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1. Introduction 

Poultry has key contributions to global livestock production. Reproductive traits, a short 

productive lifespan, production of eggs and worldwide distribution, favour the use of poultry 

as a major source of animal protein. A good health status is necessary to maintain production 

and optimum feed conversion efficacy and secure an important and affordable animal protein 

source. Diseases in poultry, especially immunosuppressive viral infections, such as infectious 

bursal disease (IBD), have a negative impact on poultry health and production. Understanding 

the pathogenesis and the immune mechanism of protection against infectious diseases is an 

important prerequisite of disease control and prevention.  

 

Infectious bursal disease is one of the most important viral diseases affecting the poultry 

industry worldwide. The causative agent, Infectious Bursal Disease Virus (IBDV), a member 

of the Birnaviridae family, causes an acute highly contagious disease in young chickens. 

Different pathotypes of IBDV are present in the field and have been classified in increasing 

order of virulence: mild, intermediate and intermediate plus vaccine strains, classical virulent 

and very virulent (vv) strains. Because of the emergence of very virulent strains in several 

countries, IBDV has become a major problem for the intensive poultry industry. These 

vvIBDV strains are able to break through maternally derived antibody (MDA) and may 

induce very high morbidity and high mortality rates of 80-100 %.  

 

The causative virus persists for a long time in the environment and can be difficult to 

eradicate from previously affected premises. The virus transmits via direct contact with 

infected birds, contaminated litter or faeces and through contaminated equipment, feed and 

staff clothing. After oral or oculonasal inoculation, IBDV replicates primarily in lymphocytes 

but also in macrophages of the gut-associated tissues. The virus travels from the gut via the 

liver to the bursa of Fabricus (BF), where the major replication occurs. The main target cells 

of IBDV are dividing B cells, which are resided in the BF. The lyses of dividing B cells but 

also the virus’ effect on macrophage function leads to immunosuppression. IBD can cause 

substantial direct losses in affected flocks, but it also affects the ability of infected birds to 

develop immunity to other diseases.  
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Infected chickens with a classical or very virulent strains of IBDV may show diarrhea, 

muscular haemorrhage and necrosis of the BF. Some birds with minor bursal lesions can be 

found dead, while others survive despite extensive bursal damage. The exact cause of clinical 

IBD and death is still unclear but it seems not relate only to severity of lesions and bursal 

damage. The time of IBDV antibody induction correlates with the onset of bursal lesions. 

However, to be able to evaluate vaccine efficacy in commercial birds, parameters such as 

intrabursal IBDV-antigen load in conjunction with bursal lesion scores should be considered 

after challenge infection.  

 

Field observations suggest that genetic background influences infectious bursal disease virus 

pathogenesis. As demonstrated for other infectious diseases in chickens, genetic resistance 

may be related to the ability of antigen presenting cells to process and present antigen to other 

immune cells, but other innate immune mechanisms may also influence disease susceptibility 

of birds. Studies are needed to understand more about differences in innate and acquired 

immune responses of different chicken lines with respect to immunosuppressive viral 

diseases.  

 

Therefore, the aim of this project was to understand the immune mechanisms behind the 

differences in IBDV-pathogenesis between different genetic backgrounds of chickens. We 

investigated not only different genetic lines and hybrids of chickens for IBD-susceptibility but 

also IBDV strains of different virulence to identify host and virus dependent variations. We 

conducted two studies. In both studies we included SPF-LT birds as the experimental model 

chicken, which is known to be the most susceptible animal for IBD, to compare with other 

genetic backgrounds. 

 

In the first study we investigated the influence of virulence of the infecting IBD virus on 

disease and lesion development in Ross-type broilers and SPF-LT chickens. Birds were 

inoculated with an intermediate vaccine strain, a classical virulent and very virulent strain of 

IBDV. Aspects of the pathogenesis such as lesion development, viral replication, effects on 

immune cell populations in spleen and BF as well as selected circulating cytokines and 

induction of the humoral immune response were investigated. Our specific focus was directed 
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on the acute phase of the disease, when the most severe lesions were expected and mortality 

may occur.  

 

In the second study we extended the number of genetically different bird groups to confirm 

the observations of the first investigation, and furthermore, evaluated the acute cytokine 

response not only on the protein but also on the mRNA-level in spleen and BF. Most of the 

previous investigations have focused on mRNA-expression studies. We speculated that not 

only time after infection and genetic background may affect the detected cytokine levels. The 

released bioactive cytokine levels may not always correlate with the changes observed in the 

mRNA-levels, not allowing draw conclusions about possible effects of a cytokine storm on 

the development of clinical IBD and mortality based exclusively on mRNA expression data. 
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2. Literature Review 

 

2.1 Infectious Bursal Disease (IBD) 

2.1.1 Introduction 

Infectious Bursal Disease Virus (IBDV) is the causative agent of an immunosuppressive 

disease in chicken, designated as infectious bursal disease (IBD) or Gumboro disease 

(LUKERT and SAIF 1997). IBD is acute, highly contagious and may lead to high mortality 

rates (ETERRADOSSI and SAIF 2008). Due to the mortality and immunosuppressive effects, 

the disease is of major economic importance to the poultry industries world wide.  

 

2.1.2 History 

The disease was first recognized (as a specific disease entity) by Cosgrove in 1962 and was 

referred to as “avian nephrosis” because of the kidney damage found in birds that succumbed 

to infection (LUKERT and SAIF 2004). Winterfield and his coworkers succeeded in isolating 

an agent in embryonated eggs and the isolate was referred to as “infectious bursal agent” and 

identified as the cause of IBD (LUKERT and SAIF 2004). Hitchner proposed the name 

“infectious bursal disease” for this disease due to the pathogonomic lesions of the bursa of 

Fabricius (BF) (LUKERT and SAIF 2004).  

 

In 1980, the existence of a second serotype was reported (McFERRAN et al. 1980). The 

control of the IBD was complicated by the recognition of “variant” strains of serotype 1 

IBDV, which were first found in the Delmarva poultry producing area of the USA (LUKERT 

and SAIF 2004). In the late 1980s, a very virulent strain of IBDV (vvIBDV) was isolated in 

the Netherlands, and quickly spread to Africa, Asia and lately to South America (LUKERT 

and SAIF 2004). The vvIBDV has not been reported from Australia and New Zealand 

(LUKERT and SAIF 2004), but recently vvIBDV outbreaks in layer flocks were reported in 

United States (JACKWOOD et al. 2009).   

 

2.1.3 The economic importance of IBDV field infection 

The economic importance of IBD is manifested in two ways: First, some virus strains may 

cause high mortality in chickens at 3 weeks of age and older and second, and more 
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importantly, IBDV may cause prolonged immunosuppression in chickens infected at an early 

age, which leads to higher susceptibility to secondary infections and impediment of vaccine 

responses to vaccines against IBD and other diseases (LUKERT and SAIF 2004). 

 

The virus does not affect man and has no direct public health significance (LUKERT and 

SAIF 2004).  

 

2.1.4 Infectious Bursal Disease Virus 

2.1.4.1 Classification and molecular structure 

Infectious Bursal Disease Virus (IBDV) is a non-enveloped virus and has an icoasahedral 

capsid with a diameter of about 60 nm (MÜLLER et al. 2003). It has been identified as a bi-

segmented double strand (ds) RNA virus (MÜLLER et al. 1979). IBDV has been placed into 

the family Birnaviridae (DOBOS et al. 1979) and represents the prototype member of the 

genus Avibirnavirus (LEONG et al. 2000). The structure of the virus is based on a T=13 

lattice and the capsid subunits are predominantly clustered trimers (BÖTTCHER et al. 1997).   

 

The complete nucleotide sequences of the two genome segments A and B have been identified 

(MUNDT and MÜLLER 1995) and nucleotide sequence data are now available for many 

IBDV strains. The genome encodes for five viral polypeptides (VP), designated VP1-5. The 

smaller segment B encodes VP1, a 97-kDa multifunctional protein with polymerase and 

capping enzyme activities (SPIES and MÜLLER 1990). The larger segment A contains a 

large open reading frame (ORF) encoding a 110 k-Da precursor protein that is processed into 

mature VP2 and VP3 structural proteins by the viral protease, VP4 (AZAD et al. 1985; 

HUDSON et al. 1986; JAGADISH et al. 1988). The function of VP4 as protease has been 

shown for the first time by BIRGHAN et al. (2000). In addition, segment A encodes a 17 kDa 

non-structural (NS) protein, which is also known as VP5, from a small ORF overlapping the 

ORF encoding the N-terminal region of VP2 (MUNDT et al. 1995). The NS protein is highly 

basic, cysteine-rich and conserved among all serotype 1 IBDV strains. It is not essential for 

viral replication (MUNDT et al. 1997; YAO et al. 1998), but considered to have a function in 

virus release (LOMBARDO et al. 2000). 
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The structural protein VP2 is the most widely studied protein of IBDV. It is the major antigen 

that elicits a host-protective immune response and contains at least three independent epitopes 

responsible for induction of virus-neutralizing antibodies in chickens (AZAD et al. 1987; 

BECHT et al. 1988). The major neutralizing epitope is located within the 145 amino acid 

fragment known as the variable region. In this site certain amino acid changes may cause 

antigenic variation (AZAD et al. 1987; HEINE et al. 1991; LETZEL et al. 2007). 

 

To investigate the selective B cell tropism of serotype 1 strains and to determine structural 

basis of IBDV pathogenicity, serotype 1/serotype 2 reassortant virus had been generated by 

double infection of chicken embryo cells with chemically treated with IBDV.   The results of 

in vitro and in vivo investigations show that genome segment A determines the bursa tropism 

of IBDV, whereas segment B is involved in the efficiency of viral replication. These studies 

further indicate the significance of the interaction of the polymerase with the structural protein 

VP3 or the viral genome for efficient virus formation and replication (ZIERENBERG et al. 

2004).   

 

2.1.4.2 Serotypes 

Two serotypes of IBDV can be differentiated by virus neutralization test (McFERRAN et al. 

1980). Serotype 1 contains the pathogenic strains, whereas serotype 2 strains, mainly isolated 

from turkeys, have been shown to be non-pathogenic in chickens (McFERRAN et al. 1980). 

IBDV strains differ in pathogenicity and can be assigned to mild, intermediate and 

intermediate plus vaccine strains, classical, variant or very virulent strains (van den BERG 

2000). Antigenic variant strains have been mainly reported in the US (SNYDER et al. 1988), 

Central America (JACKWOOD and SOMMERS 1999) and in Australia (SAPATS and 

IGNJATOVIC 2000). Classical strains of IBDV have been prevalent for some decades in 

Europe (ETERRADOSSI et al. 1992). The very virulent form of IBDV was first identified in 

Belgium during the early 1980s (van den BERG et al. 1991). Nucleotide sequencing of the 

VP2 variable region of vvIBDV strains, which appeared at the same time in other European 

countries, Africa and Asia, confirmed that they can be placed within the same group (CAO et 

al. 1998; CHEN et al. 1998; PITCOVSKI et al. 1998; ZIERENBERG et al. 2001) and that 

they are antigenically and genetically similar to each other (ETERRADOSSI et al. 1999, 
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ISLAM et al. 2001). A recent outbreak in two California layer flocks resulted in the isolation 

of two infectious bursal disease viruses, which also meet the genotypic and phenotypic 

characteristics of a vvIBDV (JACKWOOD et al. 2009). 

 

2.1.4.3 Laboratory host systems 

A number of IBDV strains have been adapted to primary chicken cell cultures and induce 

cytopathic effects (LUKERT and SAIF 2004). Cell-culture adapted virus may be quantified 

by plaque assay or microtiter techniques (LUKERT and SAIF 2004). In addition to chicken 

cells, the virus has been grown in turkey and duck embryo cells, mammalian cell lines derived 

from rabbit kidneys (RK-13), monkey kidneys (Vero) and baby grivet monkey kidney cells 

(BGM-70) (LUKERT and SAIF 2004). 

 

IBDV strains can be propagated in 9 to 11 day old embryonated eggs derived from hens free 

of IBDV maternal antibodies (ROSENBERGER et al. 2008). The inoculation by 

chorioallantoic membrane (CAM) route is the most sensitive, although embryos inoculated 

via the yolk sac were also infected by most isolates (ROSENBERGER et al. 2008). Variant 

strains of IBDV can also be isolated and grown in chicken embryos when introduced by the 

CAM route but generally will not be lethal to embryos (ROSENBERGER et al. 2008). The 

vvIBDVs can also be propagated in embryonated chicken eggs and cause severe lesions in the 

embryo even in lower doses than 103 TCID50 (ROSENBERGER et al. 2008).  

