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ABSTRACT

Newcastle disease is one of the greatest constraints 

to the development of poultry production in Nigeria. 

In this study, the spatial distribution of Newcastle dis­

ease antibodies was determined using the Geographic 

Information System. A total of 400 serum samples were 

collected from chickens in districts around Kaduna Me­

tropolis and screened for Newcastle disease virus anti­

bodies using the haemagglutination inhibition test done 

according to the procedure of OIE (2002). The spatial 

distribution demonstrated that the highest antibody 

titre level for Newcastle disease was closely associated 

with communities that were at entry points (Zaria— 

Kaduna road; Nnamdi Azikiwe bypass road; Television 

garage; Abuja—Kaduna expressway and Kachia road) 

to the metropolis and houses that are closely situated

near live bird markets signifying the importance of bird 

movements in the spread of the disease. About 31 % 

(124 of 400) of chickens had antibodies to Newcastle 

disease virus, with exotics breeds (32.0 %) with more 

Newcastle disease virus antibodies than local breeds 

(29.8 %). The Newcastle disease prevalence was 33.9 % 

(39 out of 115), 31.8 % (41 out of 129) and 28.2 % (44 out 

of 156) for Kaduna North, Kaduna South and Chikun 

Local Government Areas (LGA), respectively. A Newcas­

tle disease prevalence of 29.8 % (54 out of 181) was re­

corded in the local chickens, while 32.0 % (70 out of 219) 

was obtained from the exotic chickens.

Key words: chickens; entry points; haem agglutina­

tion inhibition test; Kaduna; Newcastle disease virus an­

tibodies; Nigeria; spatial distribution
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INTRODUCTION

Newcastle disease is a highly contagious viral disease 

caused by an avian paramyxovirus that produces pneumo­

encephalitis in young chickens, turkeys and other domes­

ticated and wild birds [12]. Newcastle disease is enzoot­

ic within individual regions and even villages in Nigeria. 

Newcastle disease is said to be a major factor affecting the 

development of the poultry industry in Nigeria and Af­

rica in general [32]. Newcastle disease remains enzootic 

in states surrounding Kaduna State such as Zamfara and 

Plateau States, including the Federal Capital Territory [7], 

with a similarity in climatic and ecologic conditions in 

these areas. Kaduna metropolis serves as an intersection 

for the movement between the aforementioned states, as 

road network plays a major role in the spread of diseas­

es serving as epicentres of disease spread [29]. There have 

been continuous outbreaks of ND since it was first report­

ed in Nigeria [16]. It has been found to be an epizootic 

problem in the different parts of Nigeria and continue to 

cause serious losses in poultry despite vaccination of birds 

[23]. There has been an emergence of new antigenic line­

age of Newcastle disease virus (NDV) in Africa [10].

There have been increasing reports of ND outbreaks 

in commercial farms in Kaduna metropolis by private vet­

erinarians but the number reported may actually not be 

representative of the total number of outbreaks due to un­

der-reporting in the current conventional animal disease 

reporting system and poor veterinary infrastructures [28]. 

Newcastle disease is particularly devastating for small scale 

poultry farmers who usually have limited means of pro­

tecting their flocks based on the level of their biosecurity 

practices [32].

Urbanization and increased movement in poultry 

transportation have resulted in the exposure of chickens to 

the Newcastle disease virus from infected areas. Since Ka- 

duna Metropolis is an intersection between rural commu­

nities and other states due to trade, it could serve as a point 

of infection for ND in Kaduna State and Nigeria as a whole.

Newcastle disease remains a constant threat to poultry 

production and has a devastating effect on the productivity 

of the poultry industry [18]. The current system of disease 

investigation and reporting is inefficient [11]. There are in­

creasing numbers of ND cases compared to other poultry 

diseases [4], with a paucity of data about the burden of ND 

in chickens in Kaduna Metropolis.

