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Abstract A Chinese isolate of avian infectious bronchitis

virus (IBV) designated HH06 was isolated from the kidney

tissues of a chicken flock experiencing an outbreak of

nephritis. In vivo pathogenicity of the IBV isolate HH06

was determined by inoculating specific pathogen-free

(SPF) chickens. The clinical signs and related gross lesions

of HH06 infected chickens were similar with those of the

field-infected chickens. SPF embryonated eggs were inoc-

ulated with virus suspension for serial passage and their

genomic RNA was extracted. RT-PCR technique was uti-

lized to amplify the M gene sequence encoding membrane

protein of IBV. Recombinant plasmid named T-vector-M

was constructed via inserting the M gene into the TA

cloning vector, pMD 18-T. The sequenced M gene and its

deduced amino acid (aa) sequences were compared with

the published sequences of reference strains. The M gene is

of 687 bp in length encoding the M protein of 228 amino

acids with a predicted molecular weight of 25.4 kDa. The

sequences of the M gene and M protein share 83.9–97.9%

and 83.6–96.5% homologous identities, respectively,

compared with 29 IBV reference strains derived from

different regions or countries, which revealed that there are

still significant variations between strains. Furthermore, a

phylogenetic tree based on these M DNA sequences was

generated, and the tree topology suggests that some Chi-

nese IBV strains may have a common ancestor; however,

HH06 is a new local IBV isolate that is responsible for the

field outbreak of nephritis.

Keywords IBV � M gene � Cloning � Genetic variation �
Phylogenetic analysis

Introduction

Avian infectious bronchitis virus (IBV) is the causative

agent of infectious bronchitis (IB) and leads to a great

economic loss to the poultry industry worldwide. IB has

been reported frequently in China since it first appeared in

1965 [1], although some vaccines have been adopted. The

variation of serotypes of prevalent IBV may decrease the

effect of some IBV vaccines used in some countries.

Currently, the Chinese IBV isolates H120 and H52 are

commonly used vaccine strains in China. The application

of these vaccines in most of the chicken farms has

decreased the large-scale outbreak of IB in China, how-

ever, the sporadic occurrences of IB are reported fre-

quently. The primary target of IBV is the respiratory

tract, and some isolates also replicate in the kidney and

oviduct, resulting in nephritis and reduced egg production,

respectively [2].

IBV is a member of the family Coronaviridae, which

consists of some enveloped viruses that replicate in the cell

cytoplasm and contain an unsegmented, single-stranded,

positive-sense RNA genome of about 27–32 kb [3–8]. IBV

has three major structural proteins, which include the spike

(S), the membrane (M), and the nucleocapsid (N) protein.

The structural genes, together with other open reading

frames (ORFs), organize the typical avian coronavirus
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genome characterized in order of 50-Pol-S-3a-3b-E-M-5a-

5b-N-UTR-30 [9]. The spike of IBV is formed by post-

translational cleavage of two separate polypeptide

components, designated S1 and S2 [10]. The S1 glyco-

protein is associated with virus attachment and is a major

target of the neutralizing antibodies in chickens. It is

commonly accepted that the serotype of IBV is determined

by the S gene, particularly the hypervariable S1 gene. The

N protein of IBV is the preferred protein to use in devel-

opment of group-specific serologic assays and is produced

abundantly during infection, and has high immunogenicity,

readily inducing antibodies and cytotoxic T-lymphocyte

immunity in chickens [11].

The M protein, a polytopic protein, is the most abundant

component of coronavirions [12]. When synthesized in the

absence of other viral components, M protein tends to

accumulate in the Golgi complex as detergent-insoluble,

polymeric structures, presumably as part of its retention

mechanism [13, 14]. The M protein as the major inducing

component has been proposed to play a role in interferon

induction [15, 16]. It was demonstrated that the coexpres-

sion of M and E proteins allowed the formation of

pseudoparticles, which exhibited an interferogenic activity

similar to that of complete virions [17].

Recently, we isolated an IBV strain (HH06) from

northeastern China and cloned its S1 gene, and found this

virus has over 98.8% S1 identity with 19 other Chinese

IBV isolates. However, the IBV S1 region displays very

distinctive difference with the vaccine strain H120 that is

used for vaccination in northeastern China. There are

several papers describing the epidemic situation regarding

IBV in China, based on the S1 gene sequences [18–21].

