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Introduction


Immunosuppressive viral diseases have an important economic impact due to the direct losses that they incur and to indirect losses as a consequence of immunosuppression or the interaction they might have together or with other factors. The direct losses are due to specific mortality, depending on the virulence and the dose of the inoculum, the age and breed of the birds and the presence or absence of a passive immunity. But, these infections are also responsible for indirect losses due to acquired immunodeficiency, impaired growth and the condemnation of carcasses (McIlroy et al., 1989, 1992). Furthermore, the increased use of antibiotics and chemicals to fight against opportunistic (secondary) infections is a major concern for human health. 


In this context, Infectious Bursal Disease (IBD) has been a great concern for the poultry industry during this last decade. Indeed its 啶e-emergence’ in variant or highly virulent forms has been the cause of significant economical losses. This review will focus on acute IBD and on the consequences linked to the new epidemiological situation, with a special attention concerning the mechanisms of virulence and the perspectives for control.

Viral properties

IBDV is a small, icosahedral and non-enveloped virus, belonging to the unconventional family Birnaviridae. The simplified structure confers high stability during environmental exposure and resistance to relatively high temperatures. Moreover, the 偳conomical’ genomic organisation in spite of the ability to cause a severe disease, makes this virus an interesting tool for studying its interactions with the host. The relative simplicity of IBDV might be a reason why its target cells are in active division, as it happens in immature lymphoid cells.


The virion is non-enveloped, with a single capsid shell of icosahedral symmetry composed of 32 capsomers and a diameter of 58 to 60 nm. IBDV belongs to the recently described Birnavirus family which is characterised by a bisegmented dsRNA genome (Kibenge et al., 1988). The viral genome structure and organisation are summarised in Figure 1. The smaller segment B (+ 2800 bp) encodes VP1, the viral RNA polymerase (Mler & Nitschke, 1987; Spies et al., 1987); whereas, the larger segment A (+ 3400 bp) contains two open reading frames (ORF): the larger one is monocistronic and encodes a 110kDa precursor protein in a single large ORF which is processed into mature VP2, VP3 and VP4 (Mler & Becht, 1982; Azad et al.,1985, 1987; Hudson et al., 1986; Kibenge et al., 1997). Segment A can also encode VP5, a small 17kDa protein with regulatory function, from a small, partially overlapping ORF (Mundt et al., 1995b). VP2 and VP3 are the major structural proteins whereas, VP4 is a viral protease involved in the processing of the polyprotein (Azad et al.,1987; Kibenge et al., 1997; Granzow et al., 1997). VP2 has been identified as the host-protective antigen as it contains the antigenic regions responsible for the induction of neutralising antibodies (Fahey et al., 1989). VP3 is considered to be a group specific antigen as it is only recognised by non-neutralising antibodies some of which cross-react with both serotypes 1 and 2 (Becht et al., 1988; Oppling et al., 1991). It has been demonstrated recently that VP5 is neither required for the viral replication in vitro (Mundt et al., 1997) nor in vivo but plays an important role in pathogenesis as proved by the generation of a VP5-defective virus which had lost the ability to cause bursal lesions (Yao et al., 1998).


IBDV has a relatively simple structure and it is therefore essential to understand its multiplication cycle (Figure 2), especially the replication and expression mechanisms in vivo and in vitro, since this will influence the biological behaviour of the viruses. After attachment to the cellular receptor (Nieper & Mler, 1998) and penetration, the initiation of viral RNA synthesis occurs through a semi-conservative strand displacement mechanism and involves the VP1 molecule serving as primer and polymerase for chain elongation (Nagarajan & Kibenge, 1997a). Regulated expression of viral genes is essential as a precursor-product relationship has been demonstrated for the synthesis of VP2, VP3 and VP4 proteins. Moreover, several specific sequences, distributed throughout the genome have been identified and are suspected of playing a crucial role in the signalling of the viral cycle by the constitution of primary (promoters, enhancers, binding sites..) or secondary (stems and loops) recognition structures. Among these the 32-nucleotide consensus sequence at each 5’ end , the conserved pentamer at 3’, the direct terminal and inverted repeats and several palindromic sequences have been identified (Mundt & Mler, 1995a, Kibenge et al, 1996, Nagarajan & Kibenge, 1997a & b). Each modification in these structures could influence the viral cycle, the host specificity and the pathogenicity of the strain.
Pathogenesis & Immunosuppression