Live bird markets contribute to the persistence and 

spread of ND virus (NDV) [14]. These markets which are 

found in strategic locations around major road intersec­

tions in Kaduna Metropolis usually do not follow appro­

priate cleaning and disinfecting techniques which allows 

for the possibility of environmental spread. Live birds are 

also exposed to birds from multiple sources [29]. These 

birds run the risk of disseminating Newcastle disease virus 

as they leave the markets posing a health threat to house­

hold chickens [21].

Vaccination has been reported as the only safeguard 

against endemic ND [2]. In order to formulate appropriate 

vaccination schedules and control measures, the serologi­

cal status of NDV among chickens in Kaduna State need to 

be elucidated. Also, Kaduna State, especially the metrop­

olis, has witnessed massive increase in the demographic 

population in the last few years and to meet the increased 

protein demand, poultry and poultry products are being 

moved to live bird markets across the state for sales [3]. 

The preference of consumers for this type of meat and the 

readily available markets justifies the need for this study.

MATERIALS AND METHODS 

Study area

Our study was carried out in the Kaduna metropolis of 

Kaduna State. Kaduna Metropolis is accessible via major 

transportation links from all regions of the country. Kaduna 

Metropolis lies in three different Local Government Areas 

(LGAs): Kaduna North, Kaduna South, and Chikun; located 

between latitude 10°34'57.4" N and 10°22'56.6" N and longi­

tude 7°38'12.2" E and 7°23'29.0" E. According to the latest 

census, the city’s population in 2006 was 1,128,694 [24].

Study population

For serology, the study population consisted of mostly 

backyard poultry and free-ranging (extensively managed) 

poultry kept and having the possibility to mix with other 

birds. Commercial poultry farms were excluded while ex­

otic breeds managed as backyard poultry with local chick­

ens were included.

Study design

A cross-sectional study was carried out consisting of 

two separate overlapping descriptive and analytical stud­
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ies on data obtained on spatial distribution and seroprev- 

alence of Newcastle Disease in Kaduna Metropolis from 

October 2014 to April 2015.

Sampling methods

Sample frame and sample size determination

The sampling frame consisted of a list of localities and 

communities obtained from the Kaduna State chapter of 

the National Population Commission and local govern­

ment secretariats that form the Kaduna city area.

Sample size was determined using the formula [33]:

Z2 x  P (1- P )exp ' exp'
n = -------------------

d2
where:

n = required sample size;
P = expected prevalenceexp

(using 57 % prevalence [7]);
Z = standard normal deviation

of 95 % confidence level (1.96);
d = desired absolute precision (0.05).

Substituting these values in the formula:

(1.96)2 x  0.57 x  (1 -  0.57)
n = ---------------------------  = 376.63

(0.05)2

A total number of 400 chicken blood samples were col­

lected to increase the level of precision.

Kaduna North LGA had the minimum number of 

districts having 6 districts in total. Six districts each were 

then selected randomly from the remaining LGAs in the 

metropolis based on this minimum number, giving a total 

of 18 districts. A total of 400 chicken blood samples were 

collected from household poultry farms from the 18 se­

lected districts across the metropolis using convenience 

sampling. Sampling location was geo-referenced using GIS 

mapping system to get coordinates.

Sample collection and transportation

Two millilitres of blood were collected from the chick­

ens through the brachial vein using 21-gauge needles and 

5 ml syringes after carefully observing asepsis to avoid 

any contamination of the blood. The blood was allowed to 

clot in a cool place to allow the serum to separate from 

the blood clot. The serum was then decanted into another 

tube, stored in the refrigerator at 4 °C and transported to 

the Viral Zoonoses Laboratory of the Department of Vet­

erinary Public Health and Preventive Medicine, Faculty of 

Veterinary Medicine, ABU Zaria using cooler packs for 

haemagglutination inhibition tests to detect antibodies to 

ND virus.

The vaccination status of chickens sampled were not 

determined during this study in order to get a picture of 

the level of flock immunity and to control any form of bias 

towards the protective antibody titre levels to ND virus in 

the study area.

