt glands can be 
seen emptied (double arrow).

Figure 2: Photomicrograph showing a section of intestine 
with heavy infiltration of mononuclear inflammatory 
cells.

In Figure 1 intestine showing congestion and fibroid 
formation of muscularis mucosa, extreme distortion of 
villi and crypt glands can be seen emptied. Section of 
intestine showing heavy infiltration of mononuclear 

inflammatory cell in Figure 2. The infected intestine 
showing an increase in apparent size of villi with 
blunt and pointed ends, shrinkage of serosa and 
muscularis mucosa along with necrotic patches can 
be seen visible and nerve plexus (Figure 3). In Figure 
4 intestine showing the vacuoles, large number of 
inflammatory cells and complete destruction of villi.

Figure 3: Photomicrograph of intestine showing an 
increase in apparent size of villi with blunt and pointed 
ends (arrow), shrinkage of serosa and muscularis mucosa 
along with necrotic patches can be seen visible and nerve 
plexus (double arrow).

Figure 4: Photomicrograph showing the vacuoles 
(arrow), large number of inflammatory cells (double 
arrow) and complete destruction of villi.

According to the IUCN Red List, 23 percent of the 
world’s birds are threatened or near-threatened with 
extinction, and 44 percent have declining populations. 
Bird extinctions and population reductions are 
already disrupting important ecosystem processes 
(IUCN, 2014). According to Bahrami et al. (2015) 
helminths affect vital organs of the body which could 
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lead to high morbidity and mortality. Radwan (2012) 
suggested that effects of helminths in birds might be 
manifested as reduction in their population. Qamar 
et al. (2017) suggested in  his findings that a lot of 
pigeon deaths have been due to presence of parasitic 
infection, similar attribution is also given by Santoro 
et al. (2010) that 18.9% birds were considered to have 
died of parasitic diseases.

Present study is a part of the helminthological 
investigation of birds of three areas of Sindh, Pakistan, 
with the rate of prevalence of infection, intensity and 
pathological effects on cellular level due to parasitic 
infection.

Currently Ascaridia columbae reported from pigeon 
with prevalence rate of 7.37% while Nagwa et al. 
(2013) reported the same parasite in pigeons from 
Egypt with an infection rate of 12%. Marques et 
al. (2007) reported very high prevalence in Pigeon 
92.85% from Brazil. Bushra et al. (2017) found new 
nematode species Cyrnea columbi sp. n. from Columba 
livia.  Ascaridia spp. was reported 6.66% in a study 
conducted by Khan et al. (2018), they have worked 
on the parasitic infestation of domestic pigeons of 
Malakand region, Pakistan. 

Currently Ascaridia galli found from chicken and 
its prevalence was 12.6% while Ola-Fadunsin et 
al. (2019) found the same species from poultry in 
Nigeria with the infection rate of 6%. Adang et al. 
(2014) reported prevalence of A. galli in Chicken 
10.7% and in Ducks 0.7% from Nigeria. Ayshia and 
Wani (2015) observed 30.71% infection of A. galli in 
chicken from India. Hasan et al. (2018) found A. galli 
(21.67%) from game birds (Teetar, Budgerigar and 
Parrot). Gurung and Subedi (2018) reported 21.66% 
infection of Ascaridia in Pigeon from Nepal. 

In present investigation Capillaria sp. was reported 
from pigeon and common myna with prevalence 
of  9.08% and 30.67%, respectively. Bahrami et al. 
(2012) observed Capillaria columbae 6% from pigeons 
in Iran.

Current findings reported Hetarakis gallinarum from 
common quail with the prevalence of 28.57% and 
from chicken with the prevalence of 2.36%. Nagwa et 
al. (2013) found in Turkeys (7.1%) and Ducks (3.4%) 
from Egypt. Gurung and Subedi (2018) reported in 
Pigeon (2.50%) from Iran.

