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INTRODUCTION 
Infectious bursal disease (IBD), also known as Gumboro disease, is a highly contagious, 
immunosuppressive disease of immature chickens caused by infectious bursal disease virus 
(IBDV) and is responsible for major economic losses in the poultry industry worldwide (14). 
The disease is characterized by the destruction of the lymphoid organs, in particular, the bursa 
of Fabricius (BF), where the virus infects actively dividing and differentiating lymphocytes of 
the B-cell lineage (6,12). The infection, when not fatal, causes an immunosuppression, in 
most cases temporary, depending on the dose and virulence of the strain, the age and breed of 
the animal, and the presence or absence of passive immunity. 

The causative agent of IBD is IBDV a nonenveloped virus with a bi-segmented, 
double-stranded, RNA genome, classified within the genus Avibirnavirus and within the 
Birnaviridae family (Kibenge et al., 1988). Of the two segments designated as A and B, 
genome segment A is 3.3 kb in size and encodes two partially overlapping open reading 
frames (ORF) (Bayliss et al., 1990). The first ORF encodes the 17 kDa, non-structural, VP5 
gene, and the second encodes a 110 kDa polyprotein VP243 that is cleaved by the auto-
protease VP4 into constituent proteins pVP2 (48 kDa), structural protein VP3 (32 kDa) and 
VP4 (24 kDa) (Muller and Becht, 1982). The precursor pVP2 protein is then further processed 
to the mature structural protein VP2 (38 kDa) (Muller and Becht, 1982). Genome segment B 
is 2.8 kb in size and encodes a single 90 kDa protein VP1, the putative viral RNA-dependent 
RNA polymerase (Muller and Nitschke, 1987; Spies et al., 1987). The epitopes responsible 
for the induction of neutralising monoclonal antibodies are located on the VP2 protein.   

Two serotypes of IBDV recognized, only serotype 1 viruses cause disease, while 
serotype 2 viruses are not pathogenic to chickens and has been isolated from chickens and 
turkeys (McFerran et al., 1980). The two serotypes are differentiated in vitro by the absence 
of cross-neutralisation, and in vivo, by the absence of cross-protection (van den Berg et al., 
2000).  

The viral strains may be classified according to the virulence (mortality and bursal 
lesions). Thus, strains of IBDV may be considered apathogenic, attenuated (vaccines), 
classical virulent, variant, or hypervirulent (vvIBDV). The terms “hypervirulent” or “very 
virulent” have been used to describe hypervirulent strains in Europe. These viruses are 
significantly more pathogenic than the classical strains, and are also capable of infecting 
chicks with normally protective antibody titres (van den Berg et al., 2000). 

The virus is very resistant to various physical and chemical agents and is hard to 
eradicate completely from poultry houses, even after thorough cleaning and disinfection (2). 
Because of its widespread and persistent nature, flocks are highly likely to be exposed to field 
and vaccine strains of the virus. Hence, it is important to study the interactions between 
different strains of the virus. Understanding the interactions between viruses could aid in 
vaccine usage and protection studies. 

Of another and more important concern in the control of IBDV infection is the steady 
progression of viral evolution over recent decades and the emergence of both new antigenic 
variants and strains with enhanced virulence. Before 1985, all classical strains of IBDV were 



 2 

indistinguishable antigenically by virus neutralization (VN) assays (Jackwood and Saif, 1987; 
Jackwood et al., 1985). Classical strains varied in virulence and mortality, and protection was 
achieved by the administration of inactivated vaccines to breeder birds. Vaccination is the 
primary means of control of infectious bursal disease in the poultry industry (Lukert and Saif, 
1997). In 1986, variant viruses were first described in the USA as newly emergent viruses due 
to a major antigenic shift within serotype 1 (Snyder et al., 1988; Snyder et al., 1992). 
Antigenic variants could not be cross-neutralized by antiserum raised against classical strains 
(except at very high titers) and could evade immunity to current classical vaccines within a 
flock (Ismail and Saif, 1990). Very virulent (vv) strains (vvIBDV) emerged in Europe in 
1986, and were identified subsequently in Africa and Asia, but not in the USA (Cao et al., 
1998; Jackwood and Sommer, 1999; Liu et al., 2001; Tsukamoto et al., 1999). Very virulent 
IBDV is capable of breaking through high-levels of maternal-antibody protection and 
producing high flock mortalities. The very virulent strains are similar antigenically to the 
classical strains. Effective control of IBD is contingent on the availability of rapid and 
efficient diagnostic procedures for identifying and differentiating IBDV strains within a flock. 