Pathogenesis can be defined as the method used by the virus to cause injury to the host with mortality, disease or immunosuppression as a consequence. These injuries can be evaluated at different levels: the host, the organ, the cell and are exacerbated in the acute forms of the disease.


The selected host of the virus are young chicks where a clinical disease occurs; while in older birds, the infection is essentially subclinical. Different breed susceptibility is described with higher mortality rates in light breeds than in heavier (Bumstead et al., 1993; Nielsen et al., 1998). Inoculation of these viruses in other avian species fails to induce disease.


The target organ of IBDV is the Bursa of Fabricius, which is a specific reservoir for B lymphocytes in avian species, at its maximum development. Bursectomy can prevent illness in chicks infected with virulent virus (Hiraga et al., 1994). The severity of the disease is directly related to the number of susceptible cells present in the Bursa; therefore, the highest age susceptibility is between 3 and 6 weeks, when the Bursa Fabricius is at its maximum development. Massive growth of the virus in the bursal cells causes their destruction and the subsequent dissemination of the virus causes disease and death.


Actively dividing surface immunoglobulin M-bearing B cells are lysed by infection (Hirai & Calnek, 1979; Rodenberg et al, 1994) but cells of the monocyte-macrophage lineage can also be infected and play a crucial role in the dissemination of the virus (Burkhardt & Mler, 1987).


Apoptosis, or programmed cell death (PCD), is a process where, in response to specific stimuli, cells die in a controlled, programmed manner. Many different cell species can undergo apoptosis, but immature B and T cells are particularly susceptible to apoptotic cell death. Apoptosis is usually initiated by a variety of physiological stimuli although pathological stimuli such as viral infections, can also trigger the phenomenon. Recent studies have shown that immunosuppression induced by IBDV is caused, at least in part, by apoptosis (Vasconcelos & Lam, 1994; Ojeda et al., 1997; Tanimura & Sharma, 1998). The VP2 & VP5 proteins have been implicated in the induction of the mechanism (Fernandez-Arias et al., 1997; Yao et al., 1998) but further investigations are needed to establish their exact role in pathogenesis and immunosuppression, notably by comparing them in strains with different virulence.


The exact cause of clinical disease and death is still unclear but does not seem to be related only to the severity of the lesions and the bursal damage. Indeed, after infection, some birds with bursal integrity can be found dead while others survive despite extensive bursal damage. Moreover, mortality rates are often variable and the establishment of LD50 for standardisation has always been hazardous. Moreover, the narrow age range of susceptibility to clinical disease has not yet been explained. Prostration (with ruffled feathers, diarrhoea and inappetence) preceding death is very similar to what is observed in acute coccidiosis and is reminiscent of a septic shock syndrome. The macrophage, which could be persistently infected by serotype 1 viruses (van den Berg et al., 1994b), could play a specific role in this pathology by an exacerbated release of cytokines like tumor necrosis factor or interleukin 6 (Kim et al., 1998). But an intermediate role of TH cells in this patho-physiological mechanism should also be considered (Vervelde & Davison, 1998).


Recovery from disease or sub-clinical infection will lead to immunosuppression with heavier consequences if infection occurs early in life. Although the immunosuppression caused by IBDV is principally directed towards B lymphocytes, an effect on cell-mediated immunity (CMI) has also been demonstrated (Sharma et al., 1987, Cloud et al., 1992 a & b). This can be demonstrated in vitro by using proliferation tests (Sharma & Lee, 1983) or by measuring cytokine release after mitogen activation of T cells (Lambrecht et al., 1998). Although they could be improved by specific 啶ecall-Ag’ stimulation tests, measurement of immune response against different vaccines is certainly the best model in vivo. Mechanisms like the development of suppressor cells and the impairment of helper T-cells have been suggested (Sharma & Fredricksen, 1987; Vervelde & Davison, 1998). 

