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ABSTRACT 

Infectious bronchitis virus (IBV) has a variety of serotypes with relatively limited cross-protection leading the 

disease to be a major problem in the poultry industry. The IBV 793/B strain has identified to circulate in Iran; 

therefore, the development of a specific vaccine to protect against the virulent virus has received attention. In 

this regard, the live IB 793/B vaccine (793/B.08IR) was developed in the Razi Vaccine and Serum Research 

Institute. In this study, the immunogenicity of 793/B.08IR vaccine via different routes of vaccination and 

efficacy of the vaccine were determined in specific-pathogen-free (SPF) chickens. Three treatment groups of 10 

SPF chickens received the vaccine via eye drops, spray, and drinking water. The sera were collected from the 

chicks at 3 and 6 weeks after the vaccination, and IBV specific antibody was measured using enzyme-linked 

immunosorbent assay (ELISA) and serum neutralization (SN) test. To evaluate 793/B.08IR vaccine efficacy, 10 

SPF chickens were vaccinated using eye drops. Moreover, 10 unvaccinated chickens were separately retained as 

negative controls. The birds were challenged with the virulent virus 3 weeks following the vaccination. Five 

days after the challenge, the tracheal swab was taken for virus reisolation. In the immunogenicity test, the 

ELISA titers of three vaccinated groups were significantly higher than the background values obtained in the 

control group (p<0.0001). The mean value of ELISA titer in the spray vaccinated group was higher than the 

spray and drinking water vaccinated groups 3 weeks following the vaccination; however, the difference was not 

statistically significant. No differences were observed in antibody titers among the three vaccinated groups 6 

weeks after the vaccination. The results of the SN test confirmed the data obtained from the ELISA. The results 

of antibody titer and its increasing trend in chickens showed that 793/B.08IR vaccine induce proper immunity 

against the virus. In the efficacy test, IBV was isolated from 90% of the unvaccinated controls and 10% of 

vaccinated groups. The results of the recovery of the virus after the challenge showed that 793/B.08IR vaccine 

can provide a significantly improved protection against the pathogen in SPF vaccinated chickens.  
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Immunogenicité et Efficacitée du Vaccin Vivant Contre la Bronchite Infectieuse 793/B.08ir chez des 

Poulets SPF  

Résumé: Le virus de la bronchite infectieuse aviaire (VBI) a une variété de sérotypes avec une protection 

croisée relativement limitée responsable de problèmes majeurs pour l'industrie aviaire. La souche de VBI 793/B 

s’est propagée en Iran; il est donc nécessaire de développer un vaccin spécifique pour se protéger contre ce virus 

virulent. Le vaccin vivant BI 793/B (793/B.08IR) a été développé par l'institut Razi en Iran. Dans cette étude, 

l'immunogénicité du vaccin 793/B.08IR a été évaluée par différentes voies de vaccination et l'efficacité du 

vaccin a été déterminée chez des poulets exempts d'agents pathogènes spécifiques (SPF). Trois groupes de 

traitement de 10 poulets SPF ont reçu le vaccin par voie oculaire (gouttes dans l'œil), par pulvérisation (spray)  
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INTRODUCTION 

Infectious bronchitis (IB) is an important highly 

contagious acute viral disease in the upper respiratory 

tract of chickens (Raj and Jones, 1997). Infectious 

bronchitis virus (IBV) as an etiologic agent replicates 

in respiratory and other epithelial organ surfaces, such 

as the kidneys, oviduct, and gonads. The disease poses 

a major economic threat to the poultry industry 

worldwide, which is associated with poor weight gain, 

loss of feed efficiency in broilers, as well as drop in the 

quantity and quality of egg production in layers 

(Cavanagh and Naqi, 2003; Boltz et al., 2004; 

Cavanagh, 2005). Some IBV strains also cause high 

rate mortality due to nephritis (Cook et al., 2012). The 

IBV is a member of the Coronaviridae family. The 

genome of the virus is RNA that encodes four 

structural proteins, including spike (S), membrane 

glycoprotein (M), small membrane protein (E), and 

nucleocapsid protein (N). The S glycoprotein is post-

translationally cleaved into S1 and S2 subunits 

(Cavanagh and Naqi, 2003). The S1 is responsible for 

cellular receptor binding, antibody neutralization, and 

hemagglutination inhibition (Casais et al., 2003; 

Cavanagh, 2007). The subunit is highly variable in both 

nucleotide sequence and primary protein structure, as a 

result of point mutation or recombination (Bochkov et 

al., 2007; Ammayappan et al., 2008; Lee et al., 2008). 

