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ABSTRACT

Objective: Newcastle disease virus genotype VII (NDV-GVII), an extremely infectious pathogen,
has been causing severe economic consequences for the chicken industry. The current study
aimed to isolate and characterize NDV-GVII from commercial chickens in Bangladesh during a
recent outbreak.

: » . . KEYWORDS
Materials and Methods: From clinically suspected chickens from 70 commercial poultry farms, a
total of 420 samples (trachea, lungs, and brain tissue) were collected. The samples were cultivated NDV"tRT'P\C/ﬁ" ICPI; IVPI; MDT
genotype

in 9—-10 day-old seronegative embryonated chicken eggs (ECEs) after evaluating them using the
rapid Newcastle disease virus (NDV) antigen detection kit. The hemagglutination (HA) inhibition
test, agar gel immune diffusion (AGID) test, molecular detection by reverse transcription-poly-
merase chain reaction (RT-PCR), and phylogenetic studies using gene sequences of fusion (F) pro-
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tein. The HA pattern of isolated NDV was determined using different avian and mammalian red
blood cells (RBCs). The pathogenicity of the isolated virus was evaluated using mean death time
(MDT), intravenous pathogenicity index (IVPI), and intracerebral pathogenicity index (ICPI).

Results: The study found 87 NDV samples positive using the rapid NDV Ag detection kit and then
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the Creative Commons Attribution 4.0
License (http://creativecommons.org/
licenses/by/4.0)

60 positives for virus isolation in ECEs. All 60 isolates were positive for NDV by HI, AGID, and
RT-PCR. Phylogenetic tree analysis indicated that recent NDV isolates belong to genotype VIl and
exhibit a similarity of 99.7%—-98.5% with isolates from Bangladesh, Iran, and India. The new iso-
lates, identified as velogenic strains of NDV, possess an F protein cleavage site with **2-R-T-K-R-F-7
amino acid motifs. The isolated NDV showed diversified HA activity while using RBCs from birds
and mammals. The results of ICPI, IVPI, and MDT indicated that the recent NDV isolates were very

virulent.
Conclusion: This study concluded that NDV-GVII is prevalent in commercial poultry farms in
Bangladesh.
Introduction 17 billion eggs, 2 million tons of chicken meat, 86 million

day-old chicks, and 8 million megatons of feed to fulfill the

In livestock farming, the poultry industry is a highly inte-  3amand. The estimated annual per capita poultry con-

grated and constantly growing industry and a significant
contributor to the agricultural sector of Bangladesh [1].
The poultry population is just around 385.7 million in

sumption in the country is around 7 kg for 2020 [3]. The
consumption of animal-based proteins, including poultry
meat and eggs, is expected to grow substantially for at least

Bangladesh [2]. By 2021, the country is projected to need  the next ten years. To meet the growing domestic demand,
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substantial investments in enhanced (more knowledge-in-
tensive) production techniques are foreseen. This gives
companies and knowledge institutions in almost every part
of the poultry value chain good chances to make money.
The re-emerging and transboundary infectious viral dis-
eases of poultry continue to be a significant concern for the
poultry industry in Bangladesh [4]. Hence, the economic
consequences of these diseases for chicken producers and
the economy of Bangladesh are considerable [5].

Newcastle disease (ND) is a very consequential viral dis-
ease that is resurfacing and can spread globally, impact-
ing poultry populations [6]. The Newcastle disease virus
(NDV) is a virus that causes ND, which affects poultry in
Bangladesh [7]. NDV has a high susceptibility in chicken
populations, and pathogenicity varies by strain. Based on
pathogenicity, the strains are divided into three groups:
velogenic strains (neurotropic, viscerotropic, and pan-
tropic), mesogenic strains (moderately pathogenic), and
lentogenic strains (not harmful at all) [8]. The primary con-
straint of backyard chicken farming is the potential for out-
breaks, which can result in a 100% mortality rate [9] and
reduced body mass and egg production in the surviving
chickens [10]. The strains of NDV are divided into classes
I and II according to the nucleotide sequences of their F
and L genes and their genome size [11]. Class II strains of
NDVs showed more genetic variety, with 20 new genotypes
nominated as I through XXI, excluding XV, which contains
recombinant viruses [8]. These genotypes comprise both
highly transmissible and non-transmissible strains [12]. A
new genotype, NDV genotype VII, has gradually emerged
as the primary prevalent strain worldwide [13].

Genotype VII viruses emerged in Southeast Asia during
the 1980s and were subsequently disseminated globally,
with the exception of Australia and North America [7].
The genotype VII viruses may be further categorized into
sub-genotype VIL.1.1, sub-genotype VIL.1.2, and sub-geno-
type VIL.2 [8].

The genotype VIL.1.1 viruses were responsible for the
fourth major epidemic of ND. These viruses emerged in the
Far East around 1985 and quickly disseminated through-
out Asia, Europe, Africa, and the Middle East. Between
2005 and 2010, the viruses of genotype VII.2 were prev-
alent in Indonesia and Malaysia [8,14]. They subsequently
moved to Africa, Europe, the Middle East, and Central and
East Asia, resulting in the fifth ND pandemic [14,8]. Field
outbreaks of ND are prevalent in Bangladesh. The scien-
tists analyzed velogenic NDV and discovered genotypes
XIIL.2 in hens [15] and XXI.1.2 in pigeons [16]. According
to Nooruzzaman et al. [7], this was the first time that the
pathotypically virulent Genotype VII.2 of the NDV was
found, characterized, and identified in Bangladesh during
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2020-21. This particular strain was shown to be respon-
sible for outbreaks in broiler chickens. Therefore, com-
mercial poultry farms in Bangladesh regard NDV as a
significant constraint that not only results in substantial
mortality and production losses, but also induces eco-
nomic losses through trade restrictions.

The average economic loss per family per year owing to the
ND outbreak was estimated to be Bangladeshi taka 2,561
[5]. On average, the nation suffered an annual financial loss
of US $288.49 million [5]. For this reason, the isolation and
identification of virulent NDV genotype VII were required
to diagnose the disease. This research is designed to iso-
late and characterize the most recent samples of NDV from
commercial poultry suspected of having ND from several
farms in Bangladesh.

Materials and Methods
Ethical statement

The experimental study followed the instructions of the
Animal Welfare and Experimentation Ethics Committee
(AWEEC) of Bangladesh Agricultural University (BAU) in
Mymensingh-2202. It received formal approval with the
identifier [Ref. No. AWEEC/BAU/2021(51)].

Study areas

The suspected NDV field samples were collected from
seven districts in Bangladesh, particularly Joypurhat
(25.0968°N,  89.0227°E), Gaibandha  (25.3290°N,
89.5415°E), Bogura (24.8526°N, 89.3730°E), Sirajganj
(24.3141°N, 89.5700°E), Pabna (24.1585°N, 89.4481°E),
Tangail (24.3917°N, 89.9948°E), and Mymensingh
(24.7539°N, 90.4073°E) (Fig. 1).

Collection of samples

In this study, 420 samples were collected from 70 com-
mercial poultry farms suspected of ND outbreaks. These
farms are categorized into 23 layer, 18 Sonali, and 29
broiler farms. The collected samples consisted of 138
from layer birds, 108 from Sonali, and 174 from broilers.
Samples, including trachea, lungs, and brain tissue, were
taken aseptically from birds showing symptoms of ND
such as difficulty in breathing, loud coughing, gasping, dis-
charges from the eyes and nostrils, swollen eyelids, loss
of appetite, ruffled feathers, lethargy, weakness, tremors,
and diarrhea. Subsequently, the samples were sent to the
virology laboratory located at BAU in Mymensingh-2202
under the Department of Microbiology and Hygiene. The
samples were kept at =80 °C in the refrigerator for further
investigation.
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Figure 1. Colored areas in the map show the sampling areas.

Processing of samples

Field samples were thawed and macerated using a steril-
ized pestle and mortar. After that, 1X sterile PBS was used
to make a 20% (w/v) suspension of the samples. The mix-
ture was centrifuged at 5,000 rpm for 30 min at 4°C to pro-
duce a clear solution. Subsequently, the supernatant was
collected and treated with antibiotics (2 mg/ml strepto-
mycin, 50 pg/ml gentamycin, 2000 units/ml penicillin, and
1000 units/ml myostatin) to prevent bacterial and fungal
infections. To verify the sterility of the inoculum, it was cul-
tivated in a bacterial and fungal medium and incubated at
37°C for 24 h.

Primary screening by rapid NDV antigen kit

The NDV antigen rapid test kit (Shenzhen Lvshiyuan
Biotechnology Company Ltd., Shenzhen, China) was used
for the first screening of the samples in accordance with
the instructions supplied by the kit's manufacturer. The
outcomes were discernible within 3-5 min, relying on
visual inspection for the detection of bands: a single band
indicated a negative result, whereas a double band signi-
fied the presence of NDV antigen. A positive NDV result
was confirmed by the appearance of two-colored bands in
the test area designated for NDV antigen detection.

Isolation of NDV using embryonated chicken eggs (ECEs)

NDV was isolated using 9-10-day-old seronegative
chicken eggs in accordance with the protocol outlined in
the Office International Epizootics (OIE) guideline [17].
A 0.2-ml sterile inoculum was introduced into each egg
via the allantoic cavity route and kept at a temperature of
37°C until mortality was found. Twice daily, the eggs were
incubated with candles, and dead embryos were frozen
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overnight at 4°C. The allantoic fluid was collected from
dead embryos. Utilizing 2% cRBC, the slide hemaggluti-
nation (HA) test identified the existence of the hemagglu-
tinating virus. The allantoic fluid was sorted at -80°C for
further use in serological, molecular, and biological char-
acterization. Hemagglutination inhibition (HI) test tests
were performed to detect the recent isolates of NDV using
NDV-specific antiserum, according to the OIE manual [17].
Agar gel immunodiffusion (AGID) assay was performed
according to Islam et al. [18] to detect the recent isolates of
NDV using NDV-specific hyperimmune serum.

Extraction of viral RNA

Viral RNA was extracted from the allantoic fluid using the
RNeasy Mini Extraction Kit (Qiagen, Germany) accord-
ing to the manufacturer’s instructions. The RNA that was
obtained was stored at a temperature of —80°C in anticipa-
tion of the polymerase chain reaction (PCR) investigation.

Reverse transcription-polymerase chain reaction (RT-PCR)
reaction

The RT-PCR test was performed in a thermos cycler (BIO-
RAD, Singapore) using a reaction mixture volume of 25
ul composed of 2 pl of each forward and reverse primer,
12.5 pl of the master mix (5X RT-PCR buffer), 1 pl of the
25X RT-PCR enzyme mix (AgPath-10™ one-step RT-PCR,
Thermo Fisher Scientific, USA), 4.5 pl of nuclease-free
water, and 3 pl of template RNA. The thermal cycling con-
ditions were established as follows: a total of 40 PCR cycles
were performed, consisting of a 30-sec denaturation at
95°C, a 30-sec annealing at 50°C, and a 42-sec extension
at 72°C. These cycles were carried out after a reverse tran-
scription step at 45°C for 60 min. The experiment was
concluded by performing a final extension at 72°C for 10
min. Primer pairs NDV_F: 5'-TTG ATG GCA GGC CTC TTG
C-3" and NDV_R: 5'-AGC GT(C/T) TCT GTC TCC T-3" were
utilized to target the F gene of NDV. The PCR amplification
products were then evaluated for their expected size of
255 base pair (bp) through 1.5% agarose gel electropho-
resis (Mupid®-One system, Japan) and imaged with a gel
documentation system (Bio-Rad, USA), as mentioned by Li
etal. [19].