Evidently, the genotypic and phenotypic characterization

of IBV is important for analyzing IBV variations [22]. In

this paper, we further characterized the IBV isolate and

cloned the M gene. The phylogenetic relationships among

the IBV isolates derived from different countries or regions

were investigated by sequence comparison and phyloge-

netic tree topology. This study provides useful information

of a Chinese isolate of IBV, which may assist in eluci-

dating the genetic evolution of IBV in China.

Materials and methods

Virus isolation and in vivo pathogenicity

An avian IBV was isolated from the suburb of Harbin,

capital of Heilongjiang Province, P.R. China. The IBV

designated HH06 was isolated from the kidney tissues of

suspected young chicken flock experiencing an outbreak of

nephritis, depression, and slight respiratory signs. The virus

suspension was prepared from homogenized kidney tissue

after freezing and thawing three times. Nine-day-old SPF

embryonated eggs were inoculated with the virus suspen-

sion (0.3 ml/embryo) containing 100 U penicillin and

100 mg streptomycin/ml via the allantoic cavity and then

were incubated at 37�C for 72 h. The harvested allantoic

fluid was cleared by centrifugation at 3,000 rpm at 4�C for

15 min and used as inoculum for serial passage (0.1 ml/

embryo) up to eight times. Egg lethal dose (ELD)50 of the

8th passage viruses was detected using the embryonated

eggs.

For in vivo pathogenicity analysis, 20-day-old SPF

chickens were randomly divided into two groups with 15

birds in the experimental group and 5 birds in the control

group. Each bird in the experimental group was orally

inoculated with 0.5 ml of the allantoic fluid containing the

isolate HH06 (105.7 ELD50/ml), and the birds in the control

group were orally inoculated with 0.5 ml sterilized physi-

ological saline. All chickens were reared in the isolaters.

The infected birds were observed for clinical signs and

disease course, and were later killed by intravenous inoc-

ulation of barbiturate for observation of gross lesions and

sampling of kidney, trachea, and lung.

Extraction of viral RNA and primers

Viral RNA was extracted using TRIzol reagent (TaKaRa,

Japan) according to the manufacturer’s instructions. A pair

of primers was designed using Primer Premier 5.0 software,

and synthesized by TaKaRa Biotechnology Company

(Dalian, China) based on the sequence of Beaudette strain

of IBV (GenBank accession No. AJ311362). The sense

primer, pM1: 50-TAACGAGTTTCCTAAGAACGGTTG

G-30, and the anti-sense primer, pM2: 50-ACATTTA

TGTGTAAAGACTACTTCC-30, flanking the M gene were

used to amplify a 735 bp fragment.

Reverse transcriptase-polymerase chain reaction

(RT-PCR)

RT-PCR was performed using an RT-PCR Kit (TaKaRa,

Japan) according to the manufacturer’s instructions. Each

reverse transcription volume had a total volume of 10 ll

and used 1 ll total RNA (1 lg/ll) as template. The cDNA

obtained was amplified with primers pM1 and pM2. PCR

was in 50 ll volumes containing 5 ll of 109 buffer, 3 ll

dNTP mixture (2.5 mM), 10 ll cDNA, 1 ll pM1,

1 ll pM2, lll ExTaq polymerase (TaKaRa, Japan), and

29 ll sterile water. The cycling parameters for the PCR

included 94�C for 1 min, 30 cycles at 94�C for 1 min,

49.9�C for 1 min, and 72�C for 1 min, and a final extension

at 72�C for 10 min. PCR products were run in 1% agarose

gel electrophoresis containing ethidium bromide (0.5 lg/

ml) and visualized by subsequent UV transillumination.
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Cloning and DNA sequencing

PCR products of each RT-PCR were purified using a Gel

Extraction Mini Kit (Omega, USA). Purified PCR products

ligated with a TA cloning vector, pMD18-T (TaKaRa,

Japan) were transformed into competent cells (strain

JM109). Cells carrying recombinant plasmid were screened

on Luria-bertani (LB) agar plates containing Ampicillin

(50 lg/ml). Colony PCR was utilized to select recombinant

bacteria. The PCR conditions were the same as that for the

above-mentioned PCR amplification. Three positive clones

were randomly selected and cultured. Plasmid DNA pre-

pared by Plasmid Extraction Kit (Omega, USA) was

verified with restriction enzyme digestion. The resulting

plasmids were designated T-vector-M and sequenced by

Sangon bio-company (Shanghai, China).

