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BACKGROUND 

Infectious bursal disease (IBD) is highly contagious acute immunosuppressive viral 

disease of young chickens (Rauf, 2011).  

IBD virus is a bi-segmented dsRNA avian birnavirus (Delmas et al., 2011), taxonomically 

belonging to Family Birnaviridae, Genus Avibirnavirus (https://talk.ictvonline.org/ictv-

reports/ictv_9th_report/dsrna-viruses-2011/w/dsrna_viruses/176/birnaviridae). IBDV genome is 

packaged into single-shelled, non-enveloped virions (Müller et al., 1979; MacDonald.1980). 

Two serotypes of IBDV; serotype I and serotype II were known (McFerran et al., 1980; 

Jackwood et al., 1982). Chicken and turkey are IBD natural hosts that develop infection with 

serotype I IBDV strains (Ingrao et al., 2013). Other birds like pigeon and guinea fowl can be 

infected by IBDV without apparent pathology (Kasanga et al., 2008). Chicken, especially young 

chicks at the age of 3 to 6 weeks, are most susceptible for the serotype I infection (Mahgoub, 

2012). Serotype I contain the pathogenic strains which replicate in lymphoid cells (Jackwood et 

al., 1982; Jackwood et al., 1984; Jackwood et al., 1985; Ismail et al., 1988).  

ABSTRACT 

Background: Infectious bursal disease (IBD) caused by infectious bursal disease virus (IBDV) is an 

economically important worldwide disease of commercial poultry. Classic, variant and very virulent 

IBDVs were identified in different parts of the world. Even though classic and variant viruses can be 

identified based on nucleic acid sequence variation, very virulent viruses require pathogenicity testing 

to prove their identity.  

Objectives: The present study describes identification and pathogenic effects of an re-emergent 

Giza2008 vvIBDV-like strain, Egypt/IBDV/Behera2011, in specific pathogen free chicks. 

Methods: Eighty, one-day old specific pathogen free (SPF) chicks were inoculated with 10
3 
ID50/ml of 

the virus via oculo-nasal route. At specified intervals, 10 chicks were randomly selected, euthanized 

and then necropsied. Pathogenicity of IBDV strain was evaluated by mortality percent, and bursa, 

spleen, and kidney /body weight ratio. Bursae were collected for histopathology and transmission 

electron microscope (TEM). IBD antigens were demonstrated by fluorescent antibody technique (FAT) 

and Agar gel immune-diffusion (AGID). Anti-IBDV antibodies were measured by ELISA.  

Results:  Twenty inoculated chicks died (25%), mortalities peaked 5 dpi (7.5%). Greater bursa/ body 

weight ratio was observed at 3, 7, and 10 dpi then decreased at 14, 21, and 28 dpi. Histopathologically, 

severe bursal tissue reaction was observed in inoculated chicks, with variable degree of damage. Mean 

Severity Index (MSI) ranged from 0.5 to 4. IBD viral particles were visualized by TEM. FAT and 

AGID confirmed the presence of IBDV. ELISA were positive for IBDV antibodies from 7 dpi, peaked 

21 dpi then declined 28
 
dpi.  

Conclusion: The local very virulent strain of IBDV (Egypt /IBDV/ Behera 2011) which was prevalent 

among broiler chickens in 2011 in EGYPT caused 100% morbidity and 25% mortality accompanied 

with severe tissue reaction suggestive for very virulent identity. 
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Based on virulence properties, IBDVs are classified as attenuated, classical virulent, 

antigenic variants, and very virulent (vvIBDV) subtypes (Van den Berg et al., 2004). IBDV is a 

lymphocytolytic disease that adversely affects birds’ defense mechanisms resulting in 

immunosuppression and failure to develop satisfactory immunity (Beenish et al., 2013). One of 

the earliest signs of IBDV infection in birds tend to engage in vent picking. Clinical signs are 

described as acute onset of depression, trembling, white or watery diarrhea, anorexia, prostration, 

ruffled feathers, vent feathers soiled with urates, and hemorrhages in pectoral and thigh muscles. 

