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SUMMARY. Multiple lineages of Brazilian strains from 2007 to 2008 of avian infectious bronchitis virus (IBV) were detected
in flocks of breeders, broilers, and layers. Organs samples from 20 IBV-positive flocks with variable clinical signs were submitted to
the partial amplification of S gene (nucleotides 726-1071) of IBV. Fifteen of the 20 sequenced strains segregated in a unique
Brazilian cluster subdivided in three subclusters (Brazil 01, 02, and 03). Whereas three strains could be classified as Massachusetts
(Mass) genotype, the remaining two strains, originating from flocks with reproductive and respiratory disorders, grouped within the
4/91-793B genotype, a genotype that has not been detected before in Brazil. The potential relevance of the findings to the poultry
industry is discussed because the low level of identity of the sequenced part of the S gene from 17 of 20 detected field strains and the
vaccines of the Massachusetts serotype used suggest that the level of cross-protection by the Massachusetts vaccines might be low.
RESUMEN. Epidemiologı́a molecular de los virus de bronquitis aviar del Brasil en el periodo entre los años 2007 y 2008 en
reproductoras, pollos de engorde y gallinas de postura.
Se detectaron diferentes linajes de cepas brasileras del virus de la bronquitis infecciosa aviar en reproductoras, pollo de engorda y
en gallinas de postura en el periodo comprendido entre los años 2007 y 2008. Muestras de órganos pertenecientes a 20 parvadas positivas
para el virus de la bronquitis fueron sometidas a la amplificación parcial del gen S del virus de la bronquitis infecciosa (nucleótidos 726 al
1071). Quince de las 20 cepas secuenciadas se agruparon en un tronco único de cepas brasileras, subdividido en tres subgrupos (Brasil 01,
02 y 03). Mientras que tres muestras fueron clasificadas como pertenecientes al genotipo Massachusetts, las dos muestras restantes, que se
obtuvieron de parvadas con problemas reproductivos y respiratorios se agruparon con el genotipo 4/91 – 793B, que es un genotipo que
hasta ahora no se habı́a detectado en Brasil. Se discute la potencial relevancia de estos resultados para la industria avı́cola, porque el bajo
nivel de identidad en la parte secuenciada del gene S observado en 17 de las 20 muestras de campo en comparación con las vacunas
Massachusetts que son utilizadas, sugiere que el nivel de protección cruzada conferida por el serotipo Massachusetts puede ser bajo.
Key words: infectious bronchitis virus, pathotypes, genotypes, 4/91, Brazil
Abbreviations: DEPC 5 diethyl pyrocarbonate; IB 5 infectious bronchitis; IBV 5 infectious bronchitis virus; Mass 5 Massachusetts; N 5 nucleocapsid; RT 5 reverse transcription; S 5 spike; UTR 5 untranslated region

Infectious bronchitis (IB) is a ubiquitous, highly complex
infectious disease of poultry that is caused by multiple serotypes of
avian infectious bronchitis virus (IBV). IBV is a group 3 coronavirus
(order Nidovirales, family Coronaviridae) and a highly pleomorphic
enveloped virus with the three envelope proteins spike glycoprotein
(S), envelope, and membrane. The nucleocapsid (N) protein binds to
the genomic single-stranded, positive-sense 27-kb RNA. The genome
is organized as a 39-nested set of genes, transcribed as subgenomic
mRNAs by the RNA-dependent RNA polymerase coded by the open
reading frame 1 that occupies the 59 two thirds of the genome (21).
The S protein, with a size of 180 kDa, is proteolytically cleavable
in two subunits S1 and S2, of 90 kDa each. S1 is the amino-terminal
portion that forms the bulbs of the spike and is directly involved in
receptor binding and immune response, determining the serotype of
a given strain (6), whereas S2 is the carboxy-terminal subunit with a
role in membrane fusion (21).
A wide range of clinical disorders in breeders, layers, and broilers
can be caused by IBV infections, including respiratory disease,
nephritis, reproductive failures in males and females, and enteric
disease (8). A major issue for the control of IB is the potential low
cross-protection of vaccine(s) used against field strains of distantly
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related genotypes or serotypes (8). In Brazil, the vaccine control
strategies for IB are based solely on the use of attenuated vaccines of
the Massachusetts (Mass) serotype. Despite the wide use of
vaccination, the disease still occurs at high frequency. In these clinical
outbreaks of IBV, usually a high percentage of strains of the nonMassachusetts genotype (1,23,29,30), serotype (11,13), or protectotype (11,13) has been detected. Unfortunately, the results of the IBV
typing of the detected strains in these studies can hardly be combined
due to the use of different techniques, genes, and/or genomic regions
within these genes that were used for typing of the strains.
The aim of this survey was to assess more information about the
development of the molecular diversity of IBV (based on partial S1
nucleotide sequences) in the period 2007–08 among Brazilian
breeders, layers, and broilers. This knowledge is needed for the
selection of strains for pathogenicity and vaccination-challenge
studies to determine the potential need of IB vaccines of nonMassachusetts type for the Brazilian poultry industry.