Sample analyses

Preparation of chicken red blood cell suspension

A total of 5 ml of chicken blood was pooled from 3 sep­

arate apparently healthy chickens aseptically into a dispos­

able syringe containing 1 ml of sodium citrate (4 % solu­

tion) as an anticoagulant. The blood was centrifuged at 

1,500 rpm for 10 minutes and the plasma and buffy coat 

were removed with a pipette. After washing three times 

with phosphate buffered saline (PBS), the 1 % suspension 

was ascertained to be free of ND antigen or any related anti­

gen capable of cross-reactions. This was done by observing 

under normal conditions in a U-bottomed microtitre plate 

and testing for agglutination and agglutination inhibition 

using ND antigen (La Sota) and ND antibody-positive se­

rum obtained from the National Veterinary Research Insti­

tute Vom, respectively, on the same sample.

In the 1st stage, 25 pl of the 1 % RBC suspension was 

put in a microtitre plate and 25 pl of PBS solution was add­

ed to it. The plate was tapped gently and kept at room tem­

perature for 30 minutes and observed for settling of the 

red blood cells. The 2nd stage was done by adding 25 pl of 

the ND antigen into a well to which 25 pl of PBS solution 

was added, followed by 50 pl of the 1 % chicken red blood 

cell suspension. The plate was tapped at the side repeat­

edly before it was covered and kept at room temperature 

for 45 minutes and observed for haemagglutination. The 

3rd stage involved the addition of 25 pl of ND antibody 

serum to the well in the 2nd stage, tapped at the side re­

peatedly before it was covered and kept at room temper­

ature for 45 minutes and observed for haemagglutination 

inhibition. The pooled chicken blood sample which was 

ascertained to be free of ND antigen or any related antigen 

capable of cross-reaction, by expressing the 1st, 2nd, and 

3rd reaction as stated in the procedure above was used to 

prepare the 1 % chicken red blood cell suspension in PBS 

used for the HI test.
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Haemagglutination test

Haemagglutination test was carried out according to 

the method described by G r i m e s [13]. Twenty-five 

microlitre of PBS was dispensed into the each well in the 

first row of the microtitre plate. Twenty-five microlitre of 

the ND antigen suspension (La Sota vaccine) was then dis­

pensed into the first well. A two-fold dilution of 25 gl of the 

suspension was done across the wells up to the 11th well. 

Twenty-five microlitre of PBS solution was further added 

to each well in the first row. Then 25 gl of 1 % chicken RBC 

was dispensed into each of the wells. The 12th well would 

serve as control, containing only PBS and red blood cells. 

The plate was tapped gently before it was covered and kept 

for 45 minutes at room temperature. The HA was deter­

mined by observing for a sharp button of RBCs (negative) 

or hazy film and no button of RBCs (positive) at the bot­

tom of the plate. The end point was the last well to show 

complete haemagglutination and contained one haemag- 

glutination unit (1 HAU). The cut-off titre was calculated 

using the range of initial dilutions from which 4 HAU was 

arrived and this was used for the HI test.

Haemagglutination inhibition test

The sera collected from the chickens were tested for 

NDV specific antibody by the haemagglutination inhibi­

tion test (HI) as described by H o s a i n et al. [15] and 

done according to the procedure of O I E [26]. The HI test 

was performed using the beta technique (constant virus 

and varying serum) against 4 HA units of the virus com­

puted from the HA titration. Two-fold serial dilution of 

25 gl serum was made with phosphate buffer saline (PBS) 

in U-bottomed microtitre plates up to 10th well in the 2nd 

row. Twenty-five microlitres of 4 haemagglutinating (HA) 

units of NDV virus or antigen (La Sota) was added up to 

the 11th well. The plates were kept at room temperature 

for 30 minutes to facilitate antigen-antibody reaction. Then 

50 gl of 1 % (v/v) chicken RBC suspension was added to 

each well. The 11th well contained antigen and RBCs as 

the positive control and the 12th well contained only RBCs 

as the negative control. After gentle mixing, the RBCs were 

allowed to settle at room temperature for 45 minutes and 

agglutination was assessed by tilting the plates. The samples 

showing peculiar central button shaped settling of RBCs 

were recorded as positive and maximum dilution of each 

sample causing haemagglutination inhibition was consid­

ered as the end point, which was used to estimate the HI

titre. The HI titre of each serum sample was expressed as 

the reciprocal of the serum dilution.

