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ABSTRACT

Infectious bursal disease, also known as Gumboro disease, is a highly contagious and acute viral disease of poultry characterised
by the destruction of lymphoid cells. Diagnosis of infectious bursal disease involves consideration of the flocks’ history, clinical
signs, and lesions. The objectives of this paper are to highlight various commonly used diagnostic methods for infectious bursal
disease and to review advances made in diagnostic methods and vaccination strategies for infectious bursal disease, with special
emphasis on the strengths and weaknesses of each of those techniques. Isolation of infectious bursal disease virus followed by its
serological assay and histopathological examination of the bursa is regarded as the gold standard method of infectious bursal disease diagnosis. Serological tests such as agar gel, immune diffusion, enzyme-linked immuno sorbent assay, and viral neutralisation
tests are commonly used laboratory assays in diagnosing infectious bursal disease viruses. Recently, the most accurate and relatively
fast diagnostic method, the molecular technique, is widely used. The molecular diagnostic technique is the simplest and most
sensitive of the diagnostic techniques reviewed. The virus causes immunosuppression, so the infected chicken recovers from the
acute disease but becomes more susceptible to infections by other pathogens. Therefore, prevention is important and vaccination
has become the principal control measure of infectious bursal disease virus infection in chickens. Conventional attenuated live
and killed vaccines are the most commonly used vaccines. With the advancement of knowledge and technology, new generation
or genetically-engineered vaccines like deoxyribonucleic acid and subunit vaccines have been used. Various vaccination strategies,
such as in ovo, at hatch, and post hatch vaccination, are used. Hatchery vaccination is becoming a common practice. Based on this
review paper, more affordable and effective infectious bursal disease vaccines that are affordable and readily available must be
identified with further cost-benefit analysis.
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INTRODUCTION

I

nfectious bursal disease (IBD), also known as Gumboro disease,
has been a great concern for the poultry industry worldwide. It
was first reported in broiler flocks in the area of Gumboro, Delaware in 1957.1

Infectious bursal disease is caused by the infectious bursal disease virus (IBDV), which is an acute and very contagious
disease that affects growing chickens between the ages of 3 to 6
weeks.2 It is caused by a virus that is a member of the genus Avibirnavirus of the family Birnaviridae3 which is characterised by
the destruction of lymphocytes in the bursa of fabricius.4 It is a
non-enveloped, double-stranded ribonucleic acid (RNA) and bi-

segmented virus, that is, segment A and B.5 There are two serotypes of IBDV, namely serotypes 1 and 2. In chickens, serotype 1
is pathogenic and consists of three viral strains: classical (ca), very
virulent (vv), and variant (va) IBDV. In chickens, serotype 2 is nonpathogenic). There are two serotypes of IBDV, namely serotypes 1
and 2. In chickens, serotype 1 is pathogenic and consists of three
viral strains: classical (ca), very virulent (vv), and variant (va) IBDV.
In chickens, serotype 2 is not pathogenic.1
Infectious bursal disease is a commonly encountered
lymphocytolytic disease that adversely affects the defence mechanism of birds and results in immunosuppression and a failure to
develop satisfactory immunity.6
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Infectious bursal disease virus infections, clinical signs,
organ lesions, and immuno-suppression correlate with the status
of immunity, age, and genetic background of affected chickens
and with the virulence of the infecting virus strain. After an incubation period of 2-3-days, young chickens show symptoms of
ruffled feathers, watery diarrhea, trembling, severe prostration, severe depression, vent picking, the presence of urate stains on the
vent, dehydration, loss of appetite, and elevated water consumption, and death may follow 1-3-days later. Mortality will peak and
recede, usually in a period of 5-7-days.7
In most cases, a preliminary diagnosis can be made based
on flock history, clinical signs, and post-mortem (necropsy) examinations. A necropsy will typically reveal changes in the Fabricius
bursa, such as swelling, oedema, haemorrhage, the presence of a
jelly serosa transudate, and eventually bursal atrophy.8
Various diagnostic methods, such as the virus neutralisation test (VNT), enzyme-linked immunosorbent assay (ELISA),
and agar gel immunodiffusion test (AGIDT), are used infrequently
to detect IBDV, whereas molecular techniques, such as reverse
transcriptase-polymerase chain reaction (RT-PCR), are frequently
used to detect viruses from field samples.9 Laboratory confirmation was achieved by virus isolation followed by its serological assay and histopathological examination of the affected bursa.10 Isolation of the viruses is laborious, nonspecific, and time-consuming.
The more frequently used molecular method is the reverse transcription polymerase chain reaction (RT-PCR).11
The main effective way to control IBD is vaccination,
and different vaccination programmes are regularly implemented
globally, including in Africa.12 Vaccination has become the principal control measure of IBDV infection in chickens since the virus
is resistant to different physical and chemical methods of decontamination.13 Vaccines and vaccination programmes vary widely
depending on several local factors (e.g. type of production, level
of biosecurity, the local pattern of disease, the status of maternally
derived antibodies, vaccines available, costs and potential losses).6
The objectives of this paper are:
• To highlight various commonly used diagnostic methods for infectious bursal disease.
• To review advances made in diagnostic methods and vaccination
strategies for IBDV, with special emphasis on the strengths and
weaknesses of each of those techniques.
INFECTIOUS BURSAL DISEASE