Sequence comparison and phylogenetic tree analysis

Sequences of T-vector-M and their deduced amino acids

were compared with that of 29 IBV reference strains

derived from different regions or countries using the

Lasergene software package V5.0 (DNASTAR Inc, USA).

The composition of the nucleotide sequence of M gene was

analyzed with DNAMAN software version 4.0 (Lynnon

BioSoft, Quebec, Canada). The IBV origin places and the

GenBank accession numbers of these sequences are sum-

marized in Table 1. A phylogenetic tree was generated

using an alignment of gene sequences in the M region from

the above-mentioned IBV strains by the Lasergene soft-

ware package V5.0 (DNASTAR Inc, USA).

Results

Isolation and in vivo pathogenicity

Ten-day-old SPF embryonated eggs were inoculated with

virus suspension for serial passage. The gross lesions of the

infected embryos were hemorrhage on the legs, mottled

necrosis of the liver, swelling of the kidneys, dwarfing, and

curling. In the eighth passage, egg lethal dose (ELD)50 of

the virus isolate was 105.7 ELD50/ml (Table 2).

Twenty-day-old chickens inoculated with the 8th pas-

sage viruses exhibited clinical symptoms including depress,

cough, sneeze, dyspnea, and water-like feces 5 days post-

inoculation. Two chickens died 7 days post-inoculation (PI)

and another two chickens died 9 days PI. Then more

chickens died continuously, with a mortality rate of 60%.

Necropsy showed that the kidney of the dead birds was

swollen and exhibited severe urate deposition. In addition,

there were large volumes of mucilage in the bronchi of the

dead chickens, and their throats appeared slightly hyper-

emic. The control chickens did not show any clinical

symptoms.

Cloning of IBV M gene

The integrity of the RNA extracted was confirmed by

denaturing agarose gel electrophoresis, and the total RNA

concentration was 1 lg/ll approximately. Using the spe-

cific primers for the M gene of IBV, RT-PCR products of

approximate 750 bp were successfully amplified (data not

shown). The amplicons were cloned into pMD18-T vector,

and three positive clones identified by colony PCR were

subjected to plasmid extraction and DNA sequencing.

Sequence analysis and comparison

Sequencing results showed that the nucleotide sequences of

the three M genes of IBV strain HH06 had no mutation. The

consensus sequence was reported to GenBank Database and

was assigned an accession number, EF397564. Sequence

analysis indicated that the nucleotide sequence of the entire

M gene of IBV strain HH06 was 687 pair of bases in length

and had a base composition of 196 adenine (29%), 123

cytosine (18%), 151 guanine (22%), and 217 thymine

(32%), and a GC content of 40%. Moreover, there were

several TATA motifs (possible introns) in the M gene

sequence. The M gene sequence is accessible through the

website link: http://www.ncbi.nlm.nih.gov/entrez/viewer.

fcgi?db=nuccore&id=125664056. The nucleotide and

deduced amino acid sequences of the M gene of strain

HH06 were compared with the reference strains derived

from different regions or countries. The homology of the

HH06 M gene shared 83.9–97.9% and 83.6%–96.5%

sequence identity with the 29 IBV reference isolates at the

nucleotide level and at the amino acid level, respectively

(Table 3). The amino acid sequence alignment showed that

various sequences of IBV isolates were of unequal length

(data not shown). Although the nucleotide sequence of the

HH06 M gene was similar to those of other IBV strains,

there were still significant variations between strains in

terms of the homologous identity. The Chinese isolate

HH06 showed very high sequence homology to many other

Chinese isolates, although they were isolated from the dif-

ferent geographic places in China. For example, it has very

high sequence homology (more than 96% identity at the

nucleotide level) with isolates SAIBK (Sichuan, China),

LDT3 (Guangdong, China), CK/CH/LSC/99I (Sichuan,

China), and partridge/GD/S14/2003 (Guangdong, China).

