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ABSTRACT 

Newcastle Disease (ND) has been considered as a threat to poultry industry worldwide. Despite different strategies aimed at 
controlling ND in Nigeria, the severe form of the disease continues to occur even in vaccinated poultry farms. The disease is 
transmitted primarily through contact with infected or carrier birds. Newcastle disease virus (NDV) shedding through either 
cloacal or oropharyngeal route play a critical role in the spread of NDV. However, there is paucity of information on the 
comparative contribution of these routes to NDV shedding. In this study, a total of 256 swab samples were collected from cloacal 
(n = 128) and oropharyngeal (n = 128) routes from broilers, layers, village chickens, ducks and turkeys that were naturally exposed 
to NDV. Haemagglutination (HA) and haemagglutination inhibition (HI) tests were carried out to detect the presence of the virus. 
The results of NDV shedding from cloacal and oropharyngeal routes were compared. The result showed a higher prevalence 
(42.2%) of NDV shedding from cloacal route when compared with oropharyngeal route (26.6%). In addition, village chickens 
showed a higher prevalence (43.8%) of NDV shedding when compared with all other breeds sampled. Furthermore, birds at 6 
weeks shed higher NDV (66.6%) than the birds of other ages. Therefore, the result of this study showed that the prevalence of 
NDV shedding was higher in village chickens via cloacal route. There is a need to quantify the amount of NDV shedding in both 
cloacal and oropharyngeal routes from these breeds of poultry so as to evaluate the viral infective dose. 
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INTRODUCTION 

Newcastle disease (ND), caused by virulent Newcastle 
disease virus (vNDV), is a severe and often fatal infection in 
naive chickens and is a threat to poultry worldwide (Miller 
and Koch, 2013). Newcastle disease viruses belong to the 
family; Paramyxoviridae, genus; Orthoavulavirus, species; 
Avian orthoavulavirus 1 (Kuhn et al., 2019).  Based on the 
disease produced in chickens under laboratory conditions, 
NDV isolates have been placed in five pathotypes; 
Viscerotropic velogenic, Neurotropic velogenic, Mesogenic, 
Lentogenic, and asymptomatic enteric strains (Dimitrov et 
al., 2017). 

Laying birds that are sick and shedding the virus as well as 
those that are incubating the virus are the usual source of 
infection for healthy commercial chickens (Roy and 
Venugopalan, 2005). Virus shedders in healthy flocks may 
play a significant epidemiological role in this infection. It has 
been shown that virus excretion begins before the appearance 
of clinical symptoms, therefore, viruses with longer 

incubation periods can cause more severe disease outcome 
(Alexander and Senne, 2003). In general, all avian species are 
susceptible to ND infection, but the chickens are the most 
affected in terms of severity of the disease (Alexander and 
Senne, 2003). In chickens, 100 % mortality has been 
previously reported (Aldous and Alexander, 2001). Although 
ducks and quails had been known to be resistant to the 
disease, studies have however reported their susceptibility 
with lower morbidity and mortality than in chickens (Eze et 
al., 2014; Susta et al., 2018).  

In Nigeria, ND outbreaks have been reported in free-range 
village and exotic chickens, guinea-fowls, wild and captive 
birds, quail, dove, mallard duck, ostrich, turkey, vulture, 
eagle, sparrows, crows, parrot (Shittu et al. 2016; Bello et al., 
2018). Newcastle Disease Virus shedding either through 
oropharyngeal or cloacal route of birds is of epidemiological 
significance toward the spread of ND. The spread of NDV 
begins with the shedding of the virus by the infected birds 
and the subsequent inhalation of contaminated aerosol by 
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susceptible birds (Brown and Bevins, 2017; Hamisu et al., 
2022).  Ingestion of NDV-contaminated feed and water or 
inhalation of NDV-contaminated air are the two primary 
modes by which ND is transmitted among birds. (Alexander 
et al., 1984). Although live vaccines administered through 
aerosol can establish respiratory infection; but there is limited 
experimental evidence that infected birds transmit the virus 
to other susceptible birds in this way, even over short 
distances (Abdisa and Tagesu, 2017). The success of 
transmission through inhalation of excreted droplets depends 
on various environmental factors such as temperature, 
humidity, and stocking density. Infected birds shed the virus 
through exhaled air, respiratory discharges, and feces during 
the incubation, clinical, and convalescent stages for a limited 
period. But it is highly probable that viruses like the pigeon 
variant and others that do not induce major respiratory 
symptoms in birds are primarily spread through contact with 
contaminated fecal matter (Capua and Alexander, 2009). 

