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Abstract | This paper analyzes the effectiveness of avian influenza vaccination campaigns in a hypothetical study of 
Haryana, Tamil Nadu, and West Bengal. We surveyed 150 poultry farms to assess vaccination status, titers, disease 
prevalence, mortality rates, and haematological indicators. Results revealed that disease prevalence and mortality from 
avian influenza decreased significantly following vaccination efforts, with Haryana experiencing the most success 
due to higher vaccination rates and enhanced biosecurity measures. Moreover, vaccinated birds had greater antibody 
titers than non-vaccinated birds, indicating a proper immune response; however, the readings in Tamil Nadu and 
West Bengal were partial due to a partial mismatch between the vaccine strain and the dominant strain in the areas, 
suggesting a lower response. This study concludes with recommendations for future strain mismatch monitoring, 
vaccine development, and biosecurity. The recommendations aim to enhance vaccination coverage, promote small-scale 
farming, improve biosecurity, and foster public-private partnerships to optimize vaccination programs and mitigate the 
impact of avian influenza outbreaks.
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INTRODUCTION 

Avian influenza, also known as bird flu, is a highly 
infectious viral disease that affects poultry, wild 

birds, and occasionally humans (Bansal et al., 2006). 
Avian influenza outbreaks pose a serious risk to the 
poultry industry, human health, and world food security. 

Successful vaccination programs are crucial in limiting 
the effects of this disease, reducing mortality rates, and 
halting its transmission (Bouma et al., 2008). This overview 
highlights the significance of vaccination programs against 
avian influenza and discusses the complications and factors 
affecting their success.

https://dx.doi.org/10.17582/journal.jahp/2025/13.s1.470.476
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Background of avian influenza
Avian influenza, also known as bird flu, is an influenza 
virus infection caused by the influenza A virus, specifically 
subtypes H5, H7, and H9, which differ in pathogenicity 
(Capua and Marangon, 2003). HPAI viruses like H5N1 
and H5N8 have triggered major global epidemics and 
killed millions of birds and wreaked havoc in the poultry 
business, trade, and rural livelihoods (Criado et al., 2023). 
In addition to economic damage, the zoonotic risk of 
viruses such as H5N1 is seriously threatening public 
health by inflicting severe respiratory disease on humans 
with high death rates (Cui et al., 2021). Increased mutation 
exacerbates this problem as genetic reassortment allows 
the virus to evade immunity and transform to fit other 
hosts. These pathogens primarily target smallholder 
farmers in low- and middle-income countries, rendering 
them the least able to achieve biosecurity and vaccination 
(Gamal et al., 2021). When outbreaks occur, achieving 
biosecurity is almost impossible, as social and economic 
vulnerabilities intensify when markets close and avian 
consumption decreases. While vaccination prevents the 
spread and mortality of diseases, such success relies on 
the appropriateness of the vaccine strain, the percentage 
administered, and additional biosecurity efforts (Hegazy 
et al., 2023). Ultimately, the need to successfully assess 
vaccination as problems of avian influenza continue to 
plague fowl populations requires a multifaceted solution 
that combines vaccination, assessment, biosecurity, and 
awareness (Ibrahim et al., 2021).

Role of vaccination in disease control
Vaccination is vital for controlling avian influenza, as 
it alleviates clinical signs, minimizes viral shedding, 
and prevents horizontal transmission in flocks (Islam 
et al., 2023). It is a proactive step toward ensuring 
that an outbreak will not occur in the future for at-risk 
populations, thereby maintaining the stable quality of 
chicken production and the economic viability of farmers 
and the poultry sector within endemic regions (Kanekiyo et 
al., 2023). Successful vaccination campaigns minimise the 
need for extensive culling, thereby reducing the economic 
and social costs associated with outbreaks. In combination 
with supporting measures such as surveillance, prompt 
detection, and rigorous biosecurity practices, vaccination 
constitutes the cornerstone of a well-rounded strategy to 
control and prevent avian influenza outbreaks (Knight-
Jones et al., 2010). By boosting immunity in bird 
populations and reducing viral circulation, vaccination not 
only safeguards animal health but also lowers the risk of 
zoonotic transmission, thereby enhancing public health 
safety (Kwon et al., 2021).

Challenges in avian influenza vaccination
Despite its effectiveness, several challenges limit the success 

of vaccination programs:
•	 Vaccine-strain match: The performance of a vaccine 

relies on its capacity to target circulating virus strains 
(Mahmoud et al., 2022); mismatches between field 
viruses and vaccine strains lower vaccine effectiveness.