Interestingly, HH06 had a lower sequence homology with

H120 (89.2% at the nucleotide level), although HH06 was

isolated from H120 vaccinated chicken.
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Phylogenetic tree analysis

To understand the phylogeny of IBV strains, a phyloge-

netic tree based on the nucleotide sequences of the M genes

was generated by the MEGALIGN program in DNAStar

with the Jotun Hein method [23]. Most Chinese IBV iso-

lates showed closer relationships than the foreign isolates

according to the branch distribution of the phylogenetic

tree, although several strains isolated in the same country,

such as, isolates HK and Jilin were clustered into different

positions of the phylogenetic tree. However, many Chinese

IBV isolates showed closer relationships with the HH06, a

northern isolate of China. In contrast, many Chinese iso-

lates did not show a closer relationship with H120, H52, or

Mass41 that are widely used vaccine strains in China

(Fig. 1).

Discussion

The SPF chickens inoculated with isolate HH06 exhibited

very similar clinical signs and disease course with those

from field infected birds, giving the evidence that HH06

was a local epidemic IBV isolate. In addition, the SPF

embryonated eggs infected with HH06 virus showed the

gross lesions such as hemorrhage on the legs, mottled

Table 1 Information on IBV

strains used in the experiment

Note: N.A. means no

information available. The

origin places of the IBV strains

are designated. The GenBank

accession numbers for the M

gene of IBV strains are given

Sequence number IBV isolate Virus origin Accession number

1 HH06 Heilongjiang, China EF397564

2 Jilin Jilin, China EF602442

3 CK/CH/LLN/98I Liaoning, China EF602451

4 HK China AY761141

5 LDT3 Guangdong, China AY702975

6 SAIB20 Sichuan, China AY302749

7 SAIBWJ Sichuan, China AY302742

8 SAIBK Sichuan, China DQ288927

9 CK/CH/LSC/99I Sichuan, China EF602450

10 H52-GD Guangdong, China AY044184

11 CK/CH/LGD/04II Guangdong, China EF602444

12 Partridge/GD/S14/2003 Guangdong, China AY646283

13 H120 Guangdong, China AY028295

14 N.A. Qingdao, China AF221667

15 TW1171/92 Taiwan, China DQ646406

16 TW2575/98 Taiwan, China DQ646405

17 Gray USA AF286180

18 SO4-8842 USA AY942744

19 K01-1699 USA AY942743

20 Connecticut USA AY942741

21 Ca199 USA AY514485

22 PA/Wolgemuth/98 USA AF363610

23 JMK USA AF363608

24 Conn USA AF942174

25 CU-T2 USA AIU46035

26 Mass41 USA AF363609

27 Beaudette US USA AJ311362

28 Alabama 1 USA AF470628

29 Beaudette CK UK AJ311317

30 Vic Australia DQ490221

Table 2 Determination of ELD50

Virus

dilution

Observed result Cumulative result Mortality

rate (%)
Death Survival Death Survival

10-3 5 0 16 0 100

10-4 4 1 11 1 92

10-5 4 1 7 2 78

10-6 2 3 3 5 38

10-7 1 4 1 9 10

10-8 0 5 0 14 0
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necrosis of the liver, swelling of the kidneys, and dwarf

which were similar with those of the infected with neph-

ropathogenic IBVs [24, 25]. In our previous report, we

cloned and analyzed the S1 gene of the isolate HH06 [26].

The HH06 isolate showed high sequence identity with

some of the published IBV isolates, particularly some

nephropathogenic IBVs. The current study indicated that

HH06 was the causative agent of chicken nephritis that

was responsible for the field outbreak recently.

Nephropathogenic IBV usually damages kidneys and

reproductive tract of chicken, causing a high mortality rate

in young flocks. Currently the major control measures of

IB are vaccination of live attenuated IBV vaccine (Mass

serotypes) such as H52, H120, and Ma5 strains in China;

however, the chicken flocks vaccinated with the live vac-

cines usually fail to present full protection to field virulent

IBV challenge, and the vaccinated chicken flocks were

often subjected to the attack of nephropathogenic IBV.

[25]. In our study, the nephropathogenic IBV isolate HH06

was also isolated from a chicken flock vaccinated with live

attenuated vaccine (H120 strain) and experiencing IBV

infection, supporting the notion that Mass serotype of live

attenuated IBV vaccine might be not ideal in protection of

chickens in some places in China.

