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A B S T R A C T   

A study conducted in the Faisalabad district sampled 50 cases across five IBD outbreaks, revealing an alarming 
80 % infection rate among poultry. Our research focused on developing an immune complex (Antigen-antibody 
complex) with potential immunoprophylactic benefits to counter this formidable threat. Our study was based on 
producing egg yolk-derived polyclonal antibodies (IgY) targeting IBDV. Commercial layer birds were immunized 
with inactivated IBDV, yielding IgY antibodies extracted from their eggs exhibited substantially higher and more 
enduring antibody titers, with a geometric mean titer of 104. Further research involved the creation of an im-
mune complex (ICx) where antigen was extracted from infected bursae tissues. The immunogenic response of ICx 
was assessed in poultry birds after a challenge with a virulent strain of IBD virus and compared to a conventional 
IBDV vaccine in poultry. Results revealed significantly higher and more enduring antibody titers induced by the 
ICx, offering enhanced protective immunity against the IBDV challenge, as evidenced by lower Bursa to body-
weight ratios in vaccinated birds.   

Introduction 

A balanced diet is essential for maintaining good health, with protein 
being a crucial component that plays a vital role in structural develop-
ment. The recommended daily protein intake is approximately 102.7 gs 
per person, yet approximately 66 % of Pakistan’s population suffers 
from protein deficiency. To meet this demand for protein, the poultry 
industry plays a significant role in livestock production (Abedullah 
et al., 2007; Wei et al., 2006). The poultry sector is advantageous due to 
its short productive span, reproductive characteristics, global distribu-
tion, and favorable egg production. 

Moreover, the poultry industry is a key driver of Pakistan’s economic 
development and poverty alleviation. Pakistan is home to 33,146 offi-
cially registered poultry farms, collectively providing shelter and care to 
a population of 89.4 million poultry birds. This diverse avian community 
comprises 16.9 million layers, 70.7 million broilers, and 17.5 million 
breeder flocks. The poultry sector contributes approximately 1.3 % to 
Pakistan’s national GDP (Hussain et al., 2015). Despite its importance, 
the poultry industry faces the persistent challenge of immunosuppres-
sion, which escalates with intensive commercial farming. Viruses are the 

primary reason, as they infect and damage immune cells, leading to 
immunosuppression. Several factors contribute to decreased production 
and hindered growth in these immunosuppressed flocks, including 
chronic diseases, and suboptimal vaccine responses. Furthermore, 
antibiotic resistance and drug residues in poultry meat substantially 
threaten human health (Bughio et al., 2017). 

Infectious bursal disease also known as Gumboro, a significant 
immunosuppressive disease affecting poultry, is primarily induced by 
the infectious bursal disease virus (IBDV). This virus belongs to the 
Avibirnaviridae group, a member of the Birnaviridae family. Infectious 
bursal disease virus stands out as a non-enveloped, double-stranded 
RNA (dsRNA) virus characterized by a genome consisting of two seg-
ments, labeled as A and B, and exhibits a size range of about 55–60 
nanometers in diameter. While IBDV comprises two serotypes, Serotype- 
I is notorious for causing avian disease, while Serotype-II predominantly 
infects various avian species, including turkeys, without resulting in 
clinical disease (Jackwood et al., 2011; Sajid et al., 2020; Van den Berg 
et al., 2004). 

The economic repercussions of Infectious Bursal Disease (IBD) on the 
poultry industry extend beyond mere mortality and morbidity; it 
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significantly impairs overall flock performance. IBDV primarily targets 
the Bursa of Fabricius (BF), where it replicates within B-lymphocytes, 
leading to humoral suppression due to B cell depletion. This makes 
infected birds highly susceptible to opportunistic pathogens, resulting in 
substantial economic losses. Within Pakistan’s poultry sector, these 
losses accumulate to an annual deficit of approximately 3.9 million ki-
lograms of poultry meat with a market price of approximately $14 
million (Jackwood et al., 2008). Unfortunately, no specific treatment for 
IBD makes vaccination and biosecurity crucial for disease management 
(Vukea et al., 2014). IBDV’s Serotype-I, the primary cause of avian IBD, 
exhibits two major antigenic groups known as classical and variant. The 
virus’s antigenic characteristics are predominantly determined by the 
hypervariable region of VP2 (hvVP2), specifically the amino acids 
located at the apex of loop structures designated PBC, PDE, PFG, and 
PHI. Even single-point mutations in these regions can drive antigenic 
drift, rendering existing IBD vaccines less effective (Lupini et al., 2020; 
Zachar et al., 2016). 