Until now, the diagnosis of IBD has been based mainly on clinical signs, pathology, 
histopathology, virus isolation and serological tests. These techniques are all laborious, time 
consuming and in some cases, expensive. However, recent years’ progress within the field of 
molecular biology has provided new methods for fast and reliable diagnostic procedures 
(Muller et al.,2003). In this review, some of the recent developments in the molecular 
detection and characterization of IBDV isolates and/or strains and studies on molecular 
research on IBDV in Turkey are briefly summarized. 
 
MOLECULAR DETECTION AND CHARACTERIZATION OF IBDV STRAINS AND 

ISOLATES 
To establish the proper control procedures, it is important to characterize the antigenic and 
virulent properties of the strains prevalent in a geographic area; thus, it is necessary to 
develop rapid and accurate methods for typing the different strains of IBDV. The 
conventional typing methods include the virus neutralization (VN) assay and antigen-capture 
enzyme-linked immunosorbent assay (AC-ELISA) with monoclonal antibodies (Eterradossi et 
al., 1998). For conducting the VN test, the field strains should be adapted to grow in vitro, but 
several field isolates are difficult to adapt to grow in vitro; furthermore, the antigenic and 
pathologic characteristics of the virus may be modified during the adaptation procedures 
(Banda et al., 2003). Utilization of the AC-ELISA has demonstrated that variant strains 
predominantly lack one neutralizing epitope in the viral protein VP2, which is the major 
neutralizing eliciting antigen (Muller et al., 2003). The use of molecular techniques has 
readily increased because of the existing rapidity, accuracy, 
and versatility of the AC-ELISA, as well as possible correlations with the antigenic properties 
of the IBDV strains. The nucleic acid–based methods are useful tools for detecting viruses 
because the viruses can be detected and typed without isolation and propagation in cell 
cultures or embryonated eggs. Several researchers have reported the use of reverse 
transcriptase (RT)–polymerase chain reaction (PCR)-based techniques used along with 
restriction endonuclease (RE) digestion and restriction fragment length polymorphism 
(RFLP) for the detection and genotyping of IBDV field strains (Jackwood and Sommer, 1999; 
Zierenberg, et al., 2000; Cavanagh, 2001; Banda, et al., 2003). 
  
Restriction Enzyme Analysis (REA) 
Restriction enzyme analysis (restriction mapping) uses specific enzymes known as 
“restriction enzymes” cleaving DNA at known sites, making possible detailed analysis of 
specific sections of an organism’s genome. Restriction enzyme analysis is used to both 
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characterize a group of isolates and also to predict putative particular pathotype (such as 
vvIBDVs) of IBDV viruses. 

The BspMI site is proposed to characterize in vvIBDV an alanine at position 222 of 
the polyprotein (Zierenberg et a., 2001). Exchange of the proline encoded in the polyprotein 
gene by classic IBDV at position 222 to an alanine in vvIBDV was presumed to be 
responsible for the absence of binding of a monoclonal antibody in an antigen capture 
enzyme-linked immunosorbent assay and therefore somehow specific for vvIBDV 
(Eterradossi et al., 1998).  

Exceptions  in virus isolates could occur where lack of specific enzyme sites may 
observed because of silent mutations in the region (Zierenberg et a., 2001). This shows that 
classification of unknown serotype I IBDV into subtypes on the basis of sequence data only 
by employing either REAs or sequence comparison or both methods is unreliable and should 
be combined with analysis of epidemiologic data and, if necessary, with animal experiments. 
But REA analysis of epidemiologic data and, if necessary, with animal experiments. But REA 
analysis could be employed as a screening tool in epidemiologic field studies for known 
IBDV because of the low costs and a fast processing of large numbers of samples (Cavanagh, 
2001). 

Tiwari et al. (2003), used RT-PCR followed by restriction enzyme analysis of VP1 
gene sequence for the differentiation of IBDV isolates/strains. Restriction enzyme digestion 
of PCR products with TaqI enzyme generated distinct profile for field isolates, different from 
the classical and attenuated viruses. 

Paula et al. (2004) characterized a Brazilian isolate BR-GO, as very virulent after REA 
with TaqI, StyI, SspI and SacI enzymes, nucleotide sequencing and phylogenetic analysis with 
other vvIBDV strains. 