In severe cases, birds become dehydrated leading to kidney lesions and in the terminal 

stages; subnormal temperatures resulting in death (Cosgrove, 1962; Sharma et al., 1989; 

Maclachlan and Dubovi, 2011). In fully susceptible flocks, IBD appears suddenly and there is a 

high morbidity rate. Mortality in IBD may be nil but can be as high as 20% - 30%, usually 

beginning on the third day of onset of clinical signs, peaking and diminish in a period of 5 - 7 

days (Maduike et al, 2013). The major post-mortem lesions may include dehydration of the 

muscles with numerous ecchymotic hemorrhages, swelling and discoloration of the kidneys, with 

urates in the tubules, the bursa of Fabricius is the principal diagnostic organ and it became 

turgid, edematous, sometimes hemorrhagic and turns atrophic within 7 to 10 days (Tsukamoto et 

al., 1992; Eterradossi and Saif, 2008). Very virulent IBD virus induces severe lesions in the 

bursa of Fabracius, caecal tonsils, kidneys and spleen (Sharma et al., 1989). Pathogenicity 

studies are required to verify an IBDV virus as very virulent strain as molecular studies alone 

does justify its identity (Van den Berg et al., 2004). In a previous study; Suliman and Co-

workers, isolated an IBDV from affected broiler chickens showing mortalities (Suliman et al., 

2016). Molecular characterization of the isolated virus revealed high degree of genetic similarity 

to the previously isolated very virulent strain (Giza2008) IBDV with multiple amino acid 

mutations in VP2 region and high degree of divergence. The present study was designated to 

completely identify, investigate the pathogenicity of infectious bursal disease virus (Egypt 

/IBDV/ Behera 2011) strain and prove it as very virulent IBDV. 

 

MATERIALS AND METHODS 

SPF chicks: 

  Ninety, one-day old SPF chicks, were obtained from National Project for production of 

specific pathogen free eggs, Kom Oshim, Fayom, Egypt. All birds were kept in biosafety 

isolators.  

 

IBD strain: 

The IBDV strain is local isolate (Egypt/ IBDV/Behera2011) with a titer of 10
3
 EID50

 
/ml 

(Suliman et al., 2016). 

 

Experimental design: 

 Virus propagation in embryonated chicken eggs: 

Bursae collected from infected chicks were prepared according to Van der Marel et al., 

(1990) and El-Sanousi et al., (1994) and then inoculated in ECE according to OIE terrestrial 

manual (2008). Examination for deaths and lesions was carried out daily.  Chilled and survived 

embryos with splenomegaly and liver necrosis were collected along with chorio-allantoic 

membranes (CAM) and allantoic fluids. Non-inoculated SPF eggs were always included as 

negative control. 
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 Experimental infection of SPF chicks:             

Chorio-allantoic membranes (CAM) harvested from inoculated eggs were prepared for 

inoculation. Ninety, one-day old SPF chicks were divided into two groups. The first group 

(eighty chicks) was experimentally infected via intra nasal and intra ocular routes with the 

prepared chorio-allantoic membrane (CAM) containing (10
3 

EID50/ml) of the virus. Second 

group (ten chicks) was kept uninfected as negative control. 

The pathogenic effects of the isolated local IBD strain were evaluated by: 

Mortality percent: (the time of death) was recorded daily after experimental infection of SPF 

chicks with local IBD strain. 

 

Organs to body weight index:  

At 3, 7, 10, 14, 21
 
and 28 dpi; 10 birds were randomly selected and euthanized. Bursae, 

spleens and kidneys were collected, weighted just after removal from the host to calculate organ 

to body weight ratio.  A bursa of Fabricius/body weight, spleen/ body weight, and kidney to 

body weight ratio for each bird was calculated according to the following formula: (Sharma et 

al., 1989). 

Organ/body weight ratio= Organ weight (gm)/ Body weight (gm) X 1000 

 

Estimation of bursal score lesions and mean severity index (MSI): 

 Five samples of bursae at 24 hours’ interval up to 96 hours, 7
 
and 10 dpi were fixed in 

10% formol saline (Banchroft et al., 1996), and then treated chemically with different 

concentrations of alcohol and xylol. Paraffin sections were obtained by rotary microtome at 4-

6µm thickness. Sections were stained with hematoxylin and eosin, and microscopically evaluated 

based on the extent of necrosis and degeneration of follicular lymphocytes, the presence of 

plical, follicle, muscle wall edema, hyperemia, and heterophilic inflammation and infiltration. 

(Haddad et al., 1997).  

Bursa lesions were scored based on the following system: 0 = normal, no IBDV related 

lesions; 1 = mild, scattered IBDV related cell depletion in a few follicles; 2 = moderate, up to 

half of the follicles showing IBDV related atrophy or depletion; 3 = severe atrophy of all the 

follicles, inflammation, and acute necrosis. 4= very sever. (Pantin-Jackwood et al., 2003). 

