J Microbiol Immunol Infect
2005;38:25-30

Lin et al

Protective effect of vaccination in chicks with local infectious
bronchitis viruses against field virus challenge
Kuan-Yu Lin, Hui-Chung Wang, Ching-Ho Wang

Graduate Institute of Veterinary Medicine, National Taiwan University, Taipei, Taiwan
Received: January 13, 2004 Revised: July 23, 2004 Accepted: July 26, 2004

Avian infectious bronchitis virus (IBV) causes tremendous economic losses to the poultry industry worldwide.
Different serotypes of this virus show little cross-protection. The present study investigated the relationship between
differences in the genotype based on the N-terminus of the spike protein and the protection provided by vaccination
with IBVs. Cross-immunization tests were performed using both killed and live viruses in specific-pathogen-free
chicks. One-day-old chicks were immunized with killed or high [105 50% embryo infectious dose (EID50)] or low
(103 EID50) doses of live IBV viruses and challenged with homologous or heterologous IBV strains. The immunization
efficacy was evaluated by virus isolation from the challenged chicks. In the killed-virus and high-dose live-virus
test groups, IBV vaccination protected against challenge by homologous but not heterologous IBV strains. However,
a low dose of live IBV showed no protection against virulent IBV challenge. These results indicate that both the
genotype based on the N-terminus of the spike protein and the virus dose are essential to IBV protection from
immunization. Thus, development of vaccines from different local strains is necessary to control infectious bronchitis
in poultry.
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Infectious bronchitis virus (IBV) is a major cause of
economic losses in the poultry industry worldwide.
IBV also poses a constantly changing threat to the
poultry industry because new serotypes of the virus
continue to be isolated even from vaccinated flocks
[1-3]. Numerous serotypes or IBV variants have been
identified worldwide, against which little or even no
cross-protection exists [4,5]. Thus, developing vaccines
from local field isolates is necessary to control this
disease.
IBV has been present in Taiwan since at least
1958, and numerous nephrotropic strains have been
isolated since that time [3]. In spite of the extensive use
of vaccines, IBV outbreaks remain frequent in Taiwan
[6]. Infected broilers show clinical signs of depression,
dehydration, and polyuria — swelling of the kidneys
with severe urate deposition that results in death.
Infected breeders or layers show signs of decreased egg
production. The failure of vaccines is typically due to
differences in the serotypes of vaccine strains and field
viruses [2,5], a situation that has been proven to occur
in Taiwan [6]. Sequence differences in the S1 gene
between Taiwan IBV strains and commercially available
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vaccine strains reach 20-30%. Based on differences in
the N-terminus of the spike protein, the Taiwan isolates
can be classified into 2 genetic groups: Taiwan group I
(TW I) and Taiwan group II (TW II), which differ
serologically from each other [7,8]. The fragment
used for differentiating these 2 groups contains the
hypervariable region 1, which is thought to be closely
associated with major neutralization epitopes [9].
It is well known that the spike protein is responsible
for virus neutralization and hemagglutination inhibition
[9-12]. However, the role of the spike protein in
protecting against the virus remains unclear. The purpose
of the present study was to determine whether
differences in the N-terminus of the spike protein in
vaccine plays a role in protection provided to chicks
against IBV infections.

Materials and Methods
Viruses
The viruses used in this study were isolated from
chickens infected with IBV, and were identified as
strains 1171/92, 1246/92, 1449/92, 1960/94, 2330/96,
and 2389/97. All of these strains belong to genotype
TW I, except for 2012/94, 2296/95 and 2300/95, which
belong to TW II. Strains 2296/95 and 2300/95 are highly
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Table 1. Antibody titers of chicks after vaccination with killed virusa
Vaccinated viruses
-b
H120+H120
H120+2389/97
H120+H120
H120+2389/97

ELISA antibody titers

Challenge virus
2330/96 (TW I)
2330/96 (TW I)
2330/96 (TW I)
2389/97 (TW I)
2389/97 (TW I)
2389/97 (TW I)