MATERIALS AND METHODS
Source of viruses. In the period of 2007–08, a total of 20 breeders,
layers and broilers flocks was included in this study (Table 1). The flocks
showed disorders of the enteric, respiratory, reproductive and/or renal
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Table 1. Avian IBV field strains from Brazilian poultry included in the analysis of partial spike gene regarding bird type (broilers, layers, and
breeders), age (in weeks), IBV genotype, geographic region of origin (S 5 southern; CW 5 central western; SE 5 southeastern; NE 5 northeastern),
signs present at the flock at the time of sample collection, and sample in which the strains were detected.
Strain

GenBank
accession

Bird type

Age (wk)

IBV type

Region

Signs

IBV/BRAZIL/2008/USP-13
IBV/BRAZIL/2007/USP-14
IBV/BRAZIL/2008/USP-15
IBV/BRAZIL/2007/USP-16
IBV/BRAZIL/2007/USP-17
IBV/BRAZIL/2007/USP-18
IBV/BRAZIL/2008/USP-19
IBV/BRAZIL/2008/USP-20
IBV/BRAZIL/2008/USP-21
IBV/BRAZIL/2008/USP-22
IBV/BRAZIL/2008/USP-23
IBV/BRAZIL/2008/USP-24
IBV/BRAZIL/2008/USP-25
IBV/BRAZIL/2007/USP-26
IBV/BRAZIL/2008/USP-27
IBV/BRAZIL/2008/USP-28
IBV/BRAZIL/2008/USP-29
IBV/BRAZIL/2007/USP-30
IBV/BRAZIL/2008/USP-31
IBV/BRAZIL/2007/USP-32

FJ791254
FJ791255
FJ791256
FJ791257
FJ791258
FJ791259
FJ791260
FJ791261
FJ791262
FJ791263
FJ791264
FJ791265
FJ791266
FJ791267
FJ791268
FJ791269
FJ791270
FJ791271
FJ791272
FJ791273

Broilers
Layers
NAA
Broilers
Layers
Broilers
Grandparents
Broilers
Broilers
Broilers
NA
Broilers
Layers
Broilers
Broilers
Broilers
Broilers
Breeders
Layers
Breeders

6
28
NAD
5
27
NA
NA
5
5
3
NA
7
23
6
5
5
6
45
29
36

Mass
Mass
Mass
Brazil 03
Brazil 03
Brazil 03
Brazil
Brazil
Brazil 02
Brazil 02
Brazil 02
Brazil 02
Brazil
Brazil
Brazil 01
Brazil 01
Brazil 01
Brazil 01
4/91 (793B)
4/91 (793B)

S
S
NA
CW
S
S
S
S
NA
NA
NA
SE
NE
NE
S
S
S
SE
SE
SE

ResA
EntB, RepC
NA
Ent
Ent, Rep
RenE
Res, Rep
Ent
NA
NA
NA
Ent
Res, Rep
Res
Ent
Res
Res
Rep
Rep, Res
Rep

