
REGULAR ARTICLES

Protection conferred by a vaccine derived from an inactivated
Egyptian variant of infectious bronchitis virus:
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Abstract
The current study investigated the protective efficacy of a formalin-inactivated infectious bronchitis virus (IBV) vaccine derived
from the field strain KP729422, which exhibits low S1 spike protein sequence homology (77.1–79.8%) with the currently used
vaccine strains in Egypt. Two-week-old, specific-pathogen-free chickens were subcutaneously inoculated with a single dose of
the vaccine containing 106.7 50% embryo infective dose (EID50) of the inactivated virus. At 6 weeks of age, the chickens were
challenged with 104 EID50 of the same virus strain via the oculonasal route. In comparison with the unvaccinated challenged
group, the vaccinated chickens had significantly higher IBV-neutralizing antibody titers and exhibited efficient protection against
challenge on the basis of tracheal ciliary activity. However, the challenge virus was recovered from the kidneys and tracheas of
these chickens at rates of 40% and 60%, respectively. These findings suggest that a single application of the vaccine may provide
sufficient clinical and respiratory protection, but may not ensure complete protection against infection by the challenge virus.
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Introduction

Infectious bronchitis virus (IBV), an avian gammacoronavirus,
causes an acute, extremely contagious, and economically dev-
astating disease of chickens (Hassan et al. 2016). IBV primarily
infects the epithelial cells of the respiratory airways and fre-
quently causes loss of the ciliated tracheal cells, which predis-
pose to secondary bacterial diseases and mortality
(Vandekerchove et al. 2004; Cook et al. 2012). IBValso targets
the ciliated epithelial cells in the reproductive and urinary tracts

(Raj and Jones 1997). IBV infection is characterized by respi-
ratory symptoms including tracheal rales, coughing, sneezing,
gasping, and nasal discharge. Nephropathogenic IBV strains
cause severe renal damage, urolithiasis, and increased mortality
(Brown et al. 1987).

The S1 subunit of the spike (S) glycoprotein of IBV carries
serotype-specific determinants and thus is the major inducer
of neutralizing monoclonal antibodies (Cavanagh et al. 1992).
Mutations or recombinations of the S1 gene are largely re-
sponsible for the continual emergence of new IBV variants
worldwide (Jackwood et al. 2012). Both live attenuated and
killed IBV vaccines are universally applied in the control of
the disease. The control of IBV infection is mainly based on
the development of vaccines from locally prevailing IBV var-
iants (Umar et al. 2016). The protection gained by IBV vac-
cines is mainly assessed on the basis of clinical protection,
ciliary activity, and tissue recovery of the challenge virus
(Darbyshire 1985; Hodgson et al. 2004).

Since 1954, increasing prevalence of IBV infection has
been recorded in Egypt (Abdel-Moneim et al. 2012). The
disease is mainly controlled by vaccination using the
Massachusetts strain (Khataby et al. 2016). However, despite
the widespread use of vaccines, frequent outbreaks still occur
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in vaccinated broiler flocks at various locations (Abd El
Rahman et al. 2015; Zanaty et al. 2016; Abdel-Sabour et al.
2017; Magouz et al. 2018). This partial or complete vaccina-
tion failure may be due to S1 differences between the prevail-
ing local IBV variants and the vaccine strain used.

Differences in the S1 sequence as small as 2–3% (10–15
amino acids) may be sufficient to alter the serotype, and those
as small as 5% (27 amino acids) can contribute to poor cross-
protection between vaccines and field strains (Cavanagh et al.
1997). Thus, the level of cross-protection can largely be predict-
ed based on the degree of S1 homology between IBV strains,
and the best protection is afforded by vaccine strains that are
homologous to the emerging IBV variant (Liu et al. 2009).

In our previous investigation (Abdel-Sabour et al. 2017),
the IBV strain KP729422 was recovered from a vaccinated
broiler flock and exhibited low S1 homology (77.1–79.8%)
with the following vaccine strains: H120, MA5, CR88, 4/91,
and M41. Thus, the present study aimed to evaluate the pro-
tection offered by a formalin-inactivated IBV vaccine against
challenge with the field strain KP729422.