Infectious bursal disease is an acute and highly contagious viral
infection of immature chickens. IBD is characterised by the destruction of lymphocytes in the bursa of Fabricius and, to a lesser
extent, in other lymphoid organs. Infectious bursal disease virus is
the cause of infectious bursal disease, also known as “Gumborodisease”.14,15
Etiology

Infectious bursal disease virus is a double strand RNA virus (dsR23

NA) and a non-enveloped, icosahedral capsid with a bi-segmented
genome.16 The larger segment, A, is 3261 nucleotides long and
contains two open reading frames (ORFs) that encode four viral
proteins known as VP2, VP3, VP4, and VP5. The smaller segment
B encodes only VP1, which has polymerase activity. The two viral
proteins, VP2 and VP3, are structural proteins that make up the
viral capsid. The epitopes responsible for the induction of neutralising and protective antibodies are found in the VP2 protein
(Figure 1).17
Figure 1. Structure of Infectious Bursal Disease Virus Particles

Mutations in the IBDV genome have impacted antibody
recognition and led to variations in the antigenicity, immunogenicity, virulence, and tropism of circulating infectious bursal disease
virus strains.18
General Characteristics of the Infectious Bursal Disease Virus

Two serotypes of infectious bursal disease, serotypes one and two,
have been recognised as having considerable antigenic variation
within each serotype.19 It is a naked virus, devoid of an envelope,
known for its resistance to physical and chemical agents and to
potential of hydrogen (pH) conditions of 2-11, but it is inactivated
at pH 12. Due to this ability of stability and hardiness, it persists in
poultry premises even after thorough cleaning and disinfection for
up to 4-weeks in the bone marrow of infected chickens. The virus
has been shown to remain infectious for 122-days in a chicken
house and for 52 days in feed, water, and faeces.20
Pathogenesis of Infectious Bursal Disease

Following host entry via oral ingestion or inhalation, IBDV may
bind to host cell proteins such as N-glycosylated polypeptide (s)
expressed on the cell membrane of immature IgM+ B-cells during
the viral entry process. It is transported by infected macrophages
to the bursa of Fabriciaus, where the virus undergoes intracytoplasmic replication in IgM+ B lymphocytes.21 Due to its short incubation periods, which range from 2 to 3-days, a pore-forming
peptide of the virus (pep46), which is associated with the outer
capsid of the IBDV particle, may facilitate viral entry into the cytoplasm of infected cells.22
Mature and competent lymphocytes will expand as a result of stimulation by the virus, whereas immature lymphocytes
will be destroyed. The bursa is infiltrated by heterophils and undergoes hyperplasia of the reticulo-endothelial cells and of the interfollicular tissue.23