IBDV’s resilience and stability against chemical and physical agents 
allow it to persist at farms for several weeks. This robustness, coupled 
with the lack of specific treatments, necessitates the development of 
novel strategies for managing and treating respiratory diseases in 
poultry (Shabbir et al., 2016). One alternative approach to treating in-
fections in immunocompromised individuals is passive immunization, 
which avoids the potential side effects of vaccination. Polyclonal anti-
bodies derived from immunized animal sera have traditionally been 
used for passive immunization, but face challenges related to safety and 
standardization. Monoclonal antibodies (mAbs) offer promise but are 
limited by their high production costs (Keller & Stiehm, 2000). 

Egg yolk immunoglobulins (IgYs) have emerged as a potential so-
lution. These IgYs, produced by various avian species, including 
chickens, share functional similarities with mammalian IgG. IgYs in 
chicken sera are transferred to embryos through egg yolks. This suggests 
that IgY-based therapy could have a longer circulating half-life, 
enhancing its efficacy against infections. IBD remains a leading cause 
of mortality in the poultry industry, with significant global impacts. 
Using IgY antibodies for passive immunity presents a promising option 
for treating such diseases. Producing IgY is a non-invasive, cost-effective 
alternative to traditional methods that require repeated bleeding of 
laboratory animals. IgY demonstrates high stability across a wide range 
of pH levels and temperatures, making it a suitable candidate for 
immunotherapy (Hussain et al., 2004; Khan et al., 2017). 

A modified immune complex vaccine was developed to advance 
therapeutic possibilities, combining yolk antibodies (IgY) with a viral 
antigen. The objective of this study was to investigate the efficacy of the 
modified ICx in controlling IBD among poultry population. 

Materials and methods 

Statement of ethics 

This animal study was conducted with the approval of the Institu-
tional Biosafety and Bioethics Committee (IBC), University of Agricul-
ture Faisalabad. Permission to conduct the research was granted with 
reference number 588/ORIC, ensuring that all necessary safety and 
ethical considerations were met following the guidelines of National 
Biosafety Rules 2005 and Punjab Animal Health Act 2019. 

Bursae retrieval and histopathological analysis 

A total of 50 Bursa of Fabricius samples were collected from five 
suspected Infectious Bursal Disease (IBD) outbreaks (birds of age from 
22 to 49 Days) across various commercial farms in Faisalabad district. 
These outbreaks were characterized by observable symptoms in the 
affected birds, including atrophy, and Bursae inflammation. Histopath-
ological examinations of the collected tissue samples were conducted 
following the procedure described by Bancroft and Stevens (1996). In 

brief, the BF tissues were initially fixed in a 10 % formalin solution for 7 
days. Subsequently, the samples underwent a series of procedures, 
including washing to remove the fixative, dehydration using a graded 
ethanol series, and clearance in xylene. The tissues were then embedded 
in paraffin and sliced into sections with a thickness of 3 μm utilizing a 
microtome. These tissue sections were affixed to glass slides, for a 24 h 
drying period at 37 ◦C. Following this, the tissues were subjected to a 30 
min incubation at 45 ◦C and subsequently stained with Hematoxylin and 
Eosin stains, following the method outlined by (Jones et al., 2008). 

Molecular identification of IBDV-VP2 

The process began with isolating RNA from the bursa sample, fol-
lowed by synthesizing complementary DNA (cDNA) using the ABM 
EasyScript™ Reverse Transcriptase cDNA Synthesis kit, adhering to the 
manufacturer’s guidelines. The PCR was conducted using an ABM PCR 
kit, with a designed primer set (Previously designed by Sajid et al., 2020) 
tailored to partially amplify the VP2 sequence from base 751 to base 
1449 of genome segment A of IBDV. The PCR product, explicitly tar-
geting the VP2 gene, was subsequently purified using a PCR purification 
kit from QIAGEN, USA, following the manufacturer’s protocol. To 
determine the nucleotide sequences of the virus, the purified VP2 DNA 
underwent DNA sequencing. 