Epidemiology of Acute Infectious Bursal Disease

Since the first description of the disease in the sixties, serological surveys have shown a high prevalence of IBDV antibody in breeder flocks, which has been acquired either following vaccination or sub-clinical infection. This immunity is passively transmitted to the offspring, protecting them at a young age against the clinical disease. Before 1987, in most parts of the world, IBD was essentially sub-clinical and was satisfactory controlled by vaccination as the incriminated strains, while highly contagious, caused less than 5% mortality, with indirect economic losses due to immunosuppression. But, since 1987, vaccination failures have been described in different parts of the world. In the USA, the new strains caused a slight increase in the mortality; whereas, in Europe and in Asia, the new virulent strains were characterised by a specific mortality of up to 60% in layers and 25% in broilers. So, clinical IBD became predominant with additional losses due to specific mortality. Antigenic and molecular characterisation of these new strains has allowed researchers to define the new epidemiological situation. In the USA, the new strains are characterised by an important antigenic variation (Snyder et al., 1992) but only a slight increase in virulence; whereas, in Europe and Asia, the new strains still belong to classical serotype 1 strains but are characterised by a marked increase in pathogenicity. First described in Europe at the end of the eighties (Chettle et al., 1989; van den Berg et al., 1991; Eterradossi et al., 1992), the hypervirulent forms of the disease were then described in Japan in the early nineties (Nunoya et al., 1992) and have rapidly spread all over the Asiatic and European continents and in major parts of the world. As a probable consequence of strict import controls, Australia and the USA are, so far, still unhurt. 


Phylogenetic analyses performed on the segment A of vvIBDV show that they constitute a specific cluster and that they are more closely related to classical virulent strains (like 52/70) than to other lineages (Brown et al., 1994; Brown & Skinner, 1996; van den Berg et al., 1996; Cao et al., 1998; Eterradossi et al., 1998). These studies, together with the epidemiological observations, clearly suggest that the Asian hypervirulent strains were derived from Europe (Lin et al., 1993). On the other hand, the topology tree performed on segment B is quite different, indicating that a genetic reassortment from an unidentified reservoir (wild birds, fish or insects) might have played an important role in the emergence of hypervirulent strains (Howie & Thorsen, 1981; Lasher & Shane, 1994; Yamagushi et al., 1997). 

Antigenic & pathotypic variation

The high mutation rate of the RNA-polymerase of RNA viruses generates a genetic diversification which could lead to the emergence of viruses with new properties allowing their persistence in immune populations. In the case of IBDV, these mutations have led to antigenic variation and modifications of virulence. 


Two serotypes of IBDV are described and distinguished by cross-neutralization and cross-protection tests. Classical pathogenic IBDV strains belong to serotype 1; whereas, serotype 2 strains are apathogenic. Antigenic variation among serotype 1 isolates of IBDV has been reported by several laboratories, especially in the USA, by the use of a selected panel of neutralizing monoclonal antibodies (Mabs) defining subtypes (Snyder et al., 1992; Eterradossi et al., 1997a & b). Important economic losses have been sustained due to the emergence of these antigenic variants. Neutralizing Mabs have been shown to bind to VP2, within a minimal region -called the variable domain- between amino acids 206 and 350, which is highly hydrophobic with a small hydrophilic region present at each terminus (Bayliss et al., 1990). Sequencing of the VP2 gene of numerous different IBDV strains and selection of escape mutants have proven that this variable domain represents the molecular basis of antigenic variation (Oppling et al., 1991; Schnitzler et al., 1993; van den Berg et al.,1994a; Vakharia et al.,1994b). In Europe and Asia, changes in pathogenicity were not associated with changes in antigenicity; there is no evidence of antigenic variation in the very virulent strains as described in the USA. Indeed, a good protection could still be obtained with classical serotype 1 vaccines (van den Berg & Meulemans, 1991). So far, there is no Mab specific for the hypervirulent strain described in the literature and comparisons of the VP2 gene sequences have not revealed any mutation which is specific of all hypervirulent strains. It seems evident now that the changes observed in VP2 are more a marker of recent appearance and that virulence is independent of antigenicity.