Data management and analyses

The results obtained from the HI tests were subjected 

to descriptive statistics to determine the frequency and dis­

tribution of the ND antibody titre of Kaduna metropolis 

(Tables 2 and 3). Categorical values were evaluated using 

the Chi Square test to check for association; odds ratio at 

95 % confidence interval was used to measure the strength 

of association between variables and the prevalence of ND. 

All data obtained were analysed using SPSS statistical soft­

ware (17.0)

Values of P < 0.05 were considered significant. Sample 

prevalence was estimated using the formula:

Number of Positive Samples for ND Antibody
Sample Prevalence = --------------------------------------------------  x  100

Total Number of Samples Tested

RESULTS

Spatial distribution of Newcastle disease antibodies

There were variations in the poultry distribution pat­

terns between various communities. The poultry sampled 

were more concentrated in communities that had a clus­

ter settlement pattern, while communities that had a lin­

ear settlement pattern had a low population of poultry. 

The antibody titre level of Newcastle disease was higher in 

communities that had entry points to the metropolis and 

houses that were closely situated with the live bird markets. 

The entry points included:

A. Zaria—Kaduna road;

B. Nnamdi Azikiwe bypass road;

C. Television garage;

D. Abuja Kaduna expressway and E. Kachia road (Fig. 1).

Seroprevalence of ND antibodies

The overall seroprevalence of Newcastle disease an­

tibodies in the study area was 31.0 % (124 out of 400). 

Among the positive Newcastle antibody sera, 103 out 

of 400 (25.75 %) had titres between 1/64 and 1/512 and 

21 out of 400 (5.25 %) had titres > 1/4096 (Table 1). The 

ND prevalence was 33.9 % (39 out of 115), 31.8 % (41 out
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Fig. 1. Map of Kaduna Metropolis showing the coordinates of the positive and negative samples of Newcastle disease antibodies 
in districts where the study was carried out, Live bird markets (LBMs) and entry points A—E (ArcGIS 10.1)

of 129) and 28.2 % (44 out of 156) for Kaduna North, Ka­

duna South and Chikun local governments, respectively 

(Table 2).

The prevalence of 29.8 % (54 out of 181) was record­

ed in local chickens, while 32.0 % (70 out of 219) was ob­

tained from the exotic chickens, with local chickens having 

the odds ratio of 0.905 times likely of being positive for ND 

antibody than the exotic chickens (Table 3).

DISCUSSION

This serological study revealed the presence of circulat­

ing antibodies of NDV among chickens in three different 

districts of the Kaduna Metropolis. Also, the occurrence 

of detectable ND haemagglutinating (HI) antibodies in 

chickens tested in all of the three LGAs of Kaduna stud­

ied, with an overall seroprevalence of 31 %, was diagnostic 

evidence that ND was prevalent and likely enzootic in the 

study areas [17]. The antibodies detected were most likely 

due to natural infections in the local chickens rather than 

vaccination since local chickens were rarely vaccinated in

Table 1. Distribution of Newcastle disease antibody titre levels in the sera collected 
from chickens in the Kaduna metropolis of Kaduna State, Nigeria

HI titre
Local ------------------------------------------------------------------------------
government area < У 1/4 1/8 1/16 1/32 1/64 1/128 1/256 1/512 1/1,024 1/2,048 > 1/4,096 Total

Kaduna North 14 10 18 14 20 10 10 7 5 5 1 1 115

Kaduna South 14 17 15 25 17 5 9 10 10 4 1 2 129

Chikun 17 29 23 25 18 10 8 11 8 3 3 1 156

Total 45 56 56 64 55 25 27 28 23 12 5 4 400

% 11.25 14 14 16 13.75 6.25 6.75 7 5.75 3 1.25 1 100
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Table 2. Distribution of Newcastle disease titre levels in sera collected from chickens in 
the three Local Government Areas of the Kaduna metropolis of Kaduna State, Nigeria