Adino GW, et al

Review | Volume 7 | Issue 1 |

PUBLISHERS

Vet Med Open J. 2022; 7(1): 22-28. doi: 10.17140/VMOJ-7-164

Diagnosis

Diagnostics of infectious bursal disease involves consideration of
the flocks’ history and of the clinical signs and lesions. Clinical
manifestations and post-mortem findings of affected birds may aid
in the diagnosis of IBD disease, but laboratory diagnosis is necessary for its confirmation.24 Chickens less than 3-weeks of age present no clinical signs of disease, but chickens greater than 3-weeks
of age present clinical signs.25
Gross and histopathological examinations of the bursa
are used to diagnose IBD in young chickens or in those having maternal antibodies.20 However, other methods used in diagnosis include isolation and detection of IBDV using embryonated chicken
eggs, cell culture, RT-PCR and serology, such as virus neutralisation, indirect ELISA, and agar gel immune diffusion test.26
Virus isolation: IBDV can be isolated (grown) in chicken embryos
and primary cell cultures, especially chicken fibroblast cells. Isolation and identification of the agent provide the most certain diagnosis of IBD, but they are not usually attempted for routine diagnostic purposes as the virus may prove difficult to isolate.10
(a) Isolation of virus in embryos: The most sensitive diagnostic
method for virus isolation is the inoculation of bursal homogenates from IBDV-infected chickens into the chorioallantoic membrane of 9-10-days old embryonated specific-pathogen-free (SPF)
chicken eggs. The most sensitive route of inoculation is the chorio
allantoic membrane; the yolk sac route is also practicable.27 It is
especially important for wild-type IBDV, which usually does not
replicate in conventional cell culture, can also be regenerated by
the reverse genetics approach, but can grow in embryonated chicken eggs.26 Some strains grow well in embryos but are not readily
adapted to grow in chicken embryo fibroblasts or chicken embryo
kidney. Variant viruses, however, do not kill the embryos but cause
embryo stunting, discoloration, splenomegaly, and hepatic necrosis.20
(b) Isolation of virus in cell culture: In about 3-5-days, IBDV grows
in chicken embryo fibroblasts and produces cytopathogenic effect
(CPE) characterised by the appearance of round retractile cells.21
Because the virus is difficult to culture, IBDV isolation in cell culture is not commonly used as a diagnostic test. In cell cultures,
some field strains did not grow at all.28 In tissue culture, wild-type
infectious bursal disease virus strains, particularly the most virulent
strain, do not grow. A comparison of the genome sequences of
wild-type and tissue culture adapted IBDV strains revealed several
mutations that may be responsible for IBDV invitro growth in tissue culture.29
Serological characterization: Typically, blood can be collected

from the wing vein, allowed to clot, and serum separated by centrifugation and stored at -20 °C until tested. Agar gel immuno diffusion (AGID) test, ELISA, and viral neutralisation (VN) test are
the most commonly used serological tests for detecting IBDV.30
(a) Agar gel immunodiffusion test: The AGID test is the most effective serological test for detecting specific antibodies in serum or
Review | Volume 7 | Issue 1 |

viral antigens in bursal tissue.23 The test is specific because it cannot produce false positives but can produce false negatives. AGID
can detect the presence of IBDV antigen in bursal tissue for 5-6days after infection.31
Blood samples should be taken early in the course of the
disease, and repeat samples should be taken 3-weeks later. Because
the virus spreads rapidly, only a small proportion of the flock
needs to be sampled. Usually, 20 blood samples are enough. For
detection of antigen in the bursa of fabricius, the bursae should
be removed aseptically from about ten chickens at the acute stage
of infection. The bursae are minced using two scalpels in a scissor movement, then small pieces are placed in the wells of the
AGID plate against known positive serum. Freeze–thaw cycles of
the minced tissue may improve the release of IBDV antigens from
the infected bursal tissue.3
(b) Virus neutralization tests: Viral neutralisation tests are carried

out in cell culture. The test is more time-consuming and costly
than the AGID test, but it is more sensitive for detecting antibody.23 This sensitivity is not required for routine diagnostic purposes, but may be useful for evaluating vaccine responses or differentiating between IBDV 1 and 2 serotypes. To reduce test-to-test
and operator-to-operator variation, a standard reference antiserum
may be included with each batch of tests, and the titer of the virus
suspension must be reassessed in each new experiment using a sufficient number of repeats (wells) per virus dilution.3

(c) Enzyme-linked immunosorbent assay: The ELISA is the most

commonly used test for the detection and quantification of IBDV
antibodies to check for response to vaccination, natural field exposure, and decay of maternal antibody titer. It is economical, simple,
and quick to test a large number of samples at the same time and
is adaptive to automation by computer software.20

The test sera are diluted according to the established protocol or kit instructions, and each is dispensed into the requisite
number of wells. After incubation under the appropriate conditions, the serum is discarded from the plates, and the wells are
washed thoroughly. Wells are dispensed with anti-chicken immunoglobulins conjugated to an enzyme and the plates are again incubated as appropriate. The plates are emptied and rewashed before a
substrate containing a chromogen that gives a colour change in the
presence of the enzyme used is added to the plate. After a final incubation step, the substrate/chromogen reaction is stopped by the
addition of a suitable stopping solution, and the colour reactions
are quantified by measuring the optical density of each well. The
sample to positive (S/P) ratio for each test sample is calculated.3
Identification by molecular method: Molecular detection and

characterisation, involving sequencing and phenotypic and genotypic analyses, have been utilised in the diagnosis of IBD. This
method can detect the genome of IBDV, which is unable to grow
in cell culture or embryonated eggs because it is unnecessary to
grow the virus before amplification, even when the virus is present
in a very minute quantity and has lost its infectivity.32 The classical methods for molecular characterization and differentiation of
IBDV field isolates include RT-PCR, restriction fragment length
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polymorphism (RFLP), nucleotide sequence analysis, and quantitative real-time RT-PCR (qRT-PCR).3

method of control of many poultry infectious diseases, including
IBD (Gumboro) disease.35