Although several studies on virus shedding revealed that 
virus shedding do occur from both oropharyngeal and cloacal 
routes, even in vaccinated birds, however, data about which 
of these routes significantly contribute to higher NDV 
shedding in a naturally exposed avian species, are generally 
lacking.  In this study, virus shedding from naturally infected 
avian species was investigated, and the results between 
different routes and breeds were compared. 

MATERIALS AND METHODS 

Study Area 

This study was conducted in Maiduguri metropolis, the 
capital city of Borno State, Nigeria, lying within latitude 
10oN to 13oN and longitude 11.04oE and 14.04oE located on 
north-eastern part of Nigeria. The average annual rainfall is 
650mm (Ishaku and Majid, 2010).  

Sample Collection 

Samples were collected from a total of 128 birds of different 
breeds of poultry: 40 broiler chickens, 24-layer chickens, 24 
village chickens, 20 turkeys and 20 ducks from 5th December 
2021 to 17th January 2022. The layers and broilers were 
sampled from different farms with reported outbreaks of ND. 
However, the village chickens, turkeys and ducks were 
sampled from live bird markets in Maiduguri Monday 
market; Shagari Low-cost A; and Lake Chad Basin within 
Maiduguri. Physical examination was conducted, and data 
associated with age and breeds of the birds were collected 
from the farm managers. The broilers were between 5, 6, and 
7 weeks, while the layers were 15, 17 and 22 weeks old. 

Cloacal and oropharyngeal swabs were collected from each 
of the bird, and placed separately in 1 ml viral transport 
medium. All samples were transported on ice to the Virology 
Laboratory, Department of Veterinary Microbiology, 
University of Maiduguri, and stored at -20oC refrigerator. 

Virus Detection 

All samples collected were subjected to Hemagglutination 
test (HA) to determine the presence of a hemagglutinating 

virus. All positive samples for HA were then further 
subjected to Hemagglutination inhibition (HI) test according 
to standard protocol (Hierholzer et al., 1969; Kaufmann et 
al., 2017) using NDV specific antisera to confirm the 
presence of the virus. 

Preparation of 1% Chicken RBC 

Blood was taken from an NDV-free, unvaccinated chicken 
and pooled in an equal volume of Alsever’s solution. The 
blood was centrifuged and washed three times with 
Phosphate Buffer Saline (PBS). Then, 1% RBC (packed cell 
v/v) suspension was prepared using PBS. 

Statistical Analysis 

Data generated were presented in form of Graphs and Tables. 
Data were cleaned and analyzed using the Microsoft Excel 
(v2010) and SPSS-IBM, USA (v25.0). Chi-squared test of 
association was employed to determine the relationship 
between the variables (breeds, routes, age) and the NDV 
shedding. Value of P<0.05 was considered statistically 
significant throughout the study. 

RESULTS 

The overall breed-specific frequency of NDV in the broilers 
was 39.7% (31/78), which is higher than that of the layers 
40% (20/50) (Table 1). A total frequency of 43.8% of the 
NDV was shed by village chickens, whereas turkeys shed a 
total prevalence of40% (16/40). There is no NDV shedding 
detected from ducks. No statistically significant association 
(P>0.05) between breeds and being positive for NDV with 
the exception of village chickens (Table 1). 

In relation to routes, Cloacal route has the highest number of 
positive 42.2% (54/128) when compared with oropharyngeal 
route 26.6% (34/128). The results also revealed a statistically 
significant association (χ2= 6.926; P<0.05*) between routes 
and NDV shedding (Figure 1). 

 
Figure 1: Comparison of viral shedding between the Cloacal and 
Oropharyngeal routes among different breads of birds in Maiduguri 
Metropolis   

The results of this study further revealed that there is a 
significant association (P>0.05) between age and NDV 
shedding among broilers and layers (Table 2). 
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Table 1: Prevalence of Newcastle disease virus shedding among different breeds of bird in Maiduguri Metropolis 
Breeds Serological Status Inferential Statistics 

Positive (%) Negative (%) χ2 P-value OR (95%CI) 
Broilers 31 (39.7) 47 (60.3)  

 
 25.081 

 
 
  0.000* 

 
 

 39.74 (28.88–50.60) 
Layers 20 (40.0) 30 (60.0) 
Village chickens 21 (43.8) 27 (56.3) 
Turkeys 16 (40.0) 24 (60.0) 
Ducks 0 (0.0) 40 (100.0) 

