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ABSTRACT Infectious Bronchitis Virus (IBV) is a major threat to poultry health 

and production. The disease causes respiratory illness, poor growth, and increased 

mortality in broiler flocks. Control depends mainly on vaccination, but protection 

varies with strain matching. The Massachusetts (Ma5) strain and the 4/91 strain are 

widely used vaccines in Pakistan. Both vaccines induce immune responses, but 

their field performance has not been compared systematically. This study evaluated 

production outcomes and antibody responses in broiler flocks vaccinated with 

these two strains under commercial conditions. A total of 50 commercial broiler 

flocks were included. Twenty-five flocks were vaccinated with the 4/91 strain and 

25 with the Ma5 strain. Flock size ranged from 22,000 to 31,000 birds. 

Performance parameters recorded at slaughter included bodyweight, feed 

conversion ratio (FCR), and mortality. Blood samples were collected to determine 

ELISA geometric mean titers (GMT) and coefficient of variation (CV%). Data 

were analyzed using descriptive statistics, non-parametric tests, and regression 

models. Results showed that bodyweight did not differ significantly between the 

two groups i.e. 2,189 g in the 4/91 group and 2,145 g in the Ma5 group. Feed 

conversion ratio was significantly lower in the 4/91 group (1.58) compared with 

the Ma5 group (1.69) (p <0.01). Mortality was also significantly reduced in the 

4/91 flocks (5.2%) compared with 12.0% in the Ma5 group. ELISA GMTs were 

higher in the Ma5 group (10,595) compared with the 4/91 group (8,143). CV% was 

higher in the 4/91 group, though the difference was not significant. Logistic 

regression confirmed that the 4/91 strain reduced the odds of high mortality (OR 

0.04, CI 0.00 - 0.23, p <0.01) indicating a strong protective effect. Linear 

regression showed that FCR was significantly improved by the 4/91 strain. ELISA 

GMT had a small positive association with FCR, while CV% showed no effect.  

This study demonstrates that the 4/91 strain provided superior flock performance 

compared with the Ma5 strain. Lower mortality and better feed efficiency were 

achieved with 4/91 strains. These findings also highlight the importance of strain 

matching over antibody levels alone. 
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Introduction 

Infectious Bronchitis (IB) is a highly contagious viral disease 

of poultry (Cook et al, 2012). The disease primarily affects 

the respiratory system of chickens. It can also impact the 

renal and reproductive systems (Raj and Jones, 1997). 

Broilers often present with coughing, sneezing, and tracheal 

rales. Layers show decreased egg production and poor egg 

quality. Mortality rates can be high, especially in young 

flocks (Junghans et al, 2022). Even when mortality is low, the 

economic losses are considerable due to reduced weight gain 

and poor feed conversion. The disease also compromises 

flock uniformity at slaughter age. Secondary infections often 

follow IB outbreaks. These co-infections worsen the overall 

health status of poultry houses (Liu et al, 2024). The virus 

spreads rapidly through aerosols and contaminated equipment 

(De Herdt et al, 2001; Abozeid, 2023). Once introduced, it is 

difficult to eradicate from poultry-dense areas. For the poultry 

industry, IB remains one of the most persistent economic 

threats. 

Vaccination is the main tool for controlling IB. Live and 

inactivated vaccines are used worldwide (Alsakini et al, 

2024; Eid et al, 2024). Vaccines help reduce clinical signs 

and viral shedding. They do not always prevent infection 

completely. Protection depends on the match between the 

vaccine strain and field strain (Hassan et al, 2024). Infectious 

Bronchitis Virus (IBV) is highly variable (Abozeid, 2023; 

Rafique et al, 2024). The virus belongs to the family 

Coronaviridae and genus Gammacoronavirus which is further 
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divided into several genotypes and lineages. The most 

common classification uses the GI grouping system (Rafique 

et al, 2024). Within these, multiple variants circulate in 

different countries. The GI-13 lineage, includes multiple 

strains such as the 4/91 strain, is widespread in Europe, the 

Middle East, and Asia (Alhafufi et al, 2025). Other variants, 

such as GI-1 (Massachusetts) and GI-19 (QX-like), also cause 

major outbreaks (Wang et al, 2024). Continuous evolution of 

IBV makes vaccination strategies complex. This diversity 

underlines the importance of selecting appropriate vaccines. 

This study was designed to compare the performance of 

broiler flocks vaccinated with 4/91 and Ma5 strains. The 

comparison focused on bodyweight, feed conversion ratio, 

antibody titers, coefficient of variation, and mortality. 

Previous studies have examined IB vaccines in controlled 

conditions. However, few have assessed their impact in field 

conditions in Pakistan. This study provides real-world 

evidence from commercial broiler farms. It evaluates both 

production outcomes and immune responses. The findings 

highlight the relationship between immune titers and flock 

performance. The study also shows that high antibody levels 

do not always equal better protection. This adds to current 

understanding of IB vaccine efficacy. The results contribute 

to the knowledge on strain matching and vaccine selection. 