Ola-Fadunsin et al. (2019) found A. galli (6.0%), 
H. gallinarum (10.2%) and Capillaria sp. (0.8%) 
in chicken from Nigeria while Berhe et al. (2019) 
reported the same species from the same host with 
the prevalence of 68.84%, 74.26% and 51.45%, 
respectively from Ethiopia. Shaikh et al. (2016) 
reported Hetarakis sp. (35.76%) and A. galli (32.11%) 
in chicken from Nigeria. Weir (2016) reported A. 
galli and H. gallinarum in natural laying hens. He 
concluded that H. gallinarum was more prevalent 
than A. galli. Ascaridia spp. and Capillaria spp. was 
found from Punjab, Pakistan with infection rate of 
33.93% and 11.41% in captive birds by Akram et al. 
(2018). 

In present study Cheilospirura hamulosa reported from 
the gizzard of Chukor; a national bird of Pakistan. 
The rate of infection was 14.29% while da Silva et al. 
(2016) found in chicken and Menezes et al. (2003) 
reported in Pheasants (14.3%) and chicken (26.7%) 
from Brazil. Ebrahimi et al. (2015) reported in 
Partridges from Iran with prevalence rate of 30%.

Diplotriaena (Raillet and Henry, 1909) is specific 
parasites of birds found in thoracic and abdominal 
cavity, in mesenteries, entangled in the coils of intestine, 
around the heart and under the keel in the body of 
the birds (Bernardon et al., 2016; Sood and Dang, 
1977). In present study Diplotriaena sp. was reported 
from House sparrow and the prevalence was 9.12%. 
Chandio et al. (2015, 2019) found D. passeri sp. n. from 
P. pyrrhonotus and P. domesticus and D. monticolae sp. n. 
from P. pyrrhonotus from Pakistan. The genus was also 
reported from other bird hosts outside the country but 
very less work has been done on prevalence. D. manipoli 
(10%) was reported from Garrulus glandarius brandtii 
by Hong et al. (2019). Rahman et al. (2019) suggested 
that helminth parasites induce severe histopathological 
changes in the intestine of birds which is also 
investigated during the present study. GIT of infected 
birds cause immune disturbance to the host leading 
to lethal effect. In present the intestines of common 
quail was infested with nematode parasites (Heterakis 
gallinarum) and the most affected parts observed was 
crypt glands and villi.

According to Hodges (1974) the small intestine of 
quail shares a similar structure to that seen in the 
chicken. During study it was observed that leaf like 
villi lost their connection with the lamina propria 
while same changes was also observed by Shaikh et 
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al. (2016) in Columba livia. There is heavy infiltration 
of macrophages due to Heterakis gallinarum infection, 
villi changed its size having blunted and pointed 
ends was also reported by Zghair et al. (2019) in 
Guinea fowl. The common findings were hyperplasia, 
inflammation, vacuolation, destruction of lamina 
propria were observed which has also been observed 
by Sheikh et al. (2016) in pigeon and Tsai et al. 
(1992) in passerine bird. Butt et al. (2016) described 
the pathology of chicken infected by H. gallinarum 
and observed the destruction of intestinal gland and 
necrosis of lamina propria.

Conclusions and Recommendations

There is not enough literature is available on the 
prevalence and association of helminth parasites 
with their avian host in Pakistan. Helminths are 
macroscopic as well as microscopic parasites found 
in almost every group of vertebrates including 
the birds acting as definitive hosts for the worm. 
All these worms are economically and medically 
important as these metazoans generate pathogenesis. 
Helminths affect vital organs of the body which 
could lead to reduction in their population, high 
morbidity and mortality. Further studies are required 
for the prevalence of helminth parasitic species and 
histopathological changes caused by them.
 
Novelty Statement

The present study would provide information about 
the prevalence of nematode parasites in different birds 
and intestinal damages caused by nematode Heterakis 
gallinarum worldwide in distribution in common 
quail. Common quail is economically important bird 
because both the bird and their eggs provide food for 
humans.

Author’s Contribution

RM: Did collection and prepared the slides.
NK: Studied the histopathological slides.
SW: Prepared the manuscript.

Conflict of interest
The authors have declared no conflict of interest.