Sequence analysis

The cDNA from three selected ND virus strains was puri-
fied and analyzed. The analysis focused on the “F” gene for
NDV. These genes were sequenced using a Genetic Analyzer
3,500 (Applied Biosystems, USA). The “F” gene nucleotide
sequences from the three ND virus strains were compared
with 21 other sequences from GenBank to figure out their
phylogenetic relationships. This analysis employed the
Neighbor-Joining method, as initially described by Saitou
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and Nei [20]. The reliability of the resultant phylogenetic
tree was assessed using a bootstrap approach involving
1,000 repeats. The frequency of taxa occurrence in these
duplicate trees is given alongside the branches, following
a methodology introduced by Felsenstein [21]. The evo-
lutionary investigations were carried out by the MEGA 11
program, as detailed by Tamura et al. [22].

Virulence determination of NDV isolates in avian and mam-
malian blood by HA test

To determine the HA activity pattern, 50 pl of 2% blood
suspension from four avian and eight mammalian species
was mixed with an equal volume of allantoic fluid from
each isolate. The solution was allowed to stand at ambient
temperature for a duration of 5 to 10 min until the appear-
ance of transparent HA on the slide. The interpretation of
NDV isolate HA activity was considered strong, moderate,
or weak depending on the number of avian and mamma-
lian species displaying HA activity in the blood, following
the guidelines of the OIE manual [17].

Determination of pathogenicity of isolated NDV

The pathogenicity indices of field isolates of NDV were
evaluated using a variety of procedures. The experiments
performed included the intracerebral pathogenicity index
(ICPI) test on one-day-old specific pathogen-free (SPF)
chicks and the intravenous pathogenicity index (IVPI) test

Table 1. Isolation of NDV from suspected field samples using ECEs

on 45-day-old SPF chickens, as suggested in the OIE man-
ual [17]. Furthermore, the mean death time (MDT) test
was conducted on SPF chicks that were 9-10 days old, fol-
lowing the methods specified by Utami et al. [23].

Results

Isolation of NDV from rapid detection kit positive samples
using ECEs

They were using a rapid detection kit, and 87 out of 420 clin-
ically suspicious samples (layers 38; Sonali 25; broilers 24)
tested positive for the NDV antigen. Sixty of the 87 kit-pos-
itive samples were positive for NDV after being propagated
in 9-10 days of seronegative ECEs (Table 1). The embryos
inoculated with these samples exhibited mortality within
24 to 60 h post-inoculation, showing hemorrhagic lesions
throughout their bodies. These hemorrhagic lesions were
consistently observed in all parts of the deceased embryos
when compared to control embryos (Fig. 2).

Serological and molecular detection of isolated NDV

Using NDV-specific hyperimmune serum, the HI test and
AGID test clearly confirmed all 60 isolated samples as NDV.
Each sample that yielded positive results in the HI and
AGID tests underwent additional validation using RT-PCR.
This test was confirmed by the presence of clear bands at
the predicted size of 255 bp for the F gene (Fig. 3).

Primary No of positive
—_— No. of farms No. of samples screening Isolation of viruses HA test positive . P
Outbreak Districts K . . . isolates of NDV
affected collected by rapid NDV Ag using ECEs allantoic fluid .
. using ECEs
kit

Sonali=7 42 12 12 8

Joypurhat 10 (16.16%)
Broiler=3 18 2 2 2
Layer=6 36 8 8 5

Gaibandha 8(13.13 %)
Broiler=4 24 4 4 3
Sonali=5 30 8 8 5

Bogura 8(13.13 %)
Broiler=5 30 4 4 3
Sonali=6 36 5 5 5

Sirajganj 9 (15.0%)
Broiler=4 24 5 5 4
Layer=7 42 16 16 8

Tangail 10 (16.16%)
Broiler=3 18 2 2 2
Layer=4 24 4 4 3

Mymensingh 7 (11.66 %)
Broiler=6 36 4 4 4
Layer=6 36 10 10 5

Pabna 8(13.13 %)
Broiler=4 24 3 3 3

Total 70 420 87 87 60 60

NDV-Newcastle diseases virus; ECEs-Embryonated chicken eggs; HA-Hemagglutination
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Figure 2. Characteristic changes in chicken embryo (9-10 day-old) after post-inoculation of NDV. (A) NDV virus-

infected dead and hemorrhagic embryo; (B) Control embryo

255 bp

Figure 3. PCR amplification of F gene of NDV. M = 100 bp DNA
marker, Lane 1-4 = field isolates of NDV, P = NDV positive control,
N = negative control, M = 100 bp DNA marker.

Analysis of phylogenetic tree

The phylogenetic investigation of the partial F gene nucle-
otide sequences shows the grouping of current strains of
NDV under Genotype-VII. These sequences exhibit signifi-
cant similarity with other strains identified in Bangladesh,
Iran, and India, as depicted in Figure 4. Furthermore, the
sequences of amino acids at the F protein cleavage site in
the isolated strains, denoted as !*2-R-T-K-K-R-'%7, identify
them as velogenic NDV, as illustrated in Figure 5.

HA pattern of isolated NDV with the blood of avian and
mammalian species

The recent isolate of NDV exhibited a robust agglutina-
tion pattern when tested with the red blood cell (RBC)
of chickens and domestic ducks. However, it displayed a
weaker agglutination reaction with the RBCs of buffalo,
cattle, guinea pigs, and humans. Interestingly, no aggluti-
nation was observed when testing geese, Muscovy ducks,
sheep, goats, horses, and rabbits with the RBCs. To further

http://bdvets.org/javar/
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Figure 4. Phylogenetic analysis against the F gene of the
recent isolates of NDV by the Neighbor-Joining method and the
evolutionary investigations were carried out using the MEGA 11
program.

analyze these HA patterns, we can compare them to the
LaSota strain of NDV using RBCs from various avian and
mammalian species, as shown in Table 2.

Pathogenicity of isolated NDV

The latest isolate’s ICPI, IVPI, and MDT test results
ranged from 1.56 to 1.75, 2.3 to 2.7, and 47.16 to 57.92 h,
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Figure 5. Amino acid sequence of the F protein cleavage site of
the recent isolates denoted as ''2-R-T-K-K-R-F-'?7, identifies them
as velogenic NDV.

respectively. These results provide strong evidence that
these isolates are velogenic strains of NDV.

Discussion

Since poultry farming provides inexpensive animal pro-
tein, it is one of the most significant livestock-producing
industries worldwide. However, ND is a prevalent and
severe viral virus that significantly impacts the chicken
industry [24]. The multiple lineages of NDV are circulat-
ing worldwide, and most of them are highly virulent. There
have been a growing number of reports of outbreaks in
vaccinated flocks worldwide, which can be attributed to
the vaccine’s suboptimal protection. Even though live and

Table 2. Hemagglutination patterns of NDV with RBC of different avian and mammalian species

Observation

RBC of avian and

mammalian species Recent isolates of LaSota strain Image of HA
NDV Image of HA pattern of NDV pattern

Chicken ++++ T+

Domestic duck +H++ +++

Goose - +H++

Muscovy - ++++

Cattle +++ -

(Continued)
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RBC of avian and

Observation

mammalian species Recent isolates of LaSota strain Image of HA
NDV Image of HA pattern of NDV pattern

Buffalo +++ .

Sheep - o

Goat - -

Horse - -

Rabbit -- -

Guineapig +++ +++

http://bdvets.org/javar/

(Continued)
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Observation

RBC of avian and

mammalian species Recent isolates of LaSota strain Image of HA
NDV Image of HA pattern of NDV pattern
Human ++++
N.B. ++++ = Strong; +++ = Moderate; + = Weak; -- = Negative; RBC- Red blood cells; NDV-Newcastle diseases virus; HA-Hemagglutination

inactivated vaccines against NDV were used, there was a
severe outbreak of ND in 2020-21 in several vaccinated
broiler, layer, and Sonali farms in different districts of
Bangladesh.

Sampling was done in recognized outbreak regions in
Bangladesh. Most of the samples were collected from the
chickens showing clinical signs of depression, coughing,
greenish diarrhea, paralysis, twisted neck, soft-shelled
eggs, stop of egg production, and death, which are closely
comparable to the findings of Hasan et al. [25]. While
sampling, the postmortem findings observed were small
bleeding patches in the colon, ulcers with bleeding in the
intestinal wall and cecal tonsils, congested and inflamed
trachea, mucus discharge, and pin-point hemorrhages at
the ends of proventricular glands [26]. The highest mor-
tality was recorded in broiler birds (55%) of the 15-35-
day age groups, and the lowest mortality was recorded in
Sonali birds (25%) of the 1-30-day age groups. The mor-
tality rate, clinical signs, and postmortem findings revealed
that the isolates were very similar to virulent NDV [27].

Haque et al. [28] initially screened NDV from 150 cloacal
swabs of chickens, pigeons, and quails using NDV rapid test
kits. The screenings revealed that 96 (64%) out of the 150
samples tested positive for NDV, while 54 samples (36%)
tested negative. Further analysis of the 96 positive samples
showed that 77 (80.2%) were from chickens (with a dis-
tribution of 27 from broilers, 24 from layers, and 26 from
native chickens), 12 (12.5%) from pigeons, and 7 (7.3%)
from quails, indicating that the NDV prevalence was spe-
cifically observed in these bird species. The reason for the
NDV rapid test kit’s failure to detect NDV in other field
samples remains uncertain. However, it is speculated that
additional respiratory diseases such as infectious laryngo-
tracheitis, infectious bronchitis, or avian influenza virus
could be responsible for the birds’ mortality. Similarly, the
rapid detection method was employed for the preliminary
screening of all 420 and was found positive in 87 samples.
Bordoloi et al. [29], Duad et al. [30], and Ahmed and Odisho
[31] utilized 9-10 days of seronegative chicken eggs for
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the propagation and isolation of the NDV virus from clin-
ical field samples. Again, among the 87 screening-positive
samples, 60 were successfully grown. In this study, sero-
negative 9-10-day ECEs were used for the isolation of NDV
from the rapid kit, which was detected positive, and 60 out
of 87 positive processed samples were found to grow in
ECEs.

HI and AGID tests utilizing NDV-specific hyperimmune
serum revealed that all 60 isolates tested positive for NDV.
The HI test results of the current study support the find-
ings of Ahmed and Odisho [31], El-Bagoury et al. [32], and
Seal et al. [33], who confirmed NDV by the HI test. Hasan
et al. [25] and Mohammed et al. [34] detected the NDV
virus in field samples utilizing hyper-immune serum of
NDV by AGID test.

The results of RT-PCR found that all 60 isolates had clear
expected bands of 255 bp against the F gene of NDV. The
results of the molecular detection of the F gene in the pres-
ent study are highly similar to the findings of Li et al. [19],
Tiwari et al. [35], and Wambura et al. [36]. F gene-based
phylogenetic analysis also showed that the recent isolates
of NDV belonged to genotype-VII and were closely associ-
ated with the other isolates of Bangladesh (0M649201),
Iran (JN001189), and India (KX372710), having 99.7%-
98.5% identity. The presence of the amino acid sequence
H2.R-T-K-K-R-17 at the cleavage site of the F protein sug-
gests that the most recent isolates belong to the velogenic
strain of NDV. The findings of Elfatah et al. [37], Sultan et al.
[38], and Munir et al. [39] showed almost similar types of F
protein cleavage site motifs. The panzootic genotype VII.2
of NDV in chickens in Bangladesh is the cause of the first
reported epidemic, according to Nooruzzaman et al. [7]. It
also implies that this NDV genotype has recently returned
to the area, maybe from Southeast or East Asia.

In the present study, the recent NDV isolates showed a
strong agglutination pattern with chickens and domestic
ducks; weaker reactions were observed with buffalo, cat-
tle, guinea pigs, and humans, and no HA was observed with
geese, Muscovy ducks, sheep, goats, horses, and rabbits.
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The results of the HA patterns of recent isolates of NDV
also indicate that the circulating isolates of NDV are very
virulent, which strongly agrees with the findings of Haruna
etal. [40].