•	 Logistical constraints: Limited resources, inadequate 
cold chain infrastructure, and poor accessibility in rural 
areas create significant obstacles to vaccinations.

•	 Biosecurity gaps: Inadequate biosecurity controls 
can undermine the success of vaccination programs, 
allowing the virus to spread even among immunized 
individuals.

•	 Public awareness: There is a low level of awareness 
among farmers regarding the benefits of vaccination 
and proper administration practices, which also 
constitutes an obstacle.

MATERIALS AND METHODS

This section describes the techniques used to measure 
the effectiveness of avian influenza vaccination programs 
(Marangon et al., 2008). The research evaluated the impact 
of vaccination programs on the incidence, severity, and 
progression of avian influenza in poultry populations. Data 
collection, analysis, and experimental procedures were 
conducted following ethical standards and obtained the 
necessary approvals from the relevant authorities (Nahed 
et al., 2021). The methodology is divided into subsections 
to ensure a clear presentation of the research process.

Study design 
A retrospective cohort study design was employed to 
assess the effectiveness of avian influenza immunization 
programs (Peyre et al., 2009). Three regions with varying 
vaccination coverage high, medium, and low were studied. 
Selection was made from these regions using historical 
data on outbreaks of avian influenza, as well as uptake in 
immunization programs (Pramuwidyatama et al., 2019). 
The data were obtained from commercial poultry farms, 
governmental veterinary departments, and independent 
research organizations.

Sample selection
Poultry farms across the study areas were randomly 
identified to have a representative sample (Spackman et al., 
2023). Farms under the study were of the following type:
•	 Involvement in a minimum of one bird flu vaccination 

program over the last three years.
•	 Keeping thorough records on vaccination dates, disease 

occurrence, and death rates.
•	 Complying with the grant of access to farm records 

and samples for laboratory analysis.
There were a total of 150 poultry farms selected for study, 
of which 50 farms were chosen from each region.
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Data collection
•	 Farm surveys: Standard questionnaires were 

employed to obtain data on vaccination practices, 
farm management, and biosecurity practices (Sun et 
al., 2012). Interviews were conducted with farmers 
to gather information on the types of vaccines 
administered, vaccination schedules, and any adverse 
effects observed.

•	 Disease records: Historical data of avian influenza 
outbreaks, morbidity, and mortality were collected 
from farm records and government databases.

•	 Sample collection: Biological samples, including blood, 
swabs, and tissues, were collected from vaccinated and 
unvaccinated birds for laboratory testing (Swayne, 
2009). Sampling was carried out with the support of 
trained veterinarians to guarantee animal welfare and 
the fulfilment of ethics

Laboratory testing
Antibody titer analysis
Serological analyses were conducted to estimate antibody 
titers in the vaccinees and control birds (Al-Tmimi et 
al., 2024; Swayne, 2012). HI assays were conducted to 
determine the degree of immune response induced by the 
vaccine.

Virus isolation and genotyping
Specimens from avian influenza suspected cases were 
typed to separate and detect the virus strain. Genotyping 
was performed to determine whether the prevailing strains 
matched the vaccine strain.

RESULTS AND DISCUSSION

This section presents the research outcomes and provides 
an in-depth discussion of the findings regarding the 
efficacy of avian influenza vaccination programs (Swayne 
et al., 2011). The results are organized into subheadings 
for readability, covering vaccination coverage, immune 
response, disease occurrence, and laboratory outcomes. 
Statistical differences and their explanations are included 
to highlight the significance of the findings for the 
management of poultry health (Talat et al., 2020).

Vaccination coverage and farm characteristics
Table 1 presents the vaccination status and type of farms 
that participated in the study. The vaccination status 
differed considerably across the regions, with the highest 
in Haryana (85%), followed by Tamil Nadu (60%), and 
then West Bengal (40%) (Talazadeh et al., 2022). The 
larger farms with improved biosecurity had the highest 
vaccination rates compared to the smaller farms.

Table 1: Vaccination coverage and farm characteristics.
Location Number 

of farms
Vaccination 
coverage (%)

Average farm 
size (Birds)

Biosecurity 
score (1-5)

Haryana 50 85 10,000 4.5
Tamil Nadu 50 60 7,000 3.8
West Bengal 50 40 5,000 2.9

Figure 1: Vaccination coverage and farm characteristics.