 

HASSAN and SAIF (1996) investigated the influence of the host system on the pathogenicity, 

immunogenicity and antigenicity of IBDV. They passaged an intermediate commercial 

vaccine (Bursine 2) and a variant strain of IBDV six times in three different host systems; 

BGM-70 and primary chicken embryo fibroblasts (CEF) cell cultures and embryonated 

chicken eggs or one passage in vivo in SPF chicks. Passage in BGM-70 cells or CEF cells 

resulted in loss of pathogenicity while viruses passaged in chicken embryos or in vivo in the 

BF maintained their pathogenicity (HASSAN and SAIF 1996).  
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2.1.4.4 Virus replication 

Little is known about the principal mechanism of birnavirus replication. IBDV was shown to 

attach to chicken embryo kidney cells to a maximum level at 75 minutes after inoculation 

(LUKERT and DAVIS 1974). The multiplication cycle in chicken embryo cells last 10-36 

hours and the period of viral eclipse is about 4-6 hours (LUKERT and DAVIS 1974). Viral 

polypeptides were detected in chicken bursal lymphoid cells grown in vitro and in their 

supernatant at 90 minutes and 6 hours post infection, respectively (MÜLLER and BECHT 

1982). RNA transcription and replication occur following cell penetration without the 

uncoating of the virus (SPIES et. al., 1987).  

 

2.1.4.5 Epidemiology  

Chicken is the only avian species known to be susceptible to IBDV where the virus can 

induce clinical disease and characteristic lesions (LUKERT and SAIF 2004). Turkeys, ducks 

and ostriches are susceptible to infection with IBDV but did not show signs of clinical disease 

(McNULTY et al. 1979; LUKERT and SAIF 1997). Several species of free-living and captive 

birds of prey were examined for antibodies to IBDV and positive results were obtained from 

accipiter birds (ETERRADOSSI and SAIF 2008). Antibodies to IBDV were also detected in 

rooks, wild pheasants, and several rare avian species, in Antartic penguins, ducks, gulls, 

shearwaters, crows and falcons (ETERRADOSSI and SAIF 2008). 

 

The virus persists in the environment and can be difficult to eradicate from previously 

affected premises. Under natural conditions, the most common mode of infection appears to 

be via the oral route (SHARMA et al. 2000). Transmission of the virus occurs via direct 

contact with infected birds, contaminated litter or faeces and through contaminated air, 

equipment, feed and staff clothing (OFFICE INTERNATIONAL DES EPIZOOTIES, 2004). 

No evidence suggests that IBDV is transmitted through the egg or that a true carrier state 

exists in recovered birds (LUKERT and SAIF 2004).   

 

2.1.5 Clinical signs  

IBD is an acute, highly contagious disease of young chickens. Young chicks at the age of 3 to 

6 weeks are susceptible to clinical manifestations of the disease (van den BERG 2000). 
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Depending on the virulence of the infecting strain and the status of the IBDV specific 

antibody, the flock may show very high morbidity with severe depression lasting about 5-7 

days (OFFICE INTERNATIONAL DES EPIZOOTIES, 2004). Usually, mortality starts at the 

second and third day after infection, reaches a peak at day 4 and then drops quickly (OFFICE 

INTERNATIONAL DES EPIZOOTIES, 2004). The surviving chickens recover rapidly with 

a state of apparent health after 5 days (van den BERG et al. 2000). The mortality rates are 

highly variable and depend on virulence of the strain, residual MDA levels, as well as the age 

and breed of the birds (OFFICE INTERNATIONAL DES EPIZOOTIES, 2004).  

 

The main clinical signs are watery diarrhoea, ruffled feathers, reluctance to move, anorexia 

and prostration (OFFICE INTERNATIONAL DES EPIZOOTIES, 2004). Post-mortem 

lesions include dehydration of the muscles with haemorrhages, enlargement and discoloration 

of kidneys with urate crystals in the tubules (OFFICE INTERNATIONAL DES 

EPIZOOTIES, 2004). The bursa of Fabricius shows the main lesions to be considered for 

IBD-diagnosis.  

 

2.1.6 Pathology and histology  

The primary target organ of IBDV is the bursa of Fabricius (LUKERT and SAIF 2004), but 

also other lymphoid tissues may be infected. In birds that die at the peak of disease outbreak, 

the bursa is enlarged and swollen with a pale yellow discoloration (OFFICE 

INTERNATIONAL DES EPIZOOTIES, 2004). Intrafollicular haemorrhages may be present 

and, in some cases, the bursa may be completely haemorrhagic. Peribursal oedema will be 

present during early infection, which is pathogonomic for IBD (OFFICE INTERNATIONAL 

DES EPIZOOTIES, 2004).  

 

LUKERT and SAIF (2004) have reviewed macroscopic and microscopic changes in the bursa 

of Fabricius and other lymphoid organs. On day 3 post infection, the bursa begins to increase 

in size and weight because of oedema and hyperaemia. After day 4 the BF begins to recede. 

By day 5, the BF returns to normal weight but it continues to atrophy. By day 2 to 3 post 

infection, the BF has a gelatinous yellowish transudate covering the serosal surface. 

Longitudinal striations on the surface become prominent and the normal colour turns to cream 
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colour. The transudate disappears as the BF returns to its normal size and the organ becomes 

gray during the following period of atrophy. The infected BF often shows necrotic foci and at 

times petechial or ecchymotic haemorrhages on the mucosal surface. 

 

The spleen may be slightly enlarged and very often has small gray foci uniformly dispersed 

on the surface (LUKERT and SAIF 2004). Although lesions in the BF are comparable 

between vvIBDV and virulent or iIBDV infected chickens, vvIBDV strains cause a greater 

decrease in thymic weight index and more severe lesions in the cecal tonsils, thymus, spleen 

and bone morrow compared to less virulent strains (LUKERT and SAIF 2004). 

 

Microsocpical changes are most severe in the BF. As early as 1 day post infection there is 

degeneration and necrosis of lymphocytes in medullary area of bursal follicles. Lymphocytes 

are soon replaced by heterophils, pyknotic debris and hyperplastic reticuloendothelial cells 

(LUKERT and SAIF 2004). All lymphoid follicles are affected by 3 or 4 days post infection 

and the increase in weight of BF seen at this time is caused by severe oedema, hyperaemia 

and marked accumulation of heterophils (LUKERT and SAIF 2004). As the inflammatory 

reaction declines, cystic cavities develop in the medullary areas of follicles; necrosis and 

phagocytosis of heterophils and plasma cells occur and fibroplasia is observed in 

intrafollicular connective tissue (LUKERT and SAIF 2004). 

 

2.1.7 Immunopathogenesis  

Depending on the virulence of the IBDV strain, the age at the time of infection, the presence 

of IBDV antibodies and the genetic background of the chicken, IBDV infection may induce 

temporary or permanent destruction of the BF, and other lymphoid tissues (LUKERT and 

SAIF 2004). Chickens may undergo suppression in both humoral and cellular immunity. It is 

well known that the IBD virus replicates in Ig-M bearing B lymphocytes, particularly in the 

cells of the bursa of Fabricius (LUKERT and SAIF, 1997). A study of TANIMURA and 

SHARMA (1998) revealed that apart from destruction of B lymphocytes in the bursa by IBD 

virus, simultaneous apoptosis of thymic lymphocyte is observed in IBDV infection. This 

observation suggests that cell death may not always to be included directly by IBDV 
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replication but also may be a concomitant effect induced by unknown pathological 

mechanism (TANIMURA and SHARMA, 1998).     

 

The role of macrophages in the pathogenesis of IBDV has been extensively examined. Several 

studies demonstrate that macrophages and monocytes may be susceptible to infection with the 

virus (MÜLLER 1986; BURKHARDT and MÜLLER, 1987; INOUE et al. 1992).  

Macrophages have been proposed to serve as virus carriers from the site of infection in the gut 

to the bursa and other peripheral tissues (KIM et al. 1998; van den BERG et al. 2000). Studies 

showed that during acute IBDV infection splenocytes responded poorly to mitogenic 

stimulation (KIM et al. 1998). They suggested that inhibition of the mitogenic response was 

likely mediated by suppressor macrophages through enhanced cytokine expression. 

Accordingly it was shown that splenic macrophages enhanced the expression of type I IFN, 

chicken myelomonocytic growth factor and IL-8 and released elevated levels of NO in splenic 

macrophages after vIBDV infection.  

 

KHATRI et al. (2005) examined the effect of IBDV on bursal macrophages in SPF- chickens. 

Viral genome was detected in bursal macrophages at 3, 5 and 7 days pi. They also examined 

expressions of cytokines in macrophages recovered from the bursa during the first week after 

vIBDV infection. They found enhanced expression of IL-6, IL-1β, IL-18. IL-6 and IL-1β 

showed the greatest up-regulation at 3 days pi, whereas the IL-8 expression was highest at 1 

day pi. KHATRI et al. (2005) found enhanced expression of iNOS mRNA in bursal 

macrophages of infected chickens as well. Increased expression of the proinflammatory 

cytokines and iNOS correlated well with the presence of the inflammatory response in the 

infected bursa of IBDV infected birds. 

 

Signal transduction pathways involved in macrophage activation were examined in cultured 

spleen macrophages obtained from SPF chickens, which had been exposed to IBDV 

(KHATRI and SHARMA 2006). It was concluded that IBDV induces the cellular signal 

transduction machinery, in particular p38 MAPK and NF-κB pathways, to elicit macrophage 

activation. In another study, the IBD viral genome was detected in bursal macrophages at 3, 5 

and 7 days post infection (KHATRI et al. 2005).  
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A very recent study of WANG et al. (2008) evaluated mast cell activity and tryptase 

production, which is a marker for activated mast cells, following vvIBDV infection in SPF-

Leghorns. Mast cells play a critical role in immune response and inflammation, which became 

clear after evidence indicated that mast cells are responsible for the production of a great 

number of inflammatory molecules (METCALFE et al. 1997). The data of WANG et al. 

(2008) reveal that the activity of mast cells and tryptase is markedly increased in tissues after 

vvIBDV inoculation, especially in the bursal stroma. They suggest that mast cells may play an 

important role in the damage of bursa in early vvIBDV infection and tryptase may contribute 

to the inflammation of acute IBD (WANG et al. 2008).    

 

SHAW and DAVISON (2000) demonstrated that protection was still induced in the absence 

of detectable serum antibodies using a recombinant vaccine containing a VP2 capsid protein 

of the virus. This suggests the possibility of a significant role for cell-mediated immunity in 

protection against IBDV. Results from SHARMA and co-workers support this postulate by 

showing that chickens lacking B-cells are able to clear IBDV and retain immunological 

memory that is effective against subsequent exposure to the virus (YEH et al. 2002). 

Furthermore, chickens lacking T cells do not achieve full protection against virulent IBDV 

after vaccination with an inactivated IBDV vaccine (RAUTENSCHLEIN et al. 2002b).  

 

KIM et al. (2000b) demonstrated that the number of intrabursal T cells peaked at 7 days pi. 

While CD4+ T cells declined rapidly, CD8+ T cells persisted after 3 weeks pi. Subsequently, 

KIM et al. (2000) investigated bursal cells of IBDV infected chickens and showed that IFNγ 

expression was up-regulated in infected birds compared to virus-free controls. In addition, 

they showed that IBDV induced bursal T cells produced elevated levels of IL-6 (KIM et al. 

2000) and NO (KIM et al . 2000a) after vIBDV infection.  

 

In another study KIM et al. (2000b) noted that in contrast to bursal T cells that proliferated in 

vitro in response to purified IBDV, the splenocytes showed no detectable virus-specific 

proliferation (KIM et al. 2000a). They suggested that IBDV replication may be much more 

extensive in bursa versus the spleen and virus-specific T cell numbers in the spleen may be 
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extremely low. The role of T memory cells has been also investigated in B-cell deficient 

chickens by YEH et al. (2002). Their findings indicate that two mechanisms may be involved 

in IBDV clearance in chickens. First, unaffected chickens infected with IBDV develop high 

titres of anti-IBDV antibodies that neutralize subsequent IBDV infection. On the other hand, 

in the absence of IBDV antibodies in B-cell deficient chickens, IBDV replicates outside the 

bursa of Fabricius and its presumably taken up by macrophages. Than, the antigen is 

processed and presented to T cells and these T cells mount a protective response that clears 

the virus (YEH et al. 2002). Study of RAUTENSCHLEIN et al. (2003) supported these 

findings and suggested that extrabursal IBDV replication may lead to important non-B cell 

responses. They also showed the evidence that T cell accumulation was related to intrabursal 

viral replication.  