Materials and methods

Virus

The KP729422 IBV strain was recovered in 2013 from a
commercial broiler flock raised in the Giza governorate. The
flock had a history of renal and respiratory disorders despite
having been vaccinated with the H120 vaccine strain. The
isolate was identified and genotyped as previously described
(Abdel-Sabour et al. 2017).

Killed vaccine preparation

The KP729422 IBV strain was propagated by inoculation into
the allantoic cavity of 9-day-old, specific-pathogen-free (SPF)
chicken embryonated eggs (Kom Oshim farm, Fayoum,
Egypt). The infected allantoic fluids were harvested, and the
50% embryo infective dose (EID50) was calculated as previ-
ously described (Reed and Muench 1938). The virus was then
inactivated using formalin at a final concentration of 0.1% (v/
v). The preparation was then mixed thoroughly and incubated
at 25 °C for 20 h. The residual infectivity of the virus was
checked in SPF chicken embryos. Two blind passages were
conducted to ensure that the virus had been successfully
inactivated. A water-in-oil emulsion vaccine was prepared
by adding the aqueous antigenic phase (inactivated antigen)
to Montanide™ ISA 70 VG (SEPPIC, Paris, France) at a ratio
of 3:7 (v/v), according to the manufacturer’s instructions. The
sterility of the vaccine was checked by inoculation onto dif-
ferent microbiological media. For safety testing, a double dose
of the vaccine was injected subcutaneously into ten 21-day-

old SPF chickens. For 21 days after this vaccination, the in-
oculated chickens were observed for any abnormal reactions,
as previously described (Berry 1965).

Vaccination of chickens and virus challenge

Sixty 14-day-old SPF chickens were used to evaluate the ef-
ficacy of the prepared vaccine. The chickens were randomly
divided into three groups of 20 birds each: the chickens in
group I were injected subcutaneously (into the back of the
neck) with approximately 106.7 EID50 of the inactivated virus
preparation, while those in groups II and III were kept unvac-
cinated. Four-week post-vaccination, the chickens in groups I
and II were challenged with the same virus strain used in
vaccine preparation. A dose of 104 EID50 was administered
via the oculonasal route. Meanwhile, chickens in group III
were kept as a negative control.

Serological evaluation

Serum samples were collected from five randomly selected
chickens in each group on days 0, 7, 14, 21, 28, 35, and 42
post-vaccination. The collected sera were inactivated at 56 °C
for 30 min then stored at − 20 °C until use. Protective humoral
immunity was determined as previously described (Cowen
and Hitchner 1975). Briefly, the inactivated sera were passed
through a series of twofold dilutions. Each serum dilution was
mixed with the same volume of virus dilution containing 100
EID50/0.1 ml and incubated at 37 °C for 1 h. The virus-serum
mixtures were then inoculated into the allantoic cavities of
five 9-day-old SPF chicken embryos. Seven-day post-inocu-
lation, the embryos were observed for characteristic IBV le-
sions, such as curling, stunting, and urates in the kidneys.
Neutralizing antibody titers were calculated as previously de-
scribed (Reed and Muench 1938) and expressed as the recip-
rocal log2 of the highest reactive dilution.

Evaluation of post-challenge protection

Following challenge, the chickens were monitored daily for
any clinical signs of IB infection. Five days post-challenge,
five chickens from each group were euthanized by cervical
dislocation and necropsied. The kidneys and tracheal swabs
were collected and separately processed. IBV re-isolation was
attempted through inoculation of the supernatant fluid of each
sample into three 9-day-old SPF chicken embryos. Seven-day
post-challenge, the ciliary activity in the tracheas of five
chickens from each group was assessed as previously de-
scribed (Cook et al. 1999). Briefly, the tracheas were removed
aseptically and immediately immersed in tracheal organ cul-
ture medium (Eagle’s serum-free minimum essential medium
with glutamine) containing streptomycin (50 mg/ml) and pen-
icillin (50 IU/ml). After washing the tracheas with Eagle’s
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basal medium, thin rings were prepared using a surgical blade.
From each trachea, ten transverse rings (three from the upper
and lower parts of the trachea, and four from the middle por-
tion) were examined for ciliary activity using a low-power
microscope. The lesions in each ring were scored as follows:
4 (total ciliostasis), 3 (25% of the cilia were beating), 2 (50%
of the cilia were beating), 1 (75% of the cilia were beating),
and 0 (all cilia were beating). Thus, each chicken was graded
on a scale of 0–40 and recorded as protected if the score was
less than 20. The percentage protection score was calculated
using the following formula: (1 −mean ciliostasis score for
vaccinated challenge group/mean ciliostasis score for corre-
sponding unvaccinated challenge group) × 100. Higher scores
indicated greater protection conferred by the vaccination trial.