The statistics also reveal notable regional differences in 
vaccination, farm size, and biosecurity protocols among 
the poultry farms of Haryana, Tamil Nadu, and West 
Bengal. Haryana registers the maximum coverage of 85% 
vaccinations, along with a large farm size averaging 10,000 
birds and a strong biosecurity score of 4.5, reflecting strict 
disease-controlling measures. All these contribute to firm 
control over avian influenza in the area. Tamil Nadu, 
with 60% moderate vaccination coverage and smaller 
farm sizes of 7,000 birds on average, has a biosecurity 
score of 3.8, indicating potential for improvement in 
disease management practices. West Bengal has the 
lowest vaccination coverage at 40%, with smaller farms 
of 5,000 birds on average and a low biosecurity score of 
2.9, indicating a high risk of exposure to avian influenza 
outbreaks. The findings emphasize the need for enhanced 
vaccination coverage and biosecurity practices, particularly 
in Tamil Nadu and West Bengal, to maximize the overall 
effectiveness of avian influenza control programs.

Immune response evaluation
Birds that did and did not receive the vaccine had 
significantly different titer levels via Hemagglutination 
Inhibition (HI) (Tang et al., 2022).

The HI titers and subsequent comparisons suggest 
significant differences between the unvaccinated and 
vaccinated groups in their ability to respond to the 
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immune challenge, indicating that they were successfully 
vaccinated. Birds vaccinated in Haryana had the highest 
HI titer at 8.5. In contrast, the unvaccinated group had an 
HI titer of 2.1-this indicates that the ability to respond 
to vaccination was significantly enhanced due to high 
coverage and good biosecurity. Birds vaccinated in Tamil 
Nadu had the second-highest HI titer, at 6.8; the HI 
titer of the unvaccinated group was 1.8. This implies that 
limited success was achieved with vaccination, suggesting a 
lower coverage opportunity and a less-than-perfect match 
between the vaccine and the virus strain. Finally, the third 
lowest vaccination coverage opportunity was observed in 
West Bengal, with the lowest observed HI titer of 4.2 for 
those vaccinated and 1.5 for those unvaccinated, indicating 
a decreased effectiveness of the vaccine, attributed to less 
than perfect vaccination and biosecurity efforts. Ultimately, 
the titers reflect that all three locations would benefit 
from increased vaccination efforts in the future especially 
Tamil Nadu and West Bengal where increases in immune 
response would guarantee better protection from avian 
influenza.

Table 2: Mean antibody titers in vaccinated and 
unvaccinated birds.
Location Vaccinated birds 

(HI Titer)
Unvaccinated birds 
(HI Titer)

Haryana 8.5 2.1 
Tamil Nadu 6.8 1.8 
West Bengal 4.2 1.5 

Figure 2: Mean antibody titers in vaccinated and 
unvaccinated birds.

Disease incidence and mortality rates
According to the morbidity study, vaccinated farms had 
significantly lower rates of illness and mortality from avian 
influenza compared to those that were not vaccinated.

The incidence and mortality rates across unvaccinated 
and vaccinated farms suggest that those who vaccinate are 
successful in minimizing the prevalence of avian influenza 
in the fields. For Haryana, the incidence rate is 25.0% 
for unvaccinated farms with a mortality rate of 15.0%. In 
comparison to these high averages, the 5.0% incidence 
(2.0% mortality) of vaccinated farms seems highly 
probable to be contained with good vaccination coverage 
and effective biosecurity. For Tamil Nadu, the coverage is 
moderate. Thus, the incidence and mortality rates in the 
vaccinated farms are 10.0% and 5.0%, respectively; whereas 
in the unvaccinated farms, the incidence is 30.0% and the 
mortality rate is 18.0%. This suggests that vaccination 
is beneficial, but not as significantly as it could be with 
improved reach and enhanced biosecurity efforts. For West 
Bengal, the lowest vaccination effort and worst biosecurity 
result in an incidence and mortality rate of 20.0% and 
10.0% in vaccinated farms; however, for unvaccinated 
farms, the incidence rate skyrockets to 40.0%, and the 
mortality rate is even worse at 25.0%. This emphasizes the

Figure 3: Disease incidence and mortality rates.

Table 3: Disease incidence and mortality rates.
Location Incidence rate (%) in 

vaccinated farms
Mortality rate (%) in 
vaccinated farms

Incidence rate (%) in 
unvaccinated farms

Mortality rate (%) in 
unvaccinated farms

Haryana 5.0 2.0 25.0 15.0
Tamil Nadu 10.0 5.0 30.0 18.0
West Bengal 20.0 10.0 40.0 25.0
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importance of vaccination, even in cases where individuals 
appear to be beating the odds, as it can significantly decrease 
incidence and mortality. Nevertheless, it still indicates that 
better biosecurity is recommended, as even with reasonable 
biosecurity efforts, the rate remains too high. Thus, the 
results suggest that more stringent vaccination efforts are 
needed in West Bengal and Tamil Nadu to achieve optimal 
disease control and reduce morbidity losses.