References

Adang, K.L., Asher, R. and Abba, R., 2014. 

Gastrointestinal helminths of domestic 
chickens Gallus gallus domestica and Ducks 
Anas platyrhynchos slaughtered at Gombe Main 
Market, Gombe State, Nigeria. Asian J. Poult. 
Sci., 8(2): 32-40. https://doi.org/10.3923/
ajpsaj.2014.32.40

Akram, M.Z., Zaman, M.A., Jalal, H., Yousaf, 
S., Khan, A.Y., Farooq, M.Z., Rehman, T.U., 
Sakandar, A., Qamar, M.F. and Bowman, D.D., 
2018. Prevalence of gastrointestinal parasites 
of captive birds in Punjab, Pakistan. Pak. Vet. 
J., 39(1): 132-134. https://doi.org/10.29261/
pakvetj/2018.123

Ayshia, A. and Wani, S.A., 2015. Endohelminth 
parasites of domestic fowl (Gallus domesticus) 
in Doda district of Jammu and Kashmir State, 
India. J. Indian Vet. Assoc., 13(1): 39-42.

Bahrami, A.M., Dastgheib, M. and Shaddel, 
M., 2015. Study of parasitic infection and its 
histological changes in a bird. Annls Milit. 
Health Sci. Res., 13(3): 86-91.

Bahrami, A.M., Monfared, A.L., and Razmjoo, 
M., 2012. Pathological study of parasitism 
in racing pigeons. An indication of its effects 
on community health. Afr. J. Biotechnol., 
11(59): 12364-12370. https://doi.org/10.5897/
AJB11.3631

Berhe, M., Mekibib, B., Bsrat, A. and Atsbaha, G., 
2019. Gastrointestinal helminth parasites of 
chicken under different management system in 
Mekelle Town, Tigray Region, Ethiopia. J. Vet. 
Med., 2019: Article ID 1307582. https://doi.
org/10.1155/2019/1307582

Bernardon, F.F., Soares, T.A.L., Vieira, T.D. and 
Müller, G., 2016. Helminths of Molothrus 
bonariansis (Gmelin, 1789) (Passeriformes: 
Icteridae) from Southernmost Brazil. Rev. 
Bras. Parasitol. Vet., 25(3): 279-285. https://
doi.org/10.1590/S1984-29612016042

Bushra, S., Das, S.N., Ghazi, R.R. and Khan, 
A., 2017. Cyrnea columbi sp.n. (Nematoda: 
Spiruroidea) first and new report of the genus 
from an avian host Columba livia (Domestic 
pigeon) in Sindh, Pakistan. Pak. J. Parasitol., 
63: 15-31.

Butt, Z., Memon, S.A. and Shaikh, A.A., 2016. 
Pathology of Heterakis gallinarum in the ceca of 
naturally infected chicken (Gallus domesticus). 
Pure Appl. Biol., 5(4): 815-821. https://doi.
org/10.19045/bspab.2016.50102

Chandio, I., Dharejo, A.M., Khan, M.M. and Naz, 

https://doi.org/10.3923/ajpsaj.2014.32.40
https://doi.org/10.3923/ajpsaj.2014.32.40
https://doi.org/10.29261/pakvetj/2018.123
https://doi.org/10.29261/pakvetj/2018.123
https://doi.org/10.5897/AJB11.3631
https://doi.org/10.5897/AJB11.3631
https://doi.org/10.1155/2019/1307582
https://doi.org/10.1155/2019/1307582
https://doi.org/10.1590/S1984-29612016042
https://doi.org/10.1590/S1984-29612016042
https://doi.org/10.19045/bspab.2016.50102
https://doi.org/10.19045/bspab.2016.50102


December 2022 | Volume 40 | Issue 2 | Page 125	

	 Pakistan Journal of Nematology
S., 2019. New host record for the Diplotriaena 
moticolae (Filariidae: Nematoda) from the 
thoracic cavity of Passer pyrrhonotus, Blyth 1845, 
(Passeridae: Passerriformes) in Larkana, Sindh, 
Pakistan. Pure Appl. Biol., 8(1): 580-584. 
https://doi.org/10.19045/bspab.2018.700219