Statistical analysis

One-way analysis of variance was used to determine whether
the serum-neutralizing antibody titers differed significantly
among the vaccinated chickens. In addition, the chi-square
test was used to assess whether virus detection rates and
ciliostasis scores differed significantly among the groups. A
p value of < 0.05 was considered statistically significant.

Results

Sterility and safety assessment

After inoculation onto nutrient agar, nutrient broth, and
Sabouraud’s dextrose agar, the prepared vaccine was found to
be sterile and free of bacterial or fungal contamination. The safe-
ty of the prepared vaccine was further assessed in ten 21-day-old
SPF chickens. None of the inoculated chickens showed any
noticeable local or systemic reactions over a period of 3 weeks.

Serological monitoring

The protective serum neutralizing antibodies were recognized
1 week post vaccination at a mean titer of 1.5 log2. The titers
continued to rise subsequently, reaching a mean titer of 6.17
log2 at 6 weeks after vaccination (Fig. 1). Non-significant
differences (p > 0.05) in antibody titers were detected among
the vaccinated chickens. As expected, none of the chickens in
group III showed any IBV-specific humoral response.

Post-challenge protection

Following IBV challenge, chickens in group II (unvaccinated
challenged) showed mild depression and respiratory symp-
toms. Necropsy revealed tracheas congested with caseous ex-
udates, turbid air sacs, and urate deposition in the renal tubules.
Meanwhile, chickens in groups I (vaccinated challenged) and

III (unvaccinated unchallenged) had no detectable clinical signs
or gross lesions. No deaths were recorded in any of the three
groups during the entire experimental period.

The degree of protection was evaluated on the basis of
attempted recovery of the challenge virus from the kidneys
and tracheas, as well as assessment of the tracheal ciliary
activity (Table 1). The challenge virus was detected in the
kidneys and tracheas of chickens in group I (vaccinated chal-
lenged) at rates of 40% and 60%, respectively. Meanwhile, the
virus was detected in the kidneys and tracheas of all chickens
in group II (unvaccinated challenged). As expected, no virus
was recovered from chickens in group III (unvaccinated un-
challenged). The protection rate was recorded as the percent-
age of IBV-negative chickens in each group; 40% of the vac-
cinated challenged chickens, 0% of the unvaccinated chal-
lenged chickens, and 100% of the unvaccinated unchallenged
chickens were protected.

On the basis of ciliary activity, the vaccinated chickens
(group I) had a mean ciliostasis score of less than 20 and a
protection score of 68.72%. Meanwhile, the unvaccinated
chickens (group II) exhibited extensive ciliostasis when com-
pared with the negative control group (group III). The level of
protection against challenge differed significantly between the
vaccinated and unvaccinated groups (p < 0.05).