The high rates of mutation in the S1 fragment caused 

the emergence of several different serotypes and/or 

antigenic variants of IBV in many countries (Cavanagh, 

2007). The IBV strains of the 4/91, which are also 

known as 793/B, were firstly recognized in Britain in 

1990/1991 and then have been dominant serotypes in 

Europe (De Wit, 2000). Serological analysis has 

demonstrated the worldwide distribution of IBV 793/B 

serotype infection in broiler and layer chickens (Sjaak 

de Wit et al., 2011). In Iran, the presence of the 

serotype was confirmed by serum neutralization (SN) 

assay following the involvement of the poultry 

respiration complex in 1999 (Momayez et al., 2002). 

Since that time, several studies have reported the 

isolation and detection of IBV 793/B strain in some 

provinces of Iran (Shapouri et al., 2002; Seyfi Abad 

Shapouri et al., 2004; Poorbaghi et al., 2012; Hosseini 

et al., 2013). The live attenuated IBV vaccine is one of 

the most important preventive IBV diseases. However, 

the presence of the different antigenically serotypes and 

newly emerged variants may cause vaccine failure 

(Boltz et al., 2004). Vaccination against circulating 

strains would provide immunity against the serotypes 

in industrial poultry and prevent the complications of 

 

ou par l'eau potable. Les sérums ont été prélevés sur les poussins âgés de 3 et 6 semaines après la vaccination. 

L'anticorps spécifique de l'VBI a été mesuré en utilisant le test de neutralisation du sérum (SNT) et le dosage 

immuno-enzimatique (ELISA). Au total, 10 poulets SPF ont été vaccinés par voie oculaire pour évaluer 

l'efficacité du vaccin 793/B.08IR. De plus, 10 poulets non vaccinés ont été conservés séparément comme témoins 

négatifs. Les oiseaux ont été exposés au virus virulent 3 semaines après la vaccination. Cinq jours 

aprèsl’exposition au virus, des échantillons d'écouvillons trachéaux ont été prélevés pour l’isolation des virus. 

Selon les résultats du test d'immunogénicité, les titres ELISA de trois groupes vaccinés étaient significativement 

plus élevés que les valeurs de fond obtenues dans le groupe témoin (P<0.0001). La valeur moyenne du titre 

ELISA dans le groupe vacciné par pulvérisation était supérieure à celle des groupes vaccinés par pulvérisation et 

de l'eau potable 3 semaines après la vaccination; cependant, la différence n'était pas statistiquement significative. 

Aucune différence n'a été observée parmi les trois groupes vaccinés en termes de les titres d'anticorps 6 semaines 

après la vaccination. Les résultats du SNT ont confirmé les données obtenues à partir de l'ELISA. Les résultats du 

titre en anticorps et sa tendance croissante chez des poulets ont montré que le vaccin 793/B.08IR induisait une 

immunité appropriée contre le virus. Dans le test d'efficacité, l'VBI a été isolé à partir de 90% des témoins non 

vaccinés et de 10% des groupes vaccinés. Les résultats des tests d’isolationdu virus après l'exposition, ont montré 

que le vaccin 793/B.08IR pouvait fournir une amélioration significative de la protection contre cette agent 

pathogène chez des poulets SPF. 
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the disease associated with the broiler or laying flocks 