Chandio, I., Dharejo, A.M., Naz, S. and Khan, 
M.M., 2015. New species of Genus Diplotriaena 
Railliet and Henry, 1909 (Filariidae: 
Nematoda) from Passer domesticus Linnaeus and 
P. pyrhonotus Blyth (Passeridae: Passeriformes) 
in Jamshoro, Sindh, Pakistan. Turk. Parazitol. 
Derg., 39(4): 265-269. https://doi.org/10.5152/
tpd.2015.4231

Convey, P. and McInnes, S.J., 2005. Exceptional 
tardigrade-dominated ecosystems in Ellsworth 
Land, Antarctica.  Ecology,  86(2): 519-527. 
https://doi.org/10.1890/04-0684

da Silva, G.S., Romera, D.M., Fonseca, L.E.C., 
and Meireles, M.V., 2016. Helminthic parasites 
of chickens (Gallus domesticus) in different 
regions of Sãu Paulo State, Brazil. Rev. 
Braz. Sci. Avi., 18(1): 163-168. https://doi.
org/10.1590/18069061-2015-0122

Ebrahimi, M., Rouhani, S., Mobedi, I., Rostami, 
A., Khazan, H. and Ahoo, M.B., 2015. 
Prevalence and morphological characterization 
of Cheilospirura hamulosa, Diesing, 1861 
(Nematoda: Acuarioidea), from partridges in 
Iran. J. Parasitol. Res., 2015: 569340. https://
doi.org/10.1155/2015/569340

Gmelin, J.F., 1790. Systema naturae, etc., part 6, 
Vermes, 3021-3910 Lipsiae.

Gurung, A. and Subedi, R.J., 2018. Prevalence of 
gastrointestinal parasites of pigeons (Columba 
sp. Linnaeus, 1758) in three temples of Pokhara 
valley, Nepal. J. Nat. Hist. Mus., 30: 287-293. 
https://doi.org/10.3126/jnhm.v30i0.27604

Hammond, P., 1992. Species Inventory. In: (ed. 
Groombridge, B.) Global biodiversity, Springer, 
Dordrecht, the Netherlands, pp. 17-39. https://
doi.org/10.1007/978-94-011-2282-5_4

Hasan, T., Mazumder, S., Hossan, M.M., Hossain, 
M.S., Begum, N. and Paul, P., 2018. Prevalence 
of parasitic infections of game birds in Dhaka 
city corporation, Bangladesh. Bangl. J. Vet. 
Med., 16(1): 1-6. https://doi.org/10.3329/
bjvm.v16i1.37366

Hodges, R.D., 1974. Histology of the fowl. 
Academic Press Inc. pp. 648.

Hong, E.J., Ryu, S.Y., Chae, J.S., Kim, H.C., Park, J., 

Cho, J.G., Choi, K.S., Yu, D.H. and Park, B.K., 
2019. Description of Diplotriaena manipoli 
(Nematoda: Diplotriaenoidea) detected in the 
body cavity of Garrulus glandarius brandtii from 
Republic of Korea. J. Vet. Clin., 36(3): 133-138. 
https://doi.org/10.17555/jvc.2019.06.36.3.133

Hugot, J.P., Baujard, P. and Morand, S., 
2001. Biodiversity in helminths and 
nematodes as a field of study: An overview. 
Nematology, 3(3): 199-208. https://doi.
org/10.1163/156854101750413270

Hussain, M.Z., 1967. Influence of different forms 
of management on the incidence of helminth 
parasites in poultry. Pak. J. Sci., 19: 114-117.

IUCN, 2014. The IUCN red list of threatened 
species. Version 2014.3. http://www.iucnredlist.
org. accessed 21 December 2014.

Khan, W., Gul, S., Gul, M., and Kamal, M., 
2018. Prevalence of parasitic infestation in 
domestic pigeons at Malakand region, Khyber 
Pakhtunkhwa, Pakistan.  Int. J. Biosci.,  12(4): 
1-7. https://doi.org/10.12692/ijb/12.4.1-7

Lambshead, P.J.D., 1993. Recent developments in 
marine benthic biodiversity research. Oceanis, 
19: 5-24.