The acquired nucleotide sequence data were subjected to analysis 
using various software tools, including MegaAlign, BioEdit, and Laser-
gene DNASTAR. The primary focus of the phylogenetic analysis centered 
on VP2 nucleotide sequences, which extended from nucleotide 751 to 
1449 (Sajid et al., 2020). 

IBD virus propagation 

To cultivate the IBDV, a specific procedure was followed. Firstly, 10- 
day-old embryonated specific pathogen-free (SPF) eggs, were obtained 
from the poultry farm at the University of Agriculture in Faisalabad, 
Pakistan. These eggs were infected with 103 embryo infective dose 
(EID50) in the Chorioallantoic membrane (CAM). After infection, the 
eggs were placed in an incubator at 37 ◦C for 96 h. Following this in-
cubation period, they were subsequently chilled for 4 h. After 96 h, 
observations were made for CAM lesions and embryo mortality and the 
CAM was harvested from these eggs containing the propagated virus 
(Malik et al., 2006). 

Layer bird immunization and IgY purification 

In the animal housing facility, White Leghorn hens, specifically 
layers, were utilized for an immunization study. These layers were 
injected with infectious bursal disease virus antigen, and each of the ten 
layer birds received a subcutaneous injection (0.5 ml). For four weeks, 
the birds were provided with bi-weekly booster injections of the prep-
aration, which included the Montanide adjuvant. Egg collection 
commenced one week after the initial injection, and the collected eggs 
were stored at a temperature of 4 ◦C until further processing. 

The egg yolk was separated from the egg white and then washed 
twice with distilled water at a temperature of 4 ◦C. To adjust the pH to 
5.0, 1 N HCl was added, followed by the introduction of charcoal (0.01 
%). The pH was subsequently re-adjusted to 4.0, and the diluted yolk 
underwent freezing at − 20 ◦C overnight. Afterward, the frozen yolk was 
thawed at 4 ◦C and then centrifuged at 10,000 × g for 10 min at the same 
temperature. The resulting supernatant was collected and supplemented 
with ammonium sulfate at 0.24 g/ml concentration. This mixture was 
incubated at 25 ◦C for 30 min with continuous stirring. Subsequently, 
the samples underwent centrifugation at 10,000 × g and 4 ◦C for 12 min, 
with the supernatant being discarded. The resulting pellet was recon-
stituted in a small volume of 2 M ammonium sulfate solution and re- 
incubated at 25 ◦C for another 30 min. After a subsequent centrifuga-
tion step at 10,000 × g and 4 ◦C for 12 min, the supernatant was again 
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discarded, and the pellet was re-suspended in a fraction of phosphate 
buffer saline (PBS) before being stored at -20 ◦C for further processing 
(Mahmood & Siddique, 2006). 

Quantifying antigen and antibodies: RPHA & IHA 

IgY antibodies were sensitized using washed sheep RBCs. This 
sensitization process involved mixing an equal volume of sheep RBCs 
with diluted IgY (2 ml) in the presence of Chromium Chloride as a 
coupling agent (at a ratio of 1:400) in a test tube. The test tube was then 
incubated at 37 ◦C for 20 min, preparing a 1 % sensitized RBC suspen-
sion. Subsequently, the Reverse Passive Hemagglutination (RPHA) test 
was conducted in a 96-well microtitration plate with a U-bottomed 
design. The virus (antigen) was subjected to a two-fold dilution in 50μl 
of normal saline, followed by adding 1 % sensitized RBCs (50μl) to all 
wells, while the last well served as a control. The microtitration plate 
was incubated for 30 min at 37 ◦C, and the degree of agglutination was 
observed. 

Similarly, for the Indirect Hemagglutination Test (IHA), a two-fold 
serial dilution of IgY antibodies was prepared, and 1 % sensitized 
human O-negative RBCs with antigen were added to each well of the 
microtitration plate. The plate was gently tapped to ensure uniform 
dispersion of RBCs and then incubated at 37 ◦C for 30 min. The degree of 
agglutination in each well was compared to the negative control, which 
contained normal saline and sensitized RBCs (Jayasundara et al., 2017). 