The ICPI, IVPI, and MDT assays confirmed that the iso-
lates were velogenic strains of NDV, which is similar to
the findings of Rashi et al. [41], Ahmed and Odisho [31],
and Kommers et al. [42]. The MDT in chicken embryos and
the ICPI in day-old chicks were two of the pathogenicity
tests carried out by Nooruzzaman et al. [7]. The findings
confirmed that the isolates from Bangladesh belong to the
velogenic strain. When chickens that were 35 days old were
given injections of two strains of NDV called LT67 and N5,
all of them developed the disease within 3 days after the
injections, and they all died by the 7th day. The autopsies
showed significant bleeding, congestion, and tissue death
in many organs, which is indicative of infections caused by
the highly virulent viscerotropic strain of NDV.

Conclusion

The study isolated the G-VII strain of Newcastle disease
viruses from field samples from 2020-2021, confirming
its highly virulent nature. The circulating strain may have
been introduced to Bangladesh’s poultry population from
Iran or India over the past decade. The frequent outbreaks
in commercial poultry, including layer, Sonali, and broiler,
are attributed to the new genotype of NDV. To success-
fully control ND in commercial poultry, it is necessary to
develop a potent vaccine specifically designed for this new
genotype.
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ABSTRACT Avian infectious bronchitis (AIB) is a
highly transmissible infection that affects the poultry
industry globally. This study aims to isolate and charac-
terize emerging strains of infectious bronchitis virus
(IBV) from field samples of layer chickens in Bangla-
desh. A total of 108 samples (trachea, lung, and kidney)
were taken from dead and sick layer chickens from 18
farms in 4 areas detecting outbreaks in Bangladesh. The
samples were processed and inoculated in embryonated
chicken eggs (ECEs) and finally screened by the tryp-
sin-induced hemagglutination (THA) test. Using various
techniques such as hemagglutination inhibition (HI),
agar gel immuno-diffusion (AGID), virus neutralization
test (VIN'T), reverse transcription-polymerase chain reac-
tion (RT-PCR), and nucleotide sequencing, we were
able to identify and confirm the isolated IBV viruses.

The study also determined the hemagglutination (HA)
pattern of isolated virus using avian and mammalian red
blood cells. The pathogenicity of the isolated IBV was
determined using embryonated chicken eggs and day-old
chicks. The study found that 8 samples were positive for
IBV using ECEs, and 4 were positive by the THA test.
These isolates were confirmed using HI, AGID, and VN
tests. S1 gene-based RT-PCR confirmed all four isolates
as IBV, with the recent isolates belonging to the geno-
type-QX and being similar to IBV isolates from Thai-
land, Saudi Arabia, and India. The HA pattern of the
recent isolates showed that the isolated IBV was viru-
lent. The pathogenicity test also revealed that the four
isolates were highly pathogenic. The study indicated
that the prevalent genotype (QX) of the IBV strain is
present in the layer chicken population of Bangladesh.

Key words: IBV, ECEs, RT-PCR, nucleotide sequencing, pathogenicity

INTRODUCTION

Infectious bronchitis (IB) is a major concern for
chicken health worldwide, causing substantial financial
losses in the poultry industry by adversely impacting
meat and egg production (Zhang et al., 2021). The dis-
ease is caused by the avian infectious bronchitis virus
(IBV), a highly contagious and extremely mutable coro-
navirus that affects chickens of all ages and categories
(Jackwood, 2012; Bhuiyan et al., 2021). This virus is
known for its diverse genotypes and strains that vary
regionally and have different impacts on infected birds’
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respiratory tract, reproductive system, and renal tissues
(Chhabra et al., 2015).

In Bangladesh, poultry farming is pivotal to the
national economy and nutritional security (Das et al.,
2008). Layer chickens, bred primarily for egg production,
are particularly vulnerable to infections like IBV, which
can drastically diminish their productivity by causing
respiratory illness and reducing egg quality and quantity
(de Wit, 2000; Callison et al., 2001). Recent reports indi-
cate the emergence of various IBV genotypes in different
parts of the world, necessitating ongoing surveillance
and specific characterization of the viruses in local poul-
try populations (Liu et al., 2009; Houta et al., 2021).

The focus of recent research and this manuscript is
on the QX strain of IBV, which has become predomi-
nant in several Asian countries, including China and
Korea. Studies suggest that the QX genotype might be
linked to outbreaks of kidney and reproductive tract
diseases in affected flocks (Sun et al., 2011).
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Characterizing this genotype, particularly in a localized
context like Bangladesh, where comprehensive studies
are lacking, is crucial for developing targeted vaccines
and management strategies.

Historically, the QX genotype was first identified in
China in the 1990s and has since been reported in
numerous outbreaks across Asia and Europe (Da Silva
et al., 2022). This strain is particularly noted for its
nephropathogenic effects, which can lead to increased
mortality rates in poultry farms (Jiang et al., 2020;
Wibowo et al., 2019). In Bangladesh, sporadic studies
and anecdotal reports from poultry farmers indicate the
presence of a similar pathogenic entity, though system-
atic genetic characterization had not been conducted
before this study. Understanding the genetic diversity
of IBV is essential for accurately diagnosing diseases,
tracking the evolution of the virus and possible zoonotic
transmission, and creating effective vaccines. Because
coronaviruses have a high rate of mutation, this aids in
the identification of common strains, which are now the
main method of controlling IBV in poultry (Legnardi
et al., 2020).

The QX genotype has a different vaccine response
than other genotypes (Franzo et al., 2016). This shows
the need for genotype-specific vaccines or vaccine strains
to protect against a broader range of IBV strains (Zhou
et al., 2014). In regions like Bangladesh, where the
poultry industry is a significant economic driver and a
critical source of protein, optimizing vaccine efficacy
based on prevalent local strains could significantly
impact public health and financial stability (Islam and
Rahman, 2023).

This study focuses on characterizing the QX genome
of IBV isolated from layer chickens in Bangladesh.
Given the limited data on this virus’s genetic properties
and epidemiology in the South Asian context, this
research aims to fill that gap by conducting detailed
genomic and phylogenetic analysis of the QX strain cir-
culating in Bangladesh. This paper describes the meth-
ods for isolating and identifying the viral strain, genomic
sequencing, and subsequent analysis, revealing insights
into its evolution and spread.

MATERIALS AND METHODS
Ethical Statement

The experiment adhered closely to the guidelines set
by the Animal Welfare and Experimentation Ethics
Committee (AWEEC) at Bangladesh Agricultural
University in Mymensingh, ensuring compliance with
established ethical standards. It received formal authori-
zation, indicated by the reference number [Ref. No.
AWEEC/BAU/2021(52)].

Study Areas

The suspected IBV field samples were collected from
four districts of Bangladesh, particularly, Chuadanga
(23.6316" N, 88.8481"E), Gazipur (23.9905° N, 90.3877°E),
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Figure 1. The colored areas in the map showing sampling districts.

Tangail (24.3917° N, 89.9948E), and Mymensingh
(24.7539° N, 90.4073°E), as depicted in Figure 1.

Collection, Processing of Samples and Virus
Isolation

A total of 108 samples (trachea, lung, and kidney)
were collected from layer chickens (Isa Brown, Hy-Line,
Novogen Brown, Sever Brown, and Bovans Brown
breed) suspected of IB from commercial farms. The sam-
ples were obtained from chickens that displayed acute
respiratory symptoms, including sneezing, gasping, and
rales. Necropsy examinations revealed the presence of
serous or caseous exudate in the tracheas and cloudiness
in the air sacs. The samples underwent three cycles of
freezing and thawing. The tissue samples were made
into a 20% (w/v) suspension by adding 1X sterile
phosphate-buffered saline (PBS) that contained
10,000 TU /mL of penicillin and 10 mg/mL of streptomy-
cin. The mixture was centrifuged at 5,000 rpm for
20 min. After being stored at 4°C for 12 h, the superna-
tant was introduced into the allantoic cavity of 9-day-
old SPF chicken embryos. This process was repeated one
to five times until specific embryonic changes, such as
dwarfing, stunting, or curling, were detected (Feng
et al., 2017).

Trypsin-Induced Hemagglutination Test

A trypsin-induced hemagglutination (THA) test was
conducted for each isolation-positive IBV sample using
ECEs individually. This was done by gently combining
50 uL of trypsin-treated allantoic fluid (AF) with 50 uL
of a 2% solution of red blood cells (RBCs) in a microti-
ter plate. The direct agglutination of the chicken RBCs
was observed within 5 min, as described by Mahmood



AVIAN INFECTIOUS BRONCHITIS VIRUS 3

et al., (2004). A positive result was recorded if there was
a clear and consistent hemagglutination.

Hemagglutination Inhibition Test

The identification of isolated IBV from field samples
using hemagglutination inhibition (HI) test according
to the method of the World Organization for Animal
Health (WOAH) manual (2018).

Agar Gel Immuno-Diffusion Test

The study employed an agar gel immuno-diffusion
(AGID) test as per the method outlined by Ahmed et
al., (2007). In this process, 30 L of known IBV antisera
(monoclonal antibody to IBV nucleoprotein; Mab to
IBV; MyBioSource.com, San Diego, CA) was placed
into the central well, while 30 uL of the test antigen
(from supernatant samples) was added to the surround-
ing wells. In order to avoid dehydration, the plates were
placed in a chamber with controlled humidity and incu-
bated at a temperature of 37°C for a duration of 48 h.
Observations were made between 24 to 48 h by examin-
ing the plates against a backlit setting, using a dark
background for clarity. A positive result was indicated
by the appearance of a white precipitin line bridging the
wells containing the antigen and antibody.

Virus Neutralization Test

The isolated IBV from field samples was identified
using the virus neutralization test (VNT) as outlined in
the WOAH Manual (2018).

Molecular Detection by RT-PCR

We used the RNeasy Mini Extraction Kit (Qiagen,
Germany) to isolate RNA from the viral samples in the
AF, strictly adhering to the manufacturer’s protocol.
The experiment used the primer pairs IBV_F:5'-
CACTGGTAATTTTTCAGATGG-3 and IBV_R:5'-
CCTCTATAAACACCCTTACA-3/, designed to target
the S1 gene according to the slightly modified methodol-
ogy of Suryaman et al., (2021). The RT-PCR procedure
was conducted in a 25-uLL reaction mixture comprising 2
uL of both forward and reverse primers, 12.5 L of 2X
RT-PCR Buffer (Master Mix), 1 uL of 25X RT-PCR
Enzyme Mix (AgPath-ID One-Step RT-PCR, Thermo
Fisher Scientific, USA), 4.5 uL of nuclease-free water,
and 3 uL of the RNA template. Amplification was car-
ried out using a thermal cycler (BIO-RAD, Bedok, Sin-
gapore). The thermal cycling conditions began with
cDNA synthesis at 45°C for 60 min, followed by an ini-
tial denaturation for 5 min at 94°C. This was followed
by 40 cycles of denaturation at 94°C for 15 s, annealing
at 55°C for 30 s, and extension at 72°C for 30 s, with a
final extension step at 72°C for 7 min. The PCR prod-
ucts were subsequently seen for their exact size (488 bp)
using 1.5% agarose gel electrophoresis (Mupid-One,

Japan) and a gel documentation system (BIO-RAD,
Bedok, Singapore).