In addition to antigenic differences in serotypes and subtypes, the viral strains can also be classified according to their virulence. Thus, IBDV strains can be defined as apathogenic (serotype 2); mild, intermediate or 凐ot’ (serotype 1 vaccines); classical virulent (IBDV), variant (vIBDV), or very virulent (vvIBDV) (serotype 1). Serotype 2 strains cause neither mortality nor bursal lesions in SPF birds. Serotype 1 vaccines cause no mortality but possess residual pathogenicity with bursal lesions varying from mild to moderate or even severe. Virulent serotype 1 strains induce both mortality and bursal lesions. Classical virulent strains (e.g. strain 52/70 & STC) cause up to 50 % mortality in SPF birds but only 1-2% in conventional chicks. Very virulent strains, on the other hand, cause up to 100% mortality in SPF birds, 20-25% in broilers and 50-60% in layers. However, there is a great deal of confusion in these definitions. In particular, the term 凐ypervirulent strain’ has been used to describe both European very virulent strains and variant American strains causing less than 5% mortality. In the absence of the identification of specific virulence determinants, the only valuable criteria for the classification of IBDV strains as 厜athotypes’ should be their virulence (mortality or lesions) in SPF birds or embryonating eggs. 


The search for virulence markers, now considered to be every IBDV researcher掇 凐oly grail’, is still in progress. While it has become obvious that amino acids within the variable region of VP2 represent the molecular basis for antigenic variation, no definite hot spot which determines pathogenicity could be identified. Sequences comparisons between pathogenic and non-pathogenic strains showed nucleotide changes throughout the genome on segments A and B (Brown & Skinner, 1996) indicating that nucleotide changes in different areas of the genome (coding and regulating) probably contribute to a multigenic nature of virulence. Since the two genomic segments of IBDV are relatively short, one may expect that additional sequences will be available in the near future and will allow the mapping of the principal pathogenicity determinants. Moreover, the development of the reverse genetics system (Mundt & Vakharia, 1996) will allow the construction of reassortants, recombinants or mutants and will help to elucidate the role of segments, genes, regions or even single amino acids in the disease.

Prevention & Control

Due to the high resistance of IBDV to environmental exposure, hygienic measures alone are ineffective and vaccination is thus essential. The economical impact of both clinical and sub-clinical diseases warrants the search for and the use of efficient vaccines. While the protective role of cellular immunity cannot be ruled out, good protection is achieved by the induction of neutralising antibodies as proven by the excellent passive protection of young chicks against infection. This satisfactory protection can be achieved by immunisation with live or inactivated vaccines. Classical live vaccines achieve lifelong and broad protection but possess residual pathogenicity and a proportional risk of reversion to virulence. Inactivated vaccines, although costly, were used successfully until the emergence of the hypervirulent strains. Indeed, it was a normal practice in broiler production to vaccinate hens with an oil-emulsion vaccine just before laying in order to induce a high level of passive immunity in the offspring which could protect them until an age where infection is less detrimental in terms of immunosuppression (Box, 1989). This procedure was satisfactory until the emergence of hypervirulent strains of IBDV when it was no longer possible to protect broilers passively during the whole growing period and a live vaccination became necessary. But the interference of Maternally Derived Antibody (MDA) became the crucial problem in the establishment of the vaccination schedule and serological monitoring is usually necessary to determine the optimal timing for vaccination (van den Berg & Meulemans, 1991). In this context, the development of tests allowing a differentiation between passive (antibody positive, CMI negative) and active immunity (antibody positive, CMI positive) could be of considerable help (Lambrecht et al., 1998).