Immune complex vaccine: preparation, sterility, safety, and stability 
studies 

The antigen-antibody complex vaccine developed by the unification 
of a known concentration (2HA titer) of IBDV with (2HA titer) chicken 
antibodies (IgY) obtained from layer eggs. Equal amounts of the antigen 
and antibodies were thoroughly mixed in a 1:1 ratio to form an antigen- 
antibody complex, which was then kept at temperatures below 10 ◦C for 
future use. Sterility testing involved aseptically inoculating the prepared 
vaccine (0.5 ml) into fluid thioglycolate media and blood agar plates. 
These inoculated tubes and plates were incubated for 72 h at 37 ◦C to 
check for growth. In safety studies, six SPF rabbits were divided into 
three groups, with one group serving as a negative control. The second 
group received the immune complex vaccine subcutaneously, and the 
rabbits were closely monitored for any signs of adverse effects for seven 
days post-injection. Stability studies involved storing ICx at two 
different temperature conditions, below 10 ◦C and 37 ◦C, while 
recording suspension and color parameters for up to eight months (Lee 
et al., 2011). 

ICx vaccine: immune response and protective efficacy 

The birds were raised on the ground, where wood shavings were 
utilized as the bedding material. Each group was accommodated in its 
dedicated enclosure. Prior to introducing the chickens, a hygiene pro-
tocol was observed. All enclosures were cleaned and disinfected using 
gaseous disinfectants to ensure a sanitized environment for the birds. 
Group 1 served as the control group and received no vaccinations. In 
Group II, a single subcutaneous dose of 0.2 ml of the immune complex 
vaccine was administered. Group III received an initial 0.2 ml dose of the 
immune complex vaccine on day one, followed by a booster dose of 0.2 
ml after one week. Group IV was inoculated with 0.2 ml of a commer-
cially available IBDV live vaccine (Himmvac). To assess antibody titers 
and evaluate the vaccine’s performance compared to the commercially 
available vaccine, serum samples were collected from all groups on days 
0, 7, 14, 21, 28, 35, and 42. 

The viral challenge was conducted on the 21st day of age by 
administering EID50 /1 ml of IBDV orally and ocularly to poultry birds. 
Following the challenge, the birds were closely monitored for disease 
symptoms, bursa to body weight ratio, and underwent postmortem 

examination to assess bursal pathology. Chicken sera collected from all 
groups were tested for IBD-specific antibodies using an I-ELISA kit with a 
single dilution (1:500) of serum. Serum samples with an S/P ratio less 
than or equal to 0.2 were considered negative, while those with an S/P 
ratio greater than 0.2 were considered positive (Kalenik et al., 2014). 

Results 

Insights of bursa histopathology and pathogenesis 

Infected birds exhibited a range of clinical signs, including ruffled 
feathers, loss of appetite, diarrhea, depression, and even death. 
Morbidity was widespread, affecting all infected flocks, with mortality 
rates ranging from 70 % to 80 %. Postmortem examinations revealed 
significant signs such as bursal atrophy and lesions, hemorrhaging in the 
thigh and pectoral muscles, darkened discoloration of the pectoral 
muscles, and a yellowish gelatinous material covering the external 
surface of the bursa. These findings were often accompanied by multiple 
hemorrhages and areas of necrosis. Histopathological analysis of the 
affected bursae provided further insights into the impact of IBDV 
infection. The examination revealed a spectrum of acute and chronic 
lesions in the examined bursae. These lesions included lymphoid follicle 
depletion, severe atrophy with infiltration of inflammatory cells (pre-
dominantly heterophils), and necrosis. Over the course of the infection, 
the necrosis of lymphocytes led to the formation of karyorrhectic debris. 
This phase was accompanied by edema, hyperemia, and reticuloendo-
thelial cell hyperplasia (Fig. 1). 

