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Abstract: The purpose of this study was to establish the effect of vaccination against Newcastle disease using 
I-2 thermo stable vaccine, on the productivity of free range chicken. It was carried out in Bulyansiime village, 

Iganga District, Uganda. A baseline survey was conducted to determine the serological status and flock 

dynamics of the free range chicken. This was followed by blood sample collection and vaccination of adult birds 

after every 3 months for a period of one year. Haemagglutination Inhibition tests were performed on serum 

samples derived from blood collected, to determine the level of antibody titers against New Castle Disease 

Virus. Flock production data per household was recorded alongside the vaccination and blood sample 

collection exercise. Flock production data derived was compared with those obtained from an unvaccinated 

group of birds in a neighboring village (Kikunu) at the end of the study. Analysis of variance was used to 

determine significant differences in geometric mean antibody titers and flock size of vaccinated birds. 

Independent sample t test was used to determine significant differences in flock size between the vaccinated and 
unvaccinated flocks. IBM SPSS statistics, version 24 was used for statistical analysis. Results were presented 

graphically and in tables. There was a significant difference (p˂0.05) in geometric mean antibody titers of the 

experimental flock, which increased from log2 2.0±1.22 to log2 5.57±0.82. The level of protection of the flock 

derived from the baseline data was 32% and increased to 83% and 87% after administration of the vaccine in 

the first and second quarter of the study respectively. A 100% level of protection was attained after the third 

and fourth vaccinations. An increase in flock size from 10.83±0.64 to 23.44±0.89 birds per household was 

observed after one year. Significant differences (p˂0.05) were observed between the mean flock sizes of 

vaccinated group (23.44±0.89) and unvaccinated group (10.88±0.46) at the end of the study. Vaccination of 

free ranging chicken against New castle Disease using I-2 thermo stable vaccine led to an increase in their 

antibody titers to levels that offered them protection against NCD. Use of the vaccine increased flock 

productivity by enhancing survivability of the flock. 
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I. Introduction 
Free range poultry play a significant role in the lives of poor rural communities in developing 

countries. Besides their use in cultural and religious ceremonies, they provide animal protein in form of meat or 

eggs and can be sold to generate income that enables rural households cater for necessities like tuition for 

children, medical care and clothes. Free range poultry, mainly owned by the rural poor, are a stepping stone 

towards asset accumulation because earnings from their sale enable households invest in crop and other 
livestock enterprises like goats and cattle (Dolberg 2003). In addition, the authority and responsibility of 

looking after poultry is left to the women so income generated from the birds acts as additional income that they 

use in provisioning for the household (Alders and Pym, 2009).   

Village based projects have exhibited the potential of free range poultry to further transform the lives 

of rural poor through improved methods of management that offer protection to chicks for the first two months 

and vaccination against New Castle disease (NCD), a highly contagious disease (Alexander 1997). Vaccination 

against New Castle disease leads to a reduction in poultry mortality (Alexander et al 2004). In order to ensure 

success of New Castle disease control programs, village based projects have included supply of NCD vaccines 

with adequate shelf life and active involvement of farmers in the vaccination programs (Alders et al 2010). 

Monitoring of these vaccination programs and diagnosis of New Castle disease is enhanced by the use of 

serological tests adapted to the conditions where vaccination is carried out (Tabidi et al 2004). 
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II. Materials and Methods 
Study area: The study was carried out in Bulyansiime village, Igombe Sub County, Iganga District, Uganda. 

 

Research design: A longitudinal study was carried out. Only birds reared under free ranging system were 

included in the study. 

 

Sample size determination 

The sample size of birds for the study was calculated (Ariola 2006) as: 

 n = N/ (1+Ne²)        

 Where   n= Number of samples  

               N=Total population of birds 

                e = margin of error 
Using a 95% confidence interval (0.05 margin of error) the sample size was; 

                            n =  2000/ (1+2000*0.052) = 333 birds                 

Using simple random selection, blood was drawn from every 6th bird picked from the population. A sample size 

of 333 birds was maintained throughout the study. 

 

Baseline survey, serum collection and vaccination 

A baseline survey to establish the flock demographics was carried out with the aid of a questionnaire. 