Demonstration of viral particles by TEM, confirmation of IBDV by FAT, and AGID: 

Glutaraldehyde fixed bursal tissues 7 dpi were prepared for IBDV particle visualization 

by TEM. Direct FAT (Meulemans et al.,1997)
 
using monoclonal antibodies against IBDV, and 

AGID (Wood et al.,1979) using anti-IBDV standard antibodies were used to prove the identity of 

visualized particles. 

 

Detection of antibodies against the IBD virus by ELISA: 

       Serum samples were taken by wing vein bleeding at 3
rd

, 7
th

, 10
th

, 14
th

, 21
th

 and 28
th 

day post 

infection and stored at -20
o
C until used for the enzyme-linked immunosorbent assay (ELISA) to 

detect antibodies against the IBD virus (Singh et al.,2010). 

 

RESULTS 

 Propagation of the virus in embryonated chicken eggs: 

Examination of virus-inoculated ECE showed lesions indicative of IBDV infection figure 1.  
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Fig. 1: a: edema, subcutaneous congestion and hemorrhage. b: Compared with non-inoculated 

embryo. c: Swelling of the liver with greenish discoloration and necrosis. d: harvested CAM 

showing congestion and thickening. 

 

 Experimental infection and pathogenicity in SPF chicks: 
 

Mortality percent: 

Deaths were recorded after experimental infection of one-day SPF chicks with 

propagated IBDV. Deaths were 4, 4, 6, 4 and 2 chicks at 3, 4, 5, 6 and 7 dpi respectively, in 

compared with negative control which showed no deaths all over experimental time. Total 

mortality was 25% and peaked 5 dpi. 

 

Organs to body weight ratios: 

 Bursa, spleen and kidneys were collected from euthanized bird groups at the specified 

time intervals, weighted just after removal, organ/body weight ratio were calculated for every 

single organ (data not shown) and mean organ body weight ratios were calculated. Control 

organs/ body weight ratio were also calculated for comparison. Bursa showed initial enlargement 

3dpi, 7dpi and 10 dpi followed by atrophy and necrosis (fig. 2a). splenomegaly was evident 3dpi 

and 7 dpi (fig. 2b). kidney enlargement was more progressive with peak enlargement at 21 dpi 

respective with urate precipitation in the kidneys and declined 28 dpi (fig. 2c). organ to body 

weight ratios were statistically analyzed using F test (ANOVA single factor). Significant 

difference was at P ≤ 0.05.  
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Fig. 2: organs to body weight ratios: (2a) bursa to body weight ratio; blue columns represents 

means of bursa body weight ratios from (Egypt /IBDV/ Behera 2011) infected birds at specified 

time intervals, orange columns represents bursa body weight ratio in control non-infected birds. 

(2b) spleen to body weight ratio; blue columns represents means of spleen/ body weight ratios 

from infected birds, orange columns represents non-infected birds. (2c) Mean kidney to body 

weight ratio of infected birds, blue columns, compared to kidney/ body weight ratio of non-

infected birds, orange columns. 

 

Histopathology of bursa of Fabricius, bursal score lesions and mean severity index (MSI): 

Timely histopathological examination of the affected bursae enabled follow up of infection 

progress, lesion scoring and severity index calculation. Hyperplasia of plical epithelium was first 

evident 1 dpi. Inter-follicular connective tissue proliferation appeared 3dpi, and 4 dpi, lining 

epithelium hyperplasia, depletion of lymphocytes and congested blood vessels appeared. 

Lymphocytic necrosis, cystic formation with heterophiles and macrophage infiltration were 

evident 7 dpi. Epithelialization of the follicles, interfollicular edema and lymphocyte depletion 

was apparent 10 dpi. 3wks post infection; inter-follicular edema, congested blood vessels and 

hemorrhage within the follicles was shown. Control bursae showed none of the above mentioned 

histopathological changes. 
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Fig. 3: Histopathology of inoculated bursae: (3a): Bursa showed hyperplasia of plical epithelium 

1dpi (H&E X 400). (3b): Inter-follicular connective tissue proliferation with congested blood 

vessels in muscular layer 3 dpi (H&E X 100). (3c): Hyperplasia of lining epithelium with severe 

depletion of lymphocytes congested blood vessels 4dpi (H&E X100). (3d): Necrosis of 

lymphocytes 7 dpi with cystic formation (H&E X 400). (3e): Inter-follicular edema with 

epithelization and depletion of lymphocytes 10 dpi (H&E X100). (3f): Three weeks infected 

bursa showing sub-plical epithelium edema with inflammatory cells infiltration (H&E X400). 

(3g): control non-infected bursa revealed no histopathological changes. (H&E X100).  