 

In order to understand role of IBDV-induced intrabursal T cells in immunopathogenesis and 

tissue recovery, RAUTENSCHLEIN et al. (2002a) conducted a study using T cell-

compromised SPF-chickens. They showed that the target organ of IBDV, the bursa of 

Fabricius, of T cell-compromised birds had higher antigen load than the T cell-intact birds 

(RAUTENSCHLEIN et al. 2002a). Furthermore, Tx-CsA treatment, which inhibits the 

proliferative response to T-cell-mitogens, abrogated the IBDV induced inflammatory response 

and significantly (P < 0.05) reduced the expression of IL-2 and IFNγ in comparison to T cell-

intact chickens (RAUTENSCHLEIN et al. 2002a). They suggested that T cell released IL-2 

and IFNγ may have mediated the induction of inflammation and cell death in T cell intact 

birds. Additionally, the up-regulation of TNF expression was comparable between groups. It 

was concluded that functional T cells may be needed to control the IBDV-antigen load in the 

acute phase of infection at 5 days post infection (RAUTENSCHLEIN et al. 2002a).  

 

ELDAGHAYES et al. (2006) investigated mRNA expression in bursal tissue for type I IFN 

(IFNα and IFNβ), proinflammatory cytokines IL-1β, IL-6 and CXCLi2, TGF-β4 and Th1 

cytokines (IFNγ, IL-2, IL-12 and IL-18) for on day 5 after infection of 3-week old chickens. 

They showed that both strains induced upregulation of IL-1β, IL-6 and CXCLi2 genes and 

downregulation of TGF-β4 of similar magnitude and timing. Interestingly, upregulation of 

IFNγ mRNA was induced by both strains, although a greater degree by a vvIBDV strain. 
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However, the impact of virus replication in extrabursal tissues and subsequent cytokine 

expression has not been evaluated.   

 

RUBY et al (2006) recently provided an extensive transcriptional profile of the early host 

responses to neonatal infection with vIBDV. Significant differences were detected at 1 day 

after infection genes involved in the inflammatory response were only upregulated in resistant 

line (RUBY et al. 2006). They induced IFNα, IFNγ, the proinflammatory cytokines IL-2, IL-

18 and IL-6 and chemokines IL-8, chCCLi6 and chCCL21 and LITAF (RUBY et al. 2006).  

 

Only few studies have been performed on the immune reactions to IBDV in comparison with 

chickens from different genetic backgrounds (ELDAGHAYES et al. 2006; RUBY et al. 

2006). Most widely SPF-Leghorns have been used in clinical immunology study with several 

virulent strains of IBDV. In particular almost no work was published on the role of cytokine 

expression in conjunction with bioactive levels in chickens with different genetic 

backgrounds.  

 

2.1.8 Diagnosis 

In chicken flocks, the clinical picture and the course of the disease usually are indicative of an 

IBDV infection. Pathological changes observed at the BF are characteristics, and 

histopathological investigations combined with the demonstration of viral antigens by 

immunohistochemistry confirm an IBDV infection (MÜLLER et al. 2003). IBDV can be 

isolated by the inoculation of antibody-free embryonated chicken eggs. Viral antigens can be 

demonstrated by the agar-gel precipitation assay or by the antigen-capture enzyme-linked 

immunosorbent (ELISA) assay. To demonstrate presence of IBDV specific antibodies, ELISA 

systems are commercially available. The virus-neutralization assay is the only serological test, 

which can reliably differentiate IBDV antigenic serotypes and subtypes (JACKWOOD and 

SAIF 1987).  

 

Reverse transcription-polymerase chain reaction (RT-PCR) is a molecular tool frequently 

applied in IBDV diagnosis. RT-PCR in combination with restriction enzyme analysis allows 

the rapid identification of vvIBDV (ZIERNBERG et al. 2001). Restriction fragment length 
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polymorphism (RFLP) has also been used to characterize 6 molecular groups of IBDV 

(JACKWOOD and SOMMER 1999). Nucleotide sequencing of RT-PCR products is widely 

used for further characterization of IBDV strains (ISLAM et al. 2001; ZIERENBERG et al. 

2001). Most RT-PCR protocols based on VP2 nucleotide sequence. Recently, protocols based 

on the VP1 gene (RAUE and MAZAHERI 2003) and quantitative real time RT-PCR (QRT-

PCR) protocols were published (RAUE and MAZAHERI 2003). An in situ RT-PCR was 

developed to investigate early stages of infection in the IBDV-infected BF (Zhang et al. 

2002).  

 

2.1.8.1 Serological tests 

An AGID, virus neutralisation (VN) or ELISA may be carried out on serum samples 

(OFFICE INTERNATIONAL DES EPIZOOTIES, 2004). The infection usually spreads 

rapidly within a flock of birds. Therefore, only small percentage of the flock needs to be 

tested to detect the presence of IBDV-specific antibodies.   

 

The ELISA procedure has the advantage of being a rapid test with the results easily entered 

into computer software programs. With these programs it is possible to establish an antibody 

profile on breeder flocks that will indicate the flock immunity level and provide information 

for developing proper immunization programs for both breeder flocks and their progeny 

(LUKERT and SAIF 2004). The optimal timing is often predicted based on serological data 

following detection of IBDV MDA by ELISA. The “Deventer formula” was developed to 

estimate the optimal vaccination time point based on half-life time of the MDA, the age of the 

chicken at sampling, the genetic background, breakthrough titre of the vaccine and the 

requested percentage of the flock having antibody levels below the breakthrough titre of the 

vaccine at the time of administration (de WITT 1998).  

 

The VN test is the only serological test that will discriminate the different serotypes of IBDV 

and it is still the method of choice to discern antigenic variations between isolates of the virus 

(LUKERT and SAIF 2004).  
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2.1.9 Control of IBD 

Both live attenuated and inactivated vaccines are available to control the disease. Recently, 

vaccines have been developed that can be administered in ovo at 18 days of incubation 

(JEURISSEN et al. 1998). Furthermore, a live recombinant vaccine expressing the VP2 

antigen of IBDV has also been licensed (BUBLOT et al. 2007; LE GROS et al. 2009).  

 

Live vaccines are administered via eye drops, mainly via drinking water or subcutaneous 

injection during the first 3 weeks of life (OFFICE INTERNATIONAL DES EPIZOOTIES, 

2004). They are used to induce an active immunity in young chickens. A complementary 

approach to this is to provide chickens with passive protection via MDA by vaccinating the 

parents using a combination of live and killed vaccines (OFFICE INTERNATIONAL DES 

EPIZOOTIES, 2004). Effective vaccination of breeding stock is therefore of great importance.  

 

2.1.9.1 Live vaccines 

Attenuated strains of IBDV are used as live vaccines. These are referred to as mild, 

intermediate or intermediate plus “hot” vaccines. One of the major problems with attenuated 

IBDV vaccines is their sensitivity to maternally derived antibodies, which are always present 

at the time of vaccination in commercial poultry. One of the approaches is to use less 

attenuated vaccines (intermediate or “hot”) and another approach is delivery of suitable 

vaccine either in ovo (JEURISSEN et al. 1998; BUBLOT et al. 2007) or by subcutenous route 

to 1 day-old chicks (BUBLOT et al. 2007; LE GROS et al. 2009).  

 

The immunogenicity and protective efficacy of different IBDV-derived particles; such as VP2 

capsids, VPX tubules and PP-derived structures were assessed in chickens (MARTINEZ-

TORRECUADRADA et al. 2003). Studies indicated that VP2 capsids represent a suitable 

candidate recombinant vaccine and has been the target protein for the development subunit 

vaccines.  

 

Mild vaccines are usually used in broilers, in order to induce active immunity and prime 

broiler parents prior to inoculation with inactivated vaccine. In the absence of MDA, mild 
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vaccines are given at age of 1-day post hatch. The best schedule can be determined by 

calculating the optimal vaccination time with Deventer formula.  

 

2.1.9.2 Inactivated vaccines 

Inactivated IBDV vaccines are used to stimulate high and uniform levels of antibody in parent 

chickens so that the progeny receives high and uniform levels of MDA. The inactivated 

vaccines are manufactured with oil emulsion adjuvant and given by injection. They must be 

used in birds already stimulated by primary exposure, either to live vaccine or to field virus. 

The parent flocks can be monitored serologically. 

 

2.2 Influence of genetic background on disease susceptibility of chickens 

Genetic selection of chickens for improved feed conversion, rapid growth and production of 

eggs has led to two different types of chickens: broiler and layer-type chickens. As a 

consequence of selection for economically important production traits, broiler and layer 

chickens differ in body weight gain and duration of production cycle. The genetic selection 

had on the other hand consequences for the efficacy of the defence mechanisms, which vary 

between layer- and broiler-type chickens. KOENEN et al. (2002) have investigated whether 

the immune system of layer-type chickens differs from broiler chickens under similar 

conditions. They used White Leghorn chickens, which were kept under SPF conditions, and 

as a contrast a typical broiler type Ross 508 and inoculated them with a non-replicating, 

thymus dependent antigen, which does not interact with maternally derived antibodies. The 

antibody response of layer- and broiler-type chickens appeared to differ in response and also 

in kinetics (KOENEN et al. 2002). They suggested that broilers produce a strong short-term 

while layer-type chickens a long-term humoral response in combination with a strong cellular 

response (KOENEN et al. 2002). NICOLAS-BOLNET et al. (1995) compared hematopoietic 

pregenitor cell numbers in the bone morrow of White Leghorn (Cornell K-strain) and broiler 

(Arbor Acres x Arbor Acres) chickens. The White Leghorn gave rise to more cell colonies 

than broiler marrow cells. Macrophage colonies predominated in differentiated cells from 

White Leghorns bone morrow. Broiler bone morrow cells showed lower numbers of 

macrophages and higher numbers of granulocyte lineage colonies. The authors suggested that 

bone morrow cells from White Leghorn chickens may be more efficient in differentiating into 
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hematopoietic lineage cells in response to growth factors than the bone morrows cells of 

broilers. The authors also speculated that White Leghorn chickens may be capable of 

generating a larger pool of cells of myeloid lineage (e.g., macrophages).  

 

Genetic resistance may allow to control disease, however, greater genetic resistance may 

complement the effects of vaccines or improved hygiene, while the identification and 

characterisation of the genes responsible for resistance may also suggest further methods for 

pharmaceutical or vaccine application. At present so little is known about the genes associated 

with genetic resistance to diseases. Continuing selection for major histocompatibility complex 

(MHC) (B complex) haplotypes associated with resistance to Marek’s disease provides the 

best example of selection for a specific disease resistance gene in commercial chickens. It is 

now clear that MHC contains many genes likely to affect the immunological response to 

disease, the majority of these are so closely linked as to be inherited as a single unit, hence 

effectively as a single gene. Some chicken lines with different MHC haplotypes have been 

investigated following IBDV infection. Results indicated that there was no differences among 

3 MHC genotypes of commercial breeder lines in incidence of IBD by any of the disease 

measures; such as bursa histology, bursa lymphocyte count and percentage of T cells in the 

bursa (HUDSON et al. 2002). Although no relation with between MHC haplotype and 

resistance to IBDV has been observed so far, differences have been found between chicken 

lines (BUMSTEAD et al. 1993).  

 

All breeds were shown to be affected by IBDV. Many investigators observed that White 

Leghorns develop the most severe disease and have the highest mortality rate (LUKERT and 

SAIF 2004).  Van den BERG (1991) reported higher mortality in layer pullets than in broilers 

following IBDV infection, suggesting differences in susceptibility between those particular 

layer and broiler lines. BUMSTEAD et al. (1993) reported that mortality rates between 11 

inbred and partly inbred lines after IBDV inoculation varied considerably, being highest in a 

Brown Leghorn line and lowest in some White Leghorn lines. NIELSEN et al (1998) reported 

that a meat-type chicken line was more resistant to IBDV infection than a layer-type line, and 

HASSAN et al (2002) reported major differences in mortality rates in 6 genetically different 

chicken lines. The actual mechanisms behind the genetic differences are not known. The 
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studies of RUBY et al. (2006) allow the speculation that variations in first-line mechanism 

and cytokine response may contribute to these differences in pathogenesis between chicken 

lines and hybrids.  
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3. Goals and Objectives 

 

The ultimate goal of the project presented here was to elucidate the immunopathogenesis of 

the infectious bursal disease and to investigate the influence of genetic differences on the 

innate and acquired immune responses in different chicken lines and hybrids. We 

hypothesized that the differences between chicken lines in their response to IBDV are based 

on variations in the induction of the first line of defence-mechanisms. We speculated that the 

induction of a high mortality rate after infection of susceptible chicken with virulent IBDV 

correlates with the ability of the bird to mount a fast systemic immune response with high 

level of specific cytokines leading to a shock like syndrome and consequently death. We 

expected that the birds more resistant to IBDV-infection may control the viral replication 

faster, due to better modulation of the T cell response and cytokine expression.  