A respondent from each of the 110 households, was interviewed to determine flock numbers per household, 

starting from one end of the village to the other. Farmers were asked a day before to restrain their birds for the 

blood collection and vaccination exercise. Majority kept them locked up in the houses while others tethered 

them in gardens. In order to establish baseline serological status of birds, door to door blood sample collection 
was carried out. Birds then received I-2 thermostable NCD vaccine.  A maximum of 2mls of blood was 

collected aseptically from the wing vein of adult birds, using a 2.5ml non-auto lock syringe with a 23-gauge 

needle and placed in 4ml plain vaccutainer. The samples were placed on a bench for 12 hours to allow clotting 

of blood. The clear sera was collected and stored at -20°C and used to carry out Haemagglutination inhibition 

tests. I-2 Thermo stable NCD vaccine was administered through eye droplet method, using 5ml syringes with 21 

gauge needles. All birds received the vaccine. Subsequent vaccinations were done concurrently with sera 

collection after every 3 months for a period of one year.  

 

Haemagglutination inhibition tests 

The antigen used for the test was reconstituted I-2 Thermo stable vaccine. Initially, 0.025 ml of 

Phosphate buffered Saline (PBS) was dispensed into each well of a plastic V-bottomed micro titer plate up to 

the 8th well. This was followed by 0.025 ml of the sera sample which was placed in the first well and two fold 
dilutions of 0.025 ml volumes of the sera were made up to the 7th well.  0.025ml of 4HAUs of antigen (I-2 

vaccine) was dispensed to each well across the plate. The solution was mixed gently and allowed to settle for 30 

minutes at room temperature. 0.025 ml of 1% (v/v) chicken red blood cells was dispensed to each well. The 

solution was mixed by tapping the plate gently and allowed to settle for 40 minutes at a room temperature of 

25°C. The wells for each sera sample in which red blood cells settled as pinpoint buttons at the bottom of the 

well were recorded as positive. The HI titer for each serum sample was expressed as a reciprocal and 

transformed to log2. Titers ≥ log23 were considered protective (Grimes, 2002). 

 

Flock production data 

Quarterly flock production records were taken during the vaccination and sera collection exercise for 

the households participating in the study, using a simple form that was tailored to this study. Flock deaths, 
number of cocks, hens and chicks were recorded. After one year, flock production data of vaccinated birds was 

compared with data derived from households with unvaccinated flock from a neighbouring village. 

 

Statistical analysis 

Using SPSS, analysis of Variance (ANOVA) was carried out to determine significant differences in 

mean antibody titers, flock size and deaths obtained at the different points in time during the study. Independent 

sample t test was used to determine significant difference in mean flock size between vaccinated and 

unvaccinated birds. Post Hoc analyses using Least significant Difference (LSD) was carried out. IBM SPSS 

statistics, version 24 was used for statistical analysis. The results were presented graphically and by means of 

tables. 
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III. Results 
Serological status of the flock 

The level of flock protection against New Castle Disease was established through determination of 

antibody titer levels of the flock through haemagglutination inhibition tests carried out on sera samples obtained 

from the birds. The protection levels obtained pre vaccination (baseline) was 32%. Levels of protection 

achieved after the first and second vaccination were 83% and 87% respectively. After the third and fourth 

vaccination, the level of protection was 100%. The Geometric mean titer value (GMT) increased from 2.0± 1.22 

to 5.57±0.82 as shown in figure 1. Post hoc analysis revealed significant differences (P˂0.05) in geometric 

mean titers throughout the study. 

 

 
Figure 1: Geometric mean titers against time 

 

Flock production 
Flock production data was taken concurrently with the vaccination and sera collection exercise. Generally, the 

flock size increased from 10.83±0.64 to 23.44±0.89 birds as shown in table 1. 