(Azad et al., 2005). It has been revealed that the 

immunity against IBV is serotype-specific, and low 

cross-protection can be observed among IBV 

genotypes. These will require changing in the 

vaccination strategy against the virus in which the 

vaccine strain is matched to the circulating strains 

(Sjaak de Wit et al., 2011). The use of heterologous 

vaccine strains has broadened the protection spectrum 

in some cases (Malo et al., 1998). Due to the existence 

of different IBV variants in Iran, the development of a 

live 793/B IBV vaccine could improve the protection 

levels against IBV. To reach this goal, in the Razi 

Vaccine and Serum Research Institute, IBV 

793/B.08IR vaccine has been developed in the 

experimental scale (Masoudi, unpublished data), and an 

approval test for this vaccine has been in progress. The 

drinking water, spray, and eye drops are the common 

administration routes of IBV live vaccines. The wrong 

method of immunization will often lead to the failure of 

vaccines to develop proper immunity (Cavanagh and 

Naqi, 2003; Franzo et al., 2016). The assessment of 

these methods and determination of the best technique 

is one of the requirements for immunization. In the 

present study, immunogenicity with different routes of 

administration and efficacy profile of the newly 

developed live IBV 793/B.08IR vaccine were analyzed 

in specific-pathogen-free (SPF) chickens. Most tests 

described in this study were carried out in accordance 

with the requirements of the World Organisation for 

Animal Health (OIE, 2013).  

MATERIAL AND METHODS 

Infectious bronchitis virus vaccine. The 793/B IBV 

(793/B.08IR) was injected into the allantoic cavities of 

9-11 day-old embryonated SPF eggs (Vanky´s, India) 

and incubated at 37°C for 2 days. The allantoic fluid 

was harvested and titrated by Karber’s method. The 

IBV live attenuated vaccines would have a minimum 

titer of 103.0-103.5 EID50 per dose (OIE, 2013). 

Immunization trial. The immunogenicity of the IBV 

793/B.08IR vaccine via three recommended routes of 

vaccination was determined in SPF chickens. For this 

purpose, a total of 40 SPF chickens were randomly 

divided into four groups (n=10). Each treatment group 

at 5-day-old received the IBV 793/B.08IR vaccine via 

eye drops, spray, and drinking water separately. The 

vaccine was diluted in a way that each dose contained 

at least 10 3.5 EID50 of IBV. The fourth group was used 

as negative controls without any vaccination. The 

chickens were placed in separate rooms, and food and 

water were provided ad libitum. Three and six weeks 

after the vaccination, the blood samples were taken 

from the chickens, and the level of specific antibody 

against IBV was determined using enzyme-linked 

immunosorbent assay (ELISA) and SN test. 

Efficacy determination. The efficacy of the IBV 

793/B.08IR vaccine was evaluated through the 

recovery of the virus from tracheal swab according to 

OIE (2013). Ten SPF chickens aged three weeks of 

were vaccinated via eye drops with one dose of the 

793/B.08IR vaccine. The unvaccinated negative 

controls with similar age and source of chicks were also 

chosen for the study. The blood samples were taken 3 

weeks following the Post-vaccination, and the antibody 

was detected by the SN test. The birds of both groups 

were challenged via eye drops with 103.0–103.5 EID50 of 

the IBV 793/B virulent virus (IR/773/2001) (Momayez, 

et al. 2002). The chickens were daily observed for 

clinical signs attributed to IB infection, such as 

respiratory signs and mortality, up to the end of the 

experiment. A swab of the trachea was taken for the 

reisolation of the virus 5 days after the challenge. The 

tracheal swab was placed in 3 ml of tryptose phosphate 

buffer containing streptomycin (100 mg/ ml) and 

penicillin (100 units/ml). Then, 0.2 ml of the 

suspension was inoculated into the allantoic cavity of 

five 9-11 day embryonated eggs. The allantoic fluid 

was harvested from the two eggs of each group 2 days 

after the incubation at 37°C. The fluid was used for the 

three consequent passages. Other eggs were incubated 
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up to 7 days after the inoculation. The dead embryo 

was recorded during the incubation period, and the egg 

containing live embryo was examined for lesions 

characteristic of avian IB, such as stunting (dwarfing) 

and curling of the embryo, as well as its feet (Cavanagh 

et al., 1992).   