Genotyping on the basis of the S1 gene sequence is the

most common way to classify IBV isolates. There have

been several papers describing the epidemic situation

regarding IBV in China [19, 21]. We have sequenced the

S1 gene of the HH06 strain. The sequencing results indi-

cated that the HH06 shared a very high similarity with

many Chinese IBV isolates, however, it had a very low

sequence identity with the IBV vaccine strain H120,

although IBV HH06 was isolated from the suspected

young chicken flock that had been vaccinated with IBV

H120. The emerging of IBV HH06 supports the notion that

variant IBV isolates can be obtained from vaccinated birds

because cross neutralization does not occur between dif-

ferent serotypes. Because both sequence comparison and

phylogenetic tree analysis showed that HH06 had a distant

relation to H120, we believe that the local prevalence of

HH06 may be attributed to the failure of traditional viral

vaccine. In addition, our animal experiments show that

kidney injury is one of the serious signs of IBV-infected

chicken.

The M protein of coronaviruses is a structural mem-

brane protein and plays an important role in the viral

assembly process. Here, we have cloned the full-length M

gene of the Chinese IBV isolate HH06 and determined its

nucleotide sequence. Sequence comparison with other

reference strains, which was revealed that the M gene was

conserved among various IBV strains inferred from their

high sequence similarity, and can be used as a target to

develop a nucleic acid-based test for the diagnosis of IBVT
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infection. Many aspects of IBV have been extensively

studied [27–32]. Particularly, it is documented that IBV M

protein is indispensable for many biological functions

including viral core stability [10, 27, 33–36]. In the future,

we will express the M gene to further analyze its biological

function of the M protein and develop optimal reagents for

serological diagnosis.

There is evidence that IBV recombination occurs in the

envelope and membrane genes [37]. In this study, many

Chinese isolates, such as SAIBK, partridge/GD/S14/2003,

CK/CH/LGD/04II, CK/CH/LSC/99I, LDT3, and our newly

isolated strain, HH06, were isolated from rather different

places in China had very high sequence identity. Our data

indicate that the spread of IBV to different regions of China

may occur, and whether there is a recombination needs to

be investigated in the future.

To further elucidate the molecular evolution of IBV, a

phylogenetic tree was constructed according to the M gene

sequences. In agreement with the sequence comparison, the

tree topology showed the IBV isolates have been divided

into several branches, and most Chinese isolates including

HH06 isolate were closely clustered in the phylogenetic

tree. Most American IBV isolates were also located in

neighbored branches. Interestingly, many Chinese IBV

isolates that were from different places shared the same

branch. For example, SAIBK isolated from Sichuan

Province, partridge/GD/S14/2003 and LDT3 isolated from

Guangdong Province, and HH06 isolated in Northern

China shared the same branch and displayed closer rela-

tionships. This result, together with the sequence

comparison, allows us to hypothesize that some Chinese

IBV isolates may have a common ancestor, although they

were isolated from the different regions in mainland China.

Particularly, it should be noted that the IBV LDT3 is a

peafowl isolate [19, 36]. However, the distinctive dissim-

ilarity between many Chinese isolates and the widely

used IBV vaccine strain such as H120 and H52 also indi-

cates that the antigenic drift is likely to occur among

some Chinese IBV strains under the long-term immune

pressure.

Our results also highlight the importance of developing

in time new IBV vaccines against the IBV variants.

However, more data and necessary experiments are

required to verify our hypothesis and to delineate why the

Chinese isolates (HK and Jilin) locate in other different

branches in the phylogenetic tree, respectively. In addition,

to really understand the relationships among the IBV iso-

lates, more extensive sequencing of the whole genome, the

regional vaccination background, and the epidemiology

should be investigated in the future.

Fig. 1 Phylogenetic

relationships between the IBV

isolates are constructed on the

nucleotide sequences of the M

gene using the MEGALIGN

program in DNAStar with the

Jotun Hein method (Higgins and

Sharp 1988 [23]). Symbol ‘‘-’’

used in the isolate name is

identical to the ‘‘/’’ in the

isolates. The origin places of

these IBV isolates are indicated

in black bold
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