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ABSTRACT

Importance: Infectious bursal disease (IBD) is an important viral poultry disease that 
vaccination can control.
Objective: This study examined the immune protection of immune-complex (Vaccine A) and 
attenuated live (Vaccine B) IBD vaccines in specific-pathogen-free (SPF) chickens against a 
novel Malaysian variant IBD virus (vaIBDV) challenge.
Methods: One-day-old (n =75) SPF chickens were divided randomly into the following three 
groups of 25 chicks each: Control, Vaccine A, and Vaccine B groups. The vaIBDV strain, 
UPM1432/2019, was used for the challenge at 21 and 28days post-vaccination (dpv). Five birds 
from unchallenged and challenged groups were sacrificed seven days post-challenge, and 
blood, bursa, spleen, and cloacal swabs were collected. The IBD antibodies (Abs), lymphoid 
lesions, and viral load were determined.
Results: The UPM1432/2019 virus induced bursal damage in vaccinated SPF chickens despite 
Ab titers. The mean Ab titers of the Vaccine A challenged group were significantly lower 
(p < 0.002) than in the unchallenged group at 28 dpv. The bursal indices of the vaccinated 
unchallenged groups did not differ significantly from those of the vaccinated challenged 
groups (p = 0.94). Microscopically, the bursae of the challenged groups showed significant 
atrophy. The bursal lesion score was higher (p < 0.05) in the control and Vaccine B challenged 
groups than the Vaccine A challenged group. The challenged group had a higher viral load 
than the vaccinated groups (p < 0.001).
Conclusions and Relevance: Neither vaccine fully protected against a vaIBDV challenge, 
highlighting the limitations of current vaccines and the need for further research.
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INTRODUCTION

The infectious bursal disease (IBD), caused by the infectious bursal disease virus (IBDV), 
is a highly contagious disease of chickens characterized by severe damage to the bursa 
of Fabricius (BF) that induces immunosuppression. Vaccination is a crucial method for 
controlling IBD [1,2], but the emergence of variant IBDV (vaIBDV) [3] and very virulent 
IBDV (vvIBDV) [4] challenges the effectiveness of current vaccines. The incidence of IBD 
cases in vaccinated poultry flocks is often reported in the field, possibly due to a viral 
mutation resulting in increased virulence or reduced neutralization by classical antibodies or 
inefficiency of the currently available IBD vaccines. Different live IBD vaccine strains provide 
valuable protection efficacy and lymphoid tissue damage [5-8].

Interestingly, because of severe bursal damage induced by conventional live vaccines, new-
generation IBD vaccines have been developed to improve the efficacy of live attenuated 
vaccines even in the presence of high maternally derived antibodies. An immune-complex 
(Icx) vaccine is one such vaccine that produces adequate protection with minimal bursal 
and spleen damage [9,10]. The vaccine was reported to be safe for administration at day-old 
chicks [11]. Several studies have reported the efficacy of various IBD vaccines against the 
vvIBDV strain [1,8,10,12].

Jackwood [13] highlighted recent advances in IBD vaccines that enhance control of IBD in 
endemic vvIBDV areas. Despite the protective effects of these vaccines, the Malaysian poultry 
industry faces new challenges in controlling IBD in vaccinated flocks. The authors reported 
the emergence of novel vaIBDV, whose pathogenicity is seen mainly as bursal atrophy and 
lesions without mortality in specific-pathogen-free (SPF) chickens [14,15]. Surprisingly, this 
new vaIBDV strain is similar to the Chinese novel vaIBDV, which could escape neutralizing 
Ab-induced by classical vaccine strains, inducing immunosuppression [16]. The present 
study determined the immune-protective effects of two commercial IBD vaccines against 
emerging novel Malaysian vaIBDV strains.

METHODS

Ethics statement
The Institutional Animal Care and Use Committee (IACUC), Faculty of Veterinary Medicine, 
Universiti Putra Malaysia (UPM) has approved the animal trials with the reference number 
UPM/IACUC/AUP-R023/2019.

Chickens
Eight-day-old embryonated SPF chicken eggs (single-comb White Leghorn) were purchased 
from Malaysian Vaccine Pharmaceuticals (MVP) and incubated at 37°C in the hatchery facility 
of Laboratory of Vaccine and Biomolecules, Institute of Bioscience, UPM. Eighty, one-day-
old SPF chickens were transferred to the animal room facility of the Faculty of Veterinary 
Medicine, UPM. Water and commercial feed were provided to the chickens ad libitum.

Vaccines
This study used two vaccine types often used against IBD in Malaysia: the immune-complex 
classical IBDV strain vaccine (Vaccine A; Ceva Sante Animale, Hungary) and live attenuated 
vvIBDV strain vaccine (Vaccine B; MVP Sdn Bhd, Malaysia).
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Challenge virus
The vaIBDV strain, UPM1432/2019 (accession numbers MT505343 and MT505344), whose 
pathogenicity was previously described [15], was used for the challenge.

The median embryo infectious dose (EID50) of the virus was determined using the method 
described by Reed and Muench [17].

Experimental design
One-day-old (n = 75) SPF chickens were used in the study. The birds were divided randomly 
into three groups of 25 chicks each. The group 1 birds served as the control. The group 2 and 
3 birds at one day old were vaccinated with vaccines A and B, respectively. The birds were 
challenged independently with 1 mL of vaIBDV (virus titer of 105.4 EID50/mL) orally at 21 and 
28 days post-vaccination.