Nucleotide Sequencing of S1 Gene and
Phylogenetic Analysis

These samples (one from Gazipur district and another
from Tangail district) were then sequenced and the
obtained sequences were aligned with representative
IBV sequences from NCBI GenBank. The alignment
was performed using the MUSCLE criterion (Edgar,
2004) in MEGA11 software (Tamura et al., 2021). To
ensure the quality of the alignment, poorly aligned
regions were removed using Gblocks software (Talavera
et al., 2007). We employed a less strict procedure that
allowed for gap positions within the final blocks. The
phylogenetic analysis of the full S1 gene was conducted
using MEGA11 software and the maximum likelihood
method, with the number of base substitutions per site
as the unit of measurement. The robustness of the
branches was assessed with 1000 bootstrap replicates
(Sabra et al., 2020). Finally, the nucleotide sequences
generated in this study were submitted to NCBI Gen-
Bank to obtain accession numbers.

Virulency Determination of IBV Isolates in
Avian and Mammalian Blood by HA Test

The study assessed the hemagglutination (HA) activ-
ity pattern of isolated IBV using blood samples from
avian and mammalian species, according to Bingham
et al., (1975). The reference strain (H120) or isolated
IBV and 50 uL of a 2% blood suspension from four bird
species and eight mammal species were mixed together.
This mixture was kept at room temperature for 5 to
10 min until clear HA patterns appeared on the slide.
Based on the number of animal species involved and the
level of HA activity (strong, moderate, weak, or absent),
the study interpreted HA activity for new IBV isolates
and reference strains.

Determination of Pathogenicity Tests of
Isolated IBV

The pathogenicity test for the isolated IBV using
ECEs was performed following the protocol described by
Tsai et al., (2016). This assay utilized seronegative
ECEs that were just nine days old. The field-isolated
IBV was diluted ten times and added to each dilution in
this order: 10*7, 107, 10*7, and 10"7 embryo infectious
dose 50 (EIDjgg). Ten 9-day-old seronegative ECEs
from the same source were also kept as controls without
inoculation. These eggs were incubated at 37°C, and
their viability was monitored twice daily. Any dead
embryos were examined for gross and microscopic
lesions. The study observed all embryos up to 5 days
post-inoculation (DPI), reaching 14-days-old.

The pathogenicity of isolated IBV using day-old chicks
was determined according to the method of Ren et al.,
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(2020). Five groups of 20 seronegative layer chicks were
set up. One group received sterile PBS as a control, and
the other group for four isolates was given 0.2 mL of a field
strain of IBV at a concentration of 10>® EIDs, through
the nose. The chicks were observed for symptoms includ-
ing nasal discharge, tracheal rales, and watery diarrhoea,
with incidences of sickness and mortality recorded daily.

RESULTS
Isolation of IBV Using ECEs

Out of the total 108 samples, the viral isolation process
using ECEs produced positive results for 8 (7.61%) sam-
ples. The infected embryos showed typical IBV infection
signs after the third passage. These included dwarfing
(the embryos curled into a spherical shape with deformed
feet over their heads), stunting, curling, and subcutane-
ous hemorrhages (Figure 2). Notably, the embryos that
had died exhibited more pronounced IBV-specific lesions
compared to those that remained alive at the same stage.
These specific lesions included spotted hemorrhagic livers
and swollen kidneys, as illustrated in Figures 3 and 4.

THA Activity of the Recent Field Isolates of
IBV

Among these 8 isolates, 0.25% and 0.5% trypsin
concentrations did not result in any HA activity. Only 2

Figure 2. Stunted, curled and dwarfed of the IBV-infected dead
embryos (L) in compare with control (R) of the same age.

Figure 3. Spotted hemorrhagic liver (L) of the IBV-infected dead
embryos in compare with control (R).

Figure 4. Swollen kidneys (L) of the IBV-infected dead embryos in
compare with control (R).

isolates, Alim IB 1000 and Alim IB 1001, exhibited
partial HA activity within 30 min at a 1.0% trypsin con-
centration, while the other two isolates (IB/BD/G20
and IB/BD/T1) demonstrated better HA activity within
3 h at the 1.0% trypsin concentration. Interestingly,
when treated with 2% trypsin, all 4 isolates displayed
complete and clear HA activity within 30 min (Table 1).

Serological and Molecular Detection of
Isolated IBV

The results of HI test revealed that only 4 isolated
samples were positive for IBV using hyperimmune
serum. All 4 isolated samples were confirmed as IBV by
the AGID test using IBV-specific hyperimmune serum.
The precipitation line was found between the central
and 1%, 27 37 4™ and 5" whereas it was absent
between the central and 6™ wells (Figure 5). The VNT
results using IBV-specific hyperimmune serum showed
that this serum neutralized all 4 of the virus isolates.
The NI (neutralization index) for these isolates ranged
between 4.67 and 5.20. All of the samples positive for
the HI, AGID, and VN tests were confirmed by RT-
PCR, which was represented by clear bands at the
expected band size of 488 bp for the S1 gene (Figure 6).

Phylogenetic Analysis

The result of phylogenetic analysis with the nucleo-
tide sequence of the S1 gene of the recent isolates of IBV
belongs to genotype QX and has close similarity with
the other isolates from Thailand, Saudi Arabia and India
(Figure 7).

HA Pattern of Isolated IBV With Blood of
Avian and Mammalian Species

All four recent IBV isolates exhibited a strong aggluti-
nation pattern with the RBCs of chicken, domestic duck,
cattle, and goat. They displayed a moderate agglutina-
tion response with Muscovy ducks but did not aggluti-
nate the RBCs of geese, buffaloes, sheep, guinea pigs,
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Table 1. HA activity of the IBV containing allantoic fluid treated with four different concentrations of trypsin.

Concentrations of trypsin (%)

PBS (Control) 0.25 0.50 1.00 2.00

IBV field isolates 30 min 3h 30 min 3h 30 min 3h 30 min 3h 30 min 3h
Standard IBV - - - - - - +/- T + 4
Alim_IB_ 1000 - - - - - - +/- + + +
IB/BD/G3 - - - - - - - - - -
IB/BD/G20 - - - - - - - + + T
Alim_IB_1001 - - - - - - +/- + + +
IB/BD/T1 - - - - - - - + + +
IB/BD/T13 - - - - - - - - - _
IB/BD/M15 - - - - - - - - - -
IB/BD/C2 - - - - - - -

Control (No virus) - - . -

Min., minutes; h, hours; - means no HA activity; 4 /- means incomplete HA activity and + means complete HA activity

Line of Precipitation

Figure 5. AGID test for identification of IBV isolates. Central well
contain IBV-specific hyperimmune serum, 1** well =Positive control,
2" well= Alim IB_1000 isolate, 3" well=IB/BD/G20 isolate, 4
well=IB/BD/T1 isolate, and 5"= Alim IB_1001 isolate; 6™
well = diluent (negative control).

horses, rabbits, or humans. The study compared the HA
patterns of these new isolates to the standard IBV strain
(H120) using RBCs from a number of avian and mam-
malian species, as shown in Table 2.

Pathogenicity of Isolated IBV

The embryos inoculated with isolated IBV died at a
titer-dependent rate shown in Table 3. Increased titers

of a recent isolate of IBV (Alim_IB_1001) resulted in
increased embryo mortality, reaching 80% at a titer of
10" EIDso. At comparable ages, the dwarfing embryos
weighed less than 70% of the normal embryo weight and
were curled into a spherical shape, a characteristic lesion
of IB infection. The pathogenicity test concluded that 4
isolates were pathogenic. Out of 4 isolates, 2 (Ali-
m_IB 1001 and IB/BD/T1) isolated from Tangail dis-
trict were more highly pathogenic than other isolates
(Table 3). The study observed congested post-mortem
(PM) lesions of dead embryos, with excess mucous pres-
ent in the lungs and trachea, and pale kidneys with
swelling.

All chickens infected with recent IBV isolates at 10>
EIDg, showed respiratory symptoms 1 to 5 d after inocu-
lation, including coughing, sneezing, nasal discharge,
and tracheal vocalization with depression and watery
diarrhea. The mortality of 4 isolates was ranged 40-45%
and morbidity was 100%. After PM, kidneys of the
infected chickens were pale, mottled, and bloated with
enlarged renal tubules and ureters (Figure 8A); con-
gested lungs and trachea were also visible (Figure 8C).

DISCUSSION

IBV has posed a significant threat to the global
chicken industry since its discovery in 1931, despite

488 bp

Figure 6. PCR amplification S1 gene of isolated IBV from field samples. M =100 bp DNA marker, Lane 1-4 = IBV positive field samples, Lane

5 = positive control (PC) and Lane 6 =negative control (NC).
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@OR924276.1:Alim_IB_1000
MT270494.1:1BV/ICHISA//2019

i

KJ425494.1:ck/CH/LHB/121024
AY251817.1:HaN1-95

AY561713.1: Strain MaS

KT886444.1:Cl/Peland/79/1989

KY465750.1:1BV/Brazil'SGO/0116

MH252988.1:IR/680/2002

NG191072.1: THIBV/2014/CU-182

@rP067159.1:Alim_IB_1001

NG191067.1:TH/IBV2015/CU-165

MG763935.1:strain |BV/Chicken/Haryana/53/2013
CRS509331.1:ck/Malaysia/6224/2016

0Q434267.1.ChVIBV/PakiAW-1/GI-12017

_,,C KJ425493.1:ck/CHILHB/20749

MN615433.1:CK/CH/HUN/20161023

MH252989.1:IR/801/2001

KY588135.1: Pakistan/Mass/1009/13A72015

KT886446.1:Ck/Poland'G034:2011

ON713866.1: Strain Massachusetts

MW836331.1:South Kerala
MW886330.1:North Kerala

62

HQ291842.1:India-627-AD-02

—1_

MW886329.1: Central Kerala

Figure 7. Phylogenetic analysis against the S1 gene of the recent isolate of IBV by neighbor-joining method and the evolutionary investigations

were carried out using the MEGA 11 program.

routine vaccination efforts. Although both live and inac-
tivated vaccines have been employed, a serious outbreak
of IB occurred in 2021 to 2022 on several vaccinated
farms across different districts of Bangladesh. Increasing
reports of outbreaks in vaccinated flocks highlight the
suboptimal protection offered by vaccines and the
frequent emergence of new variants (Yu et al., 2001;
Hemida, 2013).

This study involved the collection of samples from
IBV-suspected farms from different outbreaks in various
regions of Bangladesh. The majority of samples were
obtained from chickens exhibiting common clinical signs
such as depression, coughing, sneezing, tracheal rales,
gasping, cessation of egg production, soft-shelled eggs,
nephritis, urolithiasis, excessive mucus accumulation in
the bronchi, reduced growth rate, and irreversible ovi-
duct damage. These conditions also result in abnormal
egg production, high morbidity rates, and mortality in
affected chicken flocks, findings that are consistent with
those of Bickerton et al., (2018) and Worthington et al.,
(2008).

The use of ECEs to isolate IBV showed that the
embryos’ symptoms, such as stunting, curling, and
dwarfing, were similar to those of other researchers
(Bhuiyan et al., 2019; Al-Jallad et al., 2020). Moreover,
the virus-inoculated embryos exhibited specific lesions,
including hemorrhagic spots on the liver, swollen kid-
neys, and an overall hemorrhagic appearance. The

embryos appeared dwarfed, curled into spherical shapes,
with deformed feet positioned over their heads, which
aligns with observations made by Tsai et al., (2016) and
Bhuiyan et al., (2019).

The isolation-positive IBV using ECEs was confirmed
by the THA test, which is consistent with a prior study
by Mahmood et al., (2004), which noted the THA test’s
sensitivity at 92% compared to the agar gel precipitation
test’s sensitivity of 76%.

The confirmation of these four IBV isolates was con-
ducted using HI, AGID, and VN assays. The findings
align with the studies conducted by De Wit (2000) and
Legnardi et al., (2020), which highlight the many meth-
ods available for detecting and characterizing IBV. Typ-
ical diagnostic techniques include viral isolation, HI,
VNT, and AGID. The RT-PCR results revealed that all
four isolates displayed distinct bands measuring 488 bp
in the S1 gene region. These findings are consistent with
the reports of Ahmed et al., (2007), Al-Jallad et al.,
(2020), and Suryaman et al., (2021).