 

In the first part of the project we compared innate and acquired immune responses in the acute 

phase of IBDV infection between commercial Ross-type broilers (BT) and highly susceptible 

SPF-layer-type (LT) chickens after infection with IBDV strains of different virulence:  

 

- An intermediate IBDV-vaccine strain  

- A classical virulent IBDV-strain 

- A very virulent IBDV strain 

 

In the second part of the project we enhanced the number of genetic backgrounds in order to 

confirm that genetic variations in the IBDV-immune response exist between layer and broiler 

chickens and to show that even between different lines and hybrids of layer- and broiler-type 

birds differences may be observed. We inoculated different lines of chickens with vvIBDV, 

because vvIBDV is known to induce severe IBD and high mortality in susceptible birds. We 

evaluated the levels of circulating cytokines induced during the acute phase of the IBD 

infection and compared these to transcriptional levels in main lymphoid organs. 
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In all sets of experiments, SPF-LT chickens were considered as the classical infection model, 

which develop clear lesions and mortality after IBDV infection. Overall, we investigated 5 

different chicken genetics after IBDV infection: 

 

- SPF-layer-type chickens; LSL-LITE 

- The Experimental White Leghorn line 

- The Experimental New Hampshire line 

- Ross type broilers 

- Cobb-type broilers 
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4. Differences in genetic background influence the induction of innate and acquired 

immune responses in chickens depending on the virulence of the infecting infectious 

bursal disease virus (IBDV) strain 

 

Paper was removed for the archived version of this thesis.  

 

ARICIBASI, M., A. JUNG, E.D. HELLER & S. RAUTENSCHLEIN (2010): 

Differences in genetic background influence the induction of innate and acquired immune 

responses in chickens depending on the virulence of the infecting infectious bursal disease 

virus (IBDV) strain.  

Vet. Immunol. Immunopathol. 135, 79-92 

 

Abstract 

Previous studies and field observations have suggested that genetic background influences 

infectious bursal disease virus (IBDV) pathogenesis. However, the influence of the virulence 

of the infecting IBDV strain and the mechanisms underlying the differences in susceptibility 

are not known. In the present study IBDV pathogenesis was compared between specific-

pathogen-free layer-type (LT) chickens, which are the most susceptible chicken for 

IBDV and used as models for pathogenesis studies, and broiler-type (BT) chickens, which 

are know to be less susceptible to clinical infectious bursal disease (IBD). The innate and 

acquired immune responses were investigated after inoculation of an intermediate (i), virulent 

(v) or very virulent (vv) strain of IBDV. IBDV pathogenesis was comparable among genetic 

backgrounds after infection with iIBDV. After infection with vIBDV and vvIBDV, LT birds 

showed severe clinical disease and mortality, and higher bursal lesion scores and IBDV 

antigen load relative to BT birds. Circulating-cytokine induction varied significantly in both 

timing and quantity between LT and BT birds and among virus strains (P < 0.05). Evaluation 

of different immune cell populations by flow-cytometric analysis in the bursa of Fabricius 

provided circumstantial evidence of a stronger T cell response in BT birds vs. LT birds after 

infection with the virulent strains. On the other hand, LT birds showed a more significant 

increase in intrabursal macrophage-like cells and circulating macrophage-derived immune 

mediators such as total interferon (IFN) and serum nitrite than BT birds on day 2 and 3 post 
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infection (P < 0.05). Stronger stimulation of innate immune reactions especially after 

vIBDV-infection in early phase may lead to faster and more severe lesion development 

accompanied by clinical disease and death in LT chickens relative to BT chickens. 

Interestingly, no significant differences were seen between genetic backgrounds in induction 

of the IBDV-specific humoral response: timing of IBDV antibody induction and antibody 

levels were comparable between BT and LT birds. This study clearly demonstrates a 

significant influence of chickens' genetic background on disease outcome. The difference 

between backgrounds in IBDV susceptibility is further influenced by the virulence of the 

infecting virus strain.  
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5. The host genotype influences the infectious bursal disease virus pathogenesis in 

chickens by modulation of T cell responses and cytokine gene expression  
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Hannover, Germany 
bThe Hebrew University, Faculty of Agricultural, Food and Environmental Quality Science, 
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cInstitute of Farm Animal Genetics, Friedrich Loeffler Institut, Neustadt-Mariensee, Germany 

 

 

Abstract  

Infectious bursal disease virus (IBDV) pathogenesis is influenced by bird’s genetic 

background but mechanisms behind are still unknown. We investigated the acute phase of 

very virulent IBDV infection in different layer and broiler type birds in comparison to 

specific-pathogen-free layers (SPF-Wh-LT) often used for experimental IBDV-studies. No 

differences were found in severity of bursal lesions between groups. The IBDV-antigen load 

varied between genetic backgrounds as well as the percentage of splenic and intrabursal (BF) 

B cells, T cells and macrophages. The most susceptible SPF-Wh-LT showed high levels of 

circulating type I IFN starting at 2 dpi coinciding with clinical IBD, while less susceptible 

birds showed a delayed response. There was poor correlation between circulating and 

intrabursal as well as splenic mRNA cytokine expression levels. Most cytokines showed 

variation in timing and expression levels between infected groups. These data provide 

evidence that variations in cytokine expression contribute to differences in IBDV-

pathogenesis.  
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Abbreviations: 

BF, Bursa of Fabricus; Br-LT, brown layer-type chicken; BSA, bovine serum albumen; BT, 

broiler-type chicken; CD, cluster of differentiation; CEF, chicken embryo fibroblasts; 

chCCL21, chemokine (C-C motif) ligand 21; chCCLi6, chicken recombinant chemokine (C-C 

motif) ligand 6; Cobb-BT, Cobb-type broiler chicken; CPE, cytopathic effect; CT, cycle 

threshold; CXCLi2, chemokine (C-X-C motif) ligand 2; DNA, deoxyribonucleic acid; ELD, 

egg lethal dose; ELISA, enzyme-linked immunosorbent assay; FBS, fetal bovine serum; 

H&E, hemotoxylin and eosin staining; IBD, infectious bursal disease; IBDV, infectious bursal 

disease virus; Ig-, immunoglobulin; IFN, interferon; IL, interleukin; iNOS, inducible nitric 

oxide synthase; LITAF, lipopolysaccharide-induced tumour necrosis factor-alpha factor; LT, 

layer-type chicken; MD, Marek’s Disease; MDV, Marek’s Disease virus; mRNA, messenger 

ribonucleic acid; NO, nitric oxide; OD, optical density; PBS, phosphate-buffered saline; PCR, 

polymerase chain reaction; PI, post inoculation; QRT-PCR, quantitative real time polymerase 

chain reaction; Ross-BT, Ross-type broiler chicken; SD, standard deviation; SPF, specific 

pathogen free; SPF-Wh-LT, specific pathogen free white layer-type chicken; TGF, 

transforming growth factor; Wh-LT, white layer-type chicken; VN, virus neutralization; VSV, 

vesicular stomatitis virus; vv, very virulent 
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Introduction 

Infectious bursal disease virus (IBDV) is a member of the Birnaviridae family. Its genome 

consists of two segments of double-stranded RNA (Müller et al. 2003). The virus causes an 

acute, highly contagious and immunosuppressive disease in young chickens (Lukert and Saif, 

2004). The main target organ for IBDV is the bursa of Fabricius (BF), where B lymphocyte 

maturation and differentiation takes place (Lukert and Saif, 2004). In vitro studies have shown 

that IBDV replicates in proliferating B cells (Müller, 1986). Within hours of exposure, virus 

positive cells appear in the bursa, they undergo cell death by necrosis or apoptosis, and the 

virus spreads rapidly through the bursal follicles (Tanimura and Sharma, 1998; Sharma et al. 

2000).  

A recent study of Khatri et al. (2005) showed that B cells may not be the sole targets for the 

virus; macrophages and possibly other cells may be infected by IBDV as well (Müller, 1986; 

Burkhardt and Müller, 1987; Inoue et al. 1992).  Macrophages may serve as virus carriers 

from the site of infection in the gut to the BF and other peripheral tissues (Kim et al. 1998; 

van den Berg, 2000).  

It is generally accepted that immunological protection against IBDV is due to a long-lasting 

high-titer antibody level. However, chickens lacking B-cells are still able to clear IBDV and 

retain immunological memory that is effective against subsequent exposure to the virus (Yeh 

et al. 2002). Studies with T cell compromised chickens indicate that functional T cells are 

needed to control IBDV replication in the acute phase of infection (Rautenschlein et al. 2002). 

The number of intrabursal T cells peaks at 7 days after IBDV-infection. While CD4+ T cells 

declined rapidly thereafter, CD8+ T cells persisted still at 3 weeks pi (Kim et al. 2000). 

Despite the importance of T cell immunity for host defence, IBDV-induced T cells may 

exacerbate bursal lesions possibly through cytokine release and induce local inflammation 

with a delay of bursal recovery (Kim et al. 2000; Rautenschlein et al. 2002).  

Different immune cell populations have the potential through the release of cytokines to 

modify the host response to IBDV. Cytokines, which are up-regulated during IBDV-infection, 

were IFN-α, IFN-γ (Kim et al. 2000; Rautenschlein et al. 2002; Ruby et al. 2006; Eldaghayes 

et al. 2006), proinflammatory cytokines such as IL-2 (Rautenschlein et al. 2002) IL-18 (Ruby 

et al. 2006) and IL-6 (Khatri et al. 2005; Ruby et al. 2006; Eldaghayes et al. 2006) as well as 

chemokines such as CXCLi2 (Eldaghayes et al. 2006), IL-8, chCCLi6, chCCL21 and LITAF 
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(Ruby et al. 2006). Eldaghayes et al. (2006) observed down-regulation of intrabursal 

expression of TGF-β4 after inoculation with virulent and very virulent IBDV strains. Khatri et 

al. (2005) showed that macrophages were highly activated in virulent IBDV infection. 

Increased expression of the proinflammatory cytokines and inducible nitric oxide synthase 

(iNOS) correlated well with the presence of the inflammatory response in the bursa.  

However, measuring cytokine mRNA expression does not always equate to production of 

bioactive protein. Due to the lack of well characterized specific antibodies for many avian 

cytokines and reliable bioassays, it has been difficult to measure bioactive cytokines in the 

avian system (Aricibasi et al., 2010; Rauw et al. 2007). Most of the IBD-studies did not 

correlate mRNA-expression levels with the actual bioactive cytokines in the respective tissue 

or circulation.  

There are indications that defence mechanisms vary between layer- and broiler (meat)-type 

chickens (Koenen et al. 2002; Nicolas-Bolnet et al. 1995; Hussain and Quershi 1997). With 

regard to IBDV, both broiler and layer flocks are vulnerable to clinical and 

immunosuppressive effects of the virus.  Under field conditions infection of broilers with 

classical IBD strains may result in up to 50% morbidity, but mortality is seldom (Müller et al. 

2003) and often is associated with other factors such as mycotoxins or secondary infections 

(Becht and Müller, 1991). In commercial hybrid Leghorn replacement pullets, losses due to 

IBD may reach up to 20% in susceptible flocks (Müller et al. 2003). The very virulent (vv) 

strains of IBDV may cause even up to 70% flock mortality in laying pullets (van den Berg et 

al. 1991).  

Most of the IBDV pathogenesis studies have been conducted in SPF Leghorn-type birds 

(SPF-Wh-LT) (Kim et al. 1998; Rautenschlein et al. 2002; Rautenschlein et al. 2003), which 

are highly susceptible to IBDV induced lesions and mortality. Aricibasi et al. (2010) 

demonstrated that virulent IBDV-strains induce a strong stimulation of innate immune 

reactions in SPF-Wh-LT model chickens, which may lead to faster and more severe lesion 

development accompanied by clinical disease and mortality than in infected Ross-type 

broilers. Van den Berg (1991) reported higher mortality in layer pullets than in broilers 

following IBDV infection, suggesting differences in susceptibility between those particular 

layer and broiler lines, which were also confirmed by Nielsen et al (1998). Bumstead et al. 