At 21 days of age before the first challenge, five chickens in all three groups were sacrificed, 
and the blood, bursa, and spleen were collected. The birds were examined for gross lesions 
of the disease. The bursa and spleen weights were recorded, and the bursa-to-body weight 
(BBW) and spleen-to-body weight (SBW) ratios were calculated. In addition, the bursal 
body weight index (BBIX) was calculated. Each bursa and spleen sample was divided into 
two portions. One part was immediately placed into a tube containing RNALater (Ambion, 
Austin, Texas, USA) for RNA extraction (viral load). The second part was fixed in 10% neutral 
buffered formalin for the histopathological examination. In addition, swabs were collected 
from the sampled birds before euthanasia to determine the extent of virus shedding, and the 
swab samples were placed in PBS and stored at −20°C until use. At the same time, another five 
chickens from all three groups were transferred to a different room, and the challenge virus 
was administered orally at 105.4 EID50/bird.

At 28 days of age before the second challenge, five unchallenged birds from all three groups 
and the previously challenged ones were sacrificed, and the sampling methods, challenge, 
and sample processing were carried out as described for the challenge at 21 dpv.

Determination of antibody titer
The anti-IBDV levels were determined from the serum samples using a commercial ELISA kit 
(BioChek BV, Netherlands) according to the manufacturer’s instructions.

Determination of bursa and spleen indices
The BBW or SBW ratios and BBIX were calculated as described earlier [18]. The formulae are 
shown below:

 BBW or SBW Ratios =  
𝑊𝑊𝑊𝑊𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒ℎ𝑡𝑡𝑡𝑡 𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜 𝐵𝐵𝐵𝐵𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢/𝑆𝑆𝑆𝑆𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑝𝑝𝑝𝑝 (𝑒𝑒𝑒𝑒𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑔𝑔𝑔𝑔)
𝐵𝐵𝐵𝐵𝑒𝑒𝑒𝑒𝑢𝑢𝑢𝑢𝑑𝑑𝑑𝑑′𝑢𝑢𝑢𝑢 𝐵𝐵𝐵𝐵𝑜𝑜𝑜𝑜𝑑𝑑𝑑𝑑𝑜𝑜𝑜𝑜 𝑊𝑊𝑊𝑊𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒ℎ𝑡𝑡𝑡𝑡 (𝑒𝑒𝑒𝑒𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑔𝑔𝑔𝑔)

 ×  1,000 

BBIX =  𝐵𝐵𝐵𝐵𝐵𝐵 𝑜𝑜𝑜𝑜 𝐼𝐼𝑛𝑛𝑜𝑜𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛 𝐵𝐵𝑖𝑖𝑖𝑖𝑛𝑛𝑖𝑖
𝐵𝐵𝐵𝐵𝐵𝐵 𝑜𝑜𝑜𝑜 𝐶𝐶𝑜𝑜𝑛𝑛𝑛𝑛𝑖𝑖𝑜𝑜𝑜𝑜 𝐵𝐵𝑖𝑖𝑖𝑖𝑛𝑛𝑖𝑖  

Chickens with BBIX < 0.7 were considered atrophied [19].
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Histopathology
The histopathological tissues were processed using the standard histological procedure. The 
lesions were scored based on the extent of tissue damage, and the bursal lesion scores (BLS) 
of 0–5 were used to describe the relative degree of severity [20].

Detection of viral RNA using quantitative reverse transcription polymerase 
chain reaction (RT-qPCR)
Primer design and optimization for RT-qPCR
The primer blast tool was used to design specific primer pairs and a probe that only amplifies 
a fragment of VP2 of the challenge virus, UPM1432/2019. Three primer sets were designed and 
optimized (Supplementary Table 1) using gradient RT-qPCR. The vaccines and the challenge 
virus were used for optimization. The primers were synthesized by Microgen (Korea).

Viral RNA extraction and real-time RT-qPCR
The total viral RNA from the control and infected bursae, spleens, and cloacal swabs, 
vaccines, and challenged viruses were extracted using the innuPREP Virus RNA Kit (Analytik 
Jena AG, Germany) according to the manufacturer’s instruction.

One-step RT-qPCR reactions were set up using a SensiFAST probe No-ROX kit (Meridian 
Bioscience, UK). The reaction was conducted according to the manufacturer’s instructions. 
Briefly, 10 µL of 2x RT-PCR buffer mix, 0.8 µL each of forward and reverse primers (final 
concentration: 400 nM), 0.2 µL of the probe (final concentration: 100 nM), 0.2 µL of reverse 
transcriptase, 0.4 µL of RNase inhibitors, 3 µL of RNA template (denatured at 92°C for 3 min), 
and finally 4.6 µL of nuclease-free water to top up to a 20 µL reaction volume were used. 
BioRad thermal cycler (CFX 96 BioRad, USA) was used under the following conditions: reverse 
transcription at 45°C for 10 min, polymerase activation at 95°C for 2 min, and 40 amplification 
cycles of denaturation at 95°C for 5 sec and annealing/extension at 60°C for 20 sec.

Viral copy number determination
The viral load was determined based on the Avogadro’s number approximation, 6.023 × 1023 
molecules/mol. The formula below was used to calculate the viral copy number (VCN).

Copy Number =  
𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉 𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝑉𝑉𝑉𝑉𝐶𝐶𝑉𝑉𝐶𝐶𝐶𝐶 ( 𝑔𝑔

µ𝐿𝐿) ×  6.023 ×  1023

660 ×  𝐴𝐴𝐴𝐴𝐴𝐴𝑉𝑉𝑉𝑉𝐶𝐶𝐶𝐶𝐶𝐶 𝑆𝑆𝑉𝑉𝑆𝑆𝐶𝐶  

Statistical analysis
Statistical software: SPSS version 23 (IBM, USA) and GraphPad Prism version 9 were used 
for data analysis. The data obtained from the study were reduced to the mean and standard 
deviation. A student t-test, one-way and two-way ANOVA with Tukey’s post hoc test was 
conducted to test the difference between groups. The Kruskal–Wallis test was carried out for 
BLS; p values < 0.05 were considered significant.

RESULTS

Clinical signs, mortality, and gross pathology
No apparent clinical signs or gross lesions were observed in the unchallenged control group, 
but bursal atrophy was observed in all the challenged groups.
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Antibody response to vaccines
Anti-IBDV was detected at 21 dpv in both vaccinated groups (Table 1). The Ab titers of the 
vaccinated groups were similar (p = 0.51), but the vaccine A group showed a higher titer. The 
vaccines elicited high Ab titers.