Serological tests: 

Serum neutralization test. The specific antibody 

against IBV was determined by SN, alpha method 

(OIE, 2013). Briefly, tenfold dilution of the 793/B virus 

was prepared. The mixture of an equal volume of each 

dilution of the virus and serum of the chicks was 

incubated at room temperature for 45 min. Each 

mixture was inoculated into the group of 5 10-day-old 

SPF embryonated eggs. The virus alone was titrated in 

parallel. The embryos were examined for IBV lesions, 

such as stunting and curling, 7 days after the inoculation. 

The results were expressed as the neutralization index 

(NI) that represents the log10 difference in the titers of the 

virus alone and virus/antiserum mixtures. 

Enzyme-linked immunosorbent assay. A commercial 

ELISA kit (BioCheck, Netherland) was used to 

determine IBV antibodies in the individual sera of 

chickens according to the manufacturer’s instruction. 

The geometric mean of antibody titers (GMT) was 

calculated at each bleeding time. 

Statistical analysis. GraphPad Prism software 

(version 5) was used for plotting graphs and statistical 

analysis. Statistical differences were evaluated using a 

one-way analysis of variance with Tukey’s post hoc 

Honest Significant Difference test. P-value less than 

0.05 was considered statistically significant. 

RESULTS 

Immunogenicity assessment of live infectious 

bronchitis virus 793/B.08IR vaccine. To introduce the 

best method of IBV 793/B.08IR vaccination, antibody 

responses were determined in chickens vaccinated 

through the routes of drinking water, eye drops, and 

spray. No respiratory signs and mortality were 

observed in all vaccinated chickens groups. As shown 

in Figure 1, the NI in the eye drops and spray 

vaccinated groups were higher than drinking water 

group (4 and 4.2 vs. 2.6) at 3 weeks following the Post-

vaccination. However, the index was similar in all 

groups at 6 weeks after the vaccination. The GMT of 

ELISA titer of three immunized groups with IBV 

793/B.08IR vaccine was shown in Figure 2. As 

depicted in Figure 2, the titer is significantly higher at 3 

weeks following the Post-vaccination in the treatment 

groups, compared to that reported for the control group 

(p<0.0001). The mean of ELISA antibody in the spray 

vaccinated group was higher than other groups 

(945±212 vs. 857±217 and 763±233); however, the 

difference was not statistically significant. The amount 

of IBV antibody trended to increase, especially in 

drinking water and eye drop groups. The significant 

differences were shown between these groups at the 

end of the experiment (p<0.0001). The mean antibody 

titers recorded for the spray, eye drop, and drinking 

water vaccinated groups were recorded as 991±325, 

1157±332, and 1057±347, respectively.  

Efficacy of infectious bronchitis virus 793/B.08IR 

vaccine. The efficacy of the 793/B.08IR vaccine was 

determined in a group of 10 21-day-old chickens, 

compared to that reported among the unvaccinated 

chickens. The estimated NIs for these groups as 5.2 and 

0.6 indicated that the vaccine could increase the 

antibody titer in chickens. Table 1 tabulates the results 

of virus isolation from tracheal swabs 5 days after the 

challenge. At the end of the experiment, IBV was 

isolated from 90% of the unvaccinated and 10% of 

vaccinated chickens. In tracheal swab culture, IBV was 

detected in 5 of 10 control chickens in the first passage. 

In the second and third passages, the challenge virus 

was reisolated from one vaccinated chicken; however, 

it was recovered from nine control chickens. The 

vaccination challenge test showed that 793/B.08IR 

vaccine could provide protection against the challenge 

with a virulent strain, IR/773/2001 IB virus, with no 

mortality. The obtained results showed that 793/B.08IR 

vaccine was able to trigger significantly strong humoral 

immune responses, compared to those by the negative 

controls. After the challenge, the vaccine could induce 
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a high rate of protection against the virulent virus. The 

present experiment indicated that nine vaccinated 

chickens were without the evidence of the recovery of 

the virus on the fifth day after the challenge.  