 Total 88 (34.4) 168 (65.6) 
*Statistically significant  
 
 
Table 2: Age-Distribution of Newcastle disease virus shedding positive among Broiler chickens and Layers in Maiduguri 
Metropolis 

Species Age (weeks) TNT(%) TNP(%) % Prevalence            χ2                 P-value   
Broiler 5 20 (15.6 ) 10(50 ) 50                            30.914             p=0.0001* 

6 
7 

30 (23.4 ) 
28(21.8) 

20(66.6 ) 
0(0) 

66.66 
0  

Layers  14 14 (10.9 )  4(28.5 ) 14.2  
17 
22b  

26 (20.3 ) 
10(7.8) 

11 (32.30 ) 
6(60) 

42.30 
60  

Total  128 51 (39.84 ) 39.84 
  TNT: Total Number Tested and TNP: Total Number Positive; *statistically significant 
 

DISCUSSION 

The global impact of ND on the poultry industry is 
substantial. The disease causes reduced productivity, high 
bird mortality rates, and severe trade restrictions due to the 
perceived risk of disease spread (Alexander, 1995). Despite 
vaccination efforts, the virulent Newcastle disease virus 
(vNDV) responsible for ND remains widespread, and reports 
from various countries indicate that it continues to spread 
even among vaccinated flocks (Martinez et al., 2018). This is 
facilitated by the virus's presence in the environment, which 
makes it easy for the transmission of the virus to susceptible 
birds. Therefore, there is a renewed interest in investigating 
the NDV shedding in the environment (Ayala et al., 2020). 

The findings of this study showed that NDV shedding via the 
cloacal route is higher than its shedding through the 
oropharyngeal route (Figure 1). This may be attributed to the 
higher tropism of the virus to the digestive tract than 
respiratory tract. Previous study had attributed the degree of 
NDV strain tropism to rate of replication and virus shedding. 
For instance, Lentogenic strains have low tissue tropism and 
low virus shedding than velogenic strain (Zhang et al., 2018). 
Our finding is in agreement with Haque at al. (2010) who 
reported higher prevalence of NDV from cloacal swab 
samples compared with samples from oropharyngeal route. 

The finding of this study further showed that broiler chickens 
demonstrated higher prevalence of NDV shedding than 
layers. In relation to breed, the finding of this study revealed 
that village chickens showed higher virus shedding than 
ducks and turkeys. Chickens are known to be more 
susceptible to NDV than ducks (Alexander and Senne, 2003). 
It is therefore not surprising that the prevalence of NDV 
shedding in chickens is higher than in ducks as reported in 
this study. Okoroafor et al. (2020) reported lower NDV 
prevalence in turkeys than in village chickens, which shows 
the severity of the virus in village chickens than in turkeys, 
but turkeys are likely to be the source of the infection for 

other species, especially chickens. Other researchers have 
compared NDV shedding from oropharyngeal and cloacal 
routes of different breeds of poultry. For instance, Panus et 
al. (2015) reported higher NDV shedding in cloacal of 
chickens and ducks. Furthermore, Saepulloh and Darminto 
(2005) reported that there was no NDV shedding from 
oropharynx swabs of ducks, and concluded that ducks tend to 
excrete the virus via cloaca. This is in disagreement with our 
finding which showed that there was no NDV shedding in 
both the cloacal and oropharyngeal routes of ducks. The 
inability to detect NDV from the cloaca of ducks in our study 
could be due to the less sensitive nature of the HI test used 
when compared with the highly sensitive real time Reverse 
Transcription Polymerase Chain Reaction (rRT-PCR) 
employed by Panus et al. (2015). The present study reported 
that 40% of NDV shedding was detected in both cloacal and 
oropharyngeal swabs of turkeys. This is in variance with 68% 
and 57.2% recorded from turkeys in the Nigerian cities of 
Zaria and Maiduguri (Sa'idu et al., 2004; Sadiq et al., 2011) 
respectively. Therefore, the co-rearing of different species of 
poultry can facilitate the introduction and spread of NDV 
among poultry species and breeds as suggested by   Sa'idu et 
al. (2004) and Ramey et al. (2017). 