1 day

2 weeks

4 weeks

5 weeks

0
0
0
0
0
0

0
1.3 ± 0.4
0.9 ± 1.3
0
1.2 ± 0.4
1.1 ± 0.3

0
2.1 ±
1.2 ±
0
1.6 ±
1.5 ±

0.2 ±
2.4 ±
3.5 ±
0.4 ±
3.8 ±
3.8 ±

1.3
1.1
1.2
1.4

0.1
1.3
0.8
0.3
0.2
0.4

Abbreviations: ELISA = enzyme-linked immunosorbent assay; TW I = Taiwan group I
chicks in each group were vaccinated with live H120 at 1 day old and revaccinated with killed 2389/97 (TW I) at 2 weeks old.
Chicks vaccinated with live H120 twice or without vaccination were used as control groups. All chicks were challenged with 2330/96
or 2389/97 at 4 weeks old and then sacrificed at 5 weeks for protection evaluation by virus isolation. Blood samples collected before
vaccination, pre-challenge, and 1-week post-challenge were used for infectious bronchitis virus antibody measurement.
bUnvaccinated birds (-).
aSix

virulent; 1449/92 is moderately virulent; and the others
exhibit low virulence [7]. Viruses were purified by
terminal dilution for 3 passages in specific-pathogenfree (SPF; National Institute for Animal Health, Tamsui,
Taiwan) chicken embryos and 3 to 8 passages in SPF
chicken embryos. The purified viruses were propagated
in SPF chicken embryos. After 48 h, the viruses in
allantoic fluid were pooled. The pooled viruses were
titrated in 10-day-old SPF chicken embryos, placed into
ampules, rapidly frozen, and stored at –70°C.
H120 is the most popular vaccine strain in the world
as well as in Taiwan. It derives from a Holland strain
and is attenuated by passing through chicken embryos
120 times; at high passage number it loses its
pathogenicity.

Killed-virus preparation
Strain 2389/97 was inoculated into the allantoic cavity
of SPF chicken embryos, and the allantoic fluid was
harvested 48 h later. The titer of the IBV in the fluid
was 106 50% embryo infectious dose (EID50) before
inactivation. IBV was inactivated using 0.2% formalin
with continuous stirring at 37°C for 10 h. The test for
inactivation consisted of 2 passages in SPF chicken
embryos using inoculations of 0.2 mL with 10 replicates
per passage. After complete inactivation, the killed
virus was mixed with 5 volumes of 5% aluminum
gel (6.8 g AlCl3, 16.8 g CH3COONa, 920 mL D2W, and
80 mL 10% NaOH) as an adjuvant.

Efficacy of vaccination with killed virus
Thirty six 1-day-old SPF chicks used in the killed-virus
efficacy test were divided into 6 groups with 6 birds in
each group (Table 1, Table 2). Chicks were vaccinated
intranasally with live H120 (103 EID50) at 1 day old
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and revaccinated intramuscularly with killed 2330/96
(0.5 mL) or 2389/97 at 2 weeks old. Chicks vaccinated
with live H120 (103 EID50) twice or without vaccination
were used as control groups. These birds were raised in
separate rooms and supplied with food and water ad
libitum. After challenge, the chicks were observed daily
for 1 week. At the end of the experiments, chicks were
humanely killed and necropsied. Kidneys of SPF chick
were used for virus isolation to evaluate the isolation
rates. Positive virus isolations were recorded when
characteristic dwarfing and/or mortality of the SPF
chicken embryos occurred in the absence of bacteria.
Reverse-transcription polymerase chain reaction
(RT-PCR) and sequencing were also performed to
ensure that the isolated viruses were indeed the ones
used for the challenge. The primer set used for RTPCR was modified as previously described [13] from
C2U/C3L [7,8], and consisted of rC2U (forward): 5'TGGTTGGCA(T/C)TTACA(A/C/T)GG(A/G/T)-3' and
Table 2. Protective efficacy of killed-virus vaccine against
homologous or heterologous virusesa
Vaccinated virus
1 day
-b
H120
H120
H120
H120

2 weeks
H120
2389/97 (TW I)
H120
2389/97 (TW I)

Challenge virus
4 weeks

Virus isolation
5 weeks

2330/96 (TW I)
2330/96 (TW I)
2330/96 (TW I)
2389/97 (TW I)
2389/97 (TW I)
2389/97 (TW I)

6c
5
2d
6
3
2d

Abbreviation: TW I = Taiwan group I
aThe 6 chicks in each group are the same as described in Table 1.
bUnvaccinated birds (-).
cThe number of chicks from which virus was isolated is indicated.
dp<0.05 compared with the corresponding control group without
vaccination.
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Table 3. Antibody titers of chicks after vaccination with a low dose of live virusa
Vaccinated virus

ELISA antibody titers

Challenge virus
1 day

-b
1171/92 (TW I)
1246/92 (TW I)
1960/94 (TW I)
2012/94 (TW II)
1171/92 (TW I)
1246/92 (TW I)
1960/94 (TW I)
2012/94 (TW II)