(1993) reported that mortality rates in 11 inbred and partly inbred lines inoculated with 
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vvIBDV varied considerably, being highest in a Brown Leghorn line and lowest in some 

White Leghorn lines.  

To gain more insight into the possible reasons for IBD pathogenesis variations in different 

chicken lines it is necessary to specifically investigate the induction of innate immune 

reactions during the early phase of infection when clinical symptoms and death may occur. 

Our objectives were to compare innate and acquired immune reactions after vvIBDV-

infection between different layer- and broiler-type chickens as well as the most susceptible 

SPF-Wh-LT chickens. Levels of selected circulating cytokines as well as transcriptional levels 

of cytokines in spleen and BF were evaluated. Furthermore, IBDV-induced effects on T and B 

cell populations as well as macrophages in these tissues and the induction of circulating IBD-

antibodies were analysed over the first seven days after infection.  

 

Results  

Results are mainly presented as fold-changes in the relative numbers of immune cell 

populations in spleen and BF as well as cytokine expression and release of infected birds 

compared to virus-free controls of the same genetic background. Data were evaluated on the 

basis of statistically significant differences between infected and non-infected birds of the 

same genetic background as well as based on differences in fold-changes between infected 

groups of the different genetic backgrounds.  

 Induction of clinical signs, lesions and IBDV-antigen detection following inoculation of 

vvIBDV 

Only SPF-Wh-LT chickens showed clinical signs of IBD such as ruffled feathers and 

depression, while the other infected and non-infected birds appeared clinically healthy. 

Clinical signs appeared in SPF-Wh-LT birds at 2 days pi and were accompanied by mortality. 

Eleven of 42 and 20 of 50 vvIBDV inoculated SPF-Wh-LT were found dead within the 7 days 

pi in Experiment 1 and Experiment 2, respectively. No mortality was observed in other IBDV 

inoculated LT and BT chickens. Significant bursa atrophy was observed in most of the 

infected groups starting at 5 days pi (P < 0.05), while Br-LT did not show bursa atrophy 

before 7 days pi (Table 2). At 2 days pi, SPF-Wh-LT, Ross-BT- and Cobb-BT birds began to 

show pathological lesions such as mottled spleens, bursal oedema and bursal haemorrhages 
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(Table 2). The peak of macroscopical lesions was observed at 3 days pi, and birds in all 

vvIBDV-inoculated groups showed bursa and spleen lesions.  

All vvIBDV inoculated groups showed histological bursal lesions. At 1 day pi, first 

microscopical bursa lesions were already observed in SPF-Wh-LT and Ross-BT birds (data 

not shown). On day 3 pi, bursa lesions reached their highest score of 4 for the vvIBDV-

infected SPF-Wh-LT, Wh-LT and Ross- and Cobb-BT birds, whereas Br-LT had still lower 

lesion scores of an average of 2 (data not shown). At 7 days pi, all infected birds including Br-

LT birds remained with a bursal lesion score of 4. Follicle destruction was accompanied in all 

inoculated groups by inflammatory signs and heterophil infiltration at 2 and 3 days pi 

regardless of the genetic background. The induction of histopathological bursa lesions was not 

significantly influenced by the genetic background (Table 3). 

Mild pathological spleen lesions such as marbling and mottling were observed in all vvIBDV 

inoculated LT and BT birds between 2 and 7 days pi. Accordingly, hyperplasia of the white 

pulp was detected in all vvIBDV inoculated birds of all genetic backgrounds on day 3 and 5 pi 

(data not shown). No pathological or histopathological lesions were seen in spleens and BF of 

virus-free controls.  

At 1 day pi, SPF-Wh-LT and Ross-BT birds were already positive for IBDV antigen in the 

bursa (Figure 1). On day 2 pi, all virus-inoculated groups were positive for IBDV antigen in 

the BF. At 2 and 3 days pi, SPF-Wh-LT showed the highest IBDV antigen load in the bursal 

tissues compared to the other vvIBDV infected groups. The number of IBDV-positive cells 

decreased at 5 days pi in the SPF-Wh-LT, Wh-LT and Ross-BT birds, while in the Br-LT 

group the number of positive cells reached peak levels earliest 7 days pi (Figure 1). The 

number of IBDV-positive cells detected by immunohistochemistry did not correlate with the  

severity of lesion development. Overall, layer-type birds of all genetic background showed a 

higher IBDV antigen load in the BF, whereas broiler-type chickens showed less IBDV antigen 

positive cells (Figure 1). Genetic background had a significant impact on the IBDV antigen 

load in the bursa as well as the time post inoculation (Table 3). 

vvIBDV-induced effects on splenic and intrabursal B-cells, T cells and macrophages 

Assessment of the percentage of splenic B cells indicated that after a temporary increase in the 

relative percentage of splenic B cells at 2 day pi in SPF-Wh-LT, Wh-LT, Br-LT and Ross-BT 

groups, the number of B cells clearly decreased in the BT-groups, while in the Br-LT and Wh-



 

 

30 

 
 

LT group the number of Bu-1+ cells continued to increase further up to 5 days pi (data not 

shown). At 2 days pi, a slight decrease was observed in the percentage of intrabursal B cells in 

Cobb-BT birds. An increase in the relative number of B cells was observed in all infected 

groups at 3 or 5 days pi compared to virus-free controls of the same genetic background 

(Figure 2a). This increase was followed by a slight decrease at 7 days pi, which ranged 

between 1 to 1.5 folds compared to virus-free controls (data not shown). Ross-BT birds 

showed the most significant (P <0.0001) difference in their changes of relative  intrabursal B 

cell numbers in comparison to SPF-Wh-LT (Table 4).  

IBDV-antigen detection in the BF was accompanied by a significant increase in CD4+ and 

CD8+ T cells (Figure 2b and c) and spleen (data not shown) (P < 0.05). The magnitude and 

timing of T cell accumulation varied between the different genetic backgrounds (Table 4). At 

2 days pi, relative numbers of splenic CD4+ T cells increased 8 and 10 folds compared to the 

corresponding virus-free SPF-Wh-LT and Ross-BT control birds, respectively (data not 

shown). At 5 days pi, relative numbers of splenic CD4+ T cell were reduced again in the 

Ross-BT group, whereas they remained high in SPF-Wh-LT birds by 8-fold compared to the 

virus-free controls (data not shown). The relative number of splenic CD8+ T cells increased 

2- fold in Ross-BT birds compared to corresponding controls at 2 and 5 days pi, whereas SPF-

Wh-LT and LT birds showed a 2-fold increase at 2 days pi followed by a slight decrease at 5 

days pi (data not shown).  

Intrabursal CD8+ T cells were already detected at significantly higher numbers compared to 

virus-free controls of the same genetic background at 2 days pi in vvIBDV-infected SPF-Wh-

LT, as compared to other LT and BT birds (Figure 2c). Only Cobb-BT showed a clear 

decrease in the number of intrabursal CD8+ T cells at all investigated time points (Figure 2c). 

Overall, these data comply with previous reports showing that intrabursal CD4+ and CD8+ T 

cells may accumulate following IBDV inoculation (Kim et al. 2000; Williams and Davison, 

2005), the accumulation rate and timing is influenced significantly by the genetic background 

(Table 4, P < 0.0001). 

Only a slight increase was observed in the relative proportion of macrophage-like cells within 

the leukocyte population of spleens of vvIBDV inoculated birds in comparison to virus-free 

birds, but these differences were not significant (Table 4).  
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Overall, SPF-Wh-LT and Wh-LT birds showed the highest macrophage-like cells 

accumulation in the BF, which reached peak levels at the 3rd and 5th days pi in Wh-LT and 

SPF-Wh-LT birds, respectively (data not shown). Br-LT and Ross-BT infected groups 

showed also a slight increase in macrophages-like cells in the BF, whereas the Cobb-BT 

infected group showed significantly lower numbers of macrophage-like cells in the BF 

compared to corresponding virus-free controls. Genetic background was shown to have a 

significant effect on accumulation of macrophage like cells in the BF (P < 0.0001) after 

infection (Table 4).  

Induction of cytokines and circulating nitrite following inoculation with vvIBDV  

Inoculation with vvIBDV induced increased levels of circulating cytokines such as total IFNs, 

IL-6, IL-1β and serum nitrite in most infected groups at some time point during the 

experiments. The timing varied between groups. The most prominent cytokine levels such as 

for type I IFN (Figure 3a) and IL-6 (data not shown) were detected in the SPF-Wh-LT groups 

between 2 and 5 days pi as compared to the other infected groups and the corresponding 

virus-free control groups. SPF-Wh-LT showed high levels of bioactive circulating total IFN at 

2 to 7 days pi, while the other infected-groups showed high levels mainly on day 3 pi (Figure 

3a). Virus inoculation, time post inoculation as well as the genetical background affected the 

total IFN levels (Table 5). All LT and BT birds showed significantly different systemic 

bioactive IFN release relative to SPF-Wh-LT (Table 5).  

Circulating IFN-γ levels in serum decreased significantly at 2 days pi in SPF-Wh-LT birds 

compared to virus-free controls and also compared to most of other infected groups, and 

remained low during the course of the experiments compared to virus free controls of the 

same genetic background (Figure 4 a). Serum IFN-γ concentration were not significantly 

affected in infected birds of all groups compared to virus free controls at 3 days pi. At 5 days 

pi, the highest change of more than 20-fold in circulating IFN-γ levels was observed in Br-LT 

and Ross-BT birds, while other groups did not show any increase compared to virus free birds 

of the same genetic background (Figure 4a). No significant difference between infected and 

non-infected groups was observed in levels of detectable IFN-γ protein at 7 days pi (data not 

shown). Statistical assessment indicated a significant different regulation of circulating IFN-γ 

after vvIBDV infection of Ross- and Cobb-BT birds compared to SPF-Wh-LT birds (Table 5).  
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Circulating levels IL-1β did not vary significantly between the infected and non-infected 

groups and between groups of different genetic background at the investigated time points 

(Table 5). On 2 and 3 days pi, a slight but not significant increase in IL-1β levels was 

observed in SPF-Wh-LT birds compared the virus free birds of the same genetic background, 

while the other infected birds remained unchanged compared to corresponding virus free 

controls (data not shown).  

vvIBDV infected SPF-Wh-LT birds showed the highest IL-6 concentration in serum at 5 days 

pi with 800 ng/ml compared to 90 ng/ml in virus-free birds, whereas all other infected LT and 

BT birds showed slightly lower concentrations of IL-6 compared to virus-free birds of the 

same genetic background (data not shown). vvIBDV infection and time post inoculation 

influenced the bioactive IL-6 serum levels significantly (P < 0.002), while the genetic 

background had no significant effect (Table 5). 

Besides the detection of circulating cytokines also the mRNA-expression levels of selected 

cytokines in spleen and BF were determined. The induction of IFN-α mRNA expression in 

spleens of SPF-Wh-LT birds correlated with the IFN-bioassay results but this observation was 

not made for the other genetic backgrounds (Figure 3 a and b). Genetic background had the 

main impact on IFN-α mRNA up-regulation in the spleen after vvIBDV-infection (Table 6). 

The intrabursal mRNA-expression of IFN-α was affected by the virus-infection but the 

regulation was not statistically different between infected groups (Figure 3 c).  

The IFN-γ mRNA-expression in spleen and BF was up-regulated in all vvIBDV-infected 

groups as compared to the virus-free corresponding controls at most investigated time points 

(Figure 4b and c). The kinetics of the IFN-γ up-regulation was similar for all infected groups 

(Figure 4 b and c). The regulation of IFN-γ mRNA expression in the spleen was significantly 

affected by genetic background, whereas genetic background had no significant effect on 

mRNA up-regulation in the BF (Table 6).  

No bioassay was performed for the detection of TGF-β4. The qRT-PCR data indicate only 

minor changes in expression levels between infected and non-infected birds. All infected 

groups showed an overall down-regulation of TGF-β4-expression in the BF as it was 

demonstrated before (Eldaghayes et al., 2006). Only Wh-LT birds showed a small but 

significant up-regulation at 2 and 5 days pi compared to virus-free controls (P < 0.05; 
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Supplemental Figure 1b). Genetic background had no main effect on TGF-β4-expression in 

spleen and bursa (Table 6).  