Reverse transcriptase polymerase chain reaction offers a
rapid, highly sensitive and specific test for the confirmative diagnosis of the disease which would help in controlling the disease,
thereby reducing the economic losses significantly. RT-PCR in
combination with restriction enzyme analysis allows the rapid identification of IBDV. Nucleotide sequencing of RT-PCR products is
widely used for further characterization of IBDV strains.18

With a proper vaccination schedule, it is possible to protect chickens. Many studies have identified rational vaccination
schedules and strict biosecurity measures as critical tools for IBD
management.36 Despite the fact that different types of IBD vaccines are being developed, two of them are commonly used for
IBD control. These are either live attenuated or inactivated oilemulsion adjuvanted vaccines.8 Currently, plant-based vaccines are
available, and a live recombinant vaccine expressing IBDV antigens has also been approved.17

The VP2 gene of IBDV contains a variable region, which
suggests the potential of this region for differentiation of IBDV
strains. RT-PCR followed by digestion with multiple restriction enzymes or RFLP and nucleotide sequencing of the VP2 gene have
been used for the differentiation of IBDV strains. The molecular
differentiation of IBDV strains using VP2 has been improved by
the use of labelled probes in real-time RT-PCR.33
Post-mortem findings: Pathological change observed at the bursa
of Fabricius is characteristic and histopathological investigations
combined with the demonstration of viral antigen by immunohistochemistry confirm an IBDV infection.34 Diagnostic lesions
include muscle haemorrhages and bursal enlargement. Pathognomonic gross lesions are observed in the bursa of Fabricius, which
show doubling in size with a yellowish gelatinous film that may surround it and sometimes haemorrhages may be seen on the surface
of it (Figure 2).1

Figure 2. Gross Lesions Observed in the IBDv Affected Bursa of Broiler Chicken

Histopathology examination: The lymphoid structures primarily

affected by IBDV are: BF, spleen, thymus, Harderian glands, caecal tonsils, gut-associated lymphoid tissue (GALT) and head-associated lymphoid tissues (HALT). Lymphocytic degeneration and
necrosis in the medullary region of the BF at 1-day post-infection
are the first signs.6
Microscopic examination of tissues shows moderate
haemorrhages in the muscles and kidneys, and the spleen shows
moderate lymphoid depletion in the lymphoid nodules. There is
marked interfollicular oedema and depletion of 13 lymphocytes
from the lymphoid nodules in the BFs. Other lymphoid nodules of
the BF show degeneration and necrosis of lymphocytes and cystic
cavitations with heterophil infiltrates.5

Vaccine and Vaccination against IBD

Vaccination of chickens with high quality vaccines is the primary
25

Live-attenuated vaccines: Live viral vaccines can activate the tar-

get host's immune system. They have the ability to replicate and
induce both cellular and humoral immunity. They do not require
an adjuvant to be effective and can be given to chickens in large
quantities, but they may have unfavourable side effects. Horizontal
and vertical transmission (though not in the case of IBD vaccines),
reversion to virulence, and vaccine reactions that may result in disease or production loss are examples of these. In general, the live
IBDV vaccines used in the poultry industry have been attenuated
through serial passage in tissue culture, eggs, or embryo-derived
tissues, with the goal of maintaining the immune response induced
by the parent virus while attenuating the vaccine virus's ability to
cause disease.37

Inactivated vaccines: Inactivated IBD vaccines are mostly formulated as water-in-oil emulsions, usually combining several antigens,
and have to be injected into each bird. It has been observed that
inactivated IBD vaccines are able to induce IBDV-specific T-cell
and inflammatory responses in chickens. It has been reported that
inactivated IBD vaccines must have either a high or an optimised
antigenic content in order to induce in breeders an immunity that
helps protect the progeny from infection by variant IBDV strains.15

