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Abstract - A cross-sectional study on Newcastle disease (ND) was conducted in apparently healthy and non- vaccinated 

village chicken at Alamata district from December 2015 to April 2016. A total of 290 chickens were randomly selected to 

determine the sero- prevalence and identify possible risk factors for the disease using haemagglutination inhibition (HI) 

test. The overall sero- prevalence of Newcastle disease in the study area was found to be 26.2% (76/214). A statistically 

significant difference (x2= 4.627; p= 0.031) in the sero- prevalence between the young and adult chicken were found in the 

study area. The difference in sero-prevalence between local and cross breed was also statistically significant (x2= 21.799; 

p= 0.00). However, the difference were statistically insignificant between sexes and flock size (x2= 4.755; p= 0.665 and 

x2=0.603; p= 0.437) respectively. The high prevalence and no vaccination history indicated that, the chicken populations in 

the study area have been exposed to the virus sometime in the past. Based on this result the disease affects more likely to 

young, cross and lowland chickens according to age, breed and altitude respectively. Therefore, further study has to be 

conducted to know the depth (strength) of the impact of those possible risk factors on epidemiology of this disease. 
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I. INTRODUCTION 

Poultry industry in Ethiopia is dominated by the traditional sector. Free-range poultry keeping is most common in the country. 

Ethiopia has an estimated of 50.38 million with indigenous chicken of non-descriptive breeds accounting 96.9%, exotic breeds 

2.56% and hybrid chicken 0.54 %.Moreover,96.9% of indigenous chickens have been distributed in different agro-ecological zones 

of the country [11]. 

In most part of Ethiopia, village chicken represents a significant component of the rural household livelihood as a source of cash 

income and nutrition [13]. According to the central statistical agency report of 2011 the annual egg production of the country is 

estimated as 98.3 million [12]. Still these large population indigenous chickens are found in traditional production systems. But, 

they are well adapted to the tropics, adaptable to poor management, feed shortages, tolerate to diseases and provide better test of 

meat and eggs than exotic chickens [16]. Furthermore, short generation interval, high rate of productivity, easy to transport in 

different areas and easily consumed by the rural poor community are the major opportunities of chickens comparing with other 

farm animals [26].  Despite of their significant roles, rearing them has been considered as side line Agricultural activity. Diseases 

especially the devastating Newcastle disease (ND) is perceived to be the main constraint [22] which frustrates any investment in 

poultry production in the country.ND is caused by virulent strains of avian paramyxovirus type 1 (APMV-1) serotype of the genus 

Avulavirus belonging to the subfamily Paramyxovirinae, family Paramyxoviridae. The paramyxoviruses isolated from avian 

species have been classified by serological testing and phylogenetic analysis into ten subtypes designated APMV-1 to APMV-10 

[19]; ND virus (NDV) has been designated APMV-1 [5]. The infection takes place by inhalation or ingestion of the virus or by 

contact with mucous membranes, specially the conjunctiva. Infected birds shed virus in aerosol, respiratory discharge and faeces. 

Infected birds start to excrete virus during the incubations period and continue to excrete virus for a varying but limited time during 

convalescence [10]. It is enzootic in most countries in Africa, Asia and South America, where it continues to cause serious losses 

despite the vaccination of industrialized poultry (Aldous and Alexander, 2001). The disease causes high economic losses due to 

high mortality, morbidity, stress, decreased egg production and hatchability [4]. 

The mortality rate could be up to 100% and it is considered to be among the most important viral diseases of poultry in the world. 