The presence of the SspI restriction site corresponds to the nonsynonymous 
substitution at nucleotide sequence that results in the substitution at residue 294 (leucine for 
isoleucine). This substitution is conserved for the vvIBDV strains and was considered a 
distinctive feature of these strains (Jackwood and Sommer, 1999). It seems that the presence 
of the SspI site at amino acid position 294 does not correlate with the pathogenicity among the 
U.S. strain as previously observed with strains for other countries. The clinical and pathologic 
significance of IBDV strains exhibiting positive digestion with SspI is still unknown (Banda, 
et al., 2003). 
 
Restriction Fragment Length Polymorphism (RFLP) 
Restriction fragment length polymorphism is the identification of specific restriction enzymes 
that reveal a pattern difference between the DNA fragment sizes in individual organisms. To 
discover RFLPs, restriction enzymes (RE) are used to cut DNA at specific 4-6 bp recognition 
sites. Sample DNA is cut with one or more RE’s and resulting fragments are separated 
according to molecular size using gel electrophoresis. Differences in fragment length result 
from base substitutions, additions, deletions or sequence rearrangements within RE 
recognition sequences. This technique has been used by different researchers for the 
molecular differentiation of IBDV strains (Jackwood and Sommer, 1999; Zierenberg et al., 
2000; Sapats and Ignjatovic, 2002).  
 Jackwood and Sommer (1997), differentiated IBDV strains and vaccines into 6 
molecular groups by RT/PCR-RFLP assay. 
 
Multiplex PCR 
Multiplex polymerase chain reaction (mPCR) is advantageous because it allows one to detect 
and distinguish multiple pathogenic agents through the use of one test rather than four 
separate single-band PCRs. Multiplex PCR has the added benefits of being cost effective, 
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time saving, specific and sensitive, furthermore, it has been used for screening and 
surveillance of poultry flocks (Caterina, et al., 2004). 

Kusk et al. (2005) developed a strain-specific multiplex RT-PCR technique, which can 
detect and differentiate between field strains of IBDV and vaccine virus strains including a 
so-called hot vaccine strain widely used in the European poultry industry.  

Caterina et al. (2004) developed and optimized a multiplex polymerase chain reaction 
(mPCR) for the simultaneous detection and differentiation of avian reovirus (ARV), avian 
adenovirus group I (AAV-I), infectious bursal disease virus (IBDV), and chicken anemia 
virus (CAV). The mPCR assay was found to be sensitive and specific even in tests using 
experimental fecal cloacal swab and feces specimens. 
 
Real-Time RT-PCR 
Quantification of IBDV has also been performed using quantitative RT-PCR (Moody et al., 
2000). Virulent strains of IBDV cannot be grown in cell culture; quantitative RT-PCR 
provides a quick way of measuring virus production. Moody and colleagues used TaqMan™ 
technology to quantify IBDV in blood samples. 

Jackwood et al. (2003), designed mutation probes to hybridize to nucleotides to that 
encode the hydrophilic B region of VP2 for each virus. They used these probes in a real-time 
RT-PCR assay to detect and identify selected vaccine strains of IBDV, which may be 
particularly valuable for selecting viruses to be used in autugenous vaccines. 

Peters et al. (2005), developed a real-time RT-PCR assay utilizing dual-labeled 
fluorescent probes binding to VP4 sequence that are specific to the classical, variant and very 
virulent strains of infectious bursal disease virus (IBDV). The assay was highly sensitive and 
could detect as little as 3x102 to 3x103 copies of viral template.  
 
Nucleotide and deduced amino acid sequence analysis 
Nucleotide and deduced amino acid sequence analysis are used to investigate antigenic and 
genetic relationships between virus strains and/or isolates. Thus, sequences of known viruses 
and recently  isolated viruses are compared and nucleotide substitions are determined. The 
effects of these substitions on antigenicity is determined by comparing the deduced amino 
acid sequences.  