Killed-virus vaccines with an oil adjuvant are frequently
used to increase maternal antibody levels and confer longer-lasting
immunity in breeder hens. The concentration and antigenic specificity of the vaccine strain may influence the duration and uniformity of this immunity. Because these vaccines are not ideal for
inducing a primary antibody response, they are most effective in
chicks that have been “primed” with a live virus vaccine or have
been naturally infected through field exposure to IBDV.5 Many
oil adjuvant vaccines now include both classic and variant IBDV
strains. Killed-virus vaccines are administered by subcutaneous or
intramuscular injection between the ages of sixteen and twentyweeks.12
New generation or genetically-engineered IBD vaccines: Geneti-

cally engineered IBD vaccines have also been developed as a result
of improved understanding of the molecular structure and immunology of IBDV. The viral capsid protein VP2, encoded by genomic segment A and derived from a large precursor protein VP0
by a series of proteolytic processes, carries immune determinants
that control antibody-dependent neutralisation and protection. In
general, these could be divided into two categories based on their
replicative nature upon delivery into the chicken.38
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(a) Non-replicative IBD vaccines: Immunisation with deoxyribo-

nucleic acid (DNA) or subunit vaccines involves the use of nonreplicating IBDV for the induction of an immune response in
birds. DNA vaccination is based on direct inoculation of plasmid
DNA encoding a target immunogen gene into subjects of study.39
Under the influence of a mammalian promoter, the target genes
were expressed to produce proteins in vivo that are able to induce
immune responses in the injected host. Repeated injections of
DNA vaccines carrying the IBDV genes, either the polyprotein
genes or the gene of VP2 alone, were shown to protect the chickens from challenge virus.40
However, the presence of maternally derived antibody
(MDA) could affect the efficacy of DNA vaccines, and a high dose
of DNA vaccines was required to overcome the interference of
MDA and induce an immune response in chickens. It was shown
that a booster vaccination with inactivated IBD vaccine after priming with DNA vaccine provided better and higher protection to
the chickens compared to injection with DNA vaccines alone.41
(b) Replication-competent IBD vaccines: Replication-competent

viral vectors have been utilised to express and deliver immunogens
of interest to chickens. In contrast to DNA and subunit vaccines,
vaccination by live recombinant virus vectors employs the use of
live and replicating viruses to produce IBDV antigen upon in vivo
infection. They have been shown to elicit both humoral and cellmediated immune responses in chickens. As they could persistently
infect the chickens, the potential for having a long-term protective
immunity is high.42

Besides, the recombinant viral vectors are less sensitive
to MDA and could therefore evade neutralisation by the maternal anti-IBDV antibody.12 Several viruses have been engineered to
express the VP2 protein of IBDV. This includes fowlpox virus,
fowl adenovirus, Marek's disease virus, Newcastle disease virus,
and avian adeno-associated virus, among others.42 The VP2 protein expressed in vivo from these various studies has been shown to
confer from partial to full protection to vaccinated chickens from
mortality, although they do not prevent the damage to the bursa.43
Plant-produced IBD vaccines: The plant-based expression system

is becoming a more popular alternative platform for animal vaccine production and development.44 Because VP2 capsid protein is
one of the most important pathogenic agents in poultry, a plantbased expression system using the stable,45 transient,46 or chimeric
viral particles47 approach was used to create an IBD vaccine containing it. Transgenic rice expressing the VP2 protein was shown to
protect the chickens from challenge following oral immunisation.16
Recently, the VP2 protein of IBDV has been transiently
expressed in Nicotiana benthamiana leaves and extracted for subunit vaccination in chicken.46 The recombinant VP2 protein emulsified in oil adjuvant, injected intramuscularly to chicks at 18-days
of age and followed by booster doses after 22 and 35-days, was
shown to induce the production of anti-IBDV antibodies with
neutralising ability.47
In ovo vaccination and post-hatch vaccination: In ovo vaccination
Review | Volume 7 | Issue 1 |

and post-hatching vaccination technology have recently been developed to deliver live vaccine into eggs during the incubation
period. After 18-days of incubation, the complex of live vaccine
viruses and IBD antibodies is injected in ovo. When the chicks are
about 7-days old, the vaccine virus is released and the eggs hatch.
The problem of maternally derived IBD antibodies is thus solved,
and the chicks are effectively immunized.27 Compared to posthatch vaccination, in ovo injection of a live intermediate vaccine
allowed faster recovery from bursa lesions, although both methods
exhibited similar protection against challenge.48 Although in ovo
vaccine delivery is an appealing alternative to post-hatch vaccination, several factors, including dosage, virulence, and efficacy, must
be properly optimised before pursuing large-scale vaccinations.49
CONCLUSION AND RECOMMENDATIONS