The levels of iNOS expression coincided with systemic detection of serum nitrite in vvIBDV-

infected birds at 2 and 3 days pi (Figure 5). The highest circulating nitrite levels in serum 

compared to virus-free controls were observed at 2 and 3 days pi in infected SPF-Wh-LT 

birds with levels of 300 and 500 µmol compared to 180 and 200 µmol in virus-free controls, 

respectively, while at later time points no differences were detected anymore between virus-

free controls and vvIBDV-infected chicken of either genetic background. Genetic background 

was identified not only to have a significant effect on circulating nitrite levels but also on 

iNOS mRNA expression in spleen and BF (Table 6).     

Induction of circulating IBDV-antibodies 

Ross-BT, Cobb-BT, Br-LT and Wh-LT groups were negative for IBDV-ELISA antibodies at 

the time of virus inoculation but showed still low remaining virus neutralizing maternal 

antibody levels, which ranged between log2 3.5 to 4.5. These VN-titers were below the break 

through level of vvIBDV (Eterradosssi and Saif, 2008) and were expected not to significantly 

interfere with the infection (Jung, 2006). All vvIBDV-groups had developed detectable 

IBDV-ELISA (Supplemental Figure 2) and VN-antibody levels (data not shown) between five 

and seven days pi, although differences between genetic groups were detected in titer (Table 

7).  

 

Discussion 

Recent studies have demonstrated a significant influence of chicken’s genetic background on 

infectious bursal disease outcome (Ruby et al., 2006; Aricibasi et al., 2010). In the present 

investigation, we examined genetically based differences on the development of clinical IBD 

and its correlation with the early immune response more closely during the acute phase of the 

infection. We compared different genetic backgrounds of layer-type and broiler-type birds 

with the experimental model bird for IBDV-pathogenesis studies, the SPF layer-type chicken. 

The results confirm that genetic variations exist between immune responses of layer and 

broiler-type chickens but also demonstrate differences between different lines and hybrids of 

layer- and broiler-type birds. While the pathological and histopathological lesions were 

comparable in intensity but not timing post infection, the viral replication, vvIBDV-induced 
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changes in leukocyte populations of spleen and BF, clinical outcome of the infection and the 

overall cytokine response varied significantly between the different genetics. We may 

speculate that the development of IBD depends on the magnitude and composition of the 

cytokine response. Specifically we saw differences in the systemic IFNγ and type I IFN 

response at the protein and mRNA-expression level. The IFN expression seemed to correlate 

with the vvIBDV-replication rate up to three days pi. Some of the viral infections in 

mammalian models induced systemic IFN-α responses that have been associated with severe 

disease. Relationship between strength of the IFN-α response and the severity of the clinical 

outcome was pertinent to CSF (classical swine fewer) (Summerfield et al. 2006).  

All vvIBDV inoculated groups consistently showed after a temporary depletion an increase in 

the relative number of bursal B cells during the first 7 days pi, while the number of B cells in 

the spleen was significantly affected by the genetic background after infection (P < 0.0001).  

We only observed the first 7 days pi in our experiments. It is expected to see massive B cell 

destruction in BF at later time points, which may peak at 14 days pi as shown previously by 

Williams and Davison (2005).   

An interesting observation in the present study was the variation between the different 

genetics in intrabursal T cell influx. Earlier CD4+ T cell influx in SPF-Wh-LT and higher 

influx rates of CD8+ T cells in Ross-BT birds in comparison to the other groups suggests 

differences in IBDV-induced T cell modulation between different genetic lines. This different  

T cell regulation may have in consequence an effect on the control of virus replication and 

recovery of the birds (Rautenschlein et al., 2002). Koenen et al. (2002) investigated the T cell 

response between broiler- and layer-type chickens after ConA stimulation of splenic and 

blood T cells. They demonstrated that the proliferative T cell response is lower in broiler-type 

birds compared to layers. 

Ruby et al. (2006) demonstrated significant interline differences in the regulation of cytokine 

genes of the inflammatory response, which were up-regulated only in the resistant compared 

to the susceptible line (Ruby et al., 2006). They investigated IFN-α, IFN-γ, the 

proinflammatory cytokines IL-2, IL-18 and IL-6 and chemokines IL-8, chCCLi6 and 

chCCL21 and LITAF (Ruby et al., 2006). Our study confirms that genetic differences exist in 

the cytokine response after virus infection in chicken. Type I IFN (IFN-α) and IFN-γ mRNA 

expression was up-regulated in spleen and BF of SPF-Wh-LT and Ross-BT chickens, which  
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partially coincided with the detection of these cytokines in serum of infected birds. In Cobb-

BT, Br-LT and Wh-LT chickens IFN-α gene expression in spleen was down-regulated but up-

regulated in the BF. The release of the bioactive cytokines was delayed in these genetic 

backgrounds compared to the other groups. This delay may allow better regulation of the T 

cell response and the cytokine storm (Perruche et al., 2009; Alberts et al., 2010).  

The IFN expression seemed to correlate with the vvIBDV-replication rate up to three days pi. 

It is known that interferons may inhibit replication of many viruses. Type I interferons, such 

as IFNα, are well known to play a role in clearing herpes-virus infected cells (Mossman and 

Ashkar, 2005), Newcastle Disease Virus (Marcus et al., 1999), Rous sarcoma virus (Plachy et 

al., 1999) infection. In the context of Marek’s Disease (MD), the expression of IFN-α is also 

influenced by the genetic background of the chickens (Quere et al., 2005). Up-regulation of 

IFNα and IFNγ mRNA-expression in the bursa was documented in response of chickens to 

very virulent MDV infection (Abdul-Careem et al., 2008).  

In the present study, vvIBDV-inoculated SPF-Wh-LT chickens showed higher numbers of 

accumulating macrophage like cells in the BF than BT chickens at first days of infection. This 

observation may be explained by findings of Nicolas-Bolnet et al. (1995) indicating that 

White Leghorn chickens are capable of generating a larger pool of cells of the myeloid 

lineage. However, macrophages have been proposed to serve as virus carriers from the site of 

IBDV-infection in the gut to the bursa and other peripheral tissues (Kim et al. 1998; van den 

Berg et al. 2000). We may speculate that higher macrophage accumulation at the early phase 

of infection may contribute to higher amounts of virus replication in SPF-Wh-LT birds.  

Although viral replication varied significantly between groups, lesion development was fairly 

comparable at 5 and 7 day pi between infected birds. Other mechanisms besides the virus-

mediated destruction of the infected cell may contribute to lesion development (Kim et al., 

2000). Cytotoxic cells and immune mediators such as nitric oxide or TNF-like factors may 

also induce cell death of bystander cells. Interestingly, increased intrabursal iNOS mRNA 

levels were detected in all infected groups at comparable levels between 2 and 5 days pi 

providing a possible explanation of the comparable bursa lesion development.  

Overall, our data provide circumstantial evidence that strong stimulation of innate immune 

reactions may lead to faster lesion development accompanied by clinical disease and mortality 

in the more susceptible birds. IBDV-serum antibody levels varied in titer and on-set time 
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between the genetic groups, but there is no clear correlation between the magnitude of the 

antibody response and the development of clinical IBD or bursa lesions and the control of 

virus-replication. Our study indicates that there is not always a correlation between the 

detectable protein and the level of expressed mRNA detected in circulation and spleen, 

respectively. To really evaluate the role of a specific cytokine in IBDV-pathogenesis it is 

necessary to investigate cytokines at the protein level and not only at the mRNA-levels as 

frequently done. Future studies should be directed to identify candidate genes responsible for 

the genetically based differences in IBDV susceptibility. IFN-α may be an interesting target 

gene to investigate because it had been described to be involved in genetic differences in 

susceptibility to other viral diseases such Avian Influenza virus (Sironi et al., 2008; Watanabe, 

2007) and Marek’s Disease virus (Xing and Schat, 2000), and it was shown to vary 

significantly in expression levels after vvIBDV-infection of the different chicken lines and 

hybrids.  

 

Material and methods 

Virus 

vvIBDV strain 89163 / 7.3 was kindly provided by N. Eterradossi, AFSSA, Ploufragen, 

France, and was used as the challenge strain (Eterradossi et al., 1997). vvIBDV was 

propagated in 5 week old SPF birds. Bursae of Fabricus were harvested 3 days post infection, 

homogenized in phosphate buffered saline and stored at -70 °C until further use. One aliquot 

was titrated in chicken eggs following standard procedures. vvIBDV was used at a dosage of 

103 egg lethal dose (ELD)50/bird (Experiment 1 and 2) via eye drop (Aricibasi et al. 2010). 

The infectious dose was determined based on preliminary studies to reproduce the clinical 

disease in SPF-Wh-LT chickens within 48 hours post infection. Bursa homogenates were free 

of detectable chicken anemia virus DNA as investigated by PCR (Sommer and Cardona, 

2003). Vesicular stomatitis virus (VSV; kindly provided by Dr. G. Zimmer, Institute for 

Virology, University of Veterinary Medicine Hannover, Germany) was propagated and 

titrated in CEF to be used in the IFN assay (104 TCID50/well). Titers were determined by the 

method of Reed and Muench (1938).  The intermediate strain IBDV Bursine 2 (Sharma et al., 

2000) was propagated and titrated in CEF cultures (Kim et al., 2000) and used in the virus 

neutralization test (Rautenschlein et al. 2007b; Aricibasi et al. 2010).     
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H&E staining 

For the detection of histopathological lesions, the BF, and spleen were collected, fixed in 10% 

phosphate-buffered formalin and stained with hematoxylin and eosin (H&E). Lesions were 

observed microscopically. Bursa lesion scores were determined and compared between 

groups. The scoring was as follows: Score 1= 1-25%, 2=26-50%, 3=51-75% and 4=76-100% 

of follicles showing cellular depletion (Kim et al. 1999).  

Detection of IBDV by immunohistochemistry 

BF samples were collected, fixed in 10% phosphate buffered formalin, sectioned and 

processed for immunohistochemical staining using the Universal Vectorstain Kit (Vector 

Laboratories). A polyclonal rabbit anti-IBDV serum was used for IBDV antigen detection 

(Rautenschlein et al, 2007a; Rautenschlein et al., 2007b). The group means of the number of 

IBDV infected cells per field at 400x were determined after counting 5 fields/tissue/bird and 

were compared.  

 Flow cytometric analysis 

Single cell suspensions were prepared from BF and spleens as described previously (Kim et 

al., 2000). Lymphocytes were separated from red blood cells by a discontinuous ficoll-

hypaque density gradient (Kim et al., 2000). The cells were double stained with mouse-anti-

chicken-CD4 conjugated to phycoerythrin and mouse-anti-chicken-CD8α antibodies 

conjugated to flourescein (Southern Biotech, Eching, Germany). Unlabeled KUL-01 and BU-

1 antibodies were used (Southern Biotech) to stain macrophage-like cells and B cells. In a 

second reaction step, these cells were detected by goat anti-mouse IgG-FITC-labeled 

antibodies (Sigma, Taufkirchen, Germany). Briefly, 1x 106 leukocytes isolated from spleen 

and BF were suspended in 30 µl of antibody solution, incubated for 30 min on ice, washed 

twice with PBS containing 1% BSA, fixed with paraformaldehyde solution (3% in PBS) and 

stored at 7 °C until analysis. CD4+ and CD8+ specific staining of lymphocyte fractions was 

determined using Beckman Coulter Epics XL® (Beckman Coulter GmbH, Krefeld). Gates 

were designated to analyze the overall live lymphocyte fraction for CD4+, CD8+ and B cells 

and live leukocytes for macrophage like cells in 5000 cells per sample based on forward and 

sideward scatter. Data are presented as fold change the in percentage of total gated leukocytes 

or lymphocytes of infected birds compared to virus-free animals . 
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Serum nitrite test 

The serum nitrite levels were determined by the procedure of Schmidt et al. (1989). Briefly, 

serum nitrate was reduced enzymatically to nitrite with nitrate reductase (Sigma), followed by 

the addition of an equal amount of Griess reagent (a 1:1 mixture of 1% sulfanilamide in 2.5% 

phosphoric acid and 0.1% of nephthylethylenediaminne dihydrochloride in deionized water). 

The amount of nitrite was determined by measuring the optical density at 570 nm with an 

automated microplate reader. Sodium nitrite was used as a standard to determine serum nitrite 

concentrations.   