Molecular characterization of IBDV 

A partial region of 699 nucleotides in segment A, referred to as VP2, 
was amplified and sequenced to examine the genetic characteristics of 
Infectious Bursal Disease Virus (IBDV) strains in the study area. These 
sequences were subsequently aligned, and phylogenetic analysis was 
conducted to understand the evolutionary relationships among the 
strains. As previously characterized in our earlier study (Sajid et al., 
2021), the IBDV strains in this study were grouped into seven distinct 
genogroups, reflecting the virus’s genetic diversity. This genetic di-
versity was confirmed by the PCR results. The phylogenetic analysis 
provided further insights into the genetic relationships among these 
genogroups, emphasizing the complex evolutionary landscape of IBDV. 
This information is essential for understanding the genetic dynamics of 
the virus and its implications for disease management and vaccine 
development. 

Fig. 1. Histopathological examination at 40X revealed lymphoid depletion of 
the follicles, necrosis of lymphocytes with pyknotic or karyorrhectic cells, and 
fibrosis of the bursal stroma. 

S. Sajid et al.                                                                                                                                                                                                                                    



Veterinary and Animal Science 23 (2024) 100326

4

Propagation of pathogens in avian eggs 

Embryonated chicken eggs were closely monitored daily, with any 
deceased embryos occurring within the first 24 h post-inoculation. After 
96 h, the eggs were cooled to 4◦C, and the Chorioallantoic membrane 
(CAM) was carefully harvested into a sterilized petri dish. In the initial 
and second passages, a 90 to 100 % mortality rate was observed among 
the embryos, which gradually decreased to 70 % in the third passage. 
Grossly, the chicken embryos displayed abdominal distention with 
edema and noticeable hemorrhages on various body parts such as the 
cerebrum, skin, toe joints, and CAM. However, these lesions were less 
severe in the third passage compared to the first and second passages. 
The harvested CAM was subsequently separated and subjected to 
centrifugation at 1500 rpm for 20 min to isolate the virus in the su-
pernatant. The presence of the infectious bursal disease virus (IBD virus) 
in the supernatant was verified using the agar gel precipitation test 
(AGPT), employing known antiserum that had been raised in rabbits. 
The results of the agar gel precipitation test provided confirmation of the 
presence of the IBD virus in the embryonated eggs that had been inoc-
ulated. Within 24 h of incubation, a distinct line of precipitation became 
evident. In comparison, there was an absence of any precipitation line in 
the negative control well (Fig. 2). 

Birds’ immunization status evaluated through IgY in eggs and virus 
titration 

Egg yolk antibodies, known as IgY, were assessed quantitatively and 
qualitatively using the Indirect Hemagglutination test (IHA). In the first 
week, the IgY titer in IHA displayed a geometric mean titer (GMT) of 3.7. 
During the second week, the titer varied with a GMT of 17.1. In the third 
week, the IgY titer showed a notable increase and was recorded with a 
GMT of 39.4, and the fourth week exhibited the highest IgY titer with a 
GMT value of 104. Subsequently, purified IgY was obtained through 
ammonium sulfate precipitation. The IBD virus was quantified using a 
reverse passive hemagglutination test, which utilized a 4HA titer of IgY 
determined through the IHA test. Sample well displayed hemaggluti-
nation with a 4HA titer, while the negative control well served as a 
critical test component. No hemagglutination was observed in the 
negative control well, and its titer was recorded as 0HA. This result 
served as a baseline, indicating that hemagglutination only occurred 
when the IBD virus was present and active (Fig. 3). 

Sterility, safety, and stability assessment of the vaccine 

The sterility assessment of the immune complex was conducted after 
seven days of incubation, revealing no observed turbidity or signs of 
bacterial growth. Similarly, the inoculation of the immune complex on 
blood agar medium plates yielded negative results, indicating the 
absence of bacterial contamination. A one-week post-immunization 
observation period was implemented for the safety studies of the im-
mune complex vaccine in rabbits. During this time, the body tempera-
tures of the rabbits remained within the normal range (101 ± 0.3 ℉ to 
103 ± 0.3 ℉), with no recorded mortality. Mild inflammation at the 
injection site was observed, but other parameters remained within the 
expected normal range. Following the immune complex vaccine injec-
tion, the rabbits initially exhibited reduced feed intake. However, by day 
five post-immunization, feed intake increased to normal. A similar 
pattern was observed for water intake, with a decrease during the first 
two days post-immunization followed by a return to normal levels by 
day six (Table 1). 