Body weight and bursal and spleen indices post-vaccination
Table 1 lists the body weight, BBW, SBW, BBIX, and BLS of the SPF chickens at 21 dpv. The 
mean BBW for the control group was significantly higher (p = 0.001) than vaccinated groups. 
The mean BBIX of 0.53 and 0.34 were recorded for the vaccine A and B groups, respectively. 
The mean BLS for the vaccine B group was the highest (p < 0.05) compared to the vaccine A 
and control groups (Table 1).

Antibody response post-challenge
The anti-IBDV was detected at 28- and 35-dpv in the vaccinated and control challenged 
groups (Fig. 1). At 28 dpv, after the first challenge, the Ab response in the challenged control 
chickens was significantly higher (p < 0.001) compared to the unchallenged control. The Ab 
titer in the vaccine A challenged group was significantly lower (p = 0.002) than the vaccine 
A unchallenged group. In contrast, there was no significant difference (p = 0.84) between 
the Ab titers of the challenged and unchallenged vaccine B groups (Fig. 1A). The mean Ab 
titer for the vaccine B challenged group was significantly higher (p = 0.001) than that of the 
vaccine A challenged group (Fig. 1A).
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Table 1. Mean antibodies, body weight, bursal and spleen indices, and bursal lesion scores at 21 days following vaccination of SPF chickens with different IBD vaccines
Groups Antibodies Body weight (g) Bursal/body weight Spleen/body weight Bursal body index Bursal lesion scores
Control ND 74.2 ± 09.58 2.33 ± 0.61a 0.77 ± 0.25 1.00 0.40 ± 0.55a

Vaccine A 8,639 ± 1,451 73.6 ± 09.10 1.23 ± 0.27b 0.84 ± 0.10 0.53 3.60 ± 0.55b

Vaccine B 7,709 ± 2,577 67.2 ± 11.82 0.80 ± 0.48b 0.86 ± 0.16 0.34 4.80 ± 0.44c

Values are presented as mean ± SD.
SPF, specific-pathogen-free; IBD, infectious bursal disease; ND, no detectable antibodies.
a,b,cSignificant differences between rows (p < 0.05).
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Fig. 1. Mean antibody titer at seven days following challenge of infectious bursal disease vaccinated (28 and 35 dpv) and non-vaccinated specific-pathogen-free chickens. 
ELISA, enzyme-linked immunosorbent assay; NS, not significant. 
p > 0.05 (NS), **p < 0.001, ****p < 0.0001.



After the second challenge (35 dpv), the mean Ab titers for the challenged control chickens 
were significantly higher (p < 0.001) than the unchallenged control group (Fig. 1B). The Ab 
titers were similar in the unchallenged and challenged birds in the vaccine groups (Fig. 1B).

Bursal and spleen indices post-challenge
After the first challenge (28 dpv), a significant interaction between vaccination and challenge 
(p < 0.001) was observed on the mean BBW (Table 2). The BBW between vaccinated 
unchallenged and challenged groups did not differ significantly (p = 0.94). On the other 
hand, there was a significant decrease (p < 0.001) in the mean BBW in the control group after 
the challenge. In addition, the mean BBW of the challenged control group was significantly 
higher (p = 0.004) than that of the vaccine B challenged group.

An analysis of SBW revealed significant effects on IBD vaccination (p < 0.001) and challenge 
(p < 0.001) (Table 2). The mean SBW for the challenged control group was significantly 
higher (p < 0.001) than the vaccinated challenged groups. No significant increase in SBW was 
observed after the challenge in vaccine groups (Table 2).

Following the second challenge (35 dpv), a significant interaction was noted between 
vaccination and challenge (p < 0.001) on the BBW (Table 2). The BBW of the unchallenged 
vaccine groups was significantly lower than that of the unchallenged control group (p < 
0.001). In addition, the unchallenged vaccine A group had a higher mean BBW than the 
unchallenged vaccine B group (p = 0.031). After the challenge, no significant decrease (p = 
0.44) in BBW was observed between the vaccine groups (Table 2).

An analysis of SBW showed no significant interaction between the effects of vaccination and 
challenge (p = 0.75). No significant increase in SBW was observed after the challenge in all 
the groups (Table 2).

Histopathology of bursa and spleen post-vaccination
Fig. 2 shows the histopathology of the bursa and spleen of SPF chickens at 21 dpv. The 
BF and spleen of the control group were normal (Fig. 2A and B). In the vaccine A group, 
however, mild atrophy and degeneration of lymphoid follicles were observed (Fig. 2C). The 
spleen had multiple areas of necrosis with eosinophilic debris around the reticular cells 
(Fig. 2D). Similarly, in the vaccine B group, the lymphoid follicles were severely atrophied 
with moderate inflammatory cell infiltration (Fig. 2E). In addition, the spleen showed 
hyalinization of capillaries sheaths (Fig. 2F).
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Table 2. Mean bursal and spleen indices and mean bursal lesion scores at seven days following challenge of IBD vaccinated (28 and 35 dpv) and non-vaccinated 
SPF chickens
DPV Groups Bursal indices ± SD Spleen indices ± SD Bursal lesion score ± SD

Unchallenged Challenged Unchallenged Challenged Unchallenged Challenged
28 dpv Control 3.10 ± 0.46a,x 1.60 ± 0.34a,y 1.14 ± 0.21a,x 1.76 ± 0.23a,y 0.60 ± 0.55b,x 4.80 ± 0.45a,y

Vaccine A 1.20 ± 0.42b,x 1.20 ± 0.29a,b,x 0.87 ± 0.24a,x 0.96 ± 0.22b,x 2.80 ± 0.45a,b,x 4.00 ± 1.00b,y