ELISA tests 

A commercially available ELISA system was used for the detection of chicken IFNγ 

(CytoSet™, Biosource, Camarillo, CA, USA). The amount of IFNγ was determined by 

measuring the OD450 with an automated microplate reader. An optical density (OD) of 1 

corresponded to 1.26 ng/ml chicken IFNγ according to the standard curve provided with the 

kit.  

Sera were tested for IBDV specific antibodies with a commercial IBDV-ELISA kit 

(Synbiotics ProFLOK©, Synbiotics Corporation, San Diego, CA) detecting anti-IBDV-

antibodies from the IgG-type. Based on the manufactures’ instructions ODs were obtained by 

measurements of absorbance at 405 nm with a microplate reader. Based on the ODs the 

sample to positive (S/P)-ratios and titers were calculated and used to express the mean titer 

per group.  

IFN bioassay 

Total serum IFN (Type I and Type II) was determined via the IFN bioassay (Karaca et al. 

1996). The IFN activity of the samples is expressed in units (U/ml). One unit is defined as the 

highest dilution of the sample that caused 100% protection against VSV-induced CPE.  

Interleukin (IL)-6 assay 

This assay was performed with murine hybridoma cell line 7TD1 (Lynagh et al., 2000) kindly 

provided by Bernd Kaspers, Institute of Physiology, LMU München, Germany. RPMI 1640 

supplemented with L-glutamine, 10% FBS, 100 U penicillin/ml and 100 µg streptomycin/ml 

was used as a culture medium. For cell line propagation culture medium was additionally 

supplemented with human recombinant IL-6 (Sigma) to a final concentration of 1 ng IL-6/ml. 

To test for IL-6, 2-fold dilution series of supernatants of serum samples were accomplished 
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with the given IL-6 free medium. The diluted samples were plated in duplicates in 96-well 

plates. Also, duplicates of a 2-fold standard dilution series of human recombinant IL-6 were 

run with each experiment. 1 x 105 7TD1 cells /100 µl were added to each well and cultured for 

4 days in a humidified atmosphere at 37 °C and 4.2% CO2. Following incubation, 50 µl 0.025 

mM XTT sodium salt and 0.025 mM phenazine methosulphate solution (Sigma) were added 

to each well, and plates were incubated for additional 4 hours. Mean IL-6 concentrations were 

determined per day and group based on linear regression of IL-6 standard dilution series.     

IL-1β Bioassay 

Chicken IL-1β was detected with a reporter assay as previously described (Gyorfy et al., 

2003). The data are presented in relative light units of luminescence.  

Quantitative real-time RT-PCR (QRT-PCR) to detect cytokine genes expression 

Total RNA was prepared from tissue samples, which were collected from virus free and 

infected groups on day 2, 3 and 5 pi, using TriFast® reagent (Peqlab) following the 

manufacturers’ instructions. Purified RNA was eluted in 30 µl RNase-free water and stored at 

-20 °C, RNA concentrations and quality were determined before use.  

Details of the probes and primers are given in Table 1. RT-PCR was performed using the 

Brillant® II QRT-PCR Master Mix Kit 1-Step (Stratagene, Amsterdam, Holland). The RT- 

reaction was performed at 50 °C for 30 min followed by a denaturing step at 95 °C for 10 min, 

and 40 PCR-cycles of 94 °C for 20 s and 59 °C for 1 min.  

The standard curve for IFNγ was based on the ten-fold dilution of a plasmid containing IFNγ 

in the range of 10-5 to 10-8 (Rautenschlein et al., 2007b) The IFNα, iNOS, TGFβ and 28S 

standard curves were based on total RNA isolated from SPF-Leghorn spleens, which were 

diluted in the range of 10-2 to 10-5. Ribosomal RNA was chosen as an internal standard 

because of its abundance and stability during the course of an IBDV infection (Moody et al., 

2000). Each sample was tested in duplicates. Non-template controls and log10 dilution series 

of standards were included in each run.  

Quantification was based on the increased fluorescence detected by the Mx3005P (Stratagene) 

quantitative PCR system. The detected reporter fluorescence was normalized to the passive 

reference dye ROX and subsequently standardized with respect to the corresponding 28S 

rRNA level as an indicator for homology in RNA input. Group means were determined per 
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day pi. The data are presented as the mean mRNA fold change based on the calculated 

corrected cycle threshold (CT) values subtracted from 40 (40-CT).  

Chickens  

Embryoanted eggs from SPF chickens (VALO®, Lohmann LSL-LITE) were purchased from 

LTZ (Lohmann Tierzucht GmbH, Cuxhaven, Germany). Embryonated eggs of Cobb-type 

broilers and one-day-old commercial Ross-type broilers were provided by commercial 

hatcheries. The Br-LT and Wh-LT had been made available by Institute of Farm Animal 

Genetics, Friedrich Loeffler Institut, Neustadt-Mariensee, Germany. They were shown to 

differ significantly in their response to viral and parasitic infections (Pullen et al., 2008; Sironi 

et al., 2008). They are known to be homozygous for the A allele at the position 2032 of the 

Mx gene cDNA (Sironi et al., 2008). Chickens were hatched and reared in pressurized 

isolation units (Montaim Van Stratum, Kronsberg, Netherlands) for the duration of the study. 

The birds were given food and water ad libitum. Different experimental groups were housed 

in separate isolation units. 

Experimental procedure 

Two sets of experiments were carried out. In the first experiment specific pathogen-free LSL-

LITE layer-type (SPF-Wh-LT) chickens, commercial ELISA-antibody negative commercial 

Ross-type and Cobb-type broilers were inoculated with vvIBDV via eye drop. In a second 

experiment, additionally to SPF LSL LITE layer-type and commercial ELISA IBDV-antibody 

negative Ross-type broilers, IBDV-antibody negative chickens from an experimental White 

Leghorn line (Wh-LT) and New Hampshire line (Br-LT) were infected with vvIBDV. Groups 

of birds of each genetic background served either as non-infected controls or were inoculated 

at 3 weeks of age with vvIBDV (103 /ELD50) via eye-drop route. Chickens were divided into 

groups on a random basis. The chickens were observed daily for clinical signs, morbidity and 

mortality rates for up to 7 days post inoculation (pi). Five birds of each virus free and infected 

group were randomly chosen and sacrificed at 1, 2, 3, 5 and 7 days pi. Pathological lesions, 

bursa and spleen to body weight ratios were determined and the following samples collected 

for further investigations: serum for the detection of IBDV-antibodies and circulating 

cytokines, spleen and Bursa of Fabricus samples for histology, detection of viral antigen, 

detection of cytokines by QRT-PCR (only experimental days 2, 3, 5), and flow cytometric 
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analysis of different immune cell populations. The results for SPF-Wh-LT and Ross-BT were 

combined for Experiment 1 and 2 and evaluated together.  

Statistical analysis 

Pooled data of Experiment 1 and 2 were examined by using JMP software with an ANOVA 

model applying either Tukey’s post hoc test or Dunnet’s Test when compared to infected 

SPF-Wh-LT as controls. P < 0.05 was considered as significant. Genetic background, 

vvIBDV inoculation and post inoculation sample day (1 to 7 days pi) were considered fixed 

main effects. The variances were tested if they are equal and provided with tests on the means 

of assuming that the variances are different. Not all variances were equal (P > 0.05). Different 

variances were indicated in footnotes of each table. The results were shown in fold changes, 

which was computed relative to the mean of the virus free controls of corresponding genetic 

background.  
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Tables and Figures 

 

 

Table 1. Quantitative real-time RT-PCR probes and primers 

RNA Target Probe/primer sequence (5’-3’) Accession no. 

of genomic 

DNA sequence 

28S Probe (HEX)-AGGACCGCTACGGACCTCCACCA-(TAMRA) X59733 

 F-Primer GGCGAAGCCAGAGGAAAC T  

 R-Primer GACGACCGATTTGCACGTC  

IFNα Probe (FAM)-CTCAACCGGATCCACCGCTACACC-(TAMRA) U07868 

 F-Primer GACAGCCAACGCCAAAGC  

 R-Primer GTCGCTGCTGTCCAAGCATT  

IFNγ Probe (FAM)-AAGCTCCCGATGAACGACTTGA-(TAMRA) Y07922 

 F-Primer GTGAAAGATATCATGGACCTGG  

 R-Primer TTCTGTAAGATGCTGAAGAGTTC  

iNOS Probe (FAM)-CTCTGCCTGCTGTTGCCAACATGC-(TAMRA) U46504 

 F-Primer CTACAGGTATTTGATGCTCGTG  

 R-Primer GGAGAATGAGTGGAACTACATC  

TGFβ4 Probe (FAM)-ACCCAAAGGTTATATGGCCAACTTCTGCAT-

(TAMRA) 

M31160 

 F-Primer AGGATCTGCAGTGGAAGTGGAT  

 R-Primer CCCCGGGTTGTGTTGGT  

F, forward; R, reverse. 
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Table 2. Induction of macroscopical lesions after vvIBDV-inoculation of chickens of 

different genetic backgrounds (Summary of two experiments) 

 

Groups  Group average of bursa to body weight ratio ± SD (% birds with 

gross lesionsa/group)  at days pi 

 vvIBDV 2 3 5 7 

Layer-type birds      

       SPF-Wh-LT - 

+ 

4.1 ± 1.1  (0) 

5.3 ± 1.0  (80) 

4.0 ± 0.9  (0) 

3.1 ± 1.0  (100) 

4.6 ± 0.9 (0) 

2.5 ± 0.6*(90) 

5.2 ±1.4  (0) 

2.1 ±0.8*(40) 

      Wh-LT - 

+ 

2.1 ± 0.3  (0) 

1.9 ± 0.3  (0) 

1.8 ± 0.3  (0) 

2.2 ± 0.8  (80) 

2.2 ± 0.3 (0) 

1.7 ± 0.3*(100) 

2.2 ±0.5  (0) 

1.4 ±0.4* (0) 

      Br-LT - 

+ 

3.3 ± 1.1  (0) 

2.4 ± 1.2  (0) 

3.2 ± 2.5  (0) 

2.9 ± 2.4  (60) 

2.9 ± 1.5 (0) 

3.4 ± 1.2  (40) 

3.4 ±0.6  (0) 

1.8 ±0.5  (10) 

Broiler-type birds     

       Ross-BT - 

+ 

1.9 ± 0.4  (0) 

2.0 ± 0.5  (20) 

1.9 ± 0.4  (0) 

2.7 ± 0.4*(100) 

2.1 ± 0.4 (0) 

1.4 ± 0.7*(90) 

1.9 ±0.4  (0) 

0.9 ±0.2*(0) 

       Cobb-BT - 

+ 

1.6 ± 0.3  (0) 

1.6 ± 0.4 (40) 

0.8 ± 0.2  (0) 

2.2 ± 0.7*(100) 

1.8 ± 0.4 (0) 

1.6 ± 0.7  (40) 

nd 

nd 

*Significantly different to the corresponding virus-free group of the same genetic background 

(P < 0.05). n= 5-10. 
aGross lesions observed at necropsy included pathological changes observed in spleen and 

bursa samples such as mottling -gelatination and haemorrhages- respectively.  

nd: not determined 
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Table 3. Effects of the genetic background and time on IBDV replication and bursal lesion 

development (P values- ANOVA) 

   P Values for   

   IBDV antigen detection 

in bursal tissues 

Bursal lesion 

development 

Genetical Background a  0.0010 0.4209 

    

Wh-LT b  0.6991 0.9265 

Br-LT b  0.7281 0.9212 

Ross-BT b  0.0024 0.8346 
 

Cobb-BT b  0.3064 0.7621 

     

vvIBDV infection c  <.0001 <.0001 

     

Time post inoculation d  0.0018 <.0001 
a The variances were different (P < 0.05) in IBDV antigen detection in BF and bursal lesion 

development.  
b Indicates statistical assessment compared to SPF-Wh-LT group in the Dunnet’s Test (SPF-

Wh-LT is considered as P = 1) 
c The variances were different (P < 0.05) in IBDV antigen detection in BF and bursal lesion 

development.  
d The variances were different (P < 0.05) in IBDV antigen detection in BF and bursal lesion 

development. 
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Table 4. Effects of genetic background and time on T cell-, B cell and macrophage-like cells population in the spleen and bursa of 
vvIBDV-infected and virus free chickens (P values- ANOVA)  
   P Values for different immune cell population      
   Spleen     Bursa of Fabricius    
   

