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Abstract Sixty field strains of avian infectious bronchitis

virus (IBV) were isolated from chicken flocks in different

regions of Guangxi from 1985 to 2012. Phylogenetic

analysis of S1 subunit glycoprotein genes revealed that

field isolates from 2009-2011 mostly belonged to the LX4

type, while those from 1985-2008 belonged to the HN08

type, and a few others belonged to the 4/91 type, the TW

type and the Mass type. In addition, it is noteworthy that no

obvious regional differences were found among these 60

strains isolated from six regions in Guangxi, while there

was a high degree of sequence identity among the isolates

in the same period of time.

Avian infectious bronchitis virus (IBV) is a member of the

genus Gammacoronavirus, subfamily Coronavirinae,

family Coronaviridae, order Nidovirales [2]. Its genome

encodes four structural proteins: phosphorylated nucleo-

capsid protein (N), membrane glycoprotein (M), spike

glycoprotein (S), and small membrane protein (E) [3]. The

spike glycoprotein S is post-translationally processed into

S1 and S2 subunits. The S1 subunit protein is involved in

infectivity and contains virus-neutralizing epitopes, sero-

type-specific sequences, and hemagglutinin activity [2, 10].

It also plays a major role in the tissue tropism and in the

induction of protective immunity.

Infectious bronchitis (IB) is still a major problem in

Guangxi Province, which is located in southern China,

where the largest numbers of local varieties of roaster

chickens are produced. Guangxi produces a total of 700

million birds per year and ranks third in China [25]. S1

subunit sequencing and subsequent genetic analysis have

been found to be effective in monitoring the epidemiological

evolution of IBV variants [5, 7, 9, 14, 17, 19, 23, 28]. As

various live or inactivated vaccines based on Mass serotype

strains have been used for control of IBV infections in the

field, new variant infectious strains continue to emerge and

cause clinical disease and production problems in vaccinated

flocks [8, 24]. The abundance of IBV strains provides a

unique opportunity for detailed genetic studies on the pre-

valent IBV genotypes in the field and the dynamics of the

viral subpopulations that are required for a deep under-

standing of IBV evolution and epidemiology. Previously, we

demonstrated that IBVs isolated in Guangxi in 1985-2008

and reference strains were divided into five distinct geno-

types based on an analysis of hypervariable region I (HVR I)

of the S1 subunit genes [13]. Since then, we have been

continuing to collect IBV samples from the field, and by the

year 2012, sixty IBV strains from chicken flocks in different

regions had been isolated. Most of the IBV strains were

isolated from Nanning, Yulin and Guilin, which represent

the main chicken-rearing regions in Guangxi.

Viral RNA was extracted from infected IBV-containing

allantoic fluid using TRIzol Reagent (Invitrogen, USA).

Primers for amplification of the region encoding the S1

subunit were adapted from Li et al. [14]. DNA sequencing of

RT-PCR products was performed by a DNA sequence service

company (Beijing Genomics Institute at Shenzhen). Deduced

amino acid sequences were compared with those of IBV

reference strains from different regions or countries using the

Lasergene software packageV5.0 (DNASTAR Inc., USA). A
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Fig. 1 S1 nucleotide sequences of the 60 isolates and 24 published IBV strains were included in the phylogenetic analysis, where the 33 isolates

from 2009-2012 are marked with a black triangle and the 27 isolates from 1985-2008 are marked with a white triangle
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phylogenetic tree based on the amino acid sequences of the

60 field isolates and 24 reference strains was constructed

using the programs in the MEGA v. 4.0 software package

(MEGA, Software, USA). The bootstrap values were deter-

mined from 1000 replicates of the original data.

The precursor of the S glycoprotein is cleaved into an

amino-terminal S1 subunit and a carboxy-terminal S2

subunit during viral maturation. The S1 subunit gene

sequence has been reported to be a good predictor of

immunity to challenge in chickens, and genetic analysis of

IBV strains have been mainly focused on the S1 subunit

[12]. The length differences indicated that amino acid

insertions and deletions are present in some of the strains.