Virus capsid protein VP2, encoded by genome segment A, is a major immunogenic 
component which elicits protective neutralizing monoclonal antibodies (Mabs) (Fahey et al., 
1991; Snyder et al., 1992). VP2 amino acid (aa) positions 206 to 350 have been recognized in 
expression/deletion studies as an important neutralizing antigenic site (Azad et al., 1987), 
where most aa changes between IBDV strains are clustered. It is thus referred to as the ªVP2 
variable domain0 . This region includes two major sets of hydrophilic aa, termed peak A and 
B, from aa positions 210 to 225 and 312 to 324, respectively (Bayliss et al., 1990). Changes in 
peaks A and B are the molecular basis for antigenic variation in IBDV (Heine et al., 1991; 
Schnitzler et al., 1993). The first nucleotide (nt) sequencings of the VP2 gene of vvIBDV by 
Lin et al. (1993) showed isolates from Japan and Europe to be closely related (only one or 
two nt changes). The VP2 variable domains of vvIBDVs had identical deduced aa sequences, 
and differed at only four conserved aa positions from the European reference strain Faragher 
52/70 (F52/70). 

Domanska et al. (2004) investigated the antigenic and genetic relatedness of early 
isolated European IBDV isolates to recently isolated European isolates by the help of AC-
ELISA and nucleotide sequencing of the VP2 variable domain. They found that only one 
(Hungarian strain P1) of those proved antigenically and genetically similar to F52/70. 

The deduced amino acid sequences of segment A and B of two very virulent Infectious 

bursal disease virus (vvIBDV) isolates, UPM94/273 and UPM97/61 were compared with 25 
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other IBDV strains. Twenty amino acid residues (8 in VP1, 5 in VP2, 2 in VP3, 4 in VP4, 1 in 
VP5) that were common to vvIBDV strains were detected. The differences in the divergence 
of segment A and B indicated that the vvIBDV strains may have been derived from genetic 
reassortment of a single ancestral virus or both segments have different ability to undergo 
genetic variation due to their different functional constraints (Kong et al., 2004). 

By sequencing analysis, the passaged IBDVs had amino acid changes at positions 
Q253H, D279N and A284T which were commonly found in the attenuated IBDV strains. 
Two serines in the serine-rich heptapeptide (residue 326–332) were substituted into other 
amino acids which were similar to the IBDV vaccine strains (Kwon and Kim, 2004). 

The VP2 gene best represented IBDV segment A (10 out of 13WSC were conserved), 
and the 5’ two thirds of segment B best represented segment B (5 to 6 conserved WSC out of 
6). Implementation of the Plato programme finally demonstrated that the region encoding 
VP2 variable domain (vVP2, segmentA) is the only region of IBDVgenome with a 
significantly different evolution rate, which result is consistent with vVP2 being subjected to 
a high selection pressure (Le Nouen et al., 2005). 

An active antibody response to a classical live antigen may clinically control infection 
by an antigenically atypical very virulent IBDV (Eterradossi et al., 2004). 

By the help of cloning and nucleotide sequence analysis a strain of infectious bursal 
disease virus (IBDV) detected in Chinju, Korea was suggested to be vvIBD (Kim and Yeo, 
2003). 

Parede et al. (2003), reported that majority of Indonesian isolates were closely related 
to published very virulent (vv) IBDV strains by sequencing of the hypervariable region of 
viral protein VP2 of IBDV isolates obtained from non-vaccinated chickens in Indonesia. They 
also concluded that variability might occur among vvIBDV strains and attenuation of IBDV 
can also be achieved in vivo. 

Wang et al. (2004), reported the the attenuation of vvIBDV strain Gx isolated in China 
by detecting the changes in VP2 gene following nucleotide sequencing and confirming this by 
deduced amino acid changes (that possibly related to virulence) and pathogenicity tests.  
 
Reverse Genetics 
Raue et al. (2004) showed the reversion of molecularly engineered, partially attenuated, very 
virulent infectious bursal disease virus during infection of commercial chickens. They used 
reverse genetics approach following site directed mutagenesis (Q253H and A284T in VP2) to 
generate a tissue culture adapted IBDV (BD-3tc) from a very virulent strain. 
 