2296/95 (TW II)
2296/95 (TW II)
2296/95 (TW II)
2296/95 (TW II)
2296/95 (TW II)
2300/95 (TW II)
2300/95 (TW II)
2300/95 (TW II)
2300/95 (TW II)
2300/95 (TW II)

0
0
0
0
0
0
0
0
0
0

4 weeks

5 weeks

0
0.5 ±
0.4 ±
0.9 ±
0.2 ±
0
0.4 ±
0.4 ±
1.0 ±
0.2 ±

0.5 ±
2.3 ±
1.3 ±
2.4 ±
1.4 ±
1.1 ±
1.0 ±
1.8 ±
2.4 ±
0.4 ±

0.3
0.3
0.5
0.1
0.3
0.3
0.6
0.1

0.4
1.6
0.8
1.8
0.9
0.6
0.6
1.2
1.8
0.1

Abbreviations: ELISA = enzyme-linked immunosorbent assay; TW I = Taiwan group I; TW II = Taiwan group II
specific-pathogen-free chicks in each group were vaccinated with the live virus (103 50% embryo infectious dose; EID50) at 1 day
and at 2 weeks old, and then challenged with the virulent virus (106 EID50) 2 weeks after the second vaccination.
bNegative control without vaccination or challenge with the virulent IBV strain.
aSix

rC3L (reverse): 5'-(A/G)CAATGTGTAACAAA(T/C)
ACT-3'. The size of the expected PCR product was
231 bp. The PCR product of the reisolated virus was
sequenced for identifying the challenged virus
strain. Chicks in which virus was not isolated after
1 SPF chicken embryo passage were considered to
be protected. Blood samples before vaccination,
pre-challenge, and 1-week post-challenge were taken
for IBV antibody measurement using a commercial
enzyme-linked immunosorbent assay (ELISA) kit
(Kirkegaard & Perry Labs, Gaithersburg, MD, USA).

Efficacy of the low dose of live virus
Thirty 1-day-old SPF chicks used in the efficacy test of
the low dose, live virus vaccinations were divided into
4 vaccinated groups and 1 unvaccinated control group,
with 6 birds in each group (Table 3, Table 4). Chicks
were vaccinated using eyedrops containing 103 EID50
of the low-virulent strains, 1171/92, 1246/92, 1960/94,
or 2012/94, at the ages of 1 day and 2 weeks. Two weeks
after the second vaccination, all chicks were challenged
with the virulent strain, 2296/95. One week after virus
challenges, chicks were humanely killed and necropsied,
and virus was isolated from kidneys for evaluation of
the vaccination efficacy. In the unvaccinated control
group, chicks were also inoculated with 0.02 mL
tryptose phosphate buffer through eyedrops. Chicks from
which virus was not isolated after 1 SPF chicken embryo
passage were considered to be protected. Blood samples
before vaccination, pre-challenge, and 1-week postchallenge were taken for IBV antibody measurement
using a commercial ELISA kit (Kirkegaard & Perry
Labs). Another thirty 1-day-old SPF chicks were tested

in the same way as described above except that the
challenge virus used was 2300/95 (TW II).

Efficacy of the high dose of live virus
Forty 1-day-old SPF chicks used in the efficacy test of
high-dose live virus vaccinations were divided into 3
vaccinated groups and 1 unvaccinated control group,
with 10 birds in each group (Table 5, Table 6). Chicks
were vaccinated intraocularly with 105 EID50 of the lowvirulence virus strains, 1171/92, 1960/94, or 2012/94,
at the ages of 1 day and 2 weeks. After the second
vaccination, all birds were challenged with 106 EID50 of
1449/92. The efficacy of the high dose of live virus was
evaluated as described above. Blood samples were
collected before vaccination, pre-challenge, and 1-week
Table 4. Protective efficacy of vaccination with low-dose live
IBV against homologous or heterologous virusesa
Vaccinated virus

Challenge virus

Virus isolations

-b

2296/95 (TW II)
2296/95 (TW II)
2296/95 (TW II)
2296/95 (TW II)
2296/95 (TW II)
2300/95 (TW II)
2300/95 (TW II)
2300/95 (TW II)
2300/95 (TW II)
2300/95 (TW II)

6c
4
4
4
3
6
4
6
5
6

1171/92 (TW I)
1246/92 (TW I)
1960/94 (TW I)
2012/94 (TW II)
1171/92 (TW I)
1246/92 (TW I)
1960/94 (TW I)
2012/94 (TW II)