The S1 subunits of the IBV isolates in Guangxi have 1611,

1614, 1617, 1620, 1626, 1629,1632,1635 and 1638 nucle-

otides and 537, 538, 539, 540, 542, 543, 544, 545 and 546

amino acids, respectively. Phylogenetic analysis was per-

formed on S1 subunit sequences consisting of the 60 iso-

lates and 24 reference IBV strains. All IBV strains except

GX-C were clustered into seven distinct genetic groups

(Fig. 1): a total of 26 isolates and 3 reference strains from

China were designated as LX4-type. A total of 17 isolated

and 4 reference strains from China were designated as

HN08-type, which was unique to China, having been

detected in southern China between 2004 and 2009 [9, 14].

IBV isolates from between 2009 and 2012 were mostly

clustered in the group of LX4-like strains. Interestingly, we

found that more than 50% of Chinese IBV isolates during

this period were of the LX4 type, even up to 75 % in some

areas [7, 9, 28]. Strain QX, first isolated in China and

reported associated predominantly with various forms of

renal pathology in China, was also representative of the

LX4-type strain [16, 18]. To date, the QX type has been

reported to be one of the most important in many European

countries [1, 6, 11, 26, 27]. Six isolates and two reference

strains were designated as 4/91-type. Also, the 4/91 type

has become one of the predominant European types [4, 5,

21, 27], but in China, only a single isolate, TA03, out of a

total of 220 Chinese isolates during 1995-2009 was 99.4 %

identical to the pathogenic 4/91 strain [7]. GX-NN7 and the

other five IBV isolates had 97.4 % and 88.2-89.0 %

similarity, respectively, in the S1 subunit amino acid

sequence to strain 4/91. Also, the six strains isolated in

2006 from two different regions were grouped into the 4/91

type, and these were not present at other times in Guangxi.

Hence, the origin of the 4/91-type isolates and their rela-

tionship to the 4/91 vaccine strain requires further inves-

tigation. Three isolates and one reference strain were

designated as TW-type, four reference strains were desig-

nated as Gray-type, three isolates and seven reference

strains were designated as Mass-type, and one isolate and

three reference strains were designated as members of a

new group. GX-C, isolated in 1985, showed considerably

low sequence identity to the above seven genotypes and

belonged to a separate group. Four strains, GX-NN09032,

CK/CH/GD/KP10, CK/CH/SD09/005 and TC07-2, were

clustered in a distinct new phylogenetic group, which were

well separated from the other strains and shared only 58.5-

62.1 % amino acid sequence identity with other groups in

the S1 subunit protein. In this cluster, TC07-2 and CK/CH/

GD/KP10 were isolated in Guangdong Province in 2007

and 2010, respectively [14, 19], and CK/CH/SD09/005 was

isolated in Shandong Province in 2009 (data not shown).

This new-type IBV was also isolated in Japan in 2009

(designated JP-IV) and in Korea in 2010 (designated

New cluster 2) [15, 20]. These results indicate that ‘‘novel’’

strains may have spread to many chicken flocks in these

three countries (they are close geographically) in recent

years, and that the group strains continue to persist in the

field and have a unique sequence compared with other

strains of IBV. In addition, the results showed a curious

correlation between genotypes and different time periods

(Fig. 2): during 1985-2008, the HN08 and 4/91 types

represented 52 % and 22 % of the 27 isolates, respectively,

while during 2009-2012, the LX4 type represented 82 % of

the 33 isolates, and the other four genotypes together

represented less than 10 %. The results strongly suggest

that the IBV isolates had been undergoing a gradual evo-

lution in these regions.

The reason for vaccine failure is the poor cross-protec-

tion between field viruses and vaccine strains and the fre-

quent emergence of new variants, and therefore, antigenic

Fig.2 Percentages of genotypes

isolated during different periods

of time
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characterization of IBV isolates from the recent outbreaks

in one area is very important for choosing the appropriate

vaccines and developing new vaccines for the corre-

sponding geographical regions [22]. The present study

demonstrates that the HN08 and LX4 types were the pre-

dominant IBV strains circulating in the field during

1985-2008 and 2009-2012, respectively, in Guangxi. It is

reasonable to expect that such predominant IBV strains

will eventually emerge under the increased immune pres-

sure caused by massive vaccination of commercial flocks

with multiple vaccine strains. Therefore, this study under-

lines the importance of continuing surveillance of new IBV

strains in order to better control new epidemic outbreaks of

IBV infections in commercial flocks in Guangxi.
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