RESEARCH ON MOLECULAR DETECTION AND CHARACTERIZATION OF 
IBDV STRAINS IN TURKEY 

Infectious bursal disease (IBD) continues to be a serious problem in Turkey as it does in other 
poultry producing countries all over the world (Akan, M., 2002). IBD identification in Turkey 
is performed by conventional tests such as the agar gel immunodiffusion test (AGID), direct 
and indirect immunofluorescence assay, enzyme linked immunosorbent assay (ELISA), 
electron microscopy, etc (Ası and İyisan, 1991; Çöven, F., 1995; Ergün, A., 1995; Türe and 
Çöven, 1999). By using these tests IBDV can be detected but the subtype causing infection 
cannot be identified without virus isolation and further virus neutralization tests. For the 
serological detection of IBDV infections AGID and ELISA are used, but the results of these 
tests may not be effective in determining whether the sera conversions in vaccinated flocks 
are due to vaccination or a field infection that has overcome vaccination. In Turkey, ELISA is 
used for optimal vaccination date prediction by the determination of maternally derived 
antibodies in the progeny flocks. Reverse transcriptase (RT) followed by the polymerase 
chain reaction (PCR) has been used to detect IBDV infection in chickens (Jackwood and 
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Sommer, 1999). Detection of IBDV in clinical samples by RT/PCR is superior to the 
conventional techniques mentioned above in that it has greater sensitivity and specificity and 
is easier to perform. In addition, RT/PCR can be used to collect important data concerning 
IBDV infections in Turkey hopefully will lead to additional studies on the epidemiology of 
this disease agent. 

Ture et al. (1998) characterized strains of highly virulent infectious bursal disease 
virus (HVIBDV) from Turkey (OA, OE), Holland (HOL), and Taiwan (PT, IL) by RT/PCR-
RFLP analysis and compared them with the United States of America (USA) classic (STC) 
and variant (MD, IN) serotype 1 viruses and serotype 2 OH strain. In this study, two Turkish 
viruses (OA and OE) showed the same RFLP profile (two bands of 362 and 229 bp length) 
after their RT-PCR product has been treated with MboI enzyme.   

Gökben et al. (2003) investigated 40 RT/PCR positive bursa fabricius samples 
obtained from a commercially reared flock by PCR-RFLP assay for genetic diversity. They 
found that most of the viruses had the same RFLP with the MboI assay and RFLP analysis of 
these isolates produced two different band profiles. The results of the study showed that little 
genetic heterogeneity exists among IBDV strains in an infected flock. 

I found two different molecular patterns existed in Bursa restrict located in the 
northwestern part of Turkey following RFLP analysis of viral RNAs detected by RT-PCR. 
The test materials, bursa Fabricius samples were obtained from  commercially reared flocks in 
different restricts of Turkey. Following the restriction endonuclease analysis performed with 
SspI enzyme, these were found to have similar molecular patterns with the European very 
virulent IBDVs (vvIBDVs). These two new and unique RFLP patterns were different from the 
vaccine virus profiles in the six molecular groups (9) and also different from other previously 
published patterns. New RFLP patterns which may well be typical of this region were 
observed (Sareyyüpoğlu, 2003). 

In the most recent study, after the RT-PCR/RFLP analysis of 56 commercial flocks 
where intense poultry production with different breeding (broiler and layers) is made, viruses 
showing different molecular patterns were observed (Sareyyüpoğlu, 2005; unpublished 
results) .  

REFERENCES 

AKAN, M. (2002). İnfeksiyöz Bursal Hastalık. Kanatlı Hayvan Hastalıkları. Ed: İzgür, M., Akan, M. Medisan 
Yayınevi, Ankara. s.: 169-184. 

ASI Y., İYİSAN, A. S. (1991). İnfeksiyöz bursal disease’e (IBD, Gumboro) karşı aşılı etçi piliçlerde ELISA 
yöntemi ile antikor düzeyinin saptanması ve QAGP yöntemi ile karşılaştırılması. Pendik Hay. Hast. Merk. 

Araşt. Enst. Derg., 22: 107-121. 
AZAD, A. A., JAGADISH, M. A., BROWN, M. A., HUDSON, P. J. (1987). Deletion mapping and expression 

in Escherichia coli of the large genomic segment of a birnavirus. Virology, 161: 145-152. 
BANDA, A., VILLEGAS, P., EL-ATTRACHE, J. (2003). Molecular Characterization of Infectious Bursal 

Disease Virus from Commercial Poultry in the United States and Latin America. Avian Diseases. 47: 87-
95.  

BAYLISS, C. D., SPIES, U., SHAW, K., PETERS, R. W., PAPAGEORGION, A., MÜLLER, H., 
BOURSNELL, M. E. G. (1990). A comparison of the sequences of segment A of four infectious bursal 
disease virus strains and identification of a variable region in VP2. J. Gen. Virol., 71: 1303-1312. 

CAO, Y. C., YEUNG, W. S., LAW, M., BI, Y. Z., LEUNG, F. C., LIM, B. L. (1998). Molecular 
characterization of seven Chinese isolates of infectious bursal disease virus: classical, very virulent, and 
variant strains. Avian Dis., 42: 340-351. 