Newcastle disease has a worldwide distribution [2]. The availability of standard sensitive serological test which is adapted to the 

conditions in these countries would facilitate diagnosis and accurate monitoring of vaccination programs. The haemagglutination 

inhibition (HI) test is used most widely in ND serology test. Its usefulness in the diagnosis depends on the vaccinal immune status 

of the chicken to be tested and on prevailing disease conditions [23]. The potential of the free-range chicken production has not 

been exploited because of diseases like ND. Therefore, if any success is to be achieved in improvements for free-range village 

chickens production, it will inevitably depend on the successful control of major poultry diseases in general and ND in particular 

[29]. For this to be feasible a base line date should beestablished to assist in formulating ND control programs. Consequently, 

epidemiological studies on free-range village poultry have to be carried out in Ethiopia to generate data, which could be used in 

the formulation of Newcastle disease control program. Nevertheless, there has been limited information available on prevalence 

of ND in different parts of the country including Alamata district. Therefore the objective of this paper was to determine prevalence 

of ND virus antibodies in village chickens and identify possible risk factors in the study area. 
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II. MATERIAL AND METHODES  

2.1. Study area 

This study was conducted from December 2015 to April 2016 in Tigray regional state at Alamata district. It is situated 180kms 

south of Mekelle, capital city of Tigray Regional State, and 600kms north of Addis Ababa, capital city of Ethiopia. The district 

has an altitude ranging from 1178 to 3148above sea level and the mean minimum and maximum annual rain fall is 615mm and 

927mm, respectively. The rain fall of the area is bimodal with the small rain (short rain season) covering 80% of the district and 

occurs between January to April, and main rain (long rain season) covering the whole district and occurs from June to August [17]. 

Agro climatically, the study area  is divided into two, intermediate high land (‘Dega’) which covers 25% and the low land (‘Kola’) 

which covers 75% of the district Mixed crop and livestock farming system is the mode of agriculture in the study site. 

 

2.2. Study Design 

A cross sectional epidemiological study was conducted on both sexes and different age of village chicken. The studywas 

undertaken from December 2015 to April 2016 to determine the sero-prevalence of Newcastle Disease Virus Antibodies and 

associated risk factors in village chickens. Purposive and systematic random sampling techniques wereused to select peasant 

associations and households, respectively. Initially, based on accessibility to transport and difference in geographical location five 

peasant associations were selected. ThosewereAdi-shehashm, Rarhie and Adis-kigni from the low land area, and Dafat and Hanak-

sraw from the high land area. Most of the chickens were local breeds and the rest were cross. The study animals were classified in 

to male and female, high land and low land, and young (3 up to 6 months old) and adult (greater than or equal to 6 months). 

 

2.3. Study Subjects 

The target animals were non vaccinated back yard chicken found in different villages that varies with age, sex and breed, but the 

same management and production system. The total chicken population in the study area was 114449 [9]. 

 

2.4. Sample Size Determination 

A cross-sectional epidemiological study was conducted to determine the overall sero-prevalence of ND in the study area. The 

sample size was determined with relevant formula for simple random sampling at 95% confidence interval and 5% desired level 

of accuracy. A study conducted in southern and rift valleyparts of Ethiopia on prevalence of Newcastle disease showed an overall 

prevalence 19.78% [29]. By taking this prevalence, the sample size was calculated based on the formula given by [28]. 

       n= 1.962 x Pex (1- Pex), ……………(1) 

                            d2  ……...Where n = number of sample size  

           d2 = absolute precision (5%),  

Pex = Expected prevalence (19.78%).  

Based on the formula given, the minimum sample size was calculated to be 244. To increase the precision of the test 46 samples 

were added and hence the total sample size was increased to 290. 

 

2.5. Sampling Methods 

In Alamata district, there are around 114,449Poultry population [9]. Systematic sampling method was adopted to select the 290 

village chickens for sampling. Therefore, five peasant associations (PAs) were selected based on altitude i.e. three fromlowland 

(Rarhie, Adi-shehashm and Adis- kigni), and two PAs from the highland (Dafat and Hanak-sraw). As a result the total sample size 

was classified in to those PAsbased on proportionality sampling. Sample size of each altitude was stated in the following table 1:  

Table1.Samplingarea and sex distribution of study chickens 

Altitude  Male  Female  Total  

Lowland  30 162 192 

Highland  34 64 98 

 

2.6. Serum sample collection 

After disinfecting the blood collection site (brachial vein of chickens) with cotton soaked in 70% ethanol, a total of 3 ml of blood 

was collected aseptically from apparently healthy village chicken in a 5ml syringe. The syringe was placed in a slant position for 

some time at room temperature up to serum was formed from thecollected blood. Then after that the serum wasdecanted into 

eppendorf tube for transportation by using ice box after proper labeling.The serum was centrifuged at 2500 rpm (revolution per 

minute) for five minute to remove and exclude the remnants from the serum and it was transferred in to another eppendorf tube. 