Discussion

IB continues to be a major threat to the developing commer-
cial poultry industry worldwide, because the virus continually
evolves and new IBV variants emerge. In addition, the cur-
rently used mass vaccines cannot provide adequate protection
against most of the newly emerging variant strains (De Wit
et al. 2011). Despite widespread vaccination in Egypt, novel
IBV variants continue to circulate among vaccinated broiler
flocks. The IBV strain employed in the current study,
KP729422, was recovered from a vaccinated broiler flock
with the H120 vaccine (Nobilis; Intervet, Boxmeer, The
Netherland) and exhibited more than 20% S1 amino acid dif-
ferences with the currently used H120 vaccine strain,
GenBank accession number GU393335 (Abdel-Sabour et al.
2017). It has previously been supposed that the S1 amino acid
differences of as little as 2–5% (10–27 amino acids) can alter
the serotype and contribute to poor cross-protection between
vaccines and field strains (Cavanagh et al. 1997). These find-
ings clearly indicate that the KP729422 strain and H120 vac-
cine strain does not belong to the same protectotype, and ne-
cessitate the development of a homologous vaccine for induc-
tion of complete protection (Liu et al. 2009). Thus, the present
study aimed to evaluate the level of protection induced by a
formalin-inactivated IBV vaccine derived from the KP729422
field strain emulsified with Montanide™ ISA 70 VG oil
adjuvant.
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The protection conferred against homologous challenge
was assessed on the basis of absence of clinical signs, pres-
ence of normal ciliary activity, and failure to recover the chal-
lenge virus from the kidney and trachea (Darbyshire 1985). In
comparison to the unvaccinated chickens, a single inoculation
of the prepared vaccine induced a significant increase in IBV-
neutralizing antibody titers during the experimental period
(Fig. 1), also none of the vaccinated challenged chickens
displayed any clinical signs or gross IB lesions. In addition,
on the basis of ciliary activity, the vaccinated challenged
chickens had a protection score of 68.7%, and each individual
chicken had a ciliostasis score of less than 20 (Table 1). These
findings indicate that the vaccine afforded significant protec-
tion against tracheal damage, as suggested by Cook et al.
(1999). On the contrary, Martins et al. (1991) concluded that
a single dose of inactivated IBV vaccine fails to protect
against loss of ciliary activity. Another experiment, conducted
by Cavanagh (2003), showed low levels of protection (30–
45%) against tracheal damage following a single inoculation
of an inactivated M41 vaccine.

In agreement with Cavanagh et al. (1986), 60% of the
vaccinated chickens were positive for the challenge virus
in the kidneys, trachea, or both (Table 1). This notion cor-
roborates previous data indicating that induced serum an-
tibody titer is not correlated with the level of protection
against challenge (Raggi and Lee 1965). Also, indicating
that the virus load in the infected tissues was not great
enough to induce detectable clinical signs as previously
suggested (Sasipreeyajan et al. 2012). Therefore, declaring
a bird as unprotected due to the considerably higher rate of
virus recovery, even when ciliary activity is normal or only
mildly impaired, is too stringent (Cavanagh 2003). By way
of comparison, one previous study reported a mortality rate
of 10% and severe pathological lesions in a group of
chickens that had received an inactivated IBVSX16 vac-
cine and had 80% protection against infection by the chal-
lenge virus (Yan et al. 2013). Moreover, further studies are
currently in progress to evaluate the probable enhancement
in protection after double applications of the vaccine as
previously suggested (Gough et al. 1977).

Fig. 1 Mean log2 and standard
deviations of IBV neutralizing
antibody titers in the serum of
SPF chickens immunized using
inactivated KP729422 IBV strain

Table 1 The average ciliostasis
scores and IBV detection rates in
SPF chickens after homologous
challenge using the KP729422
field strain

Groups IBV detection (%) Mean ciliostasis scores

Kidney Trachea ChickenA

I (vaccinated challenged) 2/5B (40)a 3/5 (60)a 3/5 (60)a 11.2a

II (unvaccinated challenged) 5/5 (100)b 5/5 (100)b 5/5 (100)b 35.8b

III (unvaccinated unchallenged) 0/5 (0)c 0/5 (0)c 0/5 (0)c 0.4c

AChicken tested positive for IBV in the kidneys, trachea, or both
BNumber of positive samples/total number tested
a, b, c Different superscript letters within the same column indicate that the differences between groups are
statistically significant (p < 0.05)
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In conclusion, the present study revealed that a single ap-
plication of the developed vaccine provides sufficient clinical
and respiratory protection, but not complete protection,
against infection by the challenge virus. The data from the
present study may prompt more effective control strategies
against prevailing local IBV variants.
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