Infectious bursal disease is caused by the IBD virus that affects the
immune cells of chickens. It is mainly a disease of young chickens
between 3-6-weeks old and causes secondary problems due to
the effect of the virus on the bursa of Fabricius. Diagnosis of
IBD depends on clinical signs, differential diagnosis, gross lesions,
histopathological lesions, virus isolation, serological and molecular
diagnosis. Isolation and identification of the agent can deliver the
most confident diagnosis of infectious bursal disease.
From the recommended serological tests for IBD virus,
AGID is the simplest but least sensitive, whereas ELISA is a rapid
and sensitive method, but it cannot differentiate serotypes. The
virus neutralisation test is the gold standard and the only serologic
test that differentiates antibodies of two serotypes and is sensitive,
but it is more laborious and expensive than the AGID. Molecular
Identification Reverse Transcription-Polymerase Chain Reaction is
used to detect IBDV without considering the viability of the virus
by working on VP2 found in segment A of the viral capsid.
Vaccination is the principal control measure of IBDV
infection in chickens. Of the available vaccines, the live vaccine
is the most protective and widely used IBD vaccine. Vaccination
strategies in ovo, at-hatch or on-farm vaccinations, determine the
choice of vaccines used on the farm. Therefore, based on the
above conclusion, the following recommendations are forwarded:
The virus neutralisation test is the most sensitive, but it is laborious
and time-consuming.
• The reverse transcriptase polymerase chain reaction has been the
most simple and sensitive molecular diagnostic technique.
• Further cost-benefit analysis must be conducted on more safe
and effective IBD vaccines that are affordable and readily available.
• Ivo vaccination will be the best vaccination strategy against
infectious bursal disease.
CONFLICTS OF INTEREST

The authors declare that they have no conflicts of interest.
REFERENCES

1. Liew PS, Mat Isa N, Omar AR, Hair-Bejo M. Vaccines and vac-

Adino GW, et al

26

PUBLISHERS

Vet Med Open J. 2022; 7(1): 22-28. doi: 10.17140/VMOJ-7-164

cination against infectious bursal disease of chickens: Prospects
and challenges. Pertanika Journal of Scholarly Research Reviews. 2016;
2(2): 23-39.
2. Saidi R, Shirima G, Buza J, Kasanga C. Factors associated with
infectious bursal disease vaccination failure in Dar es salaam, Tanzania. Journal of Veterinary Medicine and Animal Health. 2020; 12(3):
99-109. doi: 10.5897/JVMAH2020.0834
3. Office International des Epizootics (OIE). Infectious bursal disease (Gumboro disease). In: Manual of Diagnostic Tests and Vaccines
for Terrestrial Animals. 4th ed. Paris (in press): OIE; 2008.
4. Mutinda WU. Isolation, Pathological and Immunological Characterization of Kenyan Infectious Bursal Disease Virus Strains for Vaccine Development. [dissertation]. Nairobi, Kenya: University of Nairobi; 2016.
5. Eterradossi N, Saif YM. Infectious bursal disease. In: Diseases of
Poultry. Ames, Iowa: Blackwell Publishers; 2008: 185-208.
6. Getachew Y, Fesseha H. Infectious bursal disease in poultry production. Global Veterinaria. 2020; 4: 185-196. doi: 10.5829/idosi.
gv.2020.185.196
7. Zahid B, Aslam A, Tipu Y, Yaqub T, Butt T . Conventional and
molecular detection of infectious bursal disease virus in broiler
chicken. Pakistan J. Zool. 2016; 48(2): 601-603.
8. Aregitu M. Review on infectious Bursal disease: Threat for Ethiopian Poultry industry. International Journal of Advanced Life Sciences.
2018; 11: 52-55. doi: 10.26627/IJALS/2018/11.01.0047
9. Mathivanan K, Kumanan K, Nainar AM. Characterization of
a newcastle disease virus isolated from apparently normal Guinea
Fowl (Numida melagridis). Vet Res Commun. 2004; 28: 171-177. doi:
10.1023/B:VERC.0000012116.60726.9b
10. Yousif MGO. Evaluation of Various Techniques Used for the Diagnosis of Infectious Bursal Disease and its Prevalence in Khartoum State. [master’s thesis]. Khartoum, Sudan: University of Khartoum; 2005; 99.
doi: 10.1008/s11250-012-0280-6
11. Wu CC, Lin TL, Zhang HG, Davis VS, Boyle JA. Molecular
detection of infectious bursal disease virus by polymerase chain
reaction. Avian Dis. 1992; 36(2): 221-226.
12. Van den Berg TP. Acute infectious bursal disease in poultry: A review. Avian Pathology. 2000; 29(3): 175-194. doi:
10.1080/03079450050045431
13. Liew 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. 2015; 49: 231-237. doi: 10.1637/7310-112204R
14. Mahgoub H, Bailey M, Kaiser P. An overview of infectious
Bursal disease. Arch Virol. 2012; 157(11): 2047-2057. doi: 10.1007/
27