After that the serum was stored at-20oc until the Haemagglutination-inhibition (HI) test was carried out. 

 

2.7. Methods of Data Collection 

Data was collected during blood sample collection through labeling of all the basic information in each container using easily 

understandable code. In line with this there was data collection format which was used to get more clear information about the risk 

factors such as altitude, sex, age, breed and disposal of dead bird which was fulfilled at the time of blood sample collection. 

 

2.8. Antigen production in embryonated chicken egg 

Antigen production was done from the HB1 (Hitchner B1) live attenuated vaccine of NDV obtained from NVI (National Veterinary 

Institute) by standard method using embryonated chicken eggs. The embryonated chicken eggs of 9 to 11 days old were used for 

inoculation [5]. The eggs were disinfected and candled to check the viability and to delimit the air sac at the inoculation site of 

less number of blood vessels. The eggs were drilled manually to make a small hole about 2 mm above the delimitation of the air 
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sac and inoculated in allantoic cavity with 0.2 ml of diluted HB1 live attenuated NDV vaccine. Finally, the eggs were sealed with 

glue and incubated at 37oc for 4 days in an incubator.  

The inoculated eggs were candled every 24 hours to check embryo vitality. Eggs containing dead embryo on each day and those 

remaining at the end of the incubation period, were removed from incubator and chilled at +4°c overnight. The next day, allantoic 

fluids were harvested and tested by HA test for its ability to haemagglutinate chicken RBCs [5]. 

 

2.9. Blood collection and washed red blood cell preparation 

A 3 ml of Blood was collected from the wing vein of laboratory chicken using 4% sodium citrate solution at 1ml per 16 ml blood 

ratio as an anticoagulant. The syringewas slowly and gently shaken for complete mixing of the blood with the anticoagulant. After 

that the blood was transferred into a plane tube and centrifuged at 2500 rpm for five minutes. Then the supernatant was decanted 

without disturbing the pellet of red blood cells. Then 1x PBS (phosphate buffered saline) solution was added to fill its previous 

volume, and was mixed gently using micro pipette. Finally the cells were form a pellet after being washed three times in the same 

manner. From this a 10% and 1% washed chicken RBCswere prepared. 

 

2.10. Haemagglutination (HA) test and 4 HAU preparation 

Allantoic fluids that were harvested from the HB1 inoculated embryos were tested for haemagglutination activity. For this purpose 

25 microliter of 1x PBS solution was added in to 96 wells of microtiter plate. Then 25 microliter of fresh allantoic fluid was added 

in 1st well of microtiter plate and 2 fold serial dilutions were made in the plate up to its 11th well, and the 12th well was used as a 

negative control. 25 microliter of 1x PBS solution was added again up to 12th well of the plate. After that 25 microliter of 1% 

washed red blood cells (RBCs) were added up to 12th well and plates were incubated for 45 minutes at room temperature. 

Reciprocal of the last antigen dilution giving a clear lawn of evenly spread layer of RBCs were designated as antigen end titer. 4 

Haemagglutinating unit (4 HAU) was calculated by dividing the end titration point testing antigen by 4. 

 

2.11. Haemagglutionation inhibition test 

Antibody titer for NDV was determined from each serum sample using the OIE, HI test protocol as described by Alexander (2003). 