Figure 1. Serum neutralization data of chickens vaccinated with 

infectious bronchitis virus 793/B.08IR via three different 

vaccination methods at 3 and 6 weeks after vaccination; 

neutralization index ≥ 1.5 as positive. 

 

Figure 2. Enzyme-linked immunosorbent assay antibody in groups 

of chickens vaccinated by live infectious bronchitis virus 

793/B.08IR strain via drinking water, eye drops, and spray methods; 

bars representing mean values and standard errors of mean obtained 

for each group; asterisks indicating statistically significant 

differences: * P<0.05 and **** P<0.0001; asterisks directly above 

bars demonstrating statistically significant differences between 

vaccinated groups and control group of chickens. 

 
Table 1. Reisolation of virus in vaccinated and unvaccinated control 

groups 5 days after challenge 

Group  
Chicken embryo passage 

1 2 3 

Vaccinated with 793/B 0/10 * 1/10 1/10 

Unvaccinated control 5/10 9/10 9/10 

*Number of affected embryos/total number of embryos 

 

DISCUSSION 

Vaccination is a powerful strategy to save farming 

efficacy and improve the protection of the flocks 

against virulence IBV strains. The disease is widely 

controlled by live attenuated and inactivated vaccines; 

however, a broad variety of circulating serotypes and 

genotypes contributes to the low cross-protection 

acquired by these vaccine strains (Boltz et al., 2004). 

The distribution of IBV serotypes should influence the 

choice of vaccine to use in each geographic region 

(OIE, 2013). Since 1999, the isolation of IBV 793/B 

strain has been reported from some provinces of Iran 

(Aghakhan et al., 1994; Momayez et al., 2002; 

Shapouri et al., 2002; Seyfi Abad Shapouri et al., 2004; 

Jackwood et al., 2005; Poorbaghi et al., 2012; Hosseini 

et al., 2013). For the improvement of the immune 

responses and protection against IB virulent virus, IBV 

793/B (793/B.08IR), the vaccine is developed in the 

Razi Vaccine and Serum Research Institute at the 

experimental scale. The present study examined the 

immunogenicity of the vaccine and its efficacy in SPF 

chicks via different vaccination routes. As shown in the 

results, the antibody titer in the spray vaccinated group 

was the highest among the groups at 3 weeks after the 

vaccination. However, the amount of antibodies in all 

three vaccinated groups was approximately similar in 

the sixth week after the vaccination, and no significant 

differences were observed between them. The results of 

the present study revealed that at 3 weeks following the 

post-vaccination, induced immune response via 

drinking water was lower than those by spray and eye 

drops. At older age, there were no differences between 

the antibody titer of the three vaccinated groups. It 

seems that in chicks at lower early stages, immune 

responses are stimulated faster via eye drops and spray, 

compared to drinking water. The poultry vaccination 

via drinking water is a great labor-saving procedure and 

designed to simultaneously vaccinate large numbers of 

chickens. However, the method of vaccination via 

drinking water cannot cause to establish a good 

immune response in chickens (http://www. 

poultryhub.org/health/health-management/vaccination, 

2019). It was explained that the intraocular 

administration of the vaccine stimulates both humoral 
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and cell-mediated immune responses via the Harderian 

gland just behind the eye socket to provide a strong 

immune defense (Jeurissen et al., 2000; van Ginkel et 

al., 2008). The protective stimulation using spray 

vaccination is restricted to the nasal mucosa or also 

linked to the oral and eye surfaces which can cause a 

difference in the immunological response (Purswell et 

al., 2010). In the present study, serum antibody levels 

increased in all three groups at 6 weeks after the 

vaccination, compared to those at 3 weeks before that. 

Antibody titer and its increasing trend in SPF chickens 

under controlled conditions showed that the vaccine 

had the appropriate potency against the IBV. It is 

recommended to vaccinate chicks at an early age 

through spray or eye drops. Furthermore, the current 

study investigated the efficiency of the 793/B.08IR 

IBV if it could provide protection against the virulent 

strain. The assessment of the efficacy of the IBV 

vaccine is commonly performed by the reisolation of 

the virulent virus from the culture of the tracheal swab. 