Vaccine B 0.85 ± 0.09b,x 0.74 ± 0.21b,x 0.77 ± 0.27a,x 1.09 ± 0.25b,x 5.00 ± 0.00a,x 5.00 ± 0.00a,x

35 dpv Control 3.08 ± 0.77a,x 1.46 ± 0.14a,y 0.87 ± 0.14a,x 0.90 ± 0.57a,x 0.60 ± 0.55b,x 4.60 ± 0.55y

Vaccine A 1.36 ± 0.25b,x 1.10 ± 0.28a,b,x 0.84 ± 0.16a,x 1.00 ± 0.40a,x 3.00 ± 1.22a,x 4.00 ± 1.00x

Vaccine B 0.73 ± 0.12c,x 0.81 ± 0.20b,x 0.89 ± 0.18a,x 1.12 ± 0.17a,x 4.80 ± 0.45a,x 5.00 ± 0.00x

IBD, infectious bursal disease; SPF, specific-pathogen-free.
x,ySignificant differences within rows of values of the same sampling tissue (p < 0.05).
a,b,cSignificant differences within columns of values of the same sampling age (p < 0.05).



Histopathology of bursa post-challenge
The BF of the SPF chickens at 28 and 35 dpv (7 dpc) are presented (Fig. 3). Table 2 lists the 
mean BLS. After the first challenge, the BF was normal for the control unchallenged groups 
(Fig. 3A). On the other hand, the control challenged group of birds showed severe atrophy 
of lymphoid follicles, cyst formation, and thickened interfollicular tissue with cellular 
infiltration (Fig. 3B), and the highest mean BLS was recorded (Table 2). The vaccine A 
unchallenged group showed mild atrophy of lymphoid follicles and lymphocyte depletion of 
the BF (Fig. 3C), and the bursae had a mean BLS of 2.8 ± 0.45. On the other hand, the vaccine 
A challenged group exhibited severe atrophy of lymphoid follicles with fibrous connective 
tissues and moderate inflammatory cell infiltrates. (Fig. 3D) with a mean BLS of 4 ± 1.00. 
The vaccine B-unchallenged group presented severe atrophy of lymphoid follicles, cellular 
infiltration, and marked lymphocyte depletion (Fig. 3E). The bursal tissues from the vaccine 
B-challenged group showed similar lesions to those birds in the unchallenged group with the 
highest BLS (Fig. 3F).

Similarly, after the second challenge, the bursal tissues from the unchallenged control groups 
appeared normal (Fig. 3G). The control-challenged group showed severe bursal damage with 
large cystic formations containing edema fluids and cellular debris (Fig. 3H). The mean BLS 
of 4.6 ± 0.55 was recorded (Table 2). Mild atrophy of the lymphoid follicles and lymphocyte 
reduction of the BF were observed in the vaccine A-unchallenged group with a mean BLS of 
3 ± 1.22 (Fig. 3I). The vaccine A-challenged group showed severe atrophy of the lymphoid 
follicles, cellular infiltration, and hyperplastic fibrous connective tissues (Fig. 3J). The bursa 
had an increased mean BLS. The vaccine B-unchallenged group exhibited severe atrophy of 
the lymphoid follicles, epithelial vacuolation, and marked lymphocyte depletion (Fig. 3K). 
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Fig. 2. Histopathology of bursa and spleen of specific-pathogen-free chickens at 21 days post-infectious bursal disease vaccination; Control (A, bursa and B, 
spleen); Vaccine A (C, bursa and D, spleen); Vaccine B (E, bursa and F, spleen). (A) the bursal follicles were intact, and (B) the spleen was normal. (C) bursa 
showing mild atrophy (arrow), the degeneration of lymphoid follicles, and lymphocyte depletion (star) of the bursa of Fabricius (lesion score of 3). (D) spleen, 
showing an increased zone of white pulp and multiple areas of necrosis with eosinophilic debris (star). (E) bursa, showing severe atrophy of lymphoid follicles 
(arrow), the presence of ductal structures (arrowhead), moderate inflammatory cell infiltrations, and marked lymphocyte depletion (star) (lesion score of 5). (F) 
spleen, showing hyalinization of capillaries sheaths (arrow). (A-F) Hematoxylin and eosin stains, scale bar = 10 µm.



In addition, the bursal tissues from the vaccine B-challenged group revealed similar severe 
lesions (Fig. 3L) with the highest mean BLS. The BLS was similar in the unchallenged and 
challenged vaccine B groups.

Primers optimization
The primer pair and probe sequences of F3 ‘TGCCATCACTAGTCTCAGCG,’ R3 
‘CGCAGTCCCATCAAAGCCTA,’ and Probe3 ‘TCCAAAACCTTGTACTGGGTGCCA’ flanking 
834–939 of the challenge virus were highly specific (Supplementary Fig. 1).