They also emphasize the need for region-specific vaccination 

strategies. By comparing two widely used vaccines, this 

research offers practical insights for poultry producers. The 

outcomes will support evidence-based decision making in IB 

control programs. 

Materials and Methods 

Study design and flock selection 

This clinical trial study was conducted on commercial broiler 

farms located in Pakistan between January 2024 and 

December 2024. A total of 50 broiler flocks were included, 

comprising 25 flocks vaccinated with the 4/91 strain vaccine 

and 25 flocks vaccinated with the Ma5 strain vaccine. Each 

flock consisted of 22,000–31,000 birds raised under intensive 

commercial production systems with standardized 

management, feeding, and biosecurity practices. Farms were 

selected to represent comparable production conditions in 

order to minimize confounding due to management 

variability 

Vaccination Protocol 

The 4/91 strain vaccine was administered at hatchery level 

following the manufacturer’s instructions, whereas other 

flocks received the Ma5 strain vaccine under the same 

conditions. Each farm followed standard commercial 

vaccination protocols with no additional infectious bronchitis 

vaccines administered during the production cycle. 

Data collection 

Performance data were collected from flock records at 

slaughter age. The parameters measured included final 

bodyweight (g), feed conversion ratio (FCR), and mortality 

(%). Immunological response was assessed by collecting 

serum samples from each flock at 30–35 days of age. ELISA 

antibody titers were determined using the IDVet commercial 

ELISA kit, and results were expressed as geometric mean 

titers (GMT). The coefficient of variation (CV%) of antibody 

responses and the number of individual samples tested per 

flock were also recorded. 

Data Analysis 

Descriptive statistics (mean, standard deviation, median, 

interquartile range, and range) were calculated for each 

parameter. Differences between vaccine groups were 

analyzed using the Wilcoxon rank-sum test, with p < 0.05 

considered statistically significant. To further evaluate 

predictors of flock performance, regression analyses were 

conducted. Logistic regression was used to assess the effect 

of vaccine strain, ELISA GMT, and CV% on the risk of high 

mortality (>10%). Linear regression was applied to evaluate 

the influence of vaccine strain, ELISA GMT, and CV% on 

FCR outcomes. Odds ratios with 95% confidence intervals 

(CI) were reported for logistic regression, while beta 

estimates with 95% CI were reported for linear regression. 

All analyses were performed using R statistical language 

(version 4.3.1). 

Results 

Distribution of parameters 

Distribution of all the parameters showed higher variation in 

the groups (Fig. 1). Bodyweight distributions appeared 

similar, with slightly higher central values for the 4/91 

strain. Feed conversion ratio (FCR) showed a marked 

difference, with the 4/91 strain producing consistently lower 

values, indicating better efficiency. The Ma5 strain 

displayed wider variation in FCR and higher averages. 

ELISA GMT values were higher in flocks vaccinated with 

Ma5, while the 4/91 strain showed lower but adequate titers. 

The spread of GMT values in the Ma5 group was broad, 

suggesting variability in antibody responses. In contrast, the 

4/91 group exhibited more compact distributions. 

Coefficient of variation (CV%) showed no consistent 

difference, although the 4/91 strain group displayed a wider 

spread with some higher outliers. Mortality patterns were 

distinct between the two vaccines. The 4/91 strain was 

associated with lower and more tightly clustered mortality 

rates. The Ma5 strain demonstrated higher mortality with a 

broader spread, including extreme outliers. 

Comparison with different parameters 

The comparative analysis between broiler flocks vaccinated 

with the 4/91 strain and those vaccinated with the Ma5 

strain revealed notable differences in performance (Table 1). 

The mean bodyweight was slightly higher in the 4/91 group 

(2189 g) compared with the Ma5 group (2145 g), though 

this difference was not statistically significant (p = 0.5). 

FCR showed a significant improvement in the 4/91 strain 

group, with a mean of 1.58 compared to 1.69 in the Ma5 

group (p < 0.001) which indicated superior feed efficiency 

in the 4/91 group. ELISA GMT values were significantly 

lower in the 4/91 strain group (mean 8143) compared to the 

Ma5 group (mean 10,574) (p = 0.049). The coefficient of 

variation (CV%) did not differ significantly between groups, 
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with means of 31% for the 4/91 strain and 20% for the Ma5 

strain (p = 0.2). Mortality showed a marked difference, with 

the 4/91 strain group recording a mean of 5.2% compared 

with 12.2% in the Ma5 group (p < 0.001).  

 

 

Fig. 1: Violin plots showing the distribution of all the parameters to understand the variation. 

 

 

Table 1: Comparison of parameters between both vaccine groups using non-parametric tests. 