CATERINA, K. M., FRASCA, S. JR., GIRSHICK, T., KHAN, M. I. (2004). Development of a multiplex PCR 
for detection of avian adenovirus, avian reovirus, infectious bursal disease virus, and chicken anemia 
virus. Molecular and Cellular Probes, 18: 293-98.  

CAVANAGH, D. (2001). Innovation and discovery: the application of nucleic acid-based technology to avian 
virus detection and characterization. Avian Pathology, 30: 581-598. 

ÇÖVEN, F. (1995). Broyler ve yumurtacı tavuklarda Gumboro (İnfectious Bursal Disease) hastalığının insidensi 
ve virus izolasyonu. Uludağ Üniversitesi Veteriner Fakültesi, Doktora Tezi. 



 7 

DOMANSKA, K., MATO, T., RIVALLAN, G., SMİETANKA, K., MINTA, Z., DE BOISSESON, C., 
TOQUIN, D., LOMNICZI, B., PALYA, V., ETERRADOSSI, N. (2004). Antigenic and genetic diversity 
of early European isolates of infectious bursal disease virus prior to the emergence of the very virulent 
viruses: early European epidemiology of infectious bursal disease virus revisited? Archieves of Virology, 
149: 465-480.  

ERGÜN, A. (1995). Klinik ve subklinik Gumboro vakalarından virus izolasyonu ve serotiplendirilmesi. Selçuk 
Üniversitesi Veteriner Fakültesi, Doktora Tezi. 

ETERRADOSSI, N., ARNAULD, C., TOQUIN, D., RIVALLAN, G. Critical amino acid changes in VP2 
variable domain are associated with typical and atypical antigenicity in very virulent infectious bursal 
disease viruses. Archieves of Virology, 143: 1627-1636. 

ETERRADOSSI, N., GAUTHIER, C., REDA, I., COMTE, S., RIVALLAN, G., TOQUIN, D., DE 
BOISSESON, C., LAMANDE, J., JESTIN, V., MORIN, Y., CAZABAN, C., BORNE, P. M. (2004). 
Extensive antigenic changes in an atypical isolate of very virulent infectious bursal disease virus and 
experimental clinical control of this virus with an antigenically classical live vaccine. Avian Pathology, 
33: 423-431.  

FAHEY, K. J., MCWATERS, P., BROWN, M. A., ERNY, K., MURPHY, V. J., HEWISH, D. R. (1991). Virus-
neutralizing and passively protective monoclonal antibodies to infectious bursal disease virus of chickens. 
Avian Diseases, 35: 365-373. 

HEINE, H., HARITOU, M., FAILLA, P., FAHEY, K., AZAD, A. (1991). Sequence analysis and expression of 
the host-protective immunogen VP2 of a variant strain of infectious bursal disease virus which can 
circumvent vaccination with standart type I strains. J. Gen. Virol., 72: 1835-1843. 

ISMAIL, N. M., SAIF, Y. M. (1990). Differentiation between antibodies to serotype 1 and 2 infectious bursal 
disease viruses in chicken sera. Avian Dis., 34: 1002-1004. 

JACKWOOD D. J., SOMMER S. E. (1997). Restriction fragment length polymorphisms in the VP2 gene of 
infectious bursal disease viruses. Avian Dis., 41: 627-637. 

JACKWOOD D. J., SOMMER S. E. (1999). Restriction fragment length polymorphisms in the VP2 gene of 
infectious bursal disease viruses from outside the United States. Avian Dis., 43: 310-314. 

JACKWOOD, D. H., SAIF, Y. M. (1987). Antigenic diversity of infectious bursal disease virus. Avian Dis., 31: 
766-770. 

JACKWOOD, D. J., SAIF, Y. M., MOOREHEAD, P. (1985). Immunogenicity and antigenicity of infectious 
bursal disease virus serotypes I and II in chickens. Avian Dis., 29: 1184-1194. 

JACKWOOD, D. J., SPALDING, B. D.,  SOMMER, S. E. (2003). Real-time reverse transcriptase–polymerase 
chain reaction detection and analysis of nucleotide sequences coding for a neutralizing epitope on 
Infectious Bursal Disease Viruses. Avian Diseases 47:738-744.  

KIBENGE, F. S. B., DHILLON, A. S., RUSSELL, R. G. (1988a). Biochemistry and immunology of infectious 
bursal disease virus. J. Gen. Virol., 69: 1757-1775. 