Sample

Lungs
Female reproductive
Pool of organs
Enteric content
Female reproductive
Kidney
Lung and trachea
Enteric content
Enteric content
Enteric content
Trachea
Enteric content
Female reproductive
Trachea
Enteric content
Lungs
Trachea
Female reproductive
Trachea
Enteric content

tract
tract

tract

tract

A

Res 5 respiratory.
Ent 5 enteric.
C
Rep 5 reproductive.
D
NA 5 not available.
E
Ren 5 renal.
B

tracts. Samples of lungs, tracheas, kidneys, reproductive organs, and
complete enteric contents were collected from each flock as organspecific pools (three to five birds/pool) and were sent frozen to the
laboratory. The flocks were from the southern, southeastern,
northeastern and central western regions of Brazil. These regions
represent the major Brazilian poultry regions, with high avian
population densities and flocks/farm clustering and frequencies of
IBV-positive flocks ranging from 50 to 100% (4). All birds had been
vaccinated against IBV using attenuated Massachusetts vaccines
(broilers) or attenuated Massachusetts vaccines plus inactivated
Massachusetts vaccines (layers and breeders). Also included in the
study were two Massachusetts vaccines from different manufacturers
continuously used in the sampled flocks, coded Mass Vaccine 01 and
Mass Vaccine 02.
IBV screening and partial amplification of the spike gene. Pools
were prepared as 50% (v/v) suspensions in diethyl pyrocarbonate
(DEPC)-treated water and submitted to three freeze-thaw cycles in
liquid nitrogen and 56 C and clarified at 5000 3 g for 15 min at 4 C.
Total RNA was extracted from the supernatants with TRIzolTM
reagent (Invitrogen, Carlsbad, CA) according to the manufacturer’s
instructions. Each pool was surveyed for the presence of IBV by a
reverse transcription (RT) seminested PCR by using primers targeted
to a region of the 39-untranslated region (UTR), highly conserved
amongst IBV genotypes, as described by Cavanagh et al. (9).
Partial reverse transcription and amplification of the spike gene of
IBV were carried out as described by Worthington et al. (31), resulting
in amplicons of 390 bp between nucleotides 705 and 1094 (amino acids
236–364) of the S1 coding region (for strain UK/7/93, GenBank
accession Z83979). For this S1 RT-PCR, one pool per flock was selected
amongst those positive for the 39-UTR RT-PCR, preferably the pool
most directly related to the clinical signs observed in a given flock
(Table 1). All reverse transcription and amplification steps were carried
out with M-MLV Reverse TranscriptaseTM and PlatinumTM Taq DNA
Polymerase (Invitrogen), respectively, according to the manufacturer’s
instructions.
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Each test run included DEPC-treated water as the negative control
and Mass vaccines as the positive controls. Exclusive rooms with
restricted equipment were used for sample preparation and RNA
extraction, reverse transcription, and first-step amplifications and
second-round amplifications followed by electrophoresis, respectively,
to avoid amplicon carryover.
Partial S gene analysis. The S1 390-bp amplicons were purified
from agarose gels using the GFXTM kit (GE Healthcare, Fairfield, CT)
and submitted to bidirectional DNA sequencing with Big DyeTM 3.1
(Applied Biosystems, Foster City, CA) in an ABI-377 automatic
sequencer (Applied Biosystems). Sequences with Phil’s Read Editor
scores higher than 20 (14) were assembled with Cap-Contig application
and aligned with CLUSTALW included in Bioedit 7.0.9.0 software
(17), with homologous sequences retrieved from GenBank (see accession
numbers in Fig. 1), and primer sequences were trimmed. A genealogic
tree for the putative amino acids sequences (positions 243–357 of strain
UK/7/93, GenBank accession Z83979) was built with the neighborjoining distance algorithm and the Poisson correction, with 1000
bootstrap replicates using MEGA 4 (28). The criteria for the
establishment of a cluster or lineage different from the archetypical
IBV types were bootstrap value .50 and the clustering of at least three
sequences.
Accession numbers. Partial S1 sequences of the 20 field strains of
IBV have been assigned GenBank accessions FJ791254 to FJ791273
(Table 1), whereas Mass Vaccine 01 and Mass Vaccine 02 received the
accessions FJ791274 and FJ791275, respectively.