VCN
IBDV RNA loads in lymphoid organs and cloacal swabs
The viral loads were determined in the bursa and spleen of all the challenged birds, and 
cloacal viral shedding was observed in the control-challenged birds (Table 3). After the first 
challenge (28 dpv), the bursal and spleen viral loads detected for the control challenged 
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Fig. 3. BF of specific-pathogen-free chickens at 28 and 35 days post-vaccination, unchallenged groups; (A and G) Control, (C and I) Vaccine A, and (E and K) 
Vaccine B. Seven days post-challenged (vaIBDV EID50 = 105.4); (B and H) Control, (D and J) Vaccine A, and (F and L) Vaccine B. (A) The bursal follicles were 
intact. (B) there was severe atrophy of lymphoid follicles (arrow), the formation of a cyst in the medulla with edema fluid, and marked lymphocyte depletion 
(star) (lesion score of 5). (C) Mild atrophy of lymphoid follicles (arrow) and lymphocyte depletion of BF (star) (lesion score of 3). (D) Severe atrophy of lymphoid 
follicles (arrow), hemorrhages (arrowhead), and marked lymphocyte depletion (star) (lesion score of 4). (E) Severe atrophy of lymphoid follicles (arrow), 
presence of ductal structures (arrowhead), epithelial vacuolation, and marked lymphocyte depletion (star) (lesion score of 5). (F) Severe atrophy of lymphoid 
follicles (arrow), presence of ductal structures, degeneration of the medullary areas, marked fibrous connective tissues (arrowhead), and marked lymphocyte 
depletion (star) (lesion score of 3). (G) Intact bursal follicles. (H) Severe atrophy of lymphoid follicles (arrow), formation of some cystic cavities in the medulla 
with edema fluid (arrowhead), necrotic debris, and marked lymphocyte depletion (star) (lesion score of 5). (I) Degeneration, small cyst formation (arrowhead), 
and mild lymphocyte depletion (star) of the BF (lesion score of 3). (J) Severe atrophy of the lymphoid follicles (arrow), small cyst formation (arrowhead), 
epithelial vacuolation, and marked lymphocyte depletion (star) (lesion score of 4). (K) Severe atrophy of lymphoid follicles (arrow), epithelial vacuolation 
(arrowhead), and marked lymphocyte depletion (star) (lesion score of 5). (L) Severe atrophy of lymphoid follicles (arrow), epithelial vacuolation (arrowhead), 
marked fibrous connective tissues, and marked lymphocyte depletion (star) (lesion score of 5). (A-L) Hematoxylin and eosin stains, scale bar = 10 µm. 
BF, bursa of Fabricius.



group were significantly higher (p < 0.001) than that detected for the vaccine A group. The 
lowest VCN was observed in the vaccine B group, which was significantly lower (p = 0.003) 
than the viral load for the vaccine A group (Table 3).

Similarly, after the second challenge (35 dpv), the detected bursal and spleen viral load was 
significantly higher (p < 0.001) in the control group than in the vaccinated groups (Table 3). 
The mean VCN values of the vaccinated groups were similar (p > 0.72). The viral RNA for the 
vaccine A group was similar (p > 0.51) to that of the vaccine B group (Table 3).

For the tissues and swab samples in both challenged periods, the viral loads were significantly 
higher in the bursa than in the spleen and lowest (p < 0.001) in the swab (Table 3).

DISCUSSION

This study evaluated the protective efficacy of two commercial IBD vaccines against a novel 
Malaysian vaIBDV strain in SPF chickens. The Ab titer, gross lesions, bursal and spleen 
indices, histopathological changes, lymphoid tissues, and cloacal swab viral load were 
evaluated to assess the effectiveness of these vaccines.

Although both vaccines elicited Ab responses, they did not fully protect the chickens from 
bursal damage or viral replication after the challenge. Although the vaccines alone induced 
similar atrophy to that observed in a field virus [21-24], vaccine B, a live attenuated vvIBDV 
vaccine, caused more bursal damage than the immune-complex vaccine (vaccine A). These 
findings support previous research indicating that live attenuated IBD vaccines can cause 
varying degrees of bursal destruction [25]. In contrast, some studies reported no bursal 
damage with live attenuated variant vaccine strain [26].

Vaccine A is less invasive than vaccine B, as indicated by the BLS and body weight gain. This 
result is consistent with the finding that the Icx vaccine produced less bursal damage than live 
IBD vaccines [10]. In contrast, Camilotti et al. [6] reported that the Icx IBD vaccine induced 
more severe bursal damage than the intermediate IBD vaccine. Although vaccine B is a live 
attenuated vvIBDV vaccine, it appears to have caused reduced feed intake, affecting the body 
weight gain after vaccination. In addition, splenomegaly is not expected to be observed at 
21 dpv because the effects of the vaccine viruses on the spleen might have subsided [27]. 
Another study reported that adequate spleen development in different IBD vaccines is 
accomplished, resulting in no significant increase in spleen index [1].

Vaccines may have offered partial protection as significant bursal atrophy was not observed 
after the challenge in the vaccinated groups. Nevertheless, the challenge virus could induce 
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Table 3. Mean bursal, spleen, and cloacal swab virus copy number of the challenged virus in 28- and 35 days post-vaccination of SPF chickens
Groups Mean virus copy number ± SD (log10)

VCN at 28 dpv VCN at 35 dpv
Bursa Spleen Swab Bursa Spleen Swab

Control 11.09 ± 0.15a,x 10.19 ± 0.13a,y 8.49 ± 0.10z 10.82 ± 0.13a,x 10.55 ± 0.06a,y 8.05 ± 0.13z

Vaccine A 8.28 ± 0.06b,x 8.17 ± 0.13b,x ND 8.12 ± 0.02b,x 7.79 ± 0.14b,y ND
Vaccine B 7.84 ± 0.10c,x 7.37 ± 0.17c,y ND 8.17 ± 0.05b,x 7.70 ± 0.07b,y ND
SPF, specific-pathogen-free; ND, no detectable virus.
a,b,cSignificant differences within columns (p < 0.05).
x,y,zSignificant differences within rows of values of the same sampling period (p < 0.05).



bursal damage in both vaccinated groups, possibly because of the inadequate protection 
from the available vaccine-induced immune response. The effect was unsurprising because 
some amino acid (aa) changes occurred in the VP2 region, which is critical for antigenicity 
[26,28-30]. This finding is consistent with a report that novel Chinese vaIBDV induced severe 
bursal damage in IBD-vaccinated chickens [16]. The antigenic variations often seen within 
the variable domain of IBDV contribute to the ability of a variant strain to escape the host 
immune response, leading to viral replication and bursal damage [29,30]. A previous study 
reported that a single aa mutation T222A or S254N of a vaIBDV escaped the parental variant 
vaccine-induced immune response [26]. In addition, Jiang et al. [31] reported that D279N 
substitution reduces the neutralizing ability of anti-vvIBDV against a novel vaIBDV.