Furthermore, the phylogenetic analysis of the S1 gene
indicates that the current IBV isolates belong to the
genotype-QX and show a strong genetic similarity to iso-
lates from Thailand (MG191067 and MG191072), Saudi
Arabia (MT270494), and India (MG763935), as docu-
mented in the GenBank database. Bhuiyan et al., (2019)
conducted a study where they constructed a phyloge-
netic tree using nucleotide sequences of IBV isolates.
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Table 2. HA pattern of recent isolates of IBV with reference strain using 2%
RBC suspension of different avian and mammalian species.

RBC of avian Observation
d -
and | Recent isolates Image of HA pattern Reference Image of HA pattern
mammalian fIBV train of BV
species o strain o
Chicken -+ S+
Domestic -+ -+
duck
Goose - -
Muscovy +++ -
Cattle -+ -
Buffalo - -
Sheep - -
Goat ++++ .
: | | u
Rabbit - +H++
Guineapig - . 5 ++++
—
| o
Human - .. ++++

+-++ = Strong; ++-+= moderate; - = Negative; IBV-Infectious bronchitis Virus; HA-
Hemagglutination
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Table 3. Comparison of embryo death rates and times after inoculation with different titers of isolated IBV.

No. of death after inoculation

Virus titer Total death rate
Field isolates of IBV (10" EIDs,) 2-4 DPI 5-7 DPT (%)
Alim IB 1000 4.7 6 3 9/10 (90)
3.7 5 3 8/10 (80)
2.7 5 2 7/10 (70)
1.7 3 2 5/10 (50)
Alim_IB 1001 4.7 10 0 10/10 (100)
3.7 9 1 10/10 (100)
2.7 7 2 9/10 (90)
1.7 5 3 8/10 (80)
IB/BD/T1 4.7 8 2 10/10 (100)
3.7 6 3 9/10 (90)
2.7 5 2 7/10 (70)
1.7 3 4 7/10 (70)
IB/BD/G20 4.7 5 3 8/10 (80)
3.7 5 2 7/10 (70)
2.7 3 2 5/10 (50)
1.7 2 0 2/10 (20)

DPI, days post inoculation.

The phylogenetic analysis revealed that the QX-like IBV
isolates share a 99% similarity with isolates from China
(KX107695.1). The findings suggest that both QX-like
IBV strains are now present in the chicken population in
Bangladesh. Analyzing the nucleotide sequence of the
hypervariable region in the S1 gene is an effective
approach for identifying current field variants of IBV
(Lee et al., 2003).

The HA patterns of recent isolated IBV using the
blood of avian and mammalian species indicate that the
circulating strains are virulent. This finding aligns
strongly with the research conducted by Bingham et al.,

(1975). The pathogenicity of field isolates of IBV in sero-
negative chicken embryos was demonstrated to be
directly proportional to the virus titer, resulting in
increased embryo mortality. This finding is consistent
with the results reported by Bijlenga et al., (2004). Addi-
tionally, it was observed that larger inoculum sizes con-
taining field isolates of IBV led to higher embryo
mortality. When analyzing growth kinetic curves, it was
found that 8 and 9-day-old ECEs were highly susceptible
to IBV infection, while ECEs aged 10 d or older exhib-
ited a gradual decrease in susceptibility. This pattern is
similar to the growth kinetics reported by Tsai et al.,

Figure 8. Gross lesions in the kidney, trachea, and lungs from IBV-infected dead chickens. (A) Swollen and pale kidney after challenging with
recent isolate of IBV; (B) Negative control kidney; (C) Trachea and lungs illustrating congestion after challenge with recent isolate of IBV; (D) Con-

trol trachea and lungs.
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(2016). The newly identified strains of IBV were highly
pathogenic in 1-day-old chickens, causing severe kidney
and tracheal damage. These strains had a mortality rate
of 40 to 45%, and all affected chicks displayed symptoms
consistent with QX-like characteristics (Bande et al.,
2017). Chickens infected with IBV exhibited respiratory
symptoms, behavioral changes, and diarrhea. The mor-
bidity rate of newly identified strains of IBV was 100%.
During necropsy, pale, mottled, and bloated kidneys
were observed, along with congested lungs and tracheas.
These observations align with the findings of Yan et al.,
(2016), who reported mortality rates of 10% to 60% in
chicks experimentally infected with the QX strain of
IBV. Zanaty et al. (2016) compared the pathogenicity of
three IBV strains (Egy/Var-1I, Egy/Var-I, and the clas-
sic Mass-like) in one-day-old SPF chicks, resulting in
mortality rates of 50%, 40%, and 10%, respectively. Tt is
known that IBV is more severe in young chicks, leading
to significant mortality rates. This is evident in chicks
infected with IBV-Eg/1212B-2012 (50%) and IBV/EG/
IBV1-2011 (40%). Furthermore, IBV strains vary in
their pathogenicity towards the respiratory system, kid-
neys, or oviduct, with most strains, including Mass-like,
primarily causing respiratory disease (Legnardi et al.,
2020; Zanaty et al., 2016).

CONCLUSIONS

IB has a significant impact on the poultry industry in
Bangladesh, leading to substantial economic losses. Bio-
logical, serological, and molecular tests confirmed the
high virulence of the predominant strain of the IB virus,
identified during the outbreaks in 2021 to 2022. Phyloge-
netic analysis of the S1 gene from a recent isolate sug-
gests that the new genotype of IBV is similar to those
found in Thailand, Saudi Arabia, and India. This new
genotype (QX-like) is responsible for frequent IB out-
breaks in commercial layers. Developing an effective
vaccine against this circulating genotype is crucial for
controlling IB in the poultry sector.
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ABSTRACT

Objective: Infectious bronchitis (IB), a highly infectious acute viral disease, is a major burden to
the chicken industry worldwide. The research aimed to develop an inactivated IB vaccine using
local isolates and assess its immunogenicity compared to other commercial live IB vaccines.
Materials and Methods: An inactivated vaccine using a candidate IB virus (PP067159.1:
Alim_IB_1001) of the QX genotype was developed according to WOAH guidelines. Chickens
were vaccinated with three doses (0.25, 0.5, and 1.0 ml) at 7 days old, with a booster at 37
days old via subcutaneous (SC) and intramuscular (IM) routes. Blood samples were collected
on days 7, 37, and 67 to measure immune response by indirect ELISA. On day 67, chickens
were challenged with a virulent IBV strain to assess vaccine protection. The experimental IB
vaccine’s immunogenicity, protective efficacy, and antibody duration were compared to a live
IB vaccine (Live CEVAC® IBird) using three vaccination schedules: killed-followed-killed, live-
followed-killed, and live-followed-live.

Results: Chickens vaccinated with SC with 1.0 ml showed higher antibody titers compared to
other SC and IM routes of vaccination. SC vaccination with 0.5 and 1 ml provided the highest
protection (93%). The killed-followed-killed vaccination method produced a more consistent and
protective level of antibody titers in chickens compared to the other vaccination schedules. The
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experimental inactivated IB vaccine led to a higher survival rate (93%) compared to live-followed-
killed (87%) and live-followed-live (73%), with statistical significance (p < 0.01). All three chicken
groups maintained protective antibody titers (>396) at 307 days, but titers declined faster in the
live-followed-live and live-followed-killed groups compared to the killed-followed-killed group.
Conclusion: The study found that the experimental inactivated IB vaccination can protect com-
mercial-layer chickens from natural IB outbreaks of the QX genotype.

Introduction production and quality [2]. The morbidity rate is 100% in
flocks that have not received vaccinations. The mortality
rate is dependent on the specific strain of the virus, with
a maximum of 60% observed in flocks that have not been
vaccinated [3]. This significantly negatively impacts the
poultry industry’s profitability and long-term viability
[4]. To effectively control IB in poultry, a thorough strat-

egy is necessary, which includes implementing proper

Infectious bronchitis (IB) is a highly transmitted and eco-
nomically significant avian disease that affects the poul-
try industry globally [1]. IB virus (IBV), a member of the
Coronaviridae family, is responsible for this disease. It
primarily affects the respiratory system, causing breath-
ing difficulties, damaging the kidneys, and reducing egg
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management practices, enforcing strict biosecurity mea-
sures, administering vaccinations, and occasionally pro-
viding treatment [3]. Although strict biosecurity measures
are in place, IBV remains a widespread threat because of
its rapid mutation rate. This results in the development
of new serotypes and variants that can avoid the immune
responses triggered by current vaccinations [5].

Developing effective vaccines against IBV is com-
plicated by the virus’'s genetic variability and the lim-
ited cross-protection provided by various strains [6].
Conventional vaccines, mainly consisting of live attenu-
ated and killed (inactivated) variants, have been the main-
stay of IBV control [7]. Nevertheless, due to the dynamic
characteristics of the virus, it is necessary to consistently
evaluate and create novel vaccines that can offer more
comprehensive immunity against various serotypes, par-
ticularly local variants that may not be adequately targeted
by commercially available vaccinations designed for global
strains. The four structural proteins of the virus—spike
(S), membrane (M), small envelope (E), and nucleocapsid
(N)—are the primary targets for vaccine development. The
spike protein (S) is the most immunogenic for IB vaccines.
Recent advances include “RG” chimeric IBV strains and
virus-like particles which show promise for broad protec-
tion [8, 9]. Inactivated vaccines use affinity-purified 1BV
antigens or chemically inactivated viruses, typically of the
Mass-type genotype. Multivalent inactivated vaccines and
live vaccines have effectively enhanced protection against
multiple IBV strains. Research has also demonstrated the
efficacy of several substances, such as chitosan nanoparti-
cles and resiquimod, in boosting the immune response to
vaccines [8, 10]. Live vaccines are generally more effective
than inactivated ones, with studies showing cross-protec-
tion against different virus challenges in animals vacci-
nated with attenuated mass vaccines [5, 11].

This study aims to investigate the immune response
produced by recently developed inactivated vaccines made
from local IBV isolates. The experimental vaccines are
developed to enhance immune responses against common
diseases in specific geographic areas. Prioritizing local iso-
lates due to their genetic and antigenic similarity to cur-
rent poultry viruses could lead to more efficient protection
against this virus. The study also determined the compar-
ative efficacy, protection study, and duration of immune
response to in-house inactivated IB and commercial live IB
vaccines.

Materials and Methods
Ethical statement

The experiment ensured conformity with established eth-
ical standards by closely adhering to the parameters given
by Bangladesh Agricultural University in Mymensingh's

http://bdvets.org/javar/

Animal Welfare and Experimentation Ethics Committee
(AWEEQC). It received formal authorization, indicated by
the reference number [Ref. No. AWEEC/BAU/2021(52)].

Selection of chickens for experimental study

Brown-layer healthy day-old chicks were collected from
the control shed of the city hatchery in Narsingdi district,
Bangladesh, regardless of their levels of maternal anti-
bodies (S/P<0.2 or serum antibody titer <396: negative).
The chicks were reared in an isolated shed throughout the
experiment, with sufficient water and feed provided while
maintaining strict biosecurity (spraying anti-viral solution
thrice a day).

Selection of strain, propagation, and virus titration

The QX genotype of the IBV strain (PP067159.1: Alim_
IB_1001) was selected as a vaccine candidate after a
comprehensive assessment of its molecular, serological,
and biological characteristics and pathogenicity [12]. In
order to achieve large-scale manufacturing, the selected
IBV strain was propagated in seronegative embryonated
chicken eggs (ECEs) that were 9 days old using the allantoic
cavity route. Centrifugation was done to clear the non-viral
embryonic debris from the allantoic fluid harvested asepti-
cally, which was subjected to 5,000 rpm for 10 min at 4°C.
The subsequent transparent fluid was collected. The tenth
passage of the candidate IBV isolate was selected for large
propagation for vaccine production. To determine 50% of
the embryo infectious doses (EID, ), the Reed and Muench
technique [13] was utilized.