Inactivated vaccines might prove helpful if they can induce higher antibody levels in breeders, which will then be passively transmitted to the offspring and protect them during their entire growing period. Subunit IBDV proteins expressed in yeast (Fahey et al., 1991) or via the baculovirus system (van den Berg et al., 1994a; Vakharia et al., 1994a; Dybing & Jackwood, 1998) might help to reach this goal. Another advantage of these technologies is that a vaccine based on VP2 alone should allow monitoring of the field situation by the discrimination between vaccinial (anti-VP2 only) and infectious antibody (anti-VP2 and VP3). 


Live vaccines have the other advantage in that they are excreted in the environment where they can compete with field viruses. But most intermediate vaccines are inadequate for interfering with vvIBDV which could break through higher MDA levels. However, the use of less attenuated (凐ot’) vaccines, even with an acceptable reduction of mortality, is dangerous as these vaccines induce immunosuppression and carry the risk of reversion to virulence. Although the reverse genetics (Mundt & Vakharia, 1996) will represent a basis for the genetic attenuation of strains and for the generation of new vaccines, interference of passive immunity will still exist. Therefore, as they are less sensitive to neutralisation by anti-IBDV MDA, recombinant viral vaccines expressing the VP2 protein of IBDV, such as FPV (Bayliss et al., 1991; Heine & Boyle, 1993), HVT (Darteil et al., 1995) or FAV (Sheppard et al., 1998) might prove to be powerful in the near future to prime an active immune response. In this context, DNA vaccines could also be considered but some limitations like cost or individual variation in the response might limit these vaccines to laboratory investigations. The efficacy and safety of HVT vaccines in ovo are now demonstrated (Johnston et al., 1996) what might give this recombinant technology an advantage over the other approaches. Recently, a new concept, which consist of the in ovo injection of a virus-antibody complex vaccine has emerged (Haddad et al., 1997). This novel technology utilises specific hyperimmune antiserum with a vaccine virus under conditions which are not sufficient to neutralise the vaccine virus but which are sufficient for delaying the pathological effects of the vaccine alone. This allows young chicks to be vaccinated more effectively in the presence of passive immunity even with a strain that would be too virulent to use in ovo or at hatching. Although some questions still remain concerning the batch variations of the immune serum and the mechanisms involved in the delay of the immune response, this technology is promising for the future control of IBDV. 

Conclusions

IBDV is a small, non enveloped virus which is very resistant in the environment and can persist in poultry houses even after cleaning and disinfection. It is the cause of a disease of the young chick which destroys immature lymphoid cells. The younger the chicks are at infection, the more severe will be the immunosuppression. This situation has been amplified by the emergence of the acute forms of Infectious Bursal Disease.


IBDV possesses a high mutation rate which might lead to viruses with new properties such as antigenic variation or increased virulence. This situation needs attention and efficient tools for constant field monitoring. Indeed, although the exact origin of the vvIBDV is still under investigation, it is essential in the future to avoid the delay that was encountered between the new epidemiological situation and the application of new control measures. 


IBDV is immunosuppressive, causes considerable economic losses due to clinical and sub-clinical diseases but might also interact with CAV or with MDV. Although several improvements in the control of the clinical forms of the disease have been obtained, prophylactics remains unsatisfactory especially against sub-clinical diseases. 


Molecular virology and avian immunology have made considerable progress during the last few years and should generate new tools in the near future. First of all, the development of specific and more sensitive diagnostic methods will warrant a better definition of the epidemiological situation. Therefore, the reverse genetic system, providing the tool to construct chimeric viruses, might be decisive in the identification of virulence markers and the genetic attenuation of strains. A better knowledge of the immunological mechanisms involved in disease and protection and a differentiation between active and passive immunity might be of considerable help in the establishment of vaccination schedules. Finally, the development of safe vaccines that could prime an immune response before or at hatching in the presence of passive immunity might be established in the near future. 
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Figure 1: 

a) Genomic organisation of IBDV

b) Post-translational modifications in segment A
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Figure 2: Schematic representation of the viral multiplication cycle
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