s00705-012-1377-9
15. Muller H, Mundt E, Eterradossi N, Islam M. Current status of
vaccines against infectious bursal disease. Avian Pathol. 2012; 41:
133-139. doi: 10.1080/03079457.2012.661403
16. Wu J, Yu L, Li L, Hu J, Zhou J, Zhou X. Oral immunization
with transgenic rice seeds expressing VP2 protein of infectious
bursal disease virus induces protective immune responses in chickens. Plant Biotechnol J. 2007; 5(5): 570-578. doi: 10.1111/j.14677652.2007.00270.x
17. Wagari A. A review on infectious bursal disease in poultry.
Health Econ Outcome Res Open Access. 2021; 7(2): 167 (018- 023). doi:
10.35248/2471-268X.21.7.167
18. Zierenberg K, Raue R, Nieper H, et al. Generation of serotype
1/serotype 2 reassortant viruses of the infectious bursal disease
virus and their investigation in vitro and in vivo. Virus Research. 2004;
105(1): 23-34. doi: 10.1016/j.virusres.2004.04.009
19. Jackwood D, Sommer-Wagner S. Genetic characteristics of infectious bursal disease viruses from four continents. Virology. 2018;
365: 369-375. doi: 10.1016/j.virol.2007.03.046
20. Lukert PD, Saif YM. Infectious bursal disease. In: Diseases of
Poultry. 11th ed. Ames, Iowa: Iowa State University Press; 2003: 161-10.
21. Orakpoghenor O, Oladele SB, Abdu PA. Infectious bursal
disease: Transmission, pathogenesis, pathology and control - an
overview, World’s Poultry Science Journal. 2020; 76: 292-303. doi:
10.1080/00439339.2020.1716652
22. Yip W, Hon C, Zeng UF, Leung C. Cell culture-adapted IBDV
uses endocytosis for entry in DF-1 chicken embryonic fibroblasts.
Virus Res. 2012; 165: 9-16. doi: 10.1016/j.virusres.2011.12.016
23. Office International des Epizootics (OIE). Infectious bursal
disease (Gumboro disease): In: Manual of Diagnostic Test and Vaccine
for Terrestrial Animals. Paris (in press): OIE; 2004
24. Banda A. Characterization of field strains of infectious bursal
disease virus (IBDV) using molecular techniques. Tropical Animal
Health and Production. 2002; 30: 70-80.
25. Kegne T, Chanie M. Review on the incidence and pathology
of infectious bursal disease. Br J Poultry Sci. 2014; 3: 68-77. doi:
10.5829/idosi.bjps.2014.3.3.8556
26. Brandt M, Yao M, Liu R, Heckert A, Vakharia N. Molecular determinants virulence, cell tropism, and pathogenic phenotype of IBDV. J Virol. 2001; 75: 11974-11982. doi: 10.1128/
JVI.75.24.11974-11982.2001
27. Office of International des Epizooties (OIE). Manual of diagnostic tests and vaccines for terrestrial animals. In: Infectious Bursal
Disease. Paris (in press): OIE; 2012; 3: 549-565.