The stability of the immune complex was assessed under two tem-
perature conditions: storage below 10 ◦C and at 37 ◦C for a duration of 
up to eight months. When stored below 10 ◦C, the immune complex 
suspension maintained its color for the first month, but the titer grad-
ually decreased, reaching 70 % in the eighth month. Conversely, when 
stored at 37 ◦C, the antigen titer decreased significantly, reaching 60 % 
within the first two months, and immiscibility and color changes were 
observed after one month (Table 2). 

Assessing immune responses in chickens 

The immune response study explored the effectiveness of different 
vaccines on chickens and investigated how immune responses varied 
across groups receiving distinct types of vaccinations. The groups in 
focus were those administered with an immune complex vaccine and 
those given a commercially available live vaccine for Infectious Bursal 
Disease (IBD). Antibody response revealed a dynamic pattern in anti-
body levels across different time intervals. Initially, the group receiving 
the immune complex vaccine showed a strong antibody response (1st & 
2nd week) compared to the commercial vaccine group. By the 4th week, 
this distinction in antibody levels between the two groups became less 
pronounced. However, a notable shift was observed later in the study 
(5th week), with the commercial vaccine group experiencing a decrease 
in antibody levels while the immune complex vaccine group maintained 
a relatively stronger immune response (Fig. 4). 

To evaluate the level of protection provided by different vaccines, 

Fig. 2. Visualizing gross lesions elicited on the Chorioallantoic membrane by infectious bursal disease virus in chicken embryonated eggs.  
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the Bursa to body weight ratio (B.B. ratio) was calculated. Among all the 
vaccinated groups, it was evident that they exhibited a higher B.B. ratio 
when compared to the negative control group. However, an interesting 
observation was made at 35 days of age; specifically, the B.B. ratio in G- 
III (ICx) was significantly lower than in the other vaccinated groups. 
Moving to day 21, both the ICx groups (G-II, G-III) and the commercial 
vaccination group (G-IV) did not show significant alterations in the 
Bursa, except for minor B-cell proliferation in G-IV. Similarly, there were 

no substantial changes observed in G-II, G-III, and G-IV following virus 
challenge. However, the control group (G-I) presented severe degener-
ative changes, apoptosis, inflammatory cell infiltration, and central 
necrosis. By day 28, G-II and G-III exhibited healthy epithelial linings of 
the Bursa and highly activated cortical lymphocytes. In contrast, G-IV 
showed immune-reactive lymphoid follicles and mild interstitial con-
nective tissue thickening due to fibroblastic proliferation. In compari-
son, G-IV (commercial vaccine) displayed only mild bursa enlargement, 
while both G-II and G-III (ICx) exhibited normal bursa conditions. 
Importantly, all vaccinated groups demonstrated no significant differ-
ences in body weights throughout the study period. 

Discussion 

In poultry, infectious bursal disease (IBD) is the second most signif-
icant viral disease, following Newcastle disease. IBD’s immunosup-
pressive nature leads to economic losses by compromising the birds’ 
immune responses, resulting in poor feed conversion ratios and 
increased susceptibility to secondary infections. This disease’s economic 
impact is twofold: high mortality rates, especially in young chicks, and 
prolonged immunosuppression that hinders vaccine effectiveness (Dey 
et al., 2019). The infectious bursal disease virus (IBDV) is of particular 
interest because it primarily targets the Bursa of Fabricius while sparing 
other organs (Zachar et al., 2016). The Bursa, which reaches its peak 
development at six weeks, becomes highly susceptible to rapid viral 
replication, making IBDV particularly lethal at this stage. IBDV’s main 
characteristic is the depletion of lymphoid cells, and the Bursa’s atrophy 
suggests that apoptosis plays a role in the disease’s progression (Kalenik 
et al., 2014). 

In this study, IBD’s gross lesions included petechial hemorrhages in 

Fig. 3. Investigating the geometric mean titers of egg yolk antibodies in response to Montanide-adjuvanted antigen over a 28-day post-injection period.  

Table 1 
Investigation of safety test parameters in rabbits inoculated with an immune 
complex vaccine.  