  

For Bursal lesion scoring and mean severity index (MSI) calculation, a scoring system 

devised by Pantin-Jackwood et al. (2003) was employed with slight modification by adding 0 to 

indicate no apparent IBD lesion; 1 = mild, scattered IBDV related cell depletion in a few 

follicles; 2 = moderate, 1/3 to 1/2 of the follicles with IBDV related atrophy or depletion of 

follicular lymphocytes; and 3 = severe atrophy of all the follicles, inflammation, and acute 

necrosis. 4= very sever. Several bursal lesion parameters were scored (table 1) but only follicular 

depletion and necrosis were used to calculate MSI which was 0.5, 0, 1, and 3 at 1, 2, 3, 4 dpi 

respectively. While it was 2.5 and 4 at 7 and 10 dpi respectively. 

 

 

 

 

g
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Table (1): bursal score lesions:  

0: normal       1: Mild lesion         2: Moderate lesion       3: Severe lesion      4: Very severe 

Cong.: Congestion    Hem.: Hemorrhage    Degen.: Degeneration  C.T: Connective tissue  

Hyper.: Hyperplasia      Epith.: Epithelisation 

 

Identification of IBDV in infected bursa of fabricius: 

 Results of Transmission Electron microscope (TEM): 

Transmission electron microscopy (TEM) indicated presence of IBD viral particles in the 

cytoplasm of lymphocytes and macrophages of bursa of fabricius in samples of 7 dpi. Average 

diameter of virus particles was ≈50 nm. Figure (4). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 4: Transmission electron microscopy (TEM) image indicated presence of hexagonal viral 

particles indicative for IBDV (arrow heads) in the cytoplasm of lymphocytes and macrophages 

of bursa of fabricius in samples 7 dpi. 

 

 Fluorescent antibody technique (FAT) and Agar gel immunodiffusion (AGID): 

Direct fluorescent antibody technique using monoclonal antibodies against IBDV confirmed the 

identity of visualized particles as IBDV. Appearance of visible band in the space between 

examined antigen and reference antibodies in agar gel immunodiffusion was an extra 

confirmation. 
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Detection of antibodies against the IBD virus by   Enzyme-linked immunosorbent assay 

(ELISA): 

The results of ELISA were considered positive for IBDV antibodies 7 dpi, increased until 21 dpi 

then declined at 28
 
dpi. 

 

DISCUSSION 

Immunosuppressive viral infections threaten the poultry industry by causing heavy 

mortalities (Balamurugan and Kataria, 2006)
 
and affect the economics of poultry production, 

often because of increased susceptibility to secondary infections and sub-optimal response to 

vaccinations (Lütticken. 1997).  

The functional integrity of the immune system of chickens is essential to prevent invasion of 

pathogens and maintain a state of health, it is difficult for the host to control the contagious 

diseases when the pathogens directly parasitize the immune system (Yao and Shijun, 2017). 

Pathogenesis can be defined as the method which the virus uses to cause injury to the host with 

mortality, disease or immunosuppression therefore these injuries can be evaluated at different 

levels: the host, the organ and the cell, and are exacerbated in the acute forms of the disease (Van 

Den Berg, 2000). Infectious Bursal Disease Virus (IBDV) is one of immunosuppressive viruses 

of poultry attacking and destroying the developing B-lymphocytes in the bursa of Fabricius (BF) 

(Sharma et al., 1999). 

 In this study, pathogenicity of (Egypt/IBDV/Behera 2011) strain (Suliman et al., 2016) 

was evaluated in SPF chicks. positive signs of virus propagation were evident in virus-inoculated 

SPF egg embryos. Harvested CAMs were congested and thickened (figure 1). Such finding was 

previously reported by OIE Terrestrial Manual 2008. 

Gumboro disease is a highly fatal disease where the morbidity rate is around 100% (Islam et al., 

2008). Data showed that mortalities in SPF chicks were 4, 4, 6, 4, and 2 dead chicks at 3, 4, 5, 6 

and 7 dpi respectively with 25% total mortality and 7.5% mortality at 5 dpi compared to no 

deaths in negative control chicks. This finding agree with Chou and Calnek, (1997) who reported 

mortalities in IBD may be nil but can be as high as 20% - 30%, usually beginning on the third 

day of onset of clinical signs and peaking and receding in a period of 5 - 7 days. Ezeibe et al., 

2013 and Mbuko et al., 2014
 
reported that IBD runs its full course in about 7 days, and could last 

for 9 days and peaks at day 5. 