Sterility and purity tests of the allantoic fluid

The collected allantoic fluid was cultured in bacteriolog-
ical, fungal, and mycoplasma growth media and checked
daily for a week to detect any microbial growth [14]. The
allantoic fluid was also checked for hemagglutination (HA)
pattern using the slide HA test according to the method of
the WOAH manual [14]. An Reverse transcription-poly-
merase chain reaction (RT-PCR) test was performed to
establish the purity of the IBV virus according to the
method of Parvin et al. [12].

Virus inactivation and vaccine formulation

The virus was inactivated using a concentration of 0.1%
formalin (37% formaldehyde) for 24 h at room tempera-
ture.. Randomly selected samples from each batch were
injected into eggs and passed through the process at least
three times to confirm the virus’s inactivation. Once fully
inactivated, the viruses were emulsified in an aqueous
phase of Montanide (ISA-70 mineral emulsion, SEPPIC,
France) at a ratio of 30:70 (w/w), following the manufac-
turer’s instructions. Each dosage of the vaccine emulsion
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contained 0.5 ml (107%” EID, ), similar to the virus concen-
tration of commercial live IB vaccines.

Sterility and safety tests of inactivated IB vaccine

The IB vaccine was cultured in aerobic and anaerobic bac-
terial, fungal, and mycoplasma growth media. The cultures
were monitored daily for a week to check microbial growth.
21-day-old ten specific pathogen-free chickens received a
double dose of the vaccine via subcutaneous (SC) injection.
The chickens underwent a comprehensive examination 21
days after the injection to identify any abnormal vaccina-
tion-related reactions [14].

Determination of efficacy and protection potentiality of
vaccines depends on the dose and route of administration

In this study, a total of 140 chicks at 7 days old were
selected. These chicks were evenly divided into seven
groups, with each group consisting of 20 chickens. The
groups were designated as follows:

e Group A received a vaccination of 0.25 ml per
chicken/SC route.

e Group B was vaccinated with 0.25 ml per chicken/
intramuscularly (IM) route.

e Group C received 0.5 ml per chicken/SC route of

vaccination.

e Group D vaccinated with 0.5 ml per chicken/IM route
of vaccination

e Group E received 1.0 ml per chicken/SC route of
vaccination.

e Group F was vaccinated with 1.0 ml per chicken/IM
route of vaccination.

e Group G served as the unvaccinated control group.

e The priming of chickens with primary vaccination
was done at 7 days old, followed by boosting through
secondary vaccination at 37 days of age, except for
the control group.

¢ Blood samples from all groups of chickens were col-
lected at three different time points: on day 7, on day
37,and on day 67 of the chickens’ age. The collected
serum was then analyzed for antibody titer using
an indirect ELISA Kit (IDEXX, USA) according to the
manufacturer’s instructions.

e In addition, each group of chickens, including the
control group, was exposed to a challenge with a
highly virulent IBV field strain of QX genotype [12] to
test the vaccine’s efficacy against infection.

e On day 67, the virulent IBV strain was administered
ata dose and concentration of 0.5 ml (10*° EID, /ml)
via the IM route in an isolated environment.

e Observations were made over the next 14 days
after inoculation of viruses and monitored for the
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development of any local or systemic reactions and
any clinical signs that could indicate an IBV infection.

Comparative efficacy and protective potentiality of the
experimentally developed inactivated IB and commercial
live IB vaccines

In this study, a total of 150 chicks of 7 days old were
selected. These chicks were categorized into three groups,
each consisting of 50 chickens. The vaccination protocol
for each group was as follows:

e Chickens in group A received double doses of vac-
cination with a killed IB vaccine. Each dose was
administered SC with a volume of 0.5 ml. The vaccine
contained 50 pg of viral protein per dose. The pro-
tein concentration was determined using the LAMDA
365 UV-VIZ Spectrophotometer (Perkin Elmer, USA),
following the method described by Nazari et al. [15].

e Chickens of group B were first vaccinated with a live
IB vaccine (Live CEVAC® IBird, Philippines), one drop
containing 10** EID,, of IBV, administered intraoc-
ularly, followed by a killed IB vaccine with a similar
dose as that of group A.

e Chickens of group C were vaccinated twice with the
live IB vaccine, each time receiving one drop, as the
live IB vaccine used for group B.

e The priming of chickens by primary vaccination at 7
days of age and boost for secondary vaccination at 37
days of age.

e Blood samples of the chickens in the experimental
groups were collected before and after vaccination
on day 7, day 37, and day 67. These samples were
then processed to collect serum for determining anti-
body titer using an indirect ELISA Kit (IDEXX, USA).

e Onday 67, a total of fifteen chickens from each of the
three vaccinated groups were subjected to challenge
with a virulent strain of local isolate of IBV (QX gen-
otype) that was homologous to their vaccine strain.
Each chicken received 0.5 ml of the virus (10*°EID, /
ml) via the IM route of inoculation.

e After a virulent challenge with a homologous strain
of the IB virus (QX genotype), chickens of all the
experimental groups were observed daily for 14 days
to assess the rate of survivability and development of
any specific signs and symptoms of IB.

Determination of retention period of antibody titer
of chickens after vaccination with the experimentally
developed inactivated and live commercial IB vaccines

The remaining vaccinated chickens were assessed for their
serum antibody titers up to 307 days of age. Blood samples
were taken at days 97, 127, 187, 217, and 307 days of age.
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The serum samples were processed for the determination
of antibody titer by an indirect ELISA Kit (IDEXX, USA).

Statistical analysis

The data obtained from this study were used for statisti-
cal analysis using analysis of variance and a t-test, which
paired the means of two samples. This analysis was con-
ducted using a computerized statistical program, specifi-
cally statistical package for the social sciences.

RESULTS
Sterility and purity test of harvested allantoic fluid

The sterility test on the harvested allantoic fluid confirmed
that bacteria, fungi, or mycoplasma did not grow in nutri-
ent agar, SS agar, blood agar, EMB agar, MacConkey agar,
Sabouraud dextrose agar, or mycoplasma agar (PPLO).
Additionally, the allantoic fluid showed HA activity on a
slide HA test that contained IBV, which were confirmed by
RT-PCR using S1 gene-specific primers.

Inactivation, sterility, and safety tests of the developed
vaccine

The absence of embryo mortality and subsequent hemag-
glutinating activity in allantoic fluid following inoculation
into ECEs indicated that the viruses were inactivated com-
pletely. The sterility test showed that the experimentally
developed inactivated IB vaccine was free from all kinds

of contamination, as confirmed by inoculating it onto the
bacteriological, fungal, and mycoplasma growth media. In
the safety test, no deaths, local and systemic tissue reac-
tions, or clinical signs of IBV were found in the vaccinated
chickens.

Dose and route-dependent immune response of the newly
developed inactivated IB vaccine

The birds in all seven groups had antibody levels that
ranged from 151.12 + 4.14 to 233.29 * 4.00 before they
were vaccinated (Fig. 1). Still, the post-vaccination anti-
body titers of serum from the chickens in this study group,
collected on days 37 and 67, varied significantly (p < 0.05).
Chicken of Group E, which received 1.0 ml per dose via the
SC route, showed a better immune response, reaching an
ELISA titer of 3626.342 + 25.70 to 4969.251 + 30.87 on
days 37 and 67, respectively. Chicken of Group C, which
received 0.50 ml per dose via the same SC route, showed the
antibody titer reaching from 2926.74 + 25.70 to 4299.47 +
30.86 on days 37 and 67, respectively. In contrast, chick-
ens belonging to group A were vaccinated with a dose of
0.25 ml per chicken administered SC route, exhibited the
lowest antibody response among the vaccinated groups,
with titers of 1318.375 + 31.41 on day 37 and 1913.324 +
35.30 on day 67. Chicken of Group C, which received 0.50
ml per dose via the same SC route, showed the antibody
titer 2926.74 + 25.70 on day 37 by ELISA. Still, chickens of
Group D, which received the same dose via the IM route,
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Figure 1. Dose and route-dependent serum antibody titer of IB vaccinated and non-vaccinated chickens.
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Table 1. Dose and route-dependent protective potentiality of the
experimentally developed inactivated IB vaccine.

Experimental groups Protection rate (%)

Group-A (0.25 ml/chicken/SC) 67 £5.77
Group-B (0.25 ml/chicken/IM) 63 +5.77
Group-C (0.50 ml/chicken/SC) 93 +5.77
Group-D (0.50 ml/chicken/IM) 83+5.77
Group-E (1 ml/chicken/ SC) 93+5.77
Group-F (1 ml/chicken/IM) 87 +5.77
Group-G (Control) 33+5.77

SC-subcutaneous; IM-intramuscular

showed an antibody titer of 2656.74 * 24.67 on day 37.
However, on day 67, chickens of Group C showed the anti-
body titer 4299.47 + 30.86 for the SC route and 3776.47 +
26.61 for the IM route of Group D, respectively. There was
no significant difference (p > 0.05) in serum antibody titers
of chicken blood collected on days 37 and 67 immunized
via the SC and IM routes in this study (Fig. 1).

Dose and route-dependent protective study of the
inactivated IB vaccine

The protection rates of chickens vaccinated with different
doses and routes were found to be highest in Groups C and
E, around 93%, and they received 0.5 ml and 1 ml per dose
ofvaccine/SC, respectively (Table 1). The chickens of Group
B that received 0.25 ml/chicken/IM showed the lowest,
around 63%, among the vaccinated group. Chickens in the
control group also showed 33% protection. The protection
rate among different vaccination groups was statistically
significant (p < 0.01).

Comparative efficacy of experimentally developed
inactivated and commercial live IB vaccines

The pre-vaccination titers were 151.12 * 4.05 for killed-
followed-killed, 160.45 + 4.13 for live-followed-killed, and
154.675 + 4.36 for live-followed-live (Fig. 2). On day 37, the
serum antibody titers of chicken were found to be 2918.37
+ 29.56 for killed-followed-killed, 3146.74 + 29.56 for live-
followed-killed, and 3526.443 + 33.06 for live-followed-
live vaccination. However, on day 67, the serum antibody
titers of chickens were found to be 4453.06 + 36.84 for
killed-followed-killed, 4926.56 + 30.17 for live-followed-
killed, and 5183.369 + 32.58 for live-followed-live immuni-
zation, respectively. On days 37 and 67, the serum antibody
titers were found to be highest, around 3526.443 + 33.06
and 5183.369 * 32.58 in the chickens vaccinated with live-
followed-live vaccination. On days 37 and 67, the chicken
vaccinated with the killed-followed-killed group experi-
enced a remarkable decrease in antibody levels of around
2918.37 + 29.56 and 4453.06 + 36.84, respectively (Fig. 2).
There was a statistically significant variation (p < 0.01)
in the serum antibody titer of chicken’s blood collected
before vaccination (on day 7) and after vaccination (on
days 37 and 67). On the contrary, no significant variation
(p > 0.05) was noticed in the antibody titer of all three vac-
cinated groups of chickens.

Protective potentiality of prepared inactivated IB with
commercial live IB vaccines

The protection rates of chickens vaccinated with killed-
followed-killed, live-followed-killed, and live-followed-
live were found to be 93%, 87%, and 73%, respectively
(Table 2). The protection rate of chickens receiving the
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Figure 2. Serum antibody titer of chicken vaccinated with experimentally developed inactivated IB and commercial live IB vaccines.
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Table 2. Protection rate of chickens after booster vaccination
with experimentally developed inactivated and live commercial 1B
vaccines.