Furthermore, although the challenge virus could replicate in the vaccinated group, both 
vaccines could reduce the extent of virus replication in the lymphoid tissues as the viral load 
detected in the control challenged group was significantly higher than in the vaccinated 
groups. Hence, the immune response induced by the vaccines could react with the challenge 
virus through non-specific or cellular immunity. Yeh et al. [32] reported this type of 
protection, where cell-mediated immune response protected IBDV challenge without Abs. 
The vaccine-induced Ab may be non-neutralizing because of aa mutations of the challenge 
virus at the neutralizing epitopes, 222T, 318D, and 323A [30]. Therefore, the Abs may not 
thoroughly neutralize the challenge virus, as reported elsewhere [16,25].

Surprisingly, in both phases of the experiments, the authors observed a significant increase 
in BLS after the challenge of birds vaccinated with vaccine A, and the detected challenge 
virus RNA was lower than in the control challenge bursa. Therefore, the authors concluded 
that the bursa of the vaccinated birds was not fully protected against the vaIBDV. On the 
other hand, the vaccine B group of birds showed no increase in BLS in the experiment in the 
presence of challenge virus RNA. The observation could be explained by the few regenerating 
lymphocytes that the challenge virus could replicate in the bursae and the lower viral RNA 
detection, particularly after the first challenge. Alternatively, the bursal damage with reduced 
B cells may have contributed to the lower viral RNA detection in the vaccinated groups. This 
observation is supported by the argument that vaccinated birds may be protected against an 
IBDV challenge due to a lack of target cells for the challenge virus because of vaccine virus-
induced bursectomy [8,32]. The inability to differentiate between vaccine and challenge 
virus-induced damage is supported by Prandini et al. [21], who could not histologically 
distinguish vaccine and challenge virus-induced bursal lesions.

Interestingly, viral shedding was detected only in unvaccinated challenged birds of both 
challenges, suggesting that the vaccines might induced cell-mediated immunity where 
macrophage-induced functions play a significant role via the interferon pathway or dendritic 
function [33-35].

In conclusion, taking together the bursal indices, bursal lesion scores, and viral load in bursal 
tissue, neither of the tested vaccines fully protected against Malaysian vaIBDV challenge 
under the experimental conditions despite the high Ab titer production. Vaccine B induced 
more bursal damage than vaccine A. Hence, assessing bursal damage protection in birds 
vaccinated with vaccine B was challenging due to the vaccine virus-induced lesions. These 
findings highlight the limitation of current vaccines against emerging vaIBDV strains, 
emphasizing the need for further research to develop more effective vaccines.

10/12

Protection of IBD vaccines against variant IBDV

https://doi.org/10.4142/jvs.23297https://vetsci.org



ACKNOWLEDGMENTS

The authors wish to acknowledge Dr. Tan Sheau Wei and Dr. Abdullahi Abdullahi Raji for 
consultations during the research.

SUPPLEMENTARY MATERIALS

Supplementary Table 1
Primer set for the optimization and amplification of the UPM1432/2019 strain

Supplementary Fig. 1
Primer optimization and specificity for the challenge virus, UPM1432/2019, using quantitative 
reverse transcription polymerase chain reaction.

REFERENCES

 1. Sedeik ME, El-Shall NA, Awad AM, Abd El-Hack ME, Alowaimer AN, Swelum AA. Comparative evaluation 
of HVT-IBD vector, immune complex, and live IBD vaccines against vvIBDV in commercial broiler 
chickens with high maternally derived antibodies. Animals (Basel). 2019;9(3):1-13.    PUBMED | CROSSREF

 2. Dačić M, Resanovic R, Rasic Z, Valcic M, Milovanovic A, Velhner M. Efficacy of recombinant VAXXITEK 
HVT-IBDv vaccine against very virulent Infectious bursal disease virus (vvIBDv) challenge in layer chicks: 
a pilot study. J Hell Vet Med Soc. 2018;69(1):823-830.    CROSSREF

 3. Jackwood DH, Saif YM. Antigenic diversity of infectious bursal disease viruses. Avian Dis. 1987;31(4):766-770.    
PUBMED | CROSSREF

 4. Chettle N, Stuart JC, Wyeth PJ. Outbreak of virulent infectious bursal disease in East Anglia. Vet Rec. 
1989;125(10):271-272.    PUBMED | CROSSREF

 5. Hedayati A, Nili H, Bahonar A. Comparison of pathogenicity and serologic response of four commercial 
infectious bursal disease live vaccines short communication. Arch Razi Inst. 2005;59:65-73.

 6. Camilotti E, Moraes L, Furian T, Borges K, Moraes H, Salle C. Infectious bursal disease: pathogenicity 
and immunogenicity of vaccines. Rev Bras Cienc Avic. 2015;18(2):303-308.    CROSSREF

 7. Winterfield RW, Thacker HL. Immune response and pathogenicity of different strains of infectious bursal 
disease virus applied as vaccines. Avian Dis. 1978;22(4):721-731.    PUBMED | CROSSREF

 8. Rautenschlein S, Kraemer C, Vanmarcke J, Montiel E. Protective efficacy of intermediate and intermediate 
plus infectious bursal disease virus (IBDV) vaccines against very virulent IBDV in commercial broilers. 
Avian Dis. 2005;49(2):231-237.    PUBMED | CROSSREF

 9. Jeurissen SH, Janse EM, Lehrbach PR, Haddad EE, Avakian A, Whitfill CE. The working mechanism 
of an immune complex vaccine that protects chickens against infectious bursal disease. Immunology. 
1998;95(3):494-500.    PUBMED | CROSSREF

 10. Zahid B, Aslam A, Rehman HU, Qazi JI, Ahmad N, Ara C, et al. Pathogenicity and immunosuppressive 
effect of different vaccines of infectious bursal disease virus. J Anim Plant Sci. 2017;27(4):1183-1189.