RESULTS

IBV screening and partial amplification of the S gene. The 20
flocks included in this study showed at least one organ pool positive
for the RT-PCR to the 39-UTR of IBV. Of 19 flocks, the S1-RTPCR was performed on the pool of organs that was most related to
the clinical sign that was observed in those flocks. Of one flock
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Fig. 1. Neighbor-joining distance tree with the Poisson correction for amino acids 243–357 (for strain UK/7/93, GenBank accession Z83979)
of the spike glycoprotein of avian IBV of archetypical genotypes and the 20 field strains from the present study (in bold). Mass Vaccine 01 and Mass
Vaccine 02 are also included in the tree. Nodes at each node are 1000 replicates bootstrap values (only those .50 are shown). The bar represents the
number of amino acids substitutions per site.

(breeder flock related to strain IBV/BRAZIL/2007/USP-32) that
showed reproductive disorders by the time of sample collection
(Table 1), the pool of enteric contents was used for the S1-RT-PCR
(instead of the pool of oviducts which was negative for IBV).
Genealogic analysis. Based on the partial S1 sequences, the 20
IBV strains were clustered in three major groups named Brazil,
Massachusetts, and 4/91-793B (Fig. 1). Most strains (15) segregated
in a unique Brazilian cluster. In this major cluster, named Brazil,
three subclusters could be depicted (Fig. 1), named Brazil 01 (four
strains), Brazil 02 (four strains), and Brazil 03 (three strains). The
remaining four strains were located between subclusters Brazil 01
and 03 and did not form a specific subcluster. Regarding the three
Brazilian subclusters, the most distantly related were Brazil 01 and
03, with an average amino acid identity of 91.6% (Table 2).
Concerning the archetypical genotypes included in the analysis,
the highest amino acid identities for Brazil 01, 02, and 03 were
Downloaded From: https://bioone.org/journals/Avian-Diseases on 24 Jan 2021
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related to the genotypes Connecticut (79.4%), D274 (81.1%), and
4/91 (80.5%), respectively (Table 2).
Three strains (IBV/BRAZIL/2008/USP-13, IBV/BRAZIL/2007/
USP-14, and IBV/BRAZIL/2008/USP-15) detected in broilers and
layers with respiratory, reproductive, and enteric disorders were
classified as Massachusetts strains. One of these strains (IBV/
BRAZIL/2008/USP-15) had a 100% amino acid identity with Mass
Vaccine 01 and 97.39% with Mass Vaccine 02, whereas for the other
two strains (IBV/BRAZIL/2008/USP-13 and IBV/BRAZIL/2008/
USP-14), the amino acids identity with Mass Vaccine 01 and Mass
Vaccine 02 were 99.1/96.4% and 98.2/96.4%, respectively.
Unexpectedly, two strains (IBV/BRAZIL/2008/USP-31 and IBV/
BRAZIL/2007/USP-32) were classified as belonging to the genotype
4/91 (793B or CR88), previously unknown amongst Brazilian
poultry. The strains were isolated from a layer flock with respiratory
and reproductive disorders and from a breeder flock with

897

Brazilian IBV strains diversity

Table 2. Amino acid identities (in percent) and respective standard deviations (in parentheses) of partial spike gene sequences (positions 243–
357 of strain UK/7/93, GenBank accession Z83979) amongst three clusters of Brazilian field strains of avian IBV and archetypical genotypes.
Cluster

Brazil 01

Brazil 02

Brazil 03 Brazilian 4/91 Massachusetts

Brazil 01
99.1 (0.6) 95.6 (0.6) 91.6 (0.9) 75.4 (0.7)
Brazil 02
99 (0.7) 94.9 (0.9)
78 (0.7)
Brazil 03
98.8 (0.5) 79.7 (0.7)
Brazilian 4/91
98.2 (0)

79.3
79.2
77.3
73.1

(1.1)
(1.0)
(1.0)
(0.1)

reproductive problems that were located 963 km apart in two
different states. The farms had no relation between with each other.
The amino acid identity between these two strains was 98.2%. The
identities of IBV/BRAZIL/2008/USP-31 and IBV/BRAZIL/2007/
USP-32 were 94.7% and 93.8%, respectively, to the pathogenic 4/
91 strain, with GenBank accession AF093794. The identities of
these strains with the Massachusetts genotype were 73% (Table 2).
DISCUSSION

