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Continued use of IBV 793B vaccine needs reassessment after its
withdrawal led to the genotype’s disappearance
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Over a period of almost two years, broilers chickens on several hundred Italian farms, were monitored for
infectious bronchitis virus. Detections were genotyped using a hypervariable region of the gene coding
for the S1 segment of the spike protein. A range of genotypes were detected which comprised QX, Q1,
Mass, D274 and 793B. Sequences of 793B viruses detected in chickens, vaccinated with either of the two
commonly used 793B type vaccines were almost identical to sequences of one or other of these vaccines.
This strong indication of vaccine association led to the withdrawal of live 793B vaccine use on all of the
farms of the study. Except for one sample collected soon after 793B vaccination ceased, it was no longer
possible to detect 793B vaccine on these farms. It appears that field 793B strains have disappeared from
the region of Italy tested thus obviating any need for current vaccine protection against 793B.

© 2014 Elsevier Ltd. All rights reserved.

1. Introduction

Infectious bronchitis virus (IBV) is highly contagious and causes
serious economic losses for the worldwide chicken industry. It
replicates in the respiratory, urogenital and gastroenteric tracts
and can cause lesions in these and other regions. As for other
coronaviruses, IBV evolves via high mutation and recombination
rates [1-4]. Infection with one IBV protectotype generally only con-
fers protection again that same protectotype. Other IBVs breaking
through that protection are considered to have a different pro-
tectotype. Sequencing of the IBV RNA genome has shown these
protectotypes roughly correlate to sequence differences between
their spike surface proteins, in particular hyper-variable regions
of S1 which have also been implicated in virus attachment and
neutralization epitopes [5-7]. Numerous genotypes have been
detected, some of which have quickly disappeared while others
have caused major worldwide disease with economic relevance
[8-10].

* Corresponding author. Tel.: +39 0498272968; fax: +39 0498272973.
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Vaccination is generally considered essential for the protection
of commercial chickens [11]. The limited cross-protection between
genotypes poses a great challenge in the control of this disease, so
knowledge of field genotypes can be invaluable in any effective
vaccination strategy. However, the presence of live vaccines con-
fuses most such epidemiological studies due to the impossibility of
differentiating vaccine from field strains. Our study aimed to inves-
tigate the circulation in broilers of different genotypes before and
after the discontinuing of live 793B-based vaccination.

2. Materials and methods
2.1. Samples

Between November 2012 and June 2014 on 513 farms located
mainly in Northern Italy, pools of tracheal swabs were collected
from broilers in response to clinical episodes thought potentially
attributable to IBV. This was part of systematic diagnostic activity.

On the day of collection, IBV real time RT-PCR was performed
on tracheal swabs.

At the time of sampling, age, clinical status and geographical
location of chickens were recorded. All were vaccinated with live
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Fig. 1. Distribution over time of detected genotypes in Italian broiler farms.

H120 vaccine at the hatchery and, until late spring 2013, alive 793B
booster (A and B) via drinking water. The 793B vaccination was
introduced in Italy in the late 90 after the detection of this genotype
in the field.

2.2. IBV detection by real time RT-PCR

Pools of ten tracheal swabs from the same flock were
vortexed in 1ml of PBS. The solution was used for RNA
extraction using NucleoSpin® 8/96 RNA (Macherey-Nagel, Diiren,
Germany). Samples were tested for IBV using a real time RT-
PCR commercial kit (Quantification of Avian Infectious Bronchitis
Virus-IBV-kit; Genesig, Southampton, UK) following manufacturer
instruction.

2.3. Sequencing of partial S1 gene

RT-PCRs covering a hypervariable region of the S1 gene
were carried out on all real time RT-PCR positive samples
using primer pairs SX3+ (5-TAATACTG GC/T AATTTTTCAGA-3’)
and SX2- (5-TCCACCTCTATAAACACC C/T TT-3’). Nested PCRs
were performed where results were weak or negative [12].
Amplicons were sequenced in both directions with the same
primers used for PCR. Chromatograms were evaluated with
FinchTV (http://www.geospiza.com) and consensus sequences
were obtained using CromasPro (CromasPro Version 1.5)

2.4. IBV strain genotyping

IBV strains were initially genotyped at first performing a
BLAST analysis (http://blast.ncbi.nlm.nih.gov/Blast.cgi). Samples
were more rigorously genotyped by comparison with a collection
of reference sequences. For 793B the full range of database avail-
able S1 sequences were used. Briefly sequences were aligned using
the MUSCLE method implemented in MEGAG6 [13] and phyloge-
netic analysis was performed using the same software. To clarify
any relationship to 793/B vaccines, the number of mismatches
between samples and 793B vaccine in the sequenced region were
calculated.

3. Results
3.1. IBV genotypes and distribution
One hundred and twenty-nine samples were positive to IBV by

real time RT-PCR. Partial S1 gene sequences were obtained from
100 IBV strains.