Experimental groups Protection rate (%)

Killed-followed-killed 93+5.77
Live-followed-killed 87 +5.77
Live-followed-live 73+5.77

three vaccination schedules was statistically significant
(p<0.01).

Retention of the protective level of antibody titer of
chickens following three vaccination schedules

The serum antibody titer of the chicken collected on day
97 was determined as 4,578.92 + 40.56 for the killed-fol-
lowed-killed group, 5,178.348 * 35 for the live-followed-
killed group, and 5,466.36 * 32.94 for the live-followed-live
group, respectively (Fig. 3). On day 127, the serum anti-
body titers of chickens in all the groups following the three
schedules of vaccination were approximately 4,807.19 +
30.99 for killed-followed-killed, 5,466.02 + 32.17 for live-
followed-killed, and 6,562.34 + 33.12 for live-followed-live.
The antibody titers of chickens in all groups started grad-
ually declining after 127 days of age. The serum antibody
titers were found to be 4,429.53 + 34.82 for live-followed-
killed, 4,603.53 + 35.31 for Kkilled-followed-killed, and
3,862.09 * 32.65 for live-followed-live on day 187. All three
vaccinated groups of chickens retained the protective level

(>396) of serum antibody titer for up to 307 days of age.
On day 307, the serum antibody titers of chickens were
approximately 3,887.07 + 35.42 for killed-followed-killed,
3,537.01 + 36.56 for live-followed-killed, and 786.976 +
30.57 for live-followed-live vaccination schedules (Fig. 3).
The study revealed a significant variation (p < 0.05) in
antibody titer between chicken groups vaccinated with
the killed-followed-killed and live-followed-live schedules.
However, this study found no significant difference (p >
0.05) in antibody titers between the chicken groups vac-
cinated using the killed-followed-killed and live-followed-
killed schedules.

Discussion

The IB is a contagious viral disease affecting chickens of all
age groups. Controlling IB in poultry is very difficult due
to the continuous mutation of the viruses and the preva-
lence of several genotypes and serotypes of IBV globally.
Vaccination is a vital and well-established method for con-
trolling IB in the poultry-raising countries of the world.
Despite regular vaccination with live IB vaccines, the dis-
ease appears endemically among commercial poultry in
Bangladesh. The development of a vaccine (either live
or killed) using a locally circulating strain of IBV has not
been carried out in Bangladesh yet. To combat these situ-
ations, the development of an effective inactivated vaccine
with the circulating strains of IBV (matching viral antigens
between the field and vaccine viruses) is the demand of the
time. For this reason, the study was aimed at developing an
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Figure 3. Duration of serum antibody titer of chicken vaccinated with three vaccination schedules at different time intervals.
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inactivated IB vaccine locally circulating isolates (Genotype
QX) and comparing its immune response and protective
potentiality with live commercial IB vaccines.

The study evaluated the immune response of chickens
vaccinated with three doses and two routes of inactivated
IB vaccine. On days 37 and 67, chickens vaccinated through
the SC route with doses of 0.25 ml/chicken, 0.5 ml/chicken,
and 1.0 ml/chicken exhibited slightly higher serum anti-
body titers than chickens vaccinated through the IM route
with the same doses. These findings are consistent with a
study conducted by Woziri et al. [16], who developed an
inactivated avian influenza H5 vaccine and evaluated the
antibody response in chickens vaccinated with three dif-
ferent doses (0.2, 0.5, and 0.7 ml) using two routes (IM and
SC) of administration. In their study, they observed higher
antibody levels in the chicken groups vaccinated through
the SC route compared to the IM route 21 days following
vaccination. In this study, the protective efficacy of the
prepared IB vaccine from local isolates ranged from 63%
to 93% protection, depending on doses and routes after a
challenge study with a homologous strain of the IBV. Fathy
et al. [17] evaluated the efficacy of the bivalent IBV vac-
cine produced from local isolates and showed 92% to 96%
protection after being challenged with a homologous virus.

Based on the immune response and protective efficacy
observed with three different doses (1.0, 0.5, and 0.25
ml/chicken) and two different routes (SC and IM), the 0.5
ml/dose/chicken/SC combination was chosen for mass
immunization. These doses and routes were also chosen
based on the initial screening for viral antigen concen-
tration (107°’EID. /dose) and the cost-effectiveness of
each vaccine dose. In this study, the standard dose was
used for vaccination in three scheduled groups of layer
chickens (killed-followed-killed, live-followed-killed, and
live-followed-live).

Chickens that received two vaccinations with the live-
followed-live IB vaccine had higher serum antibody titers
than those immunized twice with the live-followed-killed
and Kkilled-followed-killed vaccinations. In their study,
Buharideen et al. [18] assessed the effectiveness of two
distinct vaccination strategies in inducing a thorough
immunological response in laying chickens. The initial
method employed live-attenuated IB vaccines, but the sub-
sequent method included both live-attenuated and inacti-
vated IB vaccines. The serum’s antibody levels against IBV
were evaluated at two specific time points: three weeks
and ten weeks following the last immunization. The vacci-
nation technique, including live attenuated and inactivated
vaccines, demonstrated superior efficacy in inducing both
systemic and localized immune responses in the vacci-
nated chickens. Inactivated vaccines are commonly used in
conjunction with live vaccines in most cases of commer-
cial poultry immunization. This combination can amplify

http://bdvets.org/javar/

the immune response initially triggered by a live vaccine,
providing enhanced and more comprehensive immunity
[19]. The present study demonstrated that the locally cir-
culating genotype QX of 1BV, when used for the develop-
ment of the inactivated vaccine, resulted in better immune
responses and protective potentiality in the vaccinated
flock of chickens. The vaccinated birds had a high percent-
age of protection and increased antibody titers when using
double doses of inactivated vaccines made with local iso-
lates. This approach reduces economic losses for farmers
by decreasing morbidity, mortality, and productivity issues
in commercial layer poultry due to IB infection [17].

The results of the challenge study showed that chickens
vaccinated twice with the killed-followed-killed vaccine
had a higher protection rate (93%) than chickens in the
live-followed-live (73%) and live-followed-killed (87%)
groups. This resultis similar to Yan et al. [20], who reported
that only 10% of hens died after receiving an inactivated
IBVSX16 vaccine. However, the birds vaccinated with the
inactivated IB vaccine provided more than 80% protection
against infection by the challenge virus. Erfanmanesh et
al. [21] developed a vaccine against the IBV variant 2 (IS-
1494 /GI-23) genotype and administered 0.5 ml per dose
per chicken. During evaluation, it was found that chickens
vaccinated with this variant 2-derived vaccine exhibited a
67% protection rate, slightly higher than the 60% protec-
tion rate observed with standard commercial live IB vac-
cines. Although the difference in protection rates was not
statistically significant, the variant 2 vaccine reduced viral
presence in feces and kidneys compared to the commercial
live vaccine.

After booster vaccinations (on day 37) with killed-fol-
lowed-killed, birds’ serum antibody titers increased and
continued to increase until day 127. The antibody titer of
chicken was found to be a protective level until 307 days of
age. However, the serum antibody titer of chickens vacci-
nated twice with live-followed-killed and live-followed-live
increased simultaneously and remained up to 307 days of
age. All three groups of chickens vaccinated with killed-fol-
lowed-killed, live-followed-live, or both exhibited serum
antibody titers >396 for up to 307 days. The antibody titer
declined faster in the chickens of the live-followed-live
vaccination groups compared to the killed-followed-killed
groups. This study compared the immunogenicity of the
experimentally developed inactivated IB vaccine to the live
IB vaccine using serum antibody titers by ELISA. Unlike
live-followed-killed and live-followed-live, chickens vacci-
nated with killed-followed-killed had a higher titer than the
protective level. The duration of immunity and retention
period of the serum antibody titer of the chicken group vac-
cinated with experimentally developed inactivated IB vac-
cine remained above the protective level (>396) until day
307 after receiving two doses of vaccinations. The finding
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of the retention period of serum antibody titer of chicken
vaccinated with inactivated IB vaccine aligns with the find-
ings of Bhuiyan et al. [3], who noted that inactivated vac-
cinations generally produce a long-lasting and persistent
immune response. This is crucial for effectively managing
IB in poultry populations over an extended period.

Inactivated vaccines contain killed viruses, which can-
not replicate in vaccinated birds’ bodies. The reduced risk
of vaccine-induced disease is especially important for
immunocompromised birds, as live vaccines can be a con-
cern. Moreover, the utilization of inactivated viruses in the
vaccine prevents the transmission of the virus from immu-
nized to non-immunized birds, hence enhancing the safety
of densely populated chicken flocks [22].

Conclusion

The findings of this study concluded that the experimen-
tally developed inactivated IB vaccine with the locally cir-
culating isolate of IBV is safe, has no chance of reversion
into a virulent form, and might have the ability to success-
fully control frequent outbreaks of IB in commercial layer
poultry populations in Bangladesh. Based on the findings of
this study, it can also be concluded that using double doses
of an inactivated IB vaccine developed with the locally cir-
culating strain of the genotype QX of IBV is more effective
in terms of immunogenicity and protective efficacy. This
vaccine can be successfully used to provide better protec-
tion against circulating IBV in commercial poultry. It may
also be a more cost-effective option compared to imported
IB vaccines with antigenic heterogeneity.
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Background: Newcastle disease virus (NDV) genotype VIl severely affects poultry,
causing respiratory and neurological symptoms with a high rate of morbidity and
mortality. The research aimed to develop an inactivated ND vaccine using local
isolates (Genotype VII.2) and assess its immunogenicity compared to other
commercial live ND vaccines.

Methods: An inactivated vaccine using a candidate NDV (GenBank: OR924274.1)
was developed according to WOAH guidelines following inactivation, sterility,
purity, and safety tests. The birds were vaccinated through subcutaneous (SC)
and intramuscular (IM) routes using three doses (0.25, 0.5, and 1.0 ml/bird).
Immunogenicity and protective potentiality of the experimentally developed
inactivated ND vaccine and live commercial ND vaccine (intra-ocularly/IO)
were compared by challenge studies using three vaccination schedules: killed-
followed-killed, live-followed-killed, and live-followed-live.

Results: The birds vaccinated with 1.0 ml/bird SC showed higher antibody titers
compared to those of IM-vaccinated groups. Birds vaccinated with the live-
followed-killed commercial ND vaccines had slightly higher antibody titers
compared to those vaccinated with killed-followed-killed and live-followed-
live vaccines. Birds vaccinated with the killed-followed-killed ND vaccine
showed a higher protection rate (100%) compared to live-followed-killed
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(83+5.77%) and live-followed-live (57+5.77%) vaccines. Birds vaccinated with
killed-followed-killed group showed a slower decline rate of antibody titers than
other groups. This regimen provided significantly better immunity, highlighting its
potential in controlling ND outbreaks in Bangladesh's poultry.

Conclusion: The study found that the inactivated ND vaccine, developed with
the locally circulating isolate of genotype-VII.2 of NDV, might play an important
role in effective control and management of ND in the commercial poultry
population in Bangladesh.

NDV genotype VII.2, inactivated ND vaccine, immunogenicity, protective potentiality,

antibody titers

1 Introduction

Newcastle disease (ND) is a highly infectious viral disease that
carries huge impacts on a diverse array of bird species and has
substantial economic consequences for the global poultry industry
(1). The Newecastle disease virus (NDV) belongs to the genus
Orthoavulavirus of the family Paramyxoviridae (2, 3). There are
different strains, or genotypes, of the virus, and one of the most
common and virulent strains is genotype VII, especially circulating in
Asia and Africa (4). ND poses a significant threat to the poultry sector
in Bangladesh, which plays a crucial role in the country’s agricultural
economy and supports the livelihoods of millions of people (5).