It is also conducted by the microscopical quantification 

of the tracheal rings in ciliary activity assay (OIE, 

2013). In accordance with the present study, Tarpy 

(Tarpey et al., 2006) investigated the efficacy of the 

Beaudette-derived viruses expressing spike protein of 

virulent M41 strain, as potential vaccines using tracheal 

ciliary activity. They demonstrated that the vaccine 

candidate was safe for delivery by in ovo vaccination. 

In another study, the efficacy of an attenuated live QX-

like IBV vaccine candidate was tested in SPF chickens 

and broilers with maternally derived antibodies 

(Geerligs et al., 2011). Their results showed that the 

protection against virus challenge was higher in SPF 

chickens, compared to that reported for broilers. 

Terregino et al. (2008) used virus isolation from the 

tracheas of vaccinated SPF chickens after the challenge 

to show the efficacy of the IB vaccines. They observed 

that the vaccination with the Ma5 IB vaccine at 1 day 

and 4/91 IB vaccine at 14 days of age fully protected 

the vaccinated birds with no virus detection following 

the challenge. The present experiment showed that 

793/B.08IR vaccine could trigger significantly strong 

humoral immune responses and provide protection 

against the challenge with IR/773/2001 IBV strain. The 

challenge strain virus was reisolated from 10% of the 

vaccinated birds at 5 days following the post-challenge, 

indicating the induction of 90% protection against IBV. 

These results are totally in accordance with the OIE 

guidelines for the evaluation of vaccine efficacy. The 

IBV live vaccine is suitable to use if no evidence of 

IBV could be shown in the trachea of at least 90% of 

the challenge vaccinated birds; nevertheless, 90% or 

more of the control birds should have the evidence of 

the IBV presence (OIE, 2013). Based on the obtained 

data in the present study, it can be concluded that under 

experimental conditions, the 793/B.08IR vaccine could 

protect SPF chickens from infection following the 

challenge with IBV 793/B virulent strain. Despite the 

long-established IB vaccination, the relatively weak 

protection and existence of new IBV serotypes 

highlighted the need for change in vaccination 

programs by adding the circulating strain. Based on the 

data presented in several studies, vaccination with both 

H120 and 793/B live vaccines cause a good protection 

against virulent IBV (Malo et al., 1998; Cook et al., 

1999; Terregino et al., 2008; Sjaak de Wit et al., 2011; 

Shirzad et al., 2012; Mohammadi et al., 2014; Chhabra 

et al., 2015). Malo et al. (1998) showed that the 

administration of 4-91 and Ma5 IBV vaccines together 

considerably broaden the protection against challenge 

with a variety of antigenically different IBVs. A 

combination of the Mass and 4/91 vaccine regimen 

have prevented nephropathogenic IBV infection 

(Terregino et al., 2008). Mohammadi et al. (2014) 

indicated that the vaccination with both H120 and 

793/B strains could be helpful for the reduction of 

economic losses caused by newly evolving IBV 

variants. Chhabra et al. (2015) showed the 

administration of live H120 and CR88 vaccines at the 

same time in one-day-old chickens followed by CR88 

vaccine at 14 days-old provided more than 80% 

tracheal ciliary protection from virulent variant isolates. 

Further studies are required to establish the underlying 

immune mechanisms for such higher and broader 
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protection conferred by this vaccination program. 

These data indicated that such a change in vaccination 

program with these two vaccines could provide good 

protection in poultry flocks that can prevent the 

economic losses caused by the IBV. 

In conclusion, the obtained results of the present 

experiment revealed that the 793/B.08IR is a potent and 

efficient vaccine with the ability to induce proper 

immune responses in SPF chickens. Due to the 

predominance of the H120 serotype in Iran, the 

efficacy of combined 793/B.08IR with H120 should be 

evaluated among commercial broiler chickens in future 

studies.  
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