This study showed a significant variation in genotypes circulating
in the Brazilian poultry industry in 2007–08. The existence of a
major, characteristic Brazilian IBV genotype has already been
described based on partial characterization of both the S (22,30)
and the N genes (1).
The existence of the three subclusters within this Brazilian cluster
showed that the genealogy of Brazilian strains of IBV is even more
complicated than previously known. The detection of two strains of
the 4/91-793B genotype further illustrated this increasing complexity. It’s noteworthy that these two strains have been collected from
flocks presenting respiratory and reproductive disorders without
chest muscle lesions, conditions that have been classically associated
to this type (16). The noted clinical signs were in agreement to the
wider tropism described to this genotype (2). Although already
described in Europe, Asia, and Middle East (3,10,25,26,27,31,32),
the 4/91-793B genotype has not been detected previously in
Brazilian poultry. It is interesting to note that the detection of 793Blike strains has recently been reported previously (19) in a
nonspecified Latin American country, showing the emergence of
strains of this genotype into Latin America. How this genotype
emerged into Brazil and possibly other countries in Latin America
remains unknown. It could be due to the introduction of carriers
during the importation of birds from countries where 4/91 is
endemic; or as already suggested in cases of introduction of new IBV
types, due to the role of migratory birds as sources of infection
(5,20).
It has been shown under experimental conditions (24) and field
conditions that Massachusetts vaccines alone provided a low level of
protection against challenge with 4/91-793B strains. The level of
protection of well applied Massachusetts vaccines against strains of
each of the three subclusters of the Brazilian cluster has not been
determined yet. The identity of the partial sequence of S1 between
Massachusetts strains and Brazil 01, 02, and 03 is 79.3%, 79.2%,
and 77.3%, respectively. This region of S1 is coding for
conformational epitopes partially implicated in protection and virus
neutralization (18). Although the level of cross-protection that is
provided by the Massachusetts vaccines (the only live IBV vaccines
allowed in Brazil) against the three Brazilian subclusters cannot be
predicted by the genetic information only (12), this level of
differences in the S1 protein has been shown to correlate with a lowto-moderate level of cross-protection (7,15). In fact, it is to be
expected that the massive and exclusive use of vaccines of the
Massachusetts protectotype do provide the opportunity for field
Downloaded From: https://bioone.org/journals/Avian-Diseases on 24 Jan 2021
Terms of Use: https://bioone.org/terms-of-use

D274

78.9
81.1
79.2
82.4

(0.7)
(0.5)
(0.5)
(0)

Arkansas

77.3
80.6
79.7
77.6

(0.6)
(0.6)
(0.6)
(0.9)

California

79.1
80.8
79.8
77.3

(0.6)
(0.6)
(0.6)
(0.6)

DE072 Connecticut

41.9
43.6
43.7
43.2

(0.4)
(0.4)
(0.4)
(0)

79.4
79.4
78.3
75.4

(0.5)
(0.5)
(0.5)
(0.7)

4/91

75.5
78.4
80.5
94.6

(0.9)
(1.0)
(1.1)
(2.2)

strains of non-Massachusetts protectotype to emerge as these variants
meet a lower level of flock immunity (15).
Regarding the tree strains typed as Massachusetts, a vaccine origin
could be assigned to strain IBV/BRAZIL/2008/USP-15, because the
amino acids identity between this strain and the strain found in one
of the commercial vaccines used in Brazil also included in this study
(Mass Vaccine 01) was 100%. Nonetheless, for the two remaining
strains (IBV/BRAZIL/2008/USP-13 and IBV/BRAZIL/2008/USP14), this identity was below 100%, giving rise to the possibility that
these are indeed wild field Massachusetts strains instead of vaccine
strains.
The results of this study underline the need of further studies on
the in vitro and in vivo pathogenicity and immunologic features of
the IBV strains detected during this survey. This knowledge is not
only applicable for the choice of the needed kind of vaccines (only
Massachusetts or more) and vaccination schedules but also to the
proposition of genetic markers to the molecular epidemiology of
IBV strains and their pathogenicity. These studies will be helpful to
minimize the negative impact of these IBV strains for the individual
chicken and the poultry industry.
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