 11. Iván J, Velhner M, Ursu K, Germán P, Mató T, Drén CN, et al. Delayed vaccine virus replication in chickens 
vaccinated subcutaneously with an immune complex infectious bursal disease vaccine: quantification of 
vaccine virus by real-time polymerase chain reaction. Can J Vet Res. 2005;69(2):135-142.   PUBMED

 12. Rage E, Marusic C, Lico C, Baschieri S, Donini M. Current state-of-the-art in the use of plants for the 
production of recombinant vaccines against infectious bursal disease virus. Appl Microbiol Biotechnol. 
2020;104(6):2287-2296.    PUBMED | CROSSREF

 13. Jackwood DJ. Advances in vaccine research against economically important viral diseases of food animals: 
Infectious bursal disease virus. Vet Microbiol. 2017;206:121-125.    PUBMED | CROSSREF

 14. Aliyu HB, Hair-Bejo M, Omar AR, Ideris A. Genetic diversity of recent infectious bursal disease viruses 
isolated from vaccinated poultry flocks in Malaysia. Front Vet Sci. 2021;8:643976.    PUBMED | CROSSREF

 15. Aliyu HB, Hamisu TM, Hair Bejo M, Omar AR, Ideris A. Comparative pathogenicity of Malaysian variant and 
very virulent infectious bursal disease viruses in chickens. Avian Pathol. 2022;51(1):76-86.    PUBMED | CROSSREF

11/12

Protection of IBD vaccines against variant IBDV

https://doi.org/10.4142/jvs.23297https://vetsci.org

https://vetsci.org/DownloadSupplMaterial.php?id=10.4142/jvs.23297&fn=jvs-25-e70-s001.xls
https://vetsci.org/DownloadSupplMaterial.php?id=10.4142/jvs.23297&fn=jvs-25-e70-s002.ppt
http://www.ncbi.nlm.nih.gov/pubmed/30813588
https://doi.org/10.3390/ani9030072
https://doi.org/10.12681/jhvms.16434
http://www.ncbi.nlm.nih.gov/pubmed/2831868
https://doi.org/10.2307/1591028
http://www.ncbi.nlm.nih.gov/pubmed/2552640
https://doi.org/10.1136/vr.125.10.271
https://doi.org/10.1590/1806-9061-2015-0148
http://www.ncbi.nlm.nih.gov/pubmed/219835
https://doi.org/10.2307/1589650
http://www.ncbi.nlm.nih.gov/pubmed/16094828
https://doi.org/10.1637/7310-112204R
http://www.ncbi.nlm.nih.gov/pubmed/9824516
https://doi.org/10.1046/j.1365-2567.1998.00617.x
http://www.ncbi.nlm.nih.gov/pubmed/15971678
http://www.ncbi.nlm.nih.gov/pubmed/31980920
https://doi.org/10.1007/s00253-020-10397-2
http://www.ncbi.nlm.nih.gov/pubmed/27916318
https://doi.org/10.1016/j.vetmic.2016.11.022
http://www.ncbi.nlm.nih.gov/pubmed/33959650
https://doi.org/10.3389/fvets.2021.643976
http://www.ncbi.nlm.nih.gov/pubmed/34842475
https://doi.org/10.1080/03079457.2021.2006604


 16. Fan L, Wu T, Wang Y, Hussain A, Jiang N, Gao L, et al. Novel variants of infectious bursal disease virus 
can severely damage the bursa of fabricius of immunized chickens. Vet Microbiol. 2020;240(678):108507.    
PUBMED | CROSSREF

 17. Reed LJ, Muench H. A simple method of estimating fifty percent endpoints. Am J Hyg. 1938;27(3):493-497.
 18. Sharma JM, Dohms JE, Metz AL. Comparative pathogenesis of serotype 1 and variant serotype 1 isolates of 

infectious bursal disease virus and their effect on humoral and cellular immune competence of specific-
pathogen-free chickens. Avian Dis. 1989;33(1):112-124.    PUBMED | CROSSREF

 19. Lucio B, Hitchner SB. Response of susceptible versus immune chicks to killed, live-modified, and wild 
infectious bursal disease virus vaccines. Avian Dis. 1979;23(4):1037-1050.    PUBMED | CROSSREF

 20. Hair-Bejo M, Salina S, Hafiza H, Julaida S. In ovo vaccination against infectious bursal disease in broiler 
chickens. J Vet Malays. 2000;12(2):63-69.

 21. Prandini F, Simon B, Jung A, Pöppel M, Lemiere S, Rautenschlein S. Comparison of infectious bursal 
disease live vaccines and a HVT-IBD vector vaccine and their effects on the immune system of commercial 
layer pullets. Avian Pathol. 2016;45(1):114-125.    PUBMED | CROSSREF

 22. Thomrongsuwannakij T, Charoenvisal N, Chansiripornchai N. Comparison of two attenuated infectious 
bursal disease vaccine strains focused on safety and antibody response in commercial broilers. Vet World. 
2021;14(1):70-77.    PUBMED | CROSSREF

 23. Otsyina HR, Amakye-Anim J, Aning KG. Protective efficacy of commercial live vaccines against very 
virulent infectious bursal disease virus (vvIBDV) in Ghana. J Vet Med Anim Health. 2009;1(2):23-27.