Adino GW, et al

Review | Volume 7 | Issue 1 |

PUBLISHERS

Vet Med Open J. 2022; 7(1): 22-28. doi: 10.17140/VMOJ-7-164

28. Bumstead N, Reece RL, Cook JKA. Genetic differences in
susceptibility of chickens lines to infection with infectious bursal
disease virus. Poult Sci. 1993; 72: 403-410. doi: 10.3382/ps.0720403
29. Islam MR. Developing vaccines. In: Georg Forster. 2002
30. Shaimaa I, Mohamed MH, Mohga FB. Effect of infectious
bursal disease field vaccines on avian influenza vaccination immunity. Alexandria J Vet Sci. 2014; 43: 33-36. doi: 10.5455/ajvs.162984
31. Murphy FA, Gibbs EPJ, Horzinek MC, Studdert MJ. Infectious
bursal disease. In: Veterinary Virology. 3rd ed. MA, USA: Academic
press; 1999: 405-409.
32. Mittal D, Jindal N, Gupta SL, Kataria RS, Tiwari AK. Detection of infectious bursal disease virus in field outbreaks in broiler
chickens by reverse transcription-polymerase chain reaction. International Journal of Poultry Science. 2005; 4(4): 239-243. doi: 10.3923/
ijps.2005.239.243
33. Jackwood D, Sommer S. Molecular studies on suspect very virulent infectious bursal disease virus genomic RNA samples. Avian
Dis. 2005; 49: 246-251. doi: 10.1637/7294-102604R
34. Zeleke A, Gelaye E, Sori T, Ayelet G, Sirak A, Zekarias B.
Investigation on Infectious Bursal Disease outbreak in Debre
Zeit, Ethiopia. Int J Poult Sci. 2005b; 4(7): 504-506. doi: 10.3923/
ijps.2005.504.506
35. Dacic M, Zugic G, Petkovic J. The effect of a gumboro disease
control program on the reduction of economic losses. Acta. Vet.
(Beogard). 2008; 58: 53-62. doi: 10.2298/AVB0801053D
36. Farooq M, Durrani F, Imran N, Durrani Z, Chand N. Prevalence and economic losses due to infectious bursal disease in broilers in Mirpur and Kolti districts of Kashmir. Int J Poultry Sci. 2003;
2: 267-270. doi: 10.3923/ijps.2003.267.270
37. Schijns VEJC, Sharma J, Tarpy I. Practical aspects of poultry
vaccination. In: Avian Immunology. 1st edn. London, UK: Academic
Press; 2008; 373-393.
38. Delmas B. Birnaviruses. In: Mahy BWJ, van Regenmortel MHV,
eds. Encyclopedia of Virology. 3rd edn. London, UK: Academic Press
Inc; 2008: 321-328.
39. Oshop GL, Elankumaran S, Heckert RA. DNA vaccination in
the avian. Vet Immunol Immunopathol. 2002; 89: 1-12. doi: 10.1016/
s0165-2427(02)00189-7
40. Chen YY, Hsieh MK, Tung CY, Wu CC, Lin TL. Infectious
bursal disease DNA vaccination conferring protection by delayed

appearance and rapid clearance of invading viruses. Arch Virol.
2011; 156: 2241-2250. doi: 10.1007/s00705-011-1127-4
41. Hsieh MK, Wu CC, Lin TL. DNA-mediated vaccination conferring protection against infectious bursal disease in broiler chickens in the presence of maternal antibody. Vaccine. 2010; 28(23):
3936-3943. doi: 10.1016/j.vaccine.2010.03.066
42. Tsukamoto K, Saito S, Saeki S, et al. Complete, long-lasting
protection against lethal infectious bursal disease virus challenge
by a single vaccination with an avian herpesvirus vector expressing VP2 antigens. J Virol. 2002; 76(11): 5637-5645. doi: 10.1128/
jvi.76.11.5637-5645.2002
43. Zhou X, Wang D, Xiong J, Zhang P, Li Y, She R. Protection of
chickens, with or without maternal antibodies, against IBDV infection by a recombinant IBDV-VP2 protein. Vaccine. 2010; 28(23):
3990-3996. doi: 10.1016/j.vaccine.2010.03.021
44. Liew PS, Hair-Bejo M. Farming of plant-based veterinary vaccines and their applications for disease prevention in animals. Adv
Virol. 2015; 2015: 936940. doi: 10.1155/2015/936940
45. Wu H, Singh NK, Locy RD, Scissum-Gunn K, Giambrone JJ.
Expression of immunogenic VP2 protein of infectious bursal disease virus in Arabidopsis thaliana. Biotechnol Lett. 2004; 26(10): 787792. doi: 10.1023/b:bile.0000025878.30350.d5
46. Gómez E, Lucero MS, Zoth SC, Carballeda JM, Gravisaco
MJ, Berinstein A. Transient expression of VP2 in Nicotiana benthamiana and its use as a plant-based vaccine against infectious
bursal disease virus. Vaccine. 2013; 23: 2623-2627. doi: 10.1016/j.
vaccine.2013.03.064
47. Chen TH, Chen TH, Hu CC, et al. Induction of protective immunity in chickens immunized with plant-made chimeric bamboo
mosaic virus particles expressing very virulent infectious bursal
disease virus antigen. Virus Res. 2012; 166: 109-115. doi: 10.1016/j.
virusres.2012.02.021
48. Rautenschlein S, Haase C. Differences in the immunopathogenesis of infectious bursal disease virus (IBDV) following in ovo
and post-hatch vaccination of chickens. Vet Immunol Immunopathol.
2005; 106: 139-150. doi: 10.1016/j.vetimm.2005.02.011
49. Corley MM, Giambrone JJ, Dormitorio TV. Evaluation of
the immune response and detection of infectious bursal disease viruses by reverse transcriptase-polymerase chain reaction
and enzyme-linked immunosorbent assay after in ovo vaccination of commercial broilers. Avian Dis. 2022; 4: 803-809. doi:
10.1637/0005-2086(2002)046[0803:EOTIRA]2.0.CO;2

Submit your article to this journal | https://openventio.org/submit-manuscript/

Review | Volume 7 | Issue 1 |

Adino GW, et al

28