Abbreviations: TW I = Taiwan group I; TW II = Taiwan group II
aThe 6 specific-pathogen-free chicks in each group are the
same as described in Table 3.
bNegative control without vaccination (-).
cThe number of chicks in which virus was isolated is indicated.
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Table 5. Antibody titers of chicks after vaccination with a high dose of live virusesa
Vaccinated virus
-b
1171/92 (TW I)
1960/94 (TW I)
2012/94 (TW II)
-b
1171/92 (TW I)
1960/94 (TW I)
2012/94 (TW II)

ELISA antibody titers

Challenged virus
1449/92 (TW I)
1449/92 (TW I)
1449/92 (TW I)
1449/92 (TW I)
2296/95 (TW II)
2296/95 (TW II)
2296/95 (TW II)
2296/95 (TW II)

1 day

4 weeks

0
0
0
0
0
0
0
0

0
1.3 ± 0.4
0.3 ± 0.1
0.2 ± 0.03
0
0.4 ± 0.2
1.0 ± 0.3
0.4 ± 0.2

5 weeks
0
2.6 ±
3.6 ±
3.6 ±
0.6 ±
1.4 ±
0.5 ±
1.4 ±

0.6
0.8
1.0
0.3
1.3
1.4
1.3

Abbreviations: ELISA = enzyme-linked immunosorbent assay; TW I = Taiwan group I; TW II = Taiwan group II
1-day-old specific-pathogen-free chicks in each group were vaccinated with live virus (105 50% embryo infectious dose; EID50)
at 1 day and at 2 weeks old, and then challenged with the virulent viruses (106 EID50) 2 weeks after the second vaccination.
bNegative control without vaccination (-).
aTen

post-challenge for IBV antibody measurement using a
commercial ELISA kit (Kirkegaard & Perry Labs).
Another forty 1-day-old SPF chicks were tested in the
same way as described above except that the challenge
virus used was strain 2296/95.

Statistical analysis
Fisher’s exact test was used to compare the virus
isolation rate from the kidneys to determine the
efficacy of the killed and live virus vaccinations at a 5%
significance level [14].

Results
Protective efficacy of vaccination with killed viruses
The ELISA antibody titers of all chicks were 0 before
vaccination (Table 1). The average log titers of chicks
Table 6. Protective efficacy of high-dose live virus vaccination
against homologous or heterologous virusesa
Vaccinated virus
-b
1171/92 (TW I)
1960/94 (TW I)
2012/94 (TW I)
-b
1171/92 (TW I)
1960/94 (TW I)
2012/94 (TW I)

Vaccinated virus

Virus isolations

1449/92 (TW I)
1449/92 (TW I)
1449/92 (TW I)
1449/92 (TW I)
2296/95 (TW II)
2296/95 (TW II)
2296/95 (TW II)
2296/95 (TW II)

10c
1d
2d
6
10
4d
8
1d

Abbreviations: TW I = Taiwan group I; TW II = Taiwan group II
aThe ten 1-day-old specific-pathogen-free chicks in each group
are the same as described in Table 5.
bNegative control without vaccination (-).
cThe number of chicks from which virus was isolated is indicated.
dSignificantly different from the corresponding control groups
without vaccination (p<0.05).
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vaccinated with H120 reached 0.9 to 1.3. Two weeks
after the second vaccination with either H120 or 2389/
97 killed virus, the titers reached 1.2 to 2.1. One week
after virulent virus challenge, the titers reached 2.4 to
3.8. The titers in birds vaccinated with killed virus were
no higher than those vaccinated with H120 (p>0.05).
The protective efficacy of vaccination with H120
alone or combined with 2389/97 killed virus is shown
in Table 2. The sequences of the re-isolated viruses were
verified to be the ones used for the challenge, and not
the ones used for the vaccination. The virus isolation
rates from the kidneys of vaccinated chicks were
less than those of the control groups (p<0.05) in the
2300/95-challenged groups. In addition, another TW I
strain (2389/97) protected chicks against a TW I strain
challenge (p<0.05) in the 2389/97-challenged groups.
Thus, the killed vaccines were effective against challenge
with homologous IBVs.