 

Characteristic 4/91 strain Ma5 strain p-value 

Bodyweight 2,189 ± 157 2,143 ± 178 0.5 

FCR 1.58 ± 0.06 1.69 ± 0.08 <0.001 

ELISA GMT 8,143 ± 3,551 10,595 ± 3,332 0.045 

CV 31 ± 25 19 ± 14 0.13 

Mortality 5.2 ± 2.5 12.0 ± 7.1 <0.001 

 

 

Effect of predictors on mortality and FCR 

The majority of respondents regarded vaccination of the 

regression analysis examined the predictors of high 

mortality and feed conversion ratio (FCR) in broiler flocks 

vaccinated with different IB strains (Table 2). For mortality, 

the odds ratio for the 4/91 strain compared to Ma5 was 0.04, 

indicating a strong protective effect. This reduction in odds 

of high mortality was statistically significant (p < 0.001). 

The confidence interval ranged from 0.00 to 0.23, 

confirming the robustness of the effect. Neither ELISA 

GMT nor CV% were significant predictors of mortality in 

the model. The overall model explained 28.6% of the 

variation in mortality risk. For FCR, the 4/91 strain again 

showed a significant improvement compared with Ma5. The 

estimate was –0.10, with a confidence interval between –

0.14 and –0.06 (p < 0.001). ELISA GMT also had a small 

but significant positive effect on FCR (p < 0.05). CV% did 

not show a significant association with FCR (p = 0.168). 

The FCR model explained 42.7% of the variation, with an 

adjusted R2 of 0.39. The 4/91 strain provided superior 

outcomes in both mortality and feed efficiency compared 

with the Ma5 strain. 
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Table 2: Regression analysis results revealed the association of vaccination with Mortality and FCR  

 

 

Discussion 

This study compared the performance of broiler flocks 

vaccinated with the 4/91 strain and the Ma5 strain under 

commercial field conditions. One of the key observations in 

this study was the difference in antibody titers. Flocks 

vaccinated with Ma5 produced higher ELISA GMTs 

compared with 4/91. This finding aligns with previous 

reports where Ma5 was associated with strong humoral 

responses (Eid et al, 2024; Parvin et al, 2024). However, 

higher titers did not correspond to better flock performance. 

Mortality and FCR were worse in Ma5 flocks despite the 

elevated antibody levels. Protection is not only determined 

by the magnitude of antibody titers (Al-Rasheed et al, 

2021; Huang et al, 2025). The 4/91 strain appears to be 

better matched to the field variants present in Pakistan. The 

compact antibody distributions in the 4/91 group suggest 

more uniform protection (Houta et al, 2024; Liu et al, 

2024). By contrast, the wider spread in Ma5 titers suggests 

variability in immune responses. These findings emphasize 

that serological titers should be interpreted cautiously in 

vaccine evaluation. 

The methodology used in this study allowed both direct 

comparisons and deeper evaluation of predictors. The 

Wilcoxon rank-sum test identified significant differences in 

FCR, GMT, and mortality. Logistic regression confirmed 

the protective effect of the 4/91 strain on mortality. Linear 

regression demonstrated that FCR was influenced by both 

vaccine type and antibody levels. CV% was not a 

significant predictor in regression, although extreme values 

may still carry risk. Together, these methods strengthen the 

reliability of the findings when compared with previous 

studies (Hassan et al, 2024; Parvin et al, 2024; Wang et al, 

2024). The combination of field data and advanced analysis 

adds novelty to the study. 

The superiority of the 4/91 strain observed here is 

consistent with studies from other regions (Rafique et al, 

2024). Research in the Middle East has reported strong 

cross-protection by 4/91 against local variants (Wang et al, 

2024). Similar findings were observed in Europe, where 

4/91 reduced mortality compared with Mass-based vaccines 

(Yang et al, 2023). Ma5 has been shown to produce strong 

immune responses but sometimes less consistent protection. 

The results of this study mirror those trends under Pakistani 

field conditions. The poor correlation between high 

antibody titers and flock performance has also been 

reported elsewhere (Al-Rasheed et al, 2021; Yang et al, 

2023; Wang et al, 2024). These findings reinforce the idea 

that protection depends on strain matching rather than 

antibody levels alone. The observation of higher variability 

in Ma5 titers is consistent with other field trials (Sultan et 

al, 2019). This research therefore provides new and locally 

relevant evidence. 

The findings of this study have direct implications for 

poultry health management in Pakistan. The 4/91 vaccine 

demonstrated better performance outcomes. This suggests it 

may be more effective against circulating field strains in the 

region. Ma5 provided strong immune stimulation but was 

linked with higher mortality and worse feed efficiency. A 

combined vaccination strategy using both Ma5 and 4/91 

may provide broader protection as suggested in previous 

studies (Cuadrado et al, 2024; Huang et al, 2025; Shao et 

al, 2025). Prime-boost programs could help balance 

immune strength with effective protection.  

In conclusion, the 4/91 vaccine showed superior field 

protection, and its use should be prioritized in commercial 

flocks. Future studies should test this strategy under 

controlled and field conditions. Molecular characterization 

of circulating IBV variants is also needed. This would 

confirm the match between vaccine strains and field 

viruses. The results also highlight the limitations of relying 

on ELISA GMT alone to judge vaccine efficacy. 

Performance indicators such as mortality and FCR should 

be integrated into vaccine evaluations.  
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