 

Table 1: Average flock sizes and deaths per household 

Period Initial (Baseline) 1
st
 quarter  2

nd
 Quarter 3

rd
 Quarter 4

th
 Quarter P value 

Flock size  10.83±0.644
a 

17.11±0.776
b 

15.93±0.78
b 

20.11±0.882
c 

23.44±0.886
d 

0.000 

Cocks  0.90±0.067
a 

0.99± 0.071
a 

1.36±0.103
b 

1.42±0.095
b 

2.03±0.116
c 

0.000 

Hens  3.81±0.266
a 

5.26±0.341
b 

6.56±0.471
b 

10.09±0.669
c 

12.47±0.649
d 

0.000 

Chicks 6.12±0.483
a 

10.86±0.562
b 

8.02±0.521
c 

8.60±0.499
c 

9.05±0.522
c 

0.000 

Flock deaths 4.31±0.285
a 

2.08±0.189
b 

3.91±0.289
c 

3.44±0.236
c 

3.31±0.236
c 

0.000 

             Mean and SEM values 
   a, b, c, d  values  on the same row with different superscript are significantly different at p=0.05. 

  

Post Hoc analysis revealed significant differences in reported flock deaths and chick numbers in the 

first and second quarter of the year. Significant differences (p˂0.05) in flock size were observed in first, third 

and fourth quarter.  Significant differences in number of cocks (p˂0.05) were observed in second and fourth 
quarter while significant differences (p˂0.05) in hen numbers were observed in first, second, third and fourth 

quarter of the year. Significant differences (p˂0.05) were observed in the household flock sizes and deaths 

among vaccinated and unvaccinated groups by the last quarter of the study as shown in table 2. 
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Table 2: Average household flock sizes and deaths for unvaccinated and vaccinated groups by the last 

quarter of the study 
 Unvaccinated Vaccinated P value 

Flock size 10.88±0.455
 

23.44±0.886
 

0.000 

Cocks 1.05±0.071
 

2.03±0.116
 

0.000 

Hens 4.65±0.273
 

12.47±0.649
 

0.000 

Chicks 5.17±0.318
 

9.05±0.522
 

0.000 

Flock deaths 8.08±0.437 3.31±0.236 0.000 

Mean ± SEM values 

 

IV. Discussion 
The study showed that birds in the village were sporadically or never vaccinated against New castle 

Disease. The low protective titer of 32% and Mean HI titer of log2 2.0±0.12 obtained at baseline showed that 

antibodies against NCD existed within the flock and was an indication that the birds could have earlier on been 

vaccinated or exposed to a wild virus. However due to prolonged absence of vaccine administration or exposure 

to wild virus strains in the village, the antibodies in birds against Newcastle decreased to levels that could not 

offer birds protection against the disease. A similar scenario was observed in Malawi where a single dose of I-2 

thermostable vaccine administered to birds in three villages led to an increase in antibody titers against NCD 

and protection levels in all villages in the first month but gradually decreased in one village from log25.39±0.26 

to 2.99 in a period of four months (Mgomezulu et al 2009).  

Within the same period, the other two villages registered higher titer values of 4.00±0.22 and 
5.95±0.34 respectively. The titer values obtained at the end of the study were attributed to exposure of the two 

villages to wild virus strain that increased their antibodies to above protection levels. Because birds in the third 

village were not exposed to the wild virus strain, the antibodies created in response to vaccination gradually 

reduced hence a decline in mean antibody titer and protection levels (Mgomezulu et al 2009). The low 

Geometric Mean antibody Titer (GMT) and flock protection of 32% obtained at baseline in this study was an 

indication that no recent NCD outbreak had occurred and depicted that no vaccination exercise was recently 

carried out in the area, which is in agreement with Alder’s observation of the inability of village farmers rearing 

chicken on free range to routinely vaccinate their flock hence rendering birds susceptible to NCD (Alders et al 

2009).  

The eye drop method was selected as the route for vaccine administration for this study because in 

comparison to other methods, a higher immune response is produced in birds. Studies done in Uganda and 
Tanzania demonstrated that the antibodies generated and level of protection against NCD that follows 

administration of the vaccine by eye drop method were superior to what is achieved when the vaccine was 

administered to birds orally (Illango et al 2008; Wambura et al, 2000).  

Following the initial vaccination, GMT values rose to log24.02±0.11 demonstrating I-2 vaccines ability 

to invoke an immune response that leads to an increment in antibody titers against NDV in birds. A study done 

in 2008 demonstrated a rise in mean HI titers from log2 2.58 to log2 4.05 observed among birds vaccinated with 

a single dose of I-2 thermostable vaccine (Illango et al 2008). Consequently due to an increase in GMT, the 

level of protection against NDV increased to 83%. A study in Mozambique showed 82% survival of adult birds 

five months later following administration of I-2 vaccine via the eye drop method (Dias et al 2001).When HI 

tests were done using blood obtained from adult birds in a study done by Albano in Tanzania, 81.2% had 

antibody titers above protection levels after initial I-2 vaccine administration (Albano et al 2012).   