The results of this study also revealed that there is a 
significant association (P>0.05) between age and NDV 
shedding. Six-weeks old broilers tend to have high 
percentage of NDV shedding among the sampled birds. 
Perhaps, this might be associated with the fact that around six 
weeks of age, the bursa of Fabricius regresses in broilers, and 
as an important primary lymphoid organ, this will lead to 
immunosuppression and the resultant NDV shedding (Glick, 
1983). In addition, Sharifi and Talebi (2022) reported that 
immunosuppresive activities caused by co-infection with 
infectious bursal disease virus (IBDV) could also lead to the 
shedding of the NDV at 6 weeks. Regarding the 22-week 
layers having almost 60% shedding of NDV, this could be 
due to a combination of factors. At the point of lay, layers 
undergo physiological changes, which can be stressful, 
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leading to immunosuppression that may lead to vaccination 
failure or increased disease during production due to the 
complex neuroendocrine response to stressors (Hoerr, 2010; 
Campbell et al., 2019), and hence higher NDV shedding. 

Conclusion 

This study reported higher frequencies of NDV shedding 
from village chickens when compared with all other birds 
sampled in the study. Higher NDV frequency was detected 
from cloacal route than oropharyngeal route. The study 
further revealed statistically significant associations between 
age, species of bird and route of sample collection, and the 
frequency of NDV shedding (P<0.05). There is need to 
quantify the NDV shed from both the oropharyngeal and 
cloacal routes in order to explore the NDV infectivity dose 
from shedding.  

Conflict of Interest 

The authors declared that they have no conflict of interest. 

Author’s Contribution 

MUS and TMH designed the work and wrote the first draft 
of the manuscript; AS and NMH analyzed the data; YMS, 
ADEY and MBA reviewed the manuscript; EDM and MMW 
collected the samples and carried out the laboratory work. 

REFERENCES  
Abdisa, T., and Tagesu, T. (2017). Review on Newcastle 

disease of poultry and its public health 
importance. Journal of Veterinary Science & 
Technology, 8(3): 441. https://doi.org/10.4262/215
7-7579.1000441 

Aldous, E. W., and Alexander, D. J. (2001). Detection and 
differentiation of Newcastle disease virus (avian 
paramyxovirus type 1). Avian pathology, 30(2): 
117-128. https://doi.org/10.1080/03079450120044
515 

Alexander, D. J. (1995). The epidemiology and control of 
avian influenza and Newcastle disease. Journal of 
comparative pathology, 112(2): 105-126. 
https://doi.org/10.1016/S0021-9975(05)80054-4 

Alexander, D. J. (2000). Newcastle disease and other avian 
paramyxoviruses. Revue Scientifiqueet Technique-
Office International des Epizooties, 19(2): 443-455. 
https://doi.org/10.20506/rst.19.2.1231 

Alexander, D. J. and Senne, D. A. (2003). Newcastle disease, 
other avian paramyxoviruses, and pneumovirus 
infections. Diseases of poultry, 11(1): 64-87.  

Alexander, D. J., Parsons, G. and Marshall, R. (1984). 
Infection of fowls with Newcastle disease virus by 
food contaminated with pigeon faeces. Veterinary 
Record, 115(23): 601-602. 

Ayala, A. J., Yabsley, M. J. and Hernandez, S. M. (2020).A 
review of pathogen transmission at the backyard 
chicken–wild bird interface. Frontiers in veterinary 
science, 7:539925. https://doi.org/10.1136/vr.115.2
3.601 

Bello, M. B., Yusoff, K. M., Ideris, A., Hair-Bejo, M., 
Peeters, B. P., Jibril, A. H., Tambuwal, F. M. and 
Omar, A. R. (2018). Genotype diversity of 
Newcastle disease virus in Nigeria: Disease control 
challenges and future outlook. Advances in 

Virology, 2;2018:6097291.. 
https://doi.org/10.1155/2018/6097291 

Brown, V. R. and Bevins, S. N. (2017). A review of virulent 
Newcastle disease viruses in the United States and 
the role of wild birds in viral persistence and 
spread. Veterinary research, 48(1): 68. https://doi.o
rg/10.1186/s13567-017-0475-9 

Campbell, D. L. M., De Haas, E. N., and Lee, C. (2019). A 
review of environmental enrichment for laying hens 
during rearing in relation to their behavioral and 
physiological development. Poultry Science, 98(1): 
9-28. https://doi.org/10.3382/ps/pey319 

Capua, I. and Alexander, D. J. (Eds.). (2009). Avian influenza 
and Newcastle disease: a field and laboratory 
manual. Springer Science & Business Media.  