Laboratory findings: Virus strain analysis
Vaccine virus isolation and genotyping revealed that the 
vaccine strain closely matched the circulating virus in 
Haryana. In contrast, when researchers assessed Tamil 
Nadu and West Bengal, the match was only partially 
present, accounting for the reduced efficacy of the vaccine 
(Tseng et al., 2024). Thus, the findings suggest that vaccine 
formulations should change over time as new strains are 
detected.

These results show that successful vaccination campaigns 
have reduced the incidence and mortality rates of avian 
influenza in chicken populations. Farms with access to 
vaccines and higher biosecurity levels were better able to 
control the disease (Tumpey et al., 2004). In addition, the 
fact that the vaccine produced such a strong, internalized 
immune response within the fowl themselves proves that 
vaccination efforts work to defend flocks of chickens.

On the downside, the fact that the efficacy rates from 
Tamil Nadu and West Bengal are lower suggests that 
the mismatch between vaccine strain and circulating 
virus strain, as well as reduced vaccination coverage, has a 
difference; however, this aligns with previous studies which 
suggest that constant surveillance of strain evolution and 
adaptation is required with recalibrated formulas for 
vaccines (Wei et al., 2021).

Furthermore, this study highlights that farm sizes and 
subsequent efforts matter in the process of vaccination 
efficacy. Those farms with larger farm sizes and higher 
biosecurity scores emphasized their ability to execute 
vaccinations, which suggests that smaller farms with fewer 
resources require greater efforts and assistance (Wu et al., 
2024).

The results of this project demonstrate the effectiveness of 
established vaccination strategies for bird flu, while also 
highlighting the need for refinement, such as custom vaccine 
formulations and independent farm vaccination efforts 
(Wu et al., 2023). Further research could be conducted to 
assess the longevity of vaccination effectiveness and the 
development of pan-vaccines for strains that may emerge 
in the future.

CONCLUSION AND 
RECOMMENDATIONS 

A study assessed the efficacy of avian influenza vaccination 
in hypothetical regions of Haryana, Tamil Nadu, and West 
Bengal and found that vaccination significantly reduced 
incidence and mortality rates. The efficacy was highest in 
the region of Haryana due to better access to vaccinations, 
proper implementation of biosecurity measures, and 
effective farm management; additionally, the antibody titers 
were higher for vaccinated birds compared to unvaccinated 
birds. Efficacy by region occurred due to the match between 
the vaccine and virus in the regions of Haryana and West 
Bengal, as well as the size of the farms and distribution 
of vaccinated birds. Only minor discrepancies occurred in 
Tamil Nadu and West Bengal, which slightly reduced the 
accuracy of the findings. Therefore, the findings suggest 
that regionally based interventions for vaccination are 
important in addressing region-specific challenges and 
emergent strains of the virus.

RECOMMENDATIONS

•	 Enhance vaccination rates in states such as Tamil Nadu 
and West Bengal by offering government subsidies, 
conducting awareness drives, and implementing 
outreach programs among small- and medium-sized 
farms.

•	 Continuously sample and genotype local avian 
influenza virus strains to modify vaccine formulations 
and design universal vaccines.

•	 Enhance farm-level biosecurity practices and 
implement farmer training programs to reduce the 
transmission of viruses.

•	 Offer targeted assistance to small-scale farms, 
including subsidised vaccines, veterinary services, and 
training on vaccination schedules.

•	 Develop robust surveillance systems in collaboration 
with diagnostic laboratories and field monitoring 
teams to facilitate early detection of outbreaks.

•	 Encourage public-private partnerships among 
government agencies, vaccine producers, and poultry 
associations to ensure the effective delivery and 
research of vaccines.

•	 Inform farmers about the benefits of vaccination and 
the risks associated with avian influenza through 
awareness campaigns that highlight both the economic 
and health implications.

NOVELTY STATEMENT

According to a study that evaluated the effectiveness 
of avian influenza immunization in fictitious areas of 
West Bengal, Tamil Nadu, and Haryana, vaccination 
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dramatically decreased incidence and mortality rates. Due 
to improved availability to immunizations, appropriate 
biosecurity measures, and efficient farm management, the 
region of Haryana had the highest efficacy; also, vaccinated 
birds had greater antibody titers than uninfected chickens. 
Because the vaccine and virus matched in the West Bengal 
and Haryana regions, as well as because of the size of the 
farms and the distribution of vaccinated birds, efficacy by 
region was achieved.
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