Five genotypes were identified. The genotype with the highest
prevalence was QX (72%), followed by 793/B (16%), Mass (8%), Q1
(3%) and D274 (1%). Genotype distribution from November 2012 is
giveninFig. 1 where it can be seen that QX, Mass, D274 and Q1 were
detected throughout, whereas 793/B was no longer detected after
July 2013. 793B viruses were numbered according to chronologi-
cal detection and classified as N (north) or C (central) according to
the region where viruses were detected. Two 793/B clusters were
identified, with the larger of 14 sequences being related to vaccine
A and the smaller being related to vaccine B (Fig. 2).

“ Vaccine B ”

Fig. 2. Identities between 793B viruses detected on Italian broiler farms. Touch-
ing circles indicate identical sequences. Numbers indicate nucleotide differences
between viruses in the tested region. Strains are named progressively according to
their collection date and geographical locations are codified as N (North Italy) or C
(Central Italy).
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4. Discussion

For about half a century, countries with developed poultry
industries have applied one or more live vaccines to all broiler,
layer and breeder chickens to control disease caused by infectious
bronchitis virus. More recently the availability of molecular diag-
nostics able to distinguish between genotypes has allowed those
IBVs actually present on farms to be readily identified, and this has
allowed the vaccine genotype to match that of any current field
threat. Furthermore the technique has allowed the detection of new
genotypes of which some might cause disease. Of these a propor-
tion can become largely undetectable within a short period while
others can become a dominant disease causing genotype persisting
for a considerable period. Italy 02 would be a recent example of the
former in most countries while 793B would be generally consid-
ered to fall into the latter category and present a threat over the
longer term. This has either led to the development of new live
vaccines of matching genotype or the deployment of established
vaccines, sometimes in specific combination, to counter that dis-
ease threat. In general such an approach has allowed the poultry
industry to control the effects of infection from both established
and more recently detected IBV genotypes.

A weakness of the system has been the inability to unequivo-
cally distinguish between field and vaccine viruses. For almost two
decades 793B detection has been associated with disease and for
most of that period one or more live 793B vaccines have been in
use. In that time many 793B detections have been made. Currently
our study as well as another study [14] following a large num-
ber of unrelated farms in Italy, has found consistent detections of
793B. However it has not been possible to know whether encoun-
tered disease has been caused by inadequately controlled 793B
field viruses or persisting, and possibly unstable, vaccine viruses.
This is in contrast with, for example, AMPV, another common virus
affecting poultry worldwide, where the deduction of genetic vac-
cine markers has shown that live vaccine derived virus can persist
on farms and cause disease [15-18]. While it should be possible to
similarly identify markers for IBV vaccines, this has not to date been
reported, probably due to the unavailability of the IBV vaccine pro-
genitor viruses needed in the critical vaccine-progenitor sequence
comparisons.

Results very strongly suggest that 793B detected on the farms
currently studied, derived from the two 793B vaccines in use. This
conclusion rests on four pieces of evidence of ascending impor-
tance. Firstly, in the Massi study [14] where chickens were given
more doses of vaccine, a greater proportion of 793B detections were
made. Secondly, all 793B detections in the current study had S1
hypervariable region sequences almost identical to either of the
two vaccines. Uninvolved assessment might correctly raise the pos-
sibility that many 793B field viruses have equal identity in this
region, and to confuse the picture further, it would be expected that
mass use of vaccines A and B for some two decades, might have led
to vaccine derived detections being added to the world sequence
databases as field strains. Unfortunately this sequence issue can-
not be unequivocally resolved without the availability of vaccine
markers. Thirdly the two vaccines differed by eight nucleotides in
the tested region and all detections matched the sequence of the
vaccine which had been applied. Nonetheless the main evidence
arises from 793B becoming undetectable after the withdrawal of
the two 793B vaccines on several hundred Italian farms. It is rea-
sonable to conclude that 793B vaccine use is no longer required for
793B virus control at the current time on these farms.

The paper confirms the importance to live vaccination strate-
gies of distinguishing genuine field viruses from applied vaccines
and their derivatives. For example for in human polio, vaccination
strategies have needed to consider the occurrence of vaccine-
associated paralytic poliomyelitis, which in turn has required the

technical expertise for vaccine identification [19]. In another avian
viral disease of poultry AMPV, the ability to clearly distinguish
between vaccine and field virus has become practical and this
would be expected to have benefits in future vaccination strategies
[18]. For IBV it would be clearly undesirable to be adding millions
or billions of doses of live vaccine virus to birds if, as results here
suggest, they served little benefit. Furthermore the presence of
unnecessary vaccine viruses, especially where multiple IBV geno-
types might be involved, might be expected to drive the generation
of recombinant viruses; indeed this notion has restricted certain
concurrent IBV vaccination strategies in France. While to date there
is no evidence of field recombinants with vaccine virus contribu-
tion causing major disease in the worldwide chicken industry, the
possible mechanism is there, hence vaccine use should be ideally
restricted to situations where there is a known protective benefit.
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