 Bursa functions are approximately the half of the bird's immune system and the size of 

the bursa reflects the bird's overall health status. Sick or stressed birds have small bursa while 

healthy, productive birds have large bursa. Bursa size is a biological measure of how well flocks 

are managed and protected from disease. Monitoring bursa size is a way that birds can tell a 

producer how they feel about the stresses and challenges on the farm (Bennett and Stephens, 

2006)
.
 In this study, the results of Bursa-body weight ratio (figure 2a) revealed that significant 

enlargement of bursae of inoculated chicks appeared at 3 dpi then it became atrophied from the 

7
th

 day PI, these finding are in accordance with Mazariegos et al., (1990)
 
who reported bursa-

body weight ratio is the vital factor in determining the pathogenicity of IBDV as there is a 

proportional relationship between bursa-body weight ratio and the pathogenicity of the virus. 

Also, our finding like those of Abdul Ahad (2000)
 
who calculated bursa-body weight ratios after 

infection with local isolate in rural chicks resulted in the swelling and the hypertrophy of the 

bursa in the challenged groups 3 dpi, and atrophy of bursa was observed 10 dpi. 

 Results of spleen/body weight ratio (figure 2b) revealed significant enlargement from 3 to 

7 dpi then atrophied 10 dpi. Winterfield et al., (1972) mentioned that IBDV susceptible chicken 

became viremic transiently when inoculated with 2 different strains of IBDV. Virus was not 
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isolated from tissues beyond 10 days’ post inoculation. Pathogenicity of IBDV is associated with 

virus distribution in non-bursal lymphopoietic and hematopoietic organs (Tanimura et al., 1995;
 

Inoue et al, 1992). They also reported that using various immunostaining methods, a higher 

frequency of antigen-positive cells could be demonstrated in spleen and bone marrow following 

vvIBDV infection. Kidney/ body weight ratio (figure 2c) demonstrated the characteristic 

swelling of the kidneys like (Tsukamoto et al., 1992). 

 Histopathological examination of bursa demonstrated typical microscopic alterations 

following IBDV infection (Riddell, 1987). Severity of bursal lesions was directly related to the 

pathogenicity of the inoculated/ infective virus. In this study, histopathological lesions varied 

between mild to severe lymphoid depletion, follicular atrophy, cystic formation of follicles and 

bursal hemorrhage (figure 3) (Rudd et al., 2001; Hoque et al., 2001; Islam et al., 2008). 

 Bursal damage severity referred to as bursal score based on criteria proposed by Pantin-

Jackwood et al., (2003)
 
were evaluated. Lesion type and intensity permitted identification of 

different pathogenicity among serotype 1 IBD viruses (Muskett et al., 1979; Sharma et al., 

1989). The highest bursal scores, 4, were noticed 10 dpi (Table 1). Mean severity indices were 

0.5, 0, 1, and 3 at 1, 2, 3, 4 dpi respectively. While it was 2.5 and 4 at 7 and 10 dpi respectively. 

Demonstration of IBD viral particles in the cytoplasm of bursal lymphocytes and macrophages 

from samples 7 dpi by were confirmed TEM (figure 4). Bursa of Fabricius is the main target 

organ for pathogenic serotype I IBD viruses; it is the source for naïve B lymphocytes in avian 

species (Müller et al., 1979; Nieper and Müller. 1996). Results were correspondent with the 

findings of Ajinkya et al. (1980)
 
who reported that bursal suspensions were more reliable source 

for IBDV antigen. Also, bursectomized chickens failed to develop clinical IBD, despite having 

IBDV infections lethal for non-bursectomized chickens (Kaufer, and Weiss. 1980). 

Immunofluorescence was preferred for virus detection, as it could be performed rapidly on many 

specimens. Fluorescent antibody technique (FAT) applied on frozen bursae collected from 

chickens identified the visualized particles as an IBDV (Gardner, 1977; Mcferran et al., 1980; 

Allan et al., 1984). Agar gel immunodiffusion (AGID) is known to be useful in screening field 

samples, prior to either isolation or detection and characterization of the virus (Gupta et al., 

2001; Umapathi et al., 2002;
 
and Makadiya, 2004). Prominent white precipitin line was noticed 

between known reference anti-IBD serum and bursal homogenates 24 to 48 hrs. in AGID.  

Serological response to the inoculated virus in SPF has been monitored by ELISA (table 7) 

agreeing with the studies reported anti-IBD antibodies peaked 21 dpi (Panisup et al., 1984; 

Rosales et al., 1989; and Rosenberger et al., 1998).  

 

CONCLUSION: 
The study reports the pathogenicity of IBDV (Egypt /IBDV/ Behera 2011) as a very 

virulent IBDV strain which was prevalent among broiler chickens 2011 in EGYPT. 
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