KIM, T. K., YEO, S. G. (2003). Cloning and nucleotide analysis of segment A gene of infectious bursal disease 
virus detected in Korea. Virus Genes, 26: 97-106. 

KONG, L. L., OMAR, A. R., HAIR-BEJO, M., AINI, I., SEOW, H. F. (2004). Sequence analysis of both 
genome segments of two very virulent infectious bursal disease virus field isolates with distinct 
pathogenicity. Archieves of Virology. 149: 425-434. 

KUSK, M., KABELL, S., JORGENSEN, P. H., HANDBERG, K. J. (2005). Differentiation of five strains of 
infectious bursal disease virus: development of a strain-specific multiplex PCR. Veterinary Microbiology. 

KWON H. M., KIM, S. J. (2004). Sequence analysis of the variable VP2 gene of infectious bursal disease 
viruses passaged in vero cells. Virus Genes. 28: 285-291.  

LE NOUEN, C., RIVALLAN, G., TOQUIN, D., ETERRADOSSI, N. (2005). Significance of the genetic 
relationships deduced from partial nucleotide sequencing of infectious bursal disease virus genome 
segments A or B. Archieves of Virology, 150: 313-325.  

LIN, Z., KATO, A., OTAKI, Y., NAKAMURA, T., SASMAZ, E., UEDA, S. (1993). Sequence comparisons of 
a highly virulent infectious bursal disease virus prevalent in Japan. Avian Dis., 37: 315-323. 

LIU, H. J., HUANG, P. H., WU, Y. H., LIN, M. Y., LIAO, M. H. (2001). Molecular characterization of very 
virulent infectious bursal disease viruses in Taiwan. Res. Vet. Sci., 70: 139-147. 

LUKERT, P. D., SAIF, Y. M. (1997). Infectious bursal disease. In: Diseases of Poultry. 10th ed. Ed.: Calnek, B. 
W., Barnes, H. J., Beard, C. W., McDougald, L. R., Saif, Y. M. Iowa State University Press., Ames, Iowa, 
USA. p.: 721-738. 

McFERRAN J.B., McNULTY, M. S., McCILLOP, E., CORNER, T.J., McCRACKEN, R. M., COLLINS, D. S., 
ALLAN, G. (1980). Isolation and serological studies with infectious bursal disease viruses from fowl, 
turkeys and ducks, demonstration of a second serotype. Avian Pathol., 9: 395-404. 

MOODY, A., SELLERS, S., BUMSTEAD, N. (2000). Measuring infectious bursal disease virus RNA in blood 
by multiplex real-time quantitative RT-PCR. Journal of Virological Methods, 85: 55-64. 



 8 

MÜLLER, H., BECHT, H. (1982). Biosynthesis of virus-specific proteins in cells infected with infectious bursal 
disease virus and their significance as structural elements for infectious virus and incomplete particles. J. 

Virol., 44: 384-392. 
MÜLLER, H., NITSCHKE, R. (1987). The two segments of the infectious bursal disease virus genome are 

circularized by a 90,000-Da protein. Virology, 159: 174-177. 
MÜLLER, H., ISLAM, M. R., RAUE, R. (2003). Research on infectious bursal disease--the past, the present and 

the future. Veterinary Microbiology, 97: 153-165. 
OZBEY, G., ERTAS, H. B., MUZ, A. Restriction fragment length polymorphism analysis of isolates of 

infectious bursal disease viruses from Turkey. Veterinarni Medicina, 48: 359-362. 2003. 
PAREDE, L. H., SAPATS, S., GOULD, G., RUDD, M., LOWTHER, S., IGNJATOVIC, J. (2003). 

Characterization of infectious bursal disease virus isolates from Indonesia indicates the existence of very 
virulent strains with unique genetic changes. Avian Pathology, 32: 511-518.  

PAULA, M. B. C., YOKOSAWA, J., COUTİNHO, M. D. B.,  SİLVA, P. L., FERRAZ, R. A., OLİVEİRA, T. F. 
M., QUEİRÓZ, D. A. O. (2004). Identification and molecular characterization of the infectious bursal 
disease virus (IBDV) from an outbreak in a broiler flock in midwestern Brazil. Brazilian Journal of 
Microbiology, 35: 352-358.  

PETERS, M. A., LIN, T. L., WU, C. C. (2005). Real-Time RT-PCR differentiation and quantitation of infectious 
bursal disease virus strains using dual-labeled fluorescent probes. Journal of Virological Methods 127: 
87-95.  