Briefly, 4 samples were tested in a single plate A-H for one sample in double. 25microliter of 1xPBS solution was dispensed into 

all wells of a plastic 96-well microtiter plate (v-bottomed wells) and 25microliter of serum sample was placed into the first A-H 

wells of the plate(sample one up to sample four) respectively. After that a 25microlliter of the 4 HAU of theallantoic fluid harvest 

wasadded to the last 12thA-Dwellsof the microtiter plate which serves as a negative control. The last E-H wells of the 12th well 

were dispensed again with 25 microliter of PBS solution and 1% washed RBC which serves as a positive control. With the aid of 

a multi-channel micro pipette, two fold serial dilutions of the serawere made across the plate (A1-A11).  The last 25microliterwas 

discarded and 25microliter of antigen containing 4 HAU was added to all the wells except to the 12thwellswhich serve as a negative 

control. NDV (HB1 attenuated live vaccine frequent passage) was used as source ofantigen. Then the plate was covered with 

Parafilm and waited for 30 minutes for antigen antibody reaction if there was. After that 25microliter of prepared 1% washed 

chicken RBC was added in to each wells using multichannel micropipette. Mixing was done gently by tapping and the plates 

placed on the bench at room temperature for 45 minute after which they were observed for HI test result. Finally, serum samples 

having an antibody titer of 1:16 (log2
4) and above were generally accepted as indicative of specific immunityi.e.positive [23].  

 

2.12. Description of Variables 

In this study, there were various risk factors for the occurrence of Newcastle disease which will be regarded as independent 

variables and an outcome variable (dependent variable) which was Newcastle disease. The possible risk factors to be studied in 

this disease were: Dependent variable; antibody of ND virus, and independent variables; age, sex, altitude, died bird disposal, 

breed and flock size. 

 

2.13. Data management and analysis 

The data collected from the study area was coded and recorded in Microsoft Excel spread sheet and then analyzed using SPSS 

version 20 statistical software. Descriptive statistics were computed for all the parameters and different PAs. Chi square was used 

to analyze the differences in the sero-prevalence between the sexes, ages, altitudes, flock size and breeds. A P-value less than 0.05 

were considered to be statistically significant. 

III. RESULTS 

In this study a total of 290 sera were tested by HI and an overall sero- prevalence of 26.2%was recorded in the study area (Table 

2). 

Table 2.Overallsero-prevalence of NDV antibodies at Alamata district 

Total number of sera tested  Sero positive Prevalence rate 

290 76 26.2% 

From the total serum sample 226 and 64 were female and male chicken, respectively. The result revealed that the disease hasno 

statistically significance variation between sexes (x2= 4.755; p= 0.415). 

Table 3.Sero-prevalence of NDV antibodies in male and female chicken and their association 

Sex  Total  Positive  X2 -value p- value  

Female  226 66(29.2%)   

Male  64 10(15.6%)   
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Total  290 76 4.755 0.415 

The overall sero- prevalence of NDV antibodies based on age was different in adult and young chicken. The prevalence of this 

disease varied significantly (x2=4.627; p= 0.031) between age categories, the adult chicken (29.7%) were more affected than young 

chicken (17.3%) (Table 4). 

Table 4.Sero- prevalence values of NDV in young and adult chicken and their association. 

Age  Total  Positive  X2- value p- value  

Young  81 14(17.3%)   

Adult  209 62(29.7%)   

Total  290 76 4.627 0.031 

Total sero- prevalence of the disease in local and cross breed chicken was 17.9% and 43.6% respectively. The result revealed that 

the disease has statistically significance variation between breeds (x2= 21.799; p= 0.00) (table 5). 

Table 5.Sero- prevalence value of NDV in local and cross breed and their association 

Breed  Total  Positive  X2- value P value  

Local  196  35(17.9%)   

Cross  94 41(43.6%)   
Total  290 76 21.799 0.00 

Total sero- prevalence of the disease in lowland and highland altitude chicken was 31.8% and 15.3% respectively. The result 

revealed that the disease has statistically significance variation between altitude (x2= 9.095; p= 0.03) (table 6) 

Table 6.Sero- prevalence values of NDV in lowland and highland altitude and their association 

Altitude  Total  Positive  X2- value p- value  

Lowland  192 61(31.8%)   

Highland  98 15(15.3%)   

Total  290 76 9.095 0.03 

From the total sera sample 137 and 153 were have flock size of less than five chicken and six up to eleven chicken respectively. 

The result revealed that the disease has no statistically significance variation between flock sizes (x2= 0.603; p= 0.437) (table 7).  