Dimitrov, K. M., Ferreira, H. L., Pantin-Jackwood, M. J., 
Taylor, T. L., Goraichuk, I. V., Crossley, B. M., ... 
and Suarez, D. L. (2019). Pathogenicity and 
transmission of virulent Newcastle disease virus 
from the 2018–2019 California outbreak and related 
viruses in young and adult chickens. Virology, 531: 
203-218.https://doi.org/10.1016/j.virol.2019.03.010 

Dimitrov, K. M., Afonso, C. L., Yu, Q. and Miller, P. J. 
(2017). Newcastle disease vaccines—A solved 
problem or a continuous challenge? Veterinary 
microbiology, 206, 126-136. https://doi.org/10.101
6/j.vetmic.2016.12.019 

Eze, C. P., Okoye, J. O. A., Ogbonna, I. O., Ezema, W. S., 
Eze, D. C., Okwor, E. C., Ibu, J. O. and Salihu, E. 
A. (2014). Comparative study of the pathology and 
pathogenesis of a local velogenic Newcastle disease 
virus infection in ducks and chickens. International 
Journal of Poultry Science, 13(1): 52. ISSN 1682-
8356 

Glick, B. (1983). Bursa of fabricius. Avian biology, 7: 443-
500. 

Glickman, R. L., Syddall, R. J., Iorio, R. M., Sheehan, J. P. 
and Bratt, M. A. (1988). Quantitative basic residue 
requirements in the cleavage-activation site of the 
fusion glycoprotein as a determinant of virulence for 
Newcastle disease virus. Journal of virology, 62(1): 
354-356. https://doi.org/10.1128/JVI.62.1.354-
356.1988 

Hamisu, T. M., Aliyu, H. B., Hair-Bejo, M., Omar, A. R. and 
Ideris, A. (2022). Alteration in the population of 
intraepithelial lymphocytes and virus shedding in 
specific-pathogen-free chickens following 
inoculation with lentogenic and velogenic 
Newcastle disease virus strains. Viral Immunology,
 35(4): 328-337. https://doi.org/10.1089/vim.2021.
0148 

Haque, M. H., Hossain, M. T., Islam, M. T., Zinnah, M. A., 
Khan, M. S. R. and Islam, M. A. (2010). Isolation 
and Detection of Newcastle disease virus from field 
outbreaks in Broiler and Layer chickens by Reverse 
transcription Polymerase chain reaction. Banglades
h Journal of Veterinary Medicine, 8(2): 87-92. 
https://doi.org/10.3329/bjvm.v8i2.9618 

Hierholzer, J. C., Suggs, M. T. and Hall, E. C. (1969). 
Standardized viral hemagglutination and hemagglu
tination inhibition tests. II. Description and statistic
al evaluation. Applied microbiology, 18(5): 824-
833. https://doi.org/10.1128/am.18.5.824-833.1969 



         Sahel J. Vet. Sci. Vol. 20, No. 3, Pp. 33-37 

37 
 

Hoerr, F. J. (2010). Clinical aspects of immunosuppression in 
poultry. Avian diseases, 54(1): 2-15. https://doi.org
/10.1637/8909-043009-Review.1 

Ishaku, H. T. and Majid, M. R. (2010). X-raying rainfall 
pattern and variability in Northeastern Nigeria: 
impacts on access to water supply. Journal of water 
resource and protection, 2(11): 952. 
https://doi.org/10.4236/jwarp.2010.211113 

Kant, A., Koch, G., Van Roozelaar, D. J., Balk, F. and 
Huurne, A. T. (1997). Differentiation of virulent and 
non‐virulent strains of Newcastle disease virus 
within 24 hours by polymerase chain 
reaction. Avian pathology, 26(4): 837-849. 
https://doi.org/10.1080/03079459708419257 

Kaufmann, L., Syedbasha, M., Vogt, D., Hollenstein, Y., 
Hartmann, J., Linnik, J. E., & Egli, A. (2017). An 
optimized hemagglutination inhibition (HI) assay to 
quantify influenza-specific antibody titers. JoVE 
(Journal of Visualized Experiments), (130), e55833. 
https://doi.org/10.3791/55833 

Kuhn, J. H., Wolf, Y. I., Krupovic, M., Zhang, Y. Z., Maes, 
P., Dolja, V. V. and Koonin, E. V. (2019). Classify 
viruses—the gain is worth the pain. 318-320. 
https://doi.org/10.1038/d41586-019-00599-8 

Martinez, J. C. S., Chou, W. K., Berghman, L. R. and Carey, 
J. B. (2018). Evaluation of the effect of live LaSota 
Newcastle disease virus vaccine as primary 
immunization on immune development in 
broilers. Poultry science, 97(2): 455-462. 
https://doi.org/10.3382/ps/pex339 

Miller, P.J. and Koch, G. (2013). Newcastle disease, In: 
Swayne, D.E., Glisson, J.R., McDougald, L.R., 
Nolan, L.K., Suarez, D.L., Nair, V.L., editors. 
Diseases of Poultry. 13th edition. Ames, I A:Wiley-
Blackwell in partnership with the American 
Association of Avian Pathologists, pp. 89-107; pp. 
120-130.  