 24. Ateş MB, Özdemir Ö, Çelik Z, Salik R, Dağar O, Bulut A, et al. Histopathological evaluation of the effects 
of live infectious bursal disease vaccine originated from WF2512 strain on bursa Fabricius in the broilers. J 
Adv VetBio Sci Tech. 2022;7(2):250-258.    CROSSREF

 25. Kumar K, Singh KC, Prasad CB. Immune responses to intermediate strain IBD vaccine at different levels 
of maternal antibody in broiler chickens. Trop Anim Health Prod. 2000;32(6):357-360.    PUBMED | CROSSREF

 26. Jackwood DJ, Sommer-Wagner SE. Amino acids contributing to antigenic drift in the infectious bursal 
disease Birnavirus (IBDV). Virology. 2011;409(1):33-37.    PUBMED | CROSSREF

 27. Corley MM, Giambrone JJ, Dormitorio TV. Detection of infectious bursal disease vaccine viruses in lymphoid 
tissues after in ovo vaccination of specific-pathogen-free embryos. Avian Dis. 2001;45(4):897-905.    PUBMED | 
CROSSREF

 28. Vakharia VN, He J, Ahamed B, Snyder DB. Molecular basis of antigenic variation in infectious bursal 
disease virus. Virus Res. 1994;31(2):265-273.    PUBMED | CROSSREF

 29. Lana DP, Beisel CE, Silva RF. Genetic mechanisms of antigenic variation in infectious bursal disease virus: 
analysis of a naturally occurring variant virus. Virus Genes. 1992;6(3):247-259.    PUBMED | CROSSREF

 30. Letzel T, Coulibaly F, Rey FA, Delmas B, Jagt E, van Loon AA, et al. Molecular and structural bases for the 
antigenicity of VP2 of infectious bursal disease virus. J Virol. 2007;81(23):12827-12835.    PUBMED | CROSSREF

 31. Jiang N, Wang G, Zhang W, Wang Y, Niu X, Huang M, et al. A single mutation of VP2 is responsible for 
the lethality and antigenicity differences between novel variant and very virulent IBDV strains. Transbound 
Emerg Dis. 2023;2023:1-15.    CROSSREF

 32. Yeh HY, Rautenschlein S, Sharma JM. Protective immunity against infectious bursal disease virus in 
chickens in the absence of virus-specific antibodies. Vet Immunol Immunopathol. 2002;89(3-4):149-158.    
PUBMED | CROSSREF

 33. Ye C, Jia L, Sun Y, Hu B, Wang L, Lu X, et al. Inhibition of antiviral innate immunity by birnavirus VP3 
protein via blockage of viral double-stranded RNA binding to the host cytoplasmic RNA detector MDA5. J 
Virol. 2014;88(19):11154-11165.    PUBMED | CROSSREF

 34. Eldaghayes I, Rothwell L, Williams A, Withers D, Balu S, Davison F, et al. Infectious bursal disease virus: 
strains that differ in virulence differentially modulate the innate immune response to infection in the 
chicken bursa. Viral Immunol. 2006;19(1):83-91.    PUBMED | CROSSREF

 35. Palmquist JM, Khatri M, Cha RM, Goddeeris BM, Walcheck B, Sharma JM. In vivo activation of chicken 
macrophages by infectious bursal disease virus. Viral Immunol. 2006;19(2):305-315.    PUBMED | CROSSREF

12/12

Protection of IBD vaccines against variant IBDV

https://doi.org/10.4142/jvs.23297https://vetsci.org

http://www.ncbi.nlm.nih.gov/pubmed/31902511
https://doi.org/10.1016/j.vetmic.2019.108507
http://www.ncbi.nlm.nih.gov/pubmed/2539070
https://doi.org/10.2307/1591076
http://www.ncbi.nlm.nih.gov/pubmed/232653
https://doi.org/10.2307/1589620
http://www.ncbi.nlm.nih.gov/pubmed/26743805
https://doi.org/10.1080/03079457.2015.1127891
http://www.ncbi.nlm.nih.gov/pubmed/33642788
https://doi.org/10.14202/vetworld.2021.70-77
https://doi.org/10.31797/vetbio.1069954
http://www.ncbi.nlm.nih.gov/pubmed/11147275
https://doi.org/10.1023/A:1005225501513
http://www.ncbi.nlm.nih.gov/pubmed/20965538
https://doi.org/10.1016/j.virol.2010.09.030
http://www.ncbi.nlm.nih.gov/pubmed/11785894
https://doi.org/10.2307/1592869
http://www.ncbi.nlm.nih.gov/pubmed/8178574
https://doi.org/10.1016/0168-1702(94)90009-4
http://www.ncbi.nlm.nih.gov/pubmed/1329340
https://doi.org/10.1007/BF01702563
http://www.ncbi.nlm.nih.gov/pubmed/17881448
https://doi.org/10.1128/JVI.01501-07
https://doi.org/10.1155/2023/6684304
http://www.ncbi.nlm.nih.gov/pubmed/12383646
https://doi.org/10.1016/S0165-2427(02)00206-4
http://www.ncbi.nlm.nih.gov/pubmed/25031338
https://doi.org/10.1128/JVI.01115-14
http://www.ncbi.nlm.nih.gov/pubmed/16553553
https://doi.org/10.1089/vim.2006.19.83
http://www.ncbi.nlm.nih.gov/pubmed/16817773
https://doi.org/10.1089/vim.2006.19.305

	Immuno-protective effect of commercial IBD vaccines against emerging novel variant infectious bursal disease virus in specific-pathogen-free chickens
	INTRODUCTION
	METHODS
	Chickens
	Vaccines
	Challenge virus
	Experimental design
	Determination of antibody titer
	Determination of bursa and spleen indices
	Histopathology
	Detection of viral RNA using quantitative reverse transcription polymerase chain reaction (RT-qPCR)
	Primer design and optimization for RT-qPCR
	Viral RNA extraction and real-time RT-qPCR
	Viral copy number determination

	Statistical analysis

	RESULTS
	Antibody response to vaccines
	Body weight and bursal and spleen indices post-vaccination
	Antibody response post-challenge
	Bursal and spleen indices post-challenge
	Histopathology of bursa and spleen post-vaccination
	Histopathology of bursa post-challenge
	Primers optimization
	VCN
	IBDV RNA loads in lymphoid organs and cloacal swabs


	DISCUSSION
	SUPPLEMENTARY MATERIALS
	Supplementary Table 1
	Supplementary Fig. 1

	REFERENCES