Post 
immunization 

Observations 

(Hours) Local 
inflammation 

Body 
temperature 

Food 
Intake 
(g/Kg) 

Water 
Intake 
(mL/ 
Kg) 

Change 
in Body 
Weight 
(Grams) 

24 Present 103.7 ±
0.85 

25 ± 5 25 ± 5 1950 ±
10 

48 Present 102.20 ±
3.0 

35 ± 5 40 ± 5 1955 ±
10 

72 Resolved 102.50 ±
0.35 

50 ± 5 55 ± 5 1970 ±
10 

96 - 103.15 ±
0.85 

85 ± 5 70 ± 5 1980 ±
10 

120 - 101.45 ±
0.40 

100 ±
5 

100 ±
5 

1995 ±
10 

144 - 101.78 ±
0.35 

100 ±
5 

100 ±
5 

2000 ±
10 

168 - 102.40 ±
0.75 

100 ±
5 

100 ±
5 

2000 ±
10  

Table 2 
Monitoring the integrity and longevity of immune complex IBDV antigen for an eight-month duration.  

Month of storage Temperature below 10 ◦C Temperature below 37 ◦C  
Color Suspension Immunization Color Suspension Immunization 

1st Opaque white Homogenous 90 % Opaque White Homogenous 75 % 
2nd Opaque white Homogenous 81 % Yellowish Immiscible 60 % 
3rd Opaque white Homogenous 78 % Yellowish Immiscible 42 % 
4th Opaque white Homogenous 75 % Yellowish Immiscible 37 % 
5th Opaque white Immiscible 75 % Yellowish Immiscible 25 % 
6th Opaque white Immiscible 73 % Yellowish Immiscible 17 % 
7th Opaque white Immiscible 72 % Yellowish Immiscible 11 % 
8th Opaque white Immiscible 70 % Yellowish Immiscible 08 %  
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the Bursa of Fabricius, muscle discoloration, and increased intestinal 
mucus. The Bursa initially swelled due to hyperemia and edema, 
doubling in size by the 4th day post-infection. Additional findings 
included necrotic foci with petechial hemorrhages on the Bursa’s 
mucosal surface, an enlarged spleen with gray foci, and hemorrhages at 
the gizzard-proventriculus junction. Microscopic examination revealed 
lymphocyte degeneration in the Bursa’s medullary region, followed by 
the replacement of hyperplastic reticuloendothelial cells and hetero-
phils. Histologically, the Bursa exhibited fibroblast and reticuloendo-
thelial cell proliferation, necrosis, and phagocytosis of plasma cells and 
heterophils. Bursal follicles eventually appeared as empty spaces, along 
with fatty degeneration called microcyst. Virus replication and 
apoptosis were predominantly observed in the Bursa of Fabricius. The 
study also highlighted the importance of histopathological analysis in 
understanding the vaccine’s protective mechanism. The absence of se-
vere degenerative changes and the presence of healthy epithelial linings 
and activated lymphocytes in the ICx-vaccinated groups by day 28 post- 
vaccination provide histological evidence of the vaccine’s efficacy in 
protecting the Bursa from IBDV-induced damage (Jackwood et al., 
2011). 

This research has significant implications for poultry health man-
agement, particularly in regions where IBDV is prevalent. The devel-
opment of a stable, effective, and safe vaccine like the ICx could 
revolutionize the approach to controlling IBD in poultry. The study 
underscores the potential of using egg yolk-derived antibodies for pas-
sive immunization strategies, offering an innovative avenue for vaccine 
development in avian diseases (Jackwood et al., 2008; Shabbir et al., 
2016) 

Global trade and the use of IBD vaccine strains have contributed to 
the emergence of new, pathogenic IBD virus strains. Pakistan has seen 
the dominance of classical IBD virus strains until the 1980s. A key mu-
tation at position 222, from proline (P) to threonine (T), has been 
associated with the shift from classical to variant Genogroups, possibly 
due to widespread vaccine usage in rearing flocks. Adapting field strains 
of IBDV from Bursa to cell culture is challenging and often requires 
extensive passaging in Chorioallantoic membrane or embryonated eggs. 
The virus was inoculated into embryonated eggs and monitored daily in 
this study. After 96 h, the Chorioallantoic membrane (CAM) was har-
vested, resulting in 100 % embryo mortality during the 1st and 2nd 
passages, reduced to 70 % in the 3rd passage (Jayasundara et al., 2017). 