Nagai, Y. and Klenk, H. D. (1977). Activation of precursors 
to both glycoproteins of Newcastle disease virus by 
proteolytic cleavage. Virology, 77(1): 125-134. 
https://doi.org/10.1016/0042-6822(77)90412-3 

Nagai, Y., Klenk, H. D. and Rott, R. (1976). Proteolytic 
cleavage of the viral glycoproteins and its 
significance for the virulence of Newcastle disease 
virus. Virology, 72(2): 494-508. https://doi.org/10.1
016/0042-6822(76)90178-1 

Okoroafor, O. N., Animoke, P. C., Mbegbu, E. C., Aronu, C. 
J., Nwanta, J. A., Anene, B. and Okoye, J. O. (2020). 
Prevalence of Newcastle disease virus in feces of 
free-range turkeys in Enugu, Nigeria. Veterinary 
World, 13(7): 1288. https://doi.org/10.14202/vetwo
rld.2020.1288-1293 

Panus, A., Setiyaningsih, S. and Mayasari, N. L. P. I. (2015). 
Newcastle disease virus infection study on duck and 
chicken in Subang district. Indonesian J Animal and 
Vet Sci., 20(2): 134-147. https://doi.org/10.14334/j
itv.v20i2.1168 

Ramey, A. M., Goraichuk, I. V., Hicks, J. T., Dimitrov, K. 
M., Poulson, R. L., Stallknecht, D. E., ... and 
Afonso, C. L. (2017). Assessment of contemporary 
genetic diversity and inter-taxa/inter-region 
exchange of avian paramyxovirus serotype 1 in wild 
birds sampled in North America. Virology 
Journal, 14: 1-12. https://doi.org/10.1186/s12985-
017-0714-8 

Roy, P. and Venugopalan, A. T. (2005). Unexpected 
Newcastle disease virus in day old commercial 
chicks and breeder hen. Comparative immunology, 
microbiology and infectious diseases, 28(4): 277-
285. https://doi.org/10.1016/j.cimid.2005.07.001 

Saidu, L., Tekdek, L. B., and Abdu, P. A. (2004). Prevalence 
of Newcastle disease antibodies in domestic and 
semi-domestic birds in Zaria, Nigeria. Veterinarski
arhiv, 74(4): 309-317. ISSN 0372-5480 

Sadiq, M. A., Nwanta, J. A., Okolocha, E. C. and Tijjani, A. 
N. (2011). Retrospective (2000-2009) study of 
Newcastle disease (ND) cases in avian species in 
Maiduguri, Borno State, North Eastern Nigeria. 
International Journal of Poultry Sciences, 10(1): 76-
81. https://doi.org/10.3923/ijps.2011.76.81 

Saepulloh, M. and Darminto (2005). Kajian Newcastle 
disease pada itik dan upaya pengendaliannya. 
Wartazoa. Indonesian Bulletin of Animal Vet Sci., 
15(1): 84-94. https://doi.org/10.14334/wartazoa.v1
5i2.830 

Sharifi, A., Allymehr, M. and Talebi, A. (2022). Concurrent 
Occurrence of Infectious Bursal Disease and 
Multicausal Respiratory Infections Caused by 
Newcastle Disease and Avian Metapneumovirus in 
Broilers. Archives of Razi Institute, 77(3): 1007-
1016. https://doi.org/10.22092/ARI.2021.354272.1
631 

Shittu, I., Joannis, T. M., Odaibo, G. N. and Olaleye, O. D. 
(2016). Newcastle disease in Nigeria: epizootiology 
and current knowledge of circulating 
genotypes. Virus Disease, 27: 329-339. https://doi.
org/10.1007/s13337-016-0344-6 

Susta, L., Segovia, D., Olivier, T. L., Dimitrov, K. M., Shittu, 
I., Marcano, V. and Miller, P. J. (2018). Newcastle 
disease virus infection in quail. Veterinary 
Pathology, 55(5): 682-692. https://doi.org/10.1177/
0300985818767996 

 

    
 
 
 