Marques, S.M.., De Cuadros, R.M., Da Silva, 
C.J. and Baldo, M., 2007. Parasites of pigeons 
(Columba livia) in urban areas of lages, 
Southern Brazil. Parasitol. Latinoam., 62: 
183-187. https://doi.org/10.4067/S0717-
77122007000200014

Menezes, R.C., Trotelly, R., Gomes, D.C. and 
Pinto, R.M., 2003. Pathology and frequency of 
Cheilospirura hamulsa (Nematoda, Acurarioidea) 
in Galliformes hosts from backyard flocks. 
Avian Pathol., 32(2): 151-156. https://doi.
org/10.1080/030794502/000071623

Morand, S., Bouamer, S. and Hugot, J.P., 
2006. Nematodes. In: Micromammals and 
macroparasites (eds. Morand, S., Krasnov, B.R., 
and Poulin, R.). Springer, Tokyo. pp. 63-79. 
https://doi.org/10.1007/978-4-431-36025-
4_4

Nagwa, E.A., Loubna, M.A., El-Madawy, R.S. 
and Toulan, E.I., 2013. Studies on helminthes 
of poultry in Gharbia Governorate. Benha Vet. 
Med. J., 25(2): 139-144.

Ola-Fadunsin, S.D., Uwabujo, P.I., Sanda, I.M., 
Ganiyu, I.A., Hussain, K., Rabiu, M., Elelu, 
N. and Alayande, M.O., 2019. Gastrointestinal 
helminths of intensively managed poultry 

https://doi.org/10.19045/bspab.2018.700219
https://doi.org/10.5152/tpd.2015.4231
https://doi.org/10.5152/tpd.2015.4231
https://doi.org/10.1890/04-0684
https://doi.org/10.1590/18069061-2015-0122
https://doi.org/10.1590/18069061-2015-0122
https://doi.org/10.1155/2015/569340
https://doi.org/10.1155/2015/569340
https://doi.org/10.3126/jnhm.v30i0.27604
https://doi.org/10.1007/978-94-011-2282-5_4
https://doi.org/10.1007/978-94-011-2282-5_4
https://doi.org/10.3329/bjvm.v16i1.37366
https://doi.org/10.3329/bjvm.v16i1.37366
https://doi.org/10.17555/jvc.2019.06.36.3.133
https://doi.org/10.1163/156854101750413270
https://doi.org/10.1163/156854101750413270
http://www.iucnredlist.org
http://www.iucnredlist.org
https://doi.org/10.12692/ijb/12.4.1-7
https://doi.org/10.4067/S0717-77122007000200014
https://doi.org/10.4067/S0717-77122007000200014
https://doi.org/10.1080/030794502/000071623
https://doi.org/10.1080/030794502/000071623
https://doi.org/10.1007/978-4-431-36025-4_4
https://doi.org/10.1007/978-4-431-36025-4_4


	 Pakistan Journal of Nematology

December 2022 | Volume 40 | Issue 2 | Page 126

in Kwara Central, Kwara State, Nigeria: Its 
diversity, prevalence, intensity and risk factors. 
Vet. World, 12(3): 389-396. https://doi.
org/10.14202/vetworld.2019.389-396.

Pal, R.A. and Ahmed, K.N., 1985. A survey of 
intestinal helminths of poultry in some districts 
of the Punjab and N.W.F.P. Pak. J. Zool., 17(2): 
193-200.

Qamar, M.F., Butt, A., Ehtisham-ul-Haque, S. 
and Zaman, M.A., 2017. Attributable risk 
of Capillaria species in domestic pigeons 
(Columba livia domestica). Arq. Bras. Med. 
Vet. Zootec., 69(5): 1172-1180. https://doi.
org/10.1590/1678-4162-7829

Radwan, N.A., 2012. Pathology induced 
by Sphaerirostris picae (Acanthocephala, 
Centrorhynchidae) in the intestine of hooded 
crow Corvus corone cornix (Aves: Corvidae) 
from North Delta of Egypt. Life Sci. J., 9(3): 
48-56.