RAUE, R., ISLAM, M. R., ISLAM, N., ISLAM, K. M., BADHY, S. C., DAS, P. M., MULLER, H. (2004). 
Reversion of molecularly engineered, partially attenuated, very virulent infectious bursal disease virus 
during infection of commercial chickens. Avian Pathology, 33: 181-189.  

SAPATS, S. I., IGNJATOVIC, J. (2002). Restriction fragment length polymorphism analysis of the VP2 gene of 
Australian strains of infectious bursal disease virus. Avian Pathol., 31: 559-566. 

SAREYYÜPOĞLU, B. (2003). Molecular typing of Infectious Bursal Disease Virus strains detected in Turkey 
by RFLP. PhD thesis. Faculty of Veterinary Medicine, Ankara University, Ankara.  

SCHNITZLER, D., BERNSTEIN, F., MÜLLER, H., BECHT, H. (1993). The genetic basis for the antigenicity 
of the VP2 protein of the infectious bursal disease virus. J. Gen. Virol., 74: 1563-1571. 

SPIES, U., MÜLLER, H., BECHT, H. (1987). Properties of RNA polymerase activity associated with infectious 
bursal disease virus and characterization of its reaction products. Virus Res., 8: 127-140. 

SYNDER, D. B., LANA, D. P., CHO, B. R., MARQUARDT, W. W. (1988). Group and strain-specific 
neutralization sites of infectious bursal disease virus defined with monoclonal antibodies. Avian Dis., 32: 
527-534. 

SYNDER, D. B., YANCEY, F. S., SAVAGE, P. K. (1992). A monoclonal antibody-based agar gel precipitin 
test for antigenic assesment of infectious bursal disease viruses. Avian Pathol., 21: 153-157. 

TIWARI, A. K., KATARIA, R. S., INDERVESH, PRASAD, N., GUPTA, R. (2003). Differentiation of 
infectious bursal disease viruses by restriction enzyme analysis of RT-PCR amplified VP1 gene sequence. 
Comp Immunol Microbiol Infect Dis. 26: 47-53. 

TSUKAMOTO, K., KOJIMA, C., KOMORI, Y., TANIMURA, N., MASE, M., YAMAGUCHI, S. (1999). 
Protection of chickens against very virulent infectious bursal disease virus (IBDV) and Marek’s disease 
virus (MDV) with a recombinant MDV expressing IBDV VP2. Virology, 257: 352-362. 

TÜRE, O., ÇÖVEN, F. (1999). Türkiye’de infeksiyöz bursal hastalığı salgınlarından çok virulent virusların 
izolasyonu ve serotiplendirilmesi. Turk. J. Vet. Anim. Sci., 23: 243-254. 

TÜRE, O., SAIF, Y. M., JACKWOOD, D. J. (1998). Restriction length polymorphism analysis of highly 
virulent strains of infectious bursal disease viruses from Holland, Turkey, and Taiwan. Avian Dis., 42: 
470-479. 

VAN DEN BERG, T. P., ETERRADOSSI, N., TOQUIN, D., MEULEMANS, G. (2000). Infectious Bursal 
Disease (Gumboro Disease). Rev. Sci. Tech. Off. İnt. Epiz., 19: 527-543. 

WANG, X. M., ZENG, X. W., GAO, H. L., FU, C. Y., WEI, P. (2004). Changes in VP2 gene during the 
attenuation of very virulent infectious bursal disease virus strain Gx isolated in China. Avian Diseases, 
48: 77-83.  

ZIERENBERG, K., NIEPER, H., VAN DEN BERG, T. P., EZEOKOLI, C. D., VOB, M, MÜLLER, H. (2000). 
The VP2 variable region of African and German isolates of infectious bursal disease virus: comparison 
with very virulent, “classical” virulent, and attenuated tissue culture-adapted strains. Arch. Virol., 145: 
113-125. 

ZIERENBERG, K., RAUE, R., MULLER, H. (2001). Rapid identification of "very virulent" strains of infectious 
bursal disease virus by reverse transcription-polymerase chain reaction combined with restriction enzyme 
analysis. Avian Pathology, 30: 55-62. 

ZORMAN-ROJS, O., BARLİC-MAGANJA, D., MİTEVSKİ, D., LÜBKE, W., MUNDT, E. (2003). Very 
virulent infectious bursal disease virus in Southeastern Europe. Avian Diseases, 47: 186-192.  