This study highlights the effectiveness of the ICx vaccine in con-
trolling IBDV in poultry. Traditional vaccines and biosecurity measures 
were successful until highly virulent IBDV strains emerged, 

complicating vaccination efforts, particularly in the presence of mater-
nally derived antibodies. To address this challenge and improve early 
vaccination, the study employed an immune complex (ICx) vaccine 
strategy. This approach involves combining the IBDV antigen with ho-
mologous antibodies to create an antigen-antibody complex. This com-
plex is administered to poultry birds, effectively jumpstarting their 
immune response. The ICx vaccine utilized chicken IgY antibodies, 
which offer several advantages, including reduced animal handling and 
increased IgY production from egg yolks. The IgY antibodies were pu-
rified from egg yolks using ammonium sulfate precipitation. The study 
successfully demonstrated the early development of IgY antibodies in 
layer bird egg yolks, which can be used for protective effects and 
experimentation. The study demonstrated the potential of egg yolk 
derived IgY antibodies in providing an effective immune response 
against the Infectious Bursal Disease Virus (IBDV). The increasing trend 
in IgY titers observed over the initial weeks post-vaccination un-
derscores the efficacy of this approach in stimulating the immune sys-
tem. This is consistent with previous research highlighting the 
advantages of IgY-based immunization, particularly its specificity and 
relatively long half-life in circulation, which enhances its effectiveness 
against infections (Lee et al., 2011). 

This study assessed the effectiveness of an immune complex (ICx) 
vaccine against infectious bursal disease virus (IBDV) in poultry. The ICx 
vaccine was produced by injecting IBDV into layer birds and extracting 
IgY antibodies from their egg yolks. This vaccine was compared with a 
commercial live IBD vaccine. The study evaluated various parameters, 
including performance, bursa-to-body weight ratio, bursa histopathol-
ogy, and antibody response in vaccinated birds. Results showed that all 
vaccinated groups were protected against IBDV, with the ICx group 
demonstrating promising results. The ICx vaccine’s advantage lies in its 
ability to bypass maternal antibodies and provide protection even in the 
presence of high maternal antibody levels. The Bursa to body weight 
ratio (B.B. ratio) served as a critical measure of the vaccines’ protective 
capabilities. The elevated B.B. ratios in vaccinated groups compared to 
the control group highlight the notion that vaccination plays a signifi-
cant role in preserving the health of the Bursa of Fabricius, a crucial 
organ for avian immunity. 

The immune complex vaccine’s stability under different temperature 
conditions and its safety profile in rabbits further add to its viability as a 
practical and safe option for large-scale use in poultry. The minimal side 
effects observed in the safety studies align with the requirements for a 
viable poultry vaccine, especially in a field setting. Further research 
could focus on the large-scale application of the ICx vaccine in diverse 

Fig. 4. Examination of immune response patterns induced by immune complex antigen compared to a conventional commercial IBDV vaccine.  
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poultry settings to assess its efficacy across different environmental 
conditions and bird populations. Additionally, exploring the mecha-
nistic aspects of how the ICx vaccine stimulates and sustains the immune 
response at the molecular level would provide deeper insights into its 
mode of action. 

Conclusion 

Infectious bursal disease (IBD) poses significant economic challenges 
in poultry due to its immunosuppressive nature and impact on bird 
health. The infectious bursal disease virus (IBDV) primarily targets the 
Bursa of Fabricius, resulting in lymphoid cell depletion and apoptosis. 
This study detailed the gross and histopathological characteristics of IBD 
and highlighted the importance of vaccination in disease control. The 
emergence of new IBDV strains, global trade, and vaccine use have 
influenced virus evolution. Mutations, particularly the Proline (P) to 
Threonine (T) change at position 222, have led to shifts in IBDV gen-
ogroups, impacting vaccine efficacy. The study introduced an immune 
complex (ICx) vaccine strategy using IgY antibodies from chicken egg 
yolks. This approach demonstrated early IgY development in layer bird 
egg yolks, showcasing its potential for protective effects and experi-
mentation. Overall, the ICx vaccine showed promise in controlling IBDV 
in poultry, offering an alternative to traditional vaccines. This research 
contributes to understanding IBDV dynamics and presents a valuable 
vaccination strategy for enhanced disease management in poultry. 
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