Attainment of a 100% level of protection after the third vaccination and fourth vaccination exercise 
could be attributed not only to administration of the vaccine, but also exposure of birds to a wild virus strain. In 

controlled environments such as laboratories, administration of I-2 vaccine alone by eye drop method can 

generate protection levels up to 100%. This was demonstrated by Illango where housed birds attained a 100% 

level of protection after administration of the third treatment of I-2 themostable vaccine in comparison to 89.5% 

in un housed birds (Illango et al 2008). In Tanzania and Nigeria, 100% of housed birds in the study that 

received I-2 vaccine via eye drop survived the challenge with a virulent field isolate (Wambura et al 2000; 

Musa et al 2010). However, a study in Malawi revealed a 100% level of protection in free ranging chicken that 

resulted due to exposure of the birds to a wild strain of New Castle Disease (Mgomezulu et al 2009). An 

encounter with wild strains of NDV led to infection of the flock with the virus; the infected birds however did 

not succumb to the disease. This encounter led to a rise in the mean antibody titer of the exposed flock 

(Mgomezulu et al 2009; Musa et al 2010). 
The 116% increase in flock size from 10.83±0.64 to 23.44±0.89 at the end of the study period could be 

attributed to protection against New castle disease as a result of vaccination. A similar study by Dias et al 2001 
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demonstrated the ability of thermo stable vaccines to single handedly increase chicken flock sizes by 50% in 

five months and 144% within one year.  

The significant differences observed between flock sizes in the vaccinated and unvaccinated groups in 
this study could probably be due to the differences in flock deaths. A six month study carried out in Eastern 

Uganda by Nahamya et al 2006 registered a 56% and 50% difference in flock size and flock deaths respectively 

between vaccinated and unvaccinated groups of chicken. The percentage of chicken in the unvaccinated area 

with antibody titers above protection levels was 96%. These levels were an indication of exposure of the 

unvaccinated flock to a wild virus strain of NDV that could have culminated in death of birds. Even though a 

74.5% level of protection was achieved in the vaccinated area, flock deaths were lower implying birds were 

protected from the NDV wild strain (Nahamya et al 2006). The vaccinated flock in this study might have been 

protected from the New Castle disease field virus strain that all birds in and around the neighboring villages 

were exposed to. Unvaccinated birds however succumbed to the disease.  

Despite the intervention of NCD vaccination, flock deaths still occurred in the study area. Cases of 

death could have arisen due to encounters with predators, rain and other emerging diseases such as fowl pox 
which contribute to the death toll among free ranging chicken.  

Increase in flock size is dependent on chick survivability since they act as replacement stock. Increase 

in the number of chicks in the first quarter depicted an increase in their survivability which could be attributed 

to the vaccine. As demonstrated by Henning 2004, I-2 thermo stable vaccine reduced the proportions of 

mortalities in growers and chicks that were attributed to New castle disease (Henning et al 2009). However, in 

the free range system, vulnerable chicks are exposed to predators, diseases and extreme weather conditions as 

they forage for food. Exposure of chicks to cold during heavy rain could have led to death and a decrease in the 

number of chicks observed during the rainy period encountered in the third quarter of the study. Studies have 

attempted to improve on housing for chicks for the first two months of their life in order to protect them from 

adverse weather conditions such as sunshine and rain (Lwesya et al 2004). Mgomezulu in Malawi noted that 

flock losses were majorly due to chick mortalities (Mgomezulu et al 2009).  At the time of the baseline survey 

of this study, no outbreak of NCD had occurred for six months implying cause of death of birds at the time 
could have been other diseases, predation or harsh weather.  

 

V. Conclusion 
Vaccination of free ranging chicken against New castle Disease using I-2 thermostable vaccine led to an 

increase their antibody titers to levels that offered them protection against NCD. Use of the vaccine increased 

flock productivity by enhancing survivability of the flock. 
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