Table 7.Sero- prevalence value of NDV in comparative low and medium flock size and their association 

Flock size  Total  Positive  X2- value p- value  

Low(1-5 chicken) 137 33(24.1%)   

Medium(6-11 chicken)  153 43(28.1%)   

Total  290 76 0.603 0.437 

IV. DISCUSSION 

The present cross-sectional study concerns with sero- prevalence of Newcastle disease and its associated risk factors at Alamata 

district. A total of 290 unvaccinated chicken sera samples were collected in the study area. Of this, 26.2% (76) was found to be 

positive for specific HI antibody titers of NDV (Table 2). This disclosed that ND is one of the major diseases of chicken occurring 

in the study area. The presence of ND antibodies in the sera of non -vaccinated chicken were an indication of previous exposure 

of chicken to natural infection in the field.  

The observed result (26.2%)wasalmost similar with the findings (19.78%, 28.57% and 29.69%), from Ethiopia the sero–prevalence 

of ND, reported from southern and rift valley, Debre Berhan, Sebeta by[29] and[25] respectively. Another author [1] from Nigeria 

was found 23.6% sero-prevalence of ND in non- vaccinated local chicken which was agreed with the present study. However, this 

result is lower than the findings of [25] and [6] which is 38.33% and 43.68%; a sero- prevalence study at Nazareth and central part 

of Ethiopia,respectively. Thisvariation in sero -prevalence of the disease might be due to difference in geographical location and 

seasonal variability. But the observed results were higher than the findings of [8] from Ethiopia and [15] from Mexico which was 

5.6% and 2.2% of the overall sero -prevalence of ND, respectively. This might be due to the difference in study design because 

they use blocking-ELISA for thedetection of NDV antibodies. 

A statistically significant difference (p= 0.031) in the sero-prevalence between the young and adult chicken was found in the study 

area which was in agreement with the finding of Muhammad and his friends from Faisalabad, Pakistan [20]. The disease has higher 

prevalence in adult chicken than the young one. This variation can be suspected due to the frequent exposure of adult chickens in 

their earlier age to the field virus. Since all of the chickens sampled were over three months of age the presence of maternal 

antibodies can be ruled out for suchantibodies are known to wan after the age of 3-4 weeks [21]. 

The difference in the sero-prevalence between local and cross breed was also statistically significant (p= 0.00). This finding is 

agreed with the finding of Fethu, [14]. In this study the sero- prevalence of ND is higher in cross breed than local breed. But, the 

question of breed susceptibility to ND is still Controversial [7]. Statistically significant variation (p= 0.03) was observed among 

the lowland and highland altitudes on sero –prevalence of ND in the study area. The low altitudes do have higher sero-prevalence 

than the high altitude whichagrees with the findings of [29]. The observed differences in the rates of NDV antibodies in highland 

and lowland may also be because of ecological variations in ND activity and may perhaps be a reflection of the impact of 

environment on the viability of NDV and epidemiology [24]. The prevalence was varied between sexes but it was not statistically 

significant variation (p= 0.415). This finding of the studywasagreed with the previous studies in showing that there was no 

significant difference between the two sex groups, which was supported by the report, which indicated as the disease affects more 

likely in both sexes almost similarly [8]. The sero-prevalence of the disease was varied between flock sizes; however, the difference 

was not statistically significant (p= 0.437). This finding had an agreement with the finding of [18]. 
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V. CONCLUSION AND RECOMMENDATIONS 

The current cross-sectional study revealed that the overall sero- prevalence of ND at Alamata district was found to be 26.2%. This 

resultand no vaccination history indicated that the chicken population in the study area has been exposed to the virus sometime in 

the past. In addition to thisthe result revealed that 73.8% of the chicken populations in the study area are at risk of infection.  

The current study is also showed that the prevalence of ND based on age, breed and altitude have a statistically significant variation. 

Based on this result the disease affects more likely to young, cross and lowland chickens according to age, breed and altitude 

respectively. Therefore, according to the concluding remark the following points are recommended: 

 regular vaccination should be carried out in the study area 

 further study has to be conducted to know the depth (strength) of the epidemiological impact of those possible risk factors 

on the distribution of this disease 
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