To control and prevent ND in commercial poultry farmers have to
depend mainly on vaccination. In Bangladesh, the management of ND
in commercial poultry involves using different types of ND vaccines
(6). These vaccinations are specifically formulated to stimulate robust
immune responses, providing defense against the highly infectious
strains of NDV that are widespread in different areas in a country (7).
The main categories of vaccinations employed include live attenuated
vaccines, inactivated vaccines, and recombinant vector vaccines (8).
NDV strains that have been weakened but can still multiply somewhat
are used to produce live attenuated vaccines. Strains of NDV including
LaSota, B1, and F strains are frequently utilized for the development of
live attenuated ND vaccines (9). Vaccines that have been inactivated
are known to elicit strong humoral and cell-mediated immune
responses, providing efficient defense. Usually, the live attenuated
ND vaccines are applied as eye drops, aerosol, or drinking water,
which guarantees quick and simple administration (10). The NDV
particles of the inactivated vaccines have been rendered non-infectious
by chemical agents like formalin, B-Propiolactone, and Binary
ethylenimine (BEI). Injectable inactivated vaccines are frequently
adjuvanted to boost the immune response (11). Killed vaccines are
frequently serve as booster doses after the initial live vaccination, and
they are very helpful in providing long-lasting protection. Live
attenuated NDV antigens are delivered via recombinant vector
vaccines using viral vectors like herpesvirus or fowlpox. They have
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the benefit of potent immune responses without having any danger like
live attenuated vaccines. They can also be made to target different
infections, offering more comprehensive protection (12). The efficacy of
a vaccine is heavily influenced by the degree of similarity between the
vaccine strain and the strains currently in circulation (13). In recent
years, the appearance of several NDV genotypes, particularly genotype
VII, has presented difficulties for the current vaccination regimens due
to a mismatch of the vaccine and circulating strain of the viruses. As a
result, there has been a need to develop vaccinations that are specially
designed to target the specific strains of viruses that are now prevalent
in different regions (14).

The commercial poultry industry in Bangladesh has been
struggling for the last decades with repeated occurrences of ND,
which frequently results in significant financial losses (15). The
presence of genotype VII strains in this region has emphasized the
necessity for the development of a vaccine that is both efficacious
and specifically tailored to the local conditions (16). Prior research
has demonstrated that vaccines formulated utilizing local isolates
can offer superior immunity in comparison to those derived from
unrelated strains. Hence, this piece of work has aimed to develop
and evaluate the immunogenicity of an inactivated ND vaccine
produced from local isolates of genotype VIL.2 in Bangladesh.

2 Material and methods

2.1 Strain selection, propagation and
virus titration

The NDV strain (GenBank: OR924274.1) of genotype VII.2 was
selected as a vaccine candidate after a comprehensive assessment of
its molecular, serological, and biological characterization and
pathogenicity (17). To achieve large-scale manufacturing, the
selected NDV strain was propagated in 9-day-old seronegative
embryonated chicken eggs (ECEs) via the allantoic cavity route.
Centrifugation of the allantoic fluid (AF) at 2795xg for 10 minutes
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at 4°C was performed to remove non-viral embryonic debris from
the collected AF, which resulted in a transparent fluid. The tenth
passage of the NDV isolate was chosen for large-scale propagation.
The collected AF was cultured in bacteriological, fungal, and
mycoplasma growth media and examined daily for a week to
detect any microbial growth. The purity of the NDV was
confirmed using the RT-PCR test (18). The Reed and Muench
technique (19) were employed to determine the 50% embryo
infectious doses (EIDs).

2.2 Virus inactivation and
vaccine preparation

The AF containing NDV was inactivated by treating with 0.1%
(v/v) formalin (37% formaldehyde stock solution) at a temperature
of 30°C for 48 hours. Random samples from each batch were then
injected into eggs and subjected to this process at least three times to
confirm that the virus was indeed inactivated completely. Once fully
inactivated, the viruses were mixed into an aqueous phase of
Montanide (ISA 78 VG mineral emulsion, SEPPIC, France) at a
ratio of 30:70 (w/w), following the manufacturer’s instructions.
Each dose (0.5 ml) of the emulsified vaccine contained (10%%”

EIDs) of the virus equivalent to 100 ug of protein per dose.

2.3 Sterility and safety tests of inactivated
ND vaccine

The experimentally developed ND vaccine was overlaid on
aerobic and anaerobic bacterial, fungal, and mycoplasma media.
The culture plates were checked daily from day 1 to day 7 for
microbial development. Double the recommended doses of the
experimentally developed inactivated ND vaccine were injected into
the neck region through the subcutaneous (SC) route of ten 21-day-
old seronegative chickens and five chickens as control. The
vaccinated and control chickens were examined for 14 days after
injection to detect aberrant vaccination-related reactions (18).

2.4 Efficacy determination of ND vaccine
depending on dose and route
of administration

In this study, we conducted an experiment using 140 of seven-
day-old seronegative Sonali chicks to investigate the immune
response of a newly developed inactivated ND vaccine. The main
focus of this experiment was to determine the optimal dose and
route of immunization. Chickens were divided into seven groups:
six test groups (Group A, Group B, Group C, Group D, Group E,
and Group F), and one control group (Group G) each group
consisting of 20 birds. For the test groups, birds of groups A, B,
and C received primary vaccination with 0.25 ml, 0.5 ml, and
1.00 ml per bird through the SC route, respectively. On the contrary,
the birds of test groups D, E, and F also received 0.25 ml, 0.5 ml, and
1.00 ml per bird as primary vaccination in the thigh muscle through
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the intramuscular (IM) route, respectively. The control group
(Group G) remained un-vaccinated. The initial vaccination of
birds was done at 7 days old, followed by a second vaccination at
the age of 28 days, except for the control group. Blood samples of
birds of all groups were collected at three different time points:
before vaccination (day 7), day 21°" after primary vaccination (day
28), and one month after second vaccination (Day 58). The serum
obtained from blood samples of each bird group was pooled and
subsequently analyzed for the determination of antibody titer by
ELISA (IDEXX, USA) following the manufacturer’s instructions.

2.5 Evaluation of comparative efficacy and
protective potentiality of the inactivated
ND and commercial live ND vaccines

In this study, 200 seronegative layer chicks (Brown-layer) of 7
days old were used. Birds were divided into four groups, each group
consisting of 50 birds. The vaccination protocol followed for each
group of birds was as: Group A received two doses with an
experimentally developed inactivated ND vaccine, each dose was
0.5 ml and contained 100 pg of viral protein per dose, administered
through SC route. Group B was first vaccinated with a live vaccine
(LaSota strain, genotype II), one drop containing 10*° EIDs, of NDV,
administered intraocularly (IO), followed by an inactivated ND
vaccine with a similar dose as Group A. Group C was vaccinated
twice with the commercial live vaccine (ND-LaSota/G-II,
HIPRAVIAR® S) each time receiving one drop of the same dosage
and route followed for live vaccine as of Group B. Group D served as
the unvaccinated control group. Birds of all the experimental groups
received their first doses at 7 days of age (Day 7), and the second dose
at 28 days of age (Day 28), except for the control group. Blood
samples were collected from the birds prior to the primary and
second vaccinations, as well as one month after the second
vaccination. The serum samples were then tested to determine
their antibody titer by ELISA. One month after second vaccination
(Day 58) thirty birds of each group were subjected to a challenge with
a virulent strain of NDV (Genotype VIL.2). For the challenge study
each bird of in the study groups received 0.5 ml containing 10°¢
EIDso/ml of NDV, which was injected into the thigh muscle through
the IM route. The birds were monitored daily for 14 days after the
challenge to assess the protective efficacy of the experimentally
developed inactivated ND vaccine and the live ND vaccine as well.

2.6 Determination of duration of antibody
titer of the birds vaccinated with
inactivated ND vaccine and commercial
live ND vaccines

The remaining birds of the three previously vaccinated groups
were assessed for the determination of serum antibody titers up to
eight months after receiving second vaccinations. Blood samples
were obtained at different time points: 1, 2, 3, 5, 6, 7, and 8 months
after the second vaccination, and the titer was determined
by ELISA.
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2.7 Statistical analysis

The study was performed using computerized statistical
software, especially SPSS (IBM SPSS Statistics for Windows,
Version 29.0.2.0, Armonk, NY: IBM Corp, 2023). The data
obtained from the three replications of different experimental
groups in this study were presented as means and standard
deviations (mean + SD). A t-test was used to analyze the
antibody titer between before vaccination versus after 21 days of
primary vaccination, before vaccination versus after one month of
second vaccination, and before vaccination versus different time
intervals after primary and second vaccination in this study. The
protection rate of the vaccine after the challenge study was also
analyzed by one-way analysis of variance (ANOVA). The group
difference was considered significant at p < 0.05 in this study.

3 Results
3.1 Sterility and purity test of harvested AF

The sterility of the collected AF was performed using several
types of agar media, including nutrient agar, SS agar, blood agar,
EMB agar, MacConkey agar, Sabouraud dextrose agar, and
mycoplasma agar (PPLO) test result revealed that there was
absence of bacteria, fungi, or mycoplasma in the aseptically
harvested AF. Additionally, PCR analysis using fusion (F) gene-
specific primers confirmed the purity of the AF, which contained
NDV only.

3.2 Inactivation, sterility, and safety tests of
the experimentally developed ND vaccine

After being inoculated into 9-day-old ECEs, the absence of

embryo mortality and hemagglutinating activity with cRBC of the
inactivated AF indicated that the viruses had been inactivated

FIGURE 1
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completely. The sterility test also confirmed that the experimentally
developed inactivated ND vaccine was free from any kind of
contamination, as demonstrated by allowing the AF to overlay onto
the media for bacteria, fungi, and mycoplasma. During the safety test
performed in birds vaccinated with double the recommended doses
of the experimentally developed ND vaccine and also in control birds,
no deaths, local or systemic tissue reactions, or clinical signs of NDV
were noted during 14 days of observation.

3.3 Dose and route-dependent antibody
titer of the inactivated and live
ND vaccines

The antibody titers varied across seven groups, depending on
the doses and routes of vaccination. The antibody titers in birds of
all groups before they were vaccinated ranged from 112.34 + 3.51
IU/ml to 162.21 + 4.05 IU/ml. The ELISA results showed that the
serum antibody titers of the bird groups that were vaccinated after
21 days of primary and one month of second vaccinations through
the SC route with 1.0 ml/bird group showed titers of 5638.02 +
42.34 1TU/ml and 8312.05 + 24.26 IU/ml, with 0.5 ml/dose/bird at
5456.76 + 25.70 IU/ml and 8033.45 + 30.87 IU/ml, and with 0.25
ml/dose/bird group 3828.34 + 31.41 IU/ml and 5656.24 + 35.30 IU/
ml, respectively. On the other hand, the antibody titer of the bird
groups those received 1.0 ml/bird, 0.5 ml/bird, and 0.25 ml/bird
through the IM route of immunization were 5246.14 + 32.68 IU/ml,
8141.13 +32.14 IU/ml, 5012.36 + 24.66 IU/ml, 7123.86 + 26.60 IU/
ml, and 3144.65 + 34.20 IU/ml, 4962.68 + 35.83 IU/ml, respectively
(Figure 1). The antibody titers of birds were found to be
significantly different (p < 0.00I) between the period before
vaccination and 21 days after the primary vaccination, as well as
between the period before vaccination and one month after the
second vaccination. After 21 days of primary and one month of
second vaccination, the birds vaccinated through the SC route
showed slightly higher antibody titers than the birds of the IM
route group. The antibody titers of bird groups after primary and

Dose and route-dependent antibody titers of bird vaccinated with ND vaccines by ELISA. NS indicates non-significant (p>0.05); *** indicates p<0.001.
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