Local
Governm ent Area

HI titre
%

< 1/64 (-ve) > 1/64 (+ve)
Total

Kaduna North 76 39 115 33.9

Kaduna South 88 41 129 31.8

Chikun 112 44 156 28.2

Total 276 124 400 31

Chi square value (x2) = 1.063; P-value = 0.588; (-ve)-Negative ND antibody sera; (+ve)—Positive antibody sera

Table 3. Seroprevalence of Newcastle disease in the breed 
of chickens in Kaduna metropolis of Kaduna State, Nigeria

Breed No. of samples 
tested

No. of samples positive 
for ND antibody

No. of samples negative 
for ND antibody

Prevalence
[%]

Odds
Ratio 95 % CI

Local chickens 181 54 127 29.8 0.905 0.591-1.387

Exotic chickens 219 70 149 32.0 1.00

Total 400 124 276 31.0

95 % CI = Confidence Interval; Chi square value (x2) = 0.210; P-value = 0.647

Nigeria [1], while most likely due to vaccination in the ex­

otic chicken flock [27].

Our study demonstrated a relatively comparable sero- 

prevalence rate of ND in chickens obtained by other inves­

tigators in other countries, i. e., with an overall seropreva- 

lence rate of 33 % in Pakistan [20], and 27.86 % in back­

yard and small-scale chicken poultry farms in Ethiopia [8].

However, our study revealed a relatively lower sero- 

prevalence rate of ND compared to the overall seroprev- 

alence rate of 66.5 % in commercial poultry farms, village 

households and live bird markets in Benue State [1]; 63.5 % 

in local and exotic chickens in the Gwagwalada [5]; 38.5 % 

recorded in both Bauchi and Gombe States [22]; 79.6 % in 

North Gondar zone of Ethiopia [9] and 40.13 % reported 

in unvaccinated backyard poultry in Iran [30]. On the oth­

er hand, our study showed a higher seroprevalence rate as 

compared to the overall seroprevalence rate of 22.3 % in 

cross-bred chickens in Afikpo [25], and 6.2 % in the Barda 

region of Azerbaijan [34].

These observed differences in the seroprevalence of 

ND may be as a result of differences of ecological factors 

in NDV survival and transmission, and variations in sam­

pling methods [31]. This could also be as a result of local 

preventive methods used against ND in the study area [6]. 

Although no advanced field and laboratory research was 

done in this study to differentiate ND antibodies due to 

vaccination from those from active infections.

Also, the titre of serum antibodies to ND virus in chick­

ens could be affected if the chickens were infected with 

IBD virus, since it has been reported to be significantly 

lower than that of birds infected with ND virus alone [19]. 

It has also been reported that IBD virus affects ND virus 

excretion from chickens as ND virus was more frequently 

isolated from chickens infected with IBD virus, without the 

IBD virus infection altering the pathogenicity of ND virus 

in chickens [19].

CONCLUSIONS

The spatial distribution of ND from this study showed 

a higher concentration of ND antibodies at entry routes 

to the metropolis, signifying the importance of bird move­

ment in the spread of the disease. The entry points include:
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A. Zaria—Kaduna road;

B. Nnamdi Azikiwe bypass road;

C. Television garage;

D. Abuja—Kaduna expressway and

E. Kachia road.

Serological study showed a 31 % prevalence (124 out 

of 400) of ND antibodies in the study area indicating the en­

zootic nature of the disease. The ND prevalence was 33.9 % 

(39 out of 115), 31.8 % (41 out of 129) and 28.2 % (44 out 

of 156) for Kaduna North, Kaduna South and Chikun local 

governments respectively. Newcastle disease prevalence of 

29.8 % (54 out of 181) was recorded in local chickens while

32.0 % (70 out of 219) was obtained from the exotic chickens, 

with local chickens having the odds ratio of 0.905 times likely 

of being positive for ND antibody than exotic chickens.
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