Protective efficacy of vaccination with live viruses
In the low-dose vaccinated groups, the ELISA antibody
titers of all chicks were 0 before vaccination (Table 3).
The average log titers in vaccinated chicks after the
2 vaccinations (pre-challenge) reached 0.2 to 1.0. One
week after challenge, the titers reached 0.5 to 2.4.
The protective efficacy of vaccination with lowvirulence IBV strains against challenge with virulent
strains of IBV is shown in Table 4. Because the virus
isolation rates from kidneys of vaccinated chicks
were no less than the rates from unvaccinated chicks
(p>0.05), IBV vaccination at low doses did not protect
chicks from virulent IBV infection, regardless of whether
homologous or heterologous strains were used.
In the high-dose vaccinated groups, the ELISA
antibody titers of all chicks were 0 before vaccination
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(Table 5). The average log titers in vaccinated chicks
after the 2 vaccinations (pre-challenge) reached 0.2 to
1.3. One week after challenge, the titers reached 0.5 to 3.6.
Considering virus isolation rates from the kidney,
the vaccine was only effective against homologous
challenge (Table 6). In the TW I-challenged groups,
1171/92 and 1960/94 (TW I) but not 2012/94 (TW II)
vaccination protected chicks from 1449/92 (TW I)
challenge (p<0.05). Although 2012/94 showed some
protection, this effect was not significant (p>0.05).
In the TW II-challenged groups, although 1171/92
vaccination provided protection against 2296/95
challenge, 2012/94 vaccination provided the greatest
protection. Although some partial protection occurred
in chicks vaccinated with heterologous strains, the most
effective protection was provided in homologouschallenged groups.

Discussion
IBV contains 3 structural proteins: spike protein,
membrane protein, and nucleocapsid protein. The
spike protein is post-translationally cleaved into S1 and
S2 subunits [15]. S1 protein is correlated with viral
neutralization [4,9,10,16]. The location on the spike
protein has been reported to be related to neutralization
and hemagglutination-inhibiting activities [10,11,17].
Antigenic studies alone cannot adequately define
immunological relationships between strains. Thus, a
different approach to IBV typing based on protectotypes
was suggested by Lohr [18]. Since the spike protein
is responsible for virus neutralization [9-11,17], it is
also likely to be responsible for virus protection [19].
In the present work, we found that the N-terminus of
the spike protein of IBV vaccine was related to the degree
of protection against virulent IBV challenge. This
information should provide a useful hypothesis for use
in the design of future studies for determining the
protectotype of new isolates.
Because chicks do not die after challenge due to
age resistance, the protection provided by experimental
vaccines in laboratory trials is assessed on the basis of
IBV re-isolation attempts following challenge, not on
the disease-causing capability of the virulent strains
used for challenge [2,20]. Thus, virus re-isolation from
challenged birds was used to evaluate the protective
ability of the vaccination in the present study. Only reisolated vaccinated virus and no challenge virus was
found in our experiments, as evidenced by sequencing
of re-isolated viruses. The influence of the virulence of

different IBVs on their protective efficacy when used
in vaccine needs further study.
In the high-dose vaccine experiments of this study,
we observed that vaccination with TW I viruses provided
better protective efficacy against homologous than
heterologous viruses (Table 6). However, vaccination
with 1171/92 (TW I) protected chicks against 2296/95
(TW II) challenge. This might have been due to crossimmunity between different IBV serotypes, some of
which are likely to be located on proteins other than
S1, e.g., the other half of the S protein (S2), N, and/or
M, may be responsible. It is likely that the N-protein
contributes to cross-immunity since this protein of
different IBV isolates differed by only about 5% among
IBV isolates [21]. In spite of the cross-immunity
between 1171/92 and 2296/95, vaccination with 2012/
94 (TW II) protected more chicks than 1171/92 against
2296/95.
This study demonstrated that the dose is important
to the protective effect of avian IBV vaccination in
chicks. The EID50 at 103 was not sufficient to provide
protection against virulent virus challenge, even against
homologous strains (Table 4). According to international
standards, live vaccine should contain no less than 103.5
EID50 per dose per bird [14]. Ineffective results have
been previously reported to result from insufficient
vaccination dose in chicks [22]. Valid comparisons
between the vaccinated viruses could be made in this
study as they were compared at the same level using the
same vaccine and challenge doses in each experiment.
In this study, TW I and TW II were typed by the
sequence of the N-terminus of the spike protein as
previously described [8,17]. Our results clearly showed
the relationship between this genotyping and the
protectotypes of IBV strains. In conclusion, the genotype
based on the N-terminus of the S protein is responsible
for the protective effect of vaccination with different
IBV strains against viral challenge in chicks, although
some cross-immunity is present in strains from different
genotypes.
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