Rahman , M.M.I.A., Tolba, H.M.N. and 
Abdel-Ghany, H.M., 2019. Ultrastructure, 
morphological differentiation and pathological 
changes of Ascaridia species in pigeons.  Adv. 
Anim. Vet. Sci., 7(2): 66-72. https://doi.
org/10.17582/journal.aavs/2019/7.2.66.72

Railliet, A. and Henry, A., 1909. Une seconde 
especie d’oesophagostome parasite de l’homme. 
Bull. Soc. Pathol. Exot., 2(10): 643-649.

Roberts, T.J., 1991. The birds of Pakistan: 
Passeriformes: Pittas to buntings. Vol. 2. Oxford 
University Press, USA.

Salazar-Castañon, V.H., Legorreta-Herrera, M. 
and Rodriguez-Sosa, M., 2014. Helminth 
parasites alter protection against Plasmodium 
infection.  Biomed. Res. Int., 2014: 913696. 
https://doi.org/10.1155/2014/913696

Santoro, M., Tripepi, M., Kinsella, J.M., Panebianco, 
A. and Mattiucci, S., 2010. Helminth 
infestation in birds of prey (Accipitriformes 

and Falconiformes) in Southern Italy. Vet. J., 
186(2010): 119-122. https://doi.org/10.1016/j.
tvjl.2009.07.001

Schrank, F.P., 1788. Verzeichniss der bisher 
hinlänglich bekannten Eingeweidewürmer, 
nebst einer Abhandlung über ihre 
Anverwandtschaften. München. pp. 116.

Shaikh, F., Ursani, T.J., Naz, S., Dhiloo, K.H. and 
Solangi, A.W., 2016. Histopathological changes 
in the intestine of infected pigeon (Columbia 
livia) naturally infected with helminth parasites 
from Hyderabad, Sindh, Pakistan. Sci. Int. 
(Lahore), 28(6): 5273-5275.

Sood, M.L. and Dang, H.R., 1977. A note on 
the Diplotriaena bhamoensis (Parona, 1889) 
(Nematoda: Filariidae) infection in birds. Folia 
Parasitol., 24(4): 376.

Tsai, S.S., Hirai, K. and Itakura, C., 1992. 
Histopathological survey of protozoa, helminths 
and acarids of imported and local psittacine and 
passerine birds in Japan. Jpn. J. Vet. Res., 40(4): 
161-174.

Weir, B.R., 2016. Studies on the prevalence and 
control of parasitic helminths in Natural laying 
hens. Animal Science Undergraduate Honors 
Theses. University of Arkansas, Fayetteville. pp. 
22.

Yamaguti, S., 1961. Systema helminthum. Volume 
III. The nematodes of vertebrates. Part I and 
II. Interscience Publishers, Inc., New York. pp. 
1261.

Zeder, J.G.H., 1800. Erster Nachtrag zur 
Naturgeschichte der Eingeweidewürmer mit 
Zufässen und Anmerkungen herausgegeben. 
Leipzig. pp. 320.

Zghair, F.S., Khaleel, I.M. and Nsaif, R.H., 2019. 
Histomorphological and histometrical study of 
small intestine of the Guinea Fowl, Numidia 
meleagris. Biochem. Cell. Arch., 19(2): 3647-
3652.

https://doi.org/10.14202/vetworld.2019.389-396.
https://doi.org/10.14202/vetworld.2019.389-396.
https://doi.org/10.1590/1678-4162-7829
https://doi.org/10.1590/1678-4162-7829
https://doi.org/10.17582/journal.aavs/2019/7.2.66.72
https://doi.org/10.17582/journal.aavs/2019/7.2.66.72
https://doi.org/10.1155/2014/913696
https://doi.org/10.1016/j.tvjl.2009.07.001
https://doi.org/10.1016/j.tvjl.2009.07.001