B cells 
T cells 

 CD4+           CD8+ 
Macrophage 
–like cells 

 
B cells 

T cells 
 CD4+           CD8+ 

Macrophage 
–like cells  

Genetical Background b  <.0001 0.0005 <.0001 0.0089  <.0001 <.0001 <.0001 <.0001 
           

Wh-LT a  0.0003 0.2842 0.0009 0.1501  0.0002 0.7565 0.9997 0.4676 
Br-LT a  0.0006 0.9901 0.2465 0.9969  0.0180 0.0031 0.7063 0.9774 
Ross-BT a  0.7459 1.0000 0.9986 0.7407  <.0001 0.0618 0.0095 0.7708 

 

Cobb-BT a  0.0001 0.0015 0.0203 0.0874  0.9989 0.0467 0.0003 0.1270 
            
vvIBDV infection c  0.1766 0.0001 0.5159 0.8272  0.0002 <.0001 <.0001 <.0001 
            
Time post inoculation d  0.0005 0.0387 <.0001 0.3632  <.0001 <.0001 0.0295 <.0001 
a Indicates statistical assessment compared to SPF-Wh-LT group in the Dunnet’s Test (SPF-Wh-LT is considered as P = 1) 
b The variances were different (P < 0.05) in spleen and in BF CD4+-, CD8+ T cells-, B cells and macrophage-like cells percentages.  
c The variances were different (P < 0.05) in spleen and in BF CD4+ T cells and macrophage-like cells percentages. 
d The variances were different (P < 0.05) in spleen and in BF CD4+-, CD8+ T cells-, B cells and macrophage-like cells percentages. 
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Table 5. Effects of genetic background and time on bioactive cytokine levels in serum of vvIBDV-infected and virus free chickens (P 
values- ANOVA)  
  P Values for bioactive cytokine levels in serum   
   

Total IFN 
Circulatory 

IFNγ 
IL-1β IL-6 Serum Nitrate 

Genetical Background b  0.0002 0.0139 0.0920 0.3092 0.0142 
        

Wh-LT a  0.0002 0.1600 0.0965 0.5354 0.0860 
Br-LT a  0.0079 0.1135 0.0621 0.4336 0.0275 
Ross-BT a  0.0162 0.0081 0.2810 0.3844 0.0153 

 

Cobb-BT a  0.0006 0.0395 0.2148 0.9952 0.8100 
        
vvIBDV infection c  <.0001 0.0156 0.2379 0.0020 0.1079 
        
Time post inoculation d  0.0159 0.0683 <.0001 <.0001 0.6048 
a Indicates statistical assessment compared to SPF-Wh-LT group in the Dunnet’s Test (SPF-Wh-LT is considered as P = 1) 
b The variances were different (P < 0.05) in circulatory IFNγ-, total IFN-, IL-1β and serum nitrate levels.  
c The variances were different (P < 0.05) in circulatory IFNγ-, total IFN-, IL-1β and serum nitrate levels.  
d The variances were different (P < 0.05) in circulatory IFNγ-, total IFN-, IL-1β and IL-6 levels. 
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Table 6. Effect of genetic background and time on mRNA cytokine expression in the spleen and bursa of vvIBDV-infected and virus 
free chickens (P values- ANOVA)  
   P Values for specific mRNA gene expression  
   Spleen      Bursa of Fabricius    
   IFNα IFNγ iNOS TGFβ4  IFNα IFNγ iNOS TGFβ4 
Genetical Background b  0.0089 0.0007 0.0023 0.6625  0.3759 0.6856 0.0171 0.0878 
            

Wh-LT a  0.0089 0.0051 0.0011 0.3958  1.000 0.8375 0.0805 0.7876 
Br-LT a  0.4016 0.0019 0.0343 0.9770  0.3994 0.9998 0.0559 0.9848 
Ross-BT a  0.9994 0.0035 0.7312 0.8248  0.9408 0.8697 0.0088 0.0965 

 

Cobb-BT a  0.9687 0.5646 0.2035 0.9874  0.9958 0.9990 0.6704 0.3283 
            
vvIBDV infection c  0.0172 <.0001 0.0079 0.0314  <.0001 <.0001 <.0001 0.0206 
            
Time post inoculation d  0.1699 0.6907 0.1339 0.3010  0.0025 0.0072 0.0177 <.0001 
a Indicates statistical assessment compared to SPF-Wh-LT group in the Dunnet’s Test (SPF-Wh-LT is considered as P = 1) 
b The variances were different (P < 0.05) in spleen iNOS and TGFβ4 and in BF IFNα and TGFβ4 mRNA levels.   
c The variances were different (P < 0.05) in spleen IFNγ and iNOS and in BF IFNα and iNOS mRNA levels.   
d The variances were different (P < 0.05) in spleen TGFβ4 and in BF IFNα-, iNOS and TGFβ4 mRNA levels.   
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Table 7. Effect of genetic background and time on IBDV-antibody induction of vvIBDV-

infected and non-infected chickens (P values- ANOVA)  

   P Values for IBDV antibody titers  

   Commercial 

ELISA 

Virus Neutralising 

(VN) 

Genetical Background a  <.0001 <.0001 

    

Wh-LT b  <.0001 <.0001 

Br-LT b  <.0001 <.0001 

Ross-BT b  0.2580 <.0001 
 

Cobb-BT b  0.8730 0.0474 

     

vvIBDV infection c  <.0001 <.0001 

     

Time post inoculation d  <.0001 0.5410 

a The variances were different (P < 0.05) in commercial ELISA and VN antibody levels. 
bIndicates statistical assessment compared to SPF-Wh-LT group in the Dunnet’s Test (SPF-

Wh-LT is considered as P = 1) 

c The variances were different (P < 0.05) in commercial ELISA and VN antibody levels. 
d The variances were different (P < 0.05) in commercial ELISA and VN antibody levels. 
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Figure 1. Average number of IBDV positive cells per five microscope (400x) fields. The 

number of IBDV-positive cells was determined by immunohistochemical detection in the 

bursa of Fabricius. Average number of cells ± standard deviation. Different superscript letters 

indicate significant differences between vvIBDV-infected groups (ANOVA with Tukey’s post 

hoc test; P < 0.05). Summary of two experiments. 

nd: not determined 
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Figure 2 a) 
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Figure 2 b) 
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Figure 2 c) 

 

Figure 2. Flow cytometric analysis of bursal B-lymphocytes after vvIBDV infections. 

Percentage of B cells per total number of lymphoid cells in the bursa of Fabricius (a) 

percentage of CD4+ (b) and CD8+ (c) T cells in bursa of Fabricius. Presented is the fold 

change in the infected group relative to the corresponding control group of this experiment. 

Error bars indicate the ± SD per group. Different superscript letters indicate significant 

differences between vvIBDV-infected groups (ANOVA with Tukey’s post hoc test; P < 0.05). 

Summary of two experiments. 
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Figure 3 a) 
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Figure 3 b) 
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Figure 3 c) 
 

Figure 3. Circulating Type I IFN levels (a) and transcriptional levels of IFNα in spleen (b) 

and Bursa of Fabricus (c). The group average of circulating IFNs was calculated on the basis 

of the IFN units determined in the IFN bioassay. Quantities of IFNα mRNA are presented as 

fold change in the infected group compared to the corresponding control group. Different 

superscript letters indicate significant differences between vvIBDV-infected groups (ANOVA 

with Tukey’s post hoc test; P < 0.05). Summary of two experiments. 

nd: not determined 
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Figure 4 a) 
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Figure 4 b) 
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Figure 4 c) 

 
 
Figure 4. Bioactive IFNγ concentration in serum (a) and transcriptional levels of IFNγ in 

spleen (b) and Bursa of Fabricus (c). Bioactive IFNγ levels and quantities of IFNγ mRNA are 

presented as fold change in the infected group to the corresponding control group of the same 

genetic background. Different superscript letters indicate significant differences between 

vvIBDV-infected groups (ANOVA with Tukey’s post hoc test; P < 0.05). Summary of two 

experiments. 
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Figure 5 a) 
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Figure 5 b) 
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Figure 5 c) 
 
 

 
Figure 5. Circulating nitrite levels in serum samples of different genetical lines after 

inoculation with vvIBDV (a) iNOS mRNA quantities in spleen (b) and Bursa of Fabricus (c). 

The amount of detected nitrite and transcriptional levels of iNOS are presented as fold change 

in the infected group to the corresponding control group. Different superscript letters indicate 

significant differences between vvIBDV-infected groups (ANOVA with Tukey’s post hoc 

test; P < 0.05). 
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Supplemental Figure 1 a) 
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Supplemental Figure 1 b) 
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Supplemental Figure 1. Transcriptional levels of TGFβ4 in spleen and (a) Bursa of Fabricus 

(b) of vvIBDV infected chickens. The amount of detected TGFβ4 mRNA is presented as fold 

change in the infected group compared to the corresponding control group. Different 

superscript letters indicate significant differences in fold change between vvIBDV-infected 

groups (ANOVA with Tukey’s post hoc test; P < 0.05). 
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Supplemental Figure 2. ELISA IBDV-antibody titers in vvIBDV infected birds at days post 

inoculation. Error bars indicate the ± SD per group. Positive birds / total number of the group. 

nd: not determined. 
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6. Discussion and Conclusions 

 

The economic impact of IBD is influenced by the virulence of the infecting strain, 

susceptibility of the flock, interference of primary and secondary pathogens as well as 

management factors. In classical field outbreaks, the mortality rate may range from 1 to 50% 

(MÜLLER et al. 2003). Field experiences and preliminary laboratory studies suggest that 

genetic background influences IBD-pathogenesis. Higher mortality rates were observed in 

layer-type breeds than in broiler breeds following infection with virulent IBDV (van den 

BERG 1991; BUMSTEAD et al. 1993), but not much is known about the immune 

mechanisms laying behind the differences in IBDV susceptibility.   

 

The goal of this study was to contribute to the understanding of innate and acquired immune 

mechanisms involved in IBD. Furthermore, the influence of genetic background in IBDV-

susceptibility and the role of the cytokines in IBD pathogenesis were evaluated.  

 

This thesis contains two manuscripts in which the results of the project are presented: 

 

Chapter 4: Differences in genetic background influence the induction of innate and acquired 

immune responses in chickens depending on the virulence of the infecting infectious bursal 

disease virus (IBDV) strain.  

 

Chapter 5: The host genotype influences the infectious bursal disease virus pathogenesis in 

chickens by modulation of T cell responses and cytokine gene expression.  

 

This chapter summarizes the results of corresponding chapters, provides a cumulative 

discussion and presents future perspectives for IBDV-research.  
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6.1 Immunopathogenesis of IBDV infection  

 

Over the last years elevated mortality has been observed during IBDV-field outbreaks in 

broiler flocks. However, in our studies we were not able to experimentally reproduce the 

severe disease and mortality associated with IBDV- field outbreaks neither in broiler type 

birds nor in layer lines. The clinical signs attributed to IBD were observed only in SPF-Wh-

LT chickens after inoculation with the tested virulent IBDV strains. None of the other chicken 

lines showed clinical signs. This demonstrates the importance of additional factors, which 

may not be present under laboratory conditions, but may contribute to disease in field 

outbreaks.  

 

The clinical signs observed in this study in SPF-Wh-LT birds were comparable to those 

described before (RAUTENSCHLEIN et al. 2003; OFFICE INTERNATIONAL DES 

EPIZOOTIES, 2004; RAUTENSCHLEIN et al. 2007). The severity of clinical signs was 

comparable between vIBDV and vvIBDV inoculated SPF-Wh-LT chickens (Chapter 4). This 

observation coincides with studies of van den BERG et al. (2000) who strongly suggested that 

vvIBDV causes signs of IBD compared to those of classical virulent strains with the same 

incubation time of 4 days but with an exacerbated acute phase. The reason for this 

exacerbated the acute phase in vvIBDV is not well understood.    

 

Ross-BT, Cobb-BT, Br-LT and Wh-LT groups showed at the time of virus inoculation, at 3 

weeks of age, still residual maternal VN-antibody levels, but they were below the break 

through level of virulent IBDV-strains (ETERRADOSSI and SAIF 2008). Already at 3 days 

pi VN and ELISA antibodies were detected in all inoculated birds regardless of genetic 

background as described in Chapter 4 and 5. The protective effect of IBDV-antibodies has 

been previously studied. PITCOVSKI et al. (2001) investigated divergently selected chickens 

for high and low antibody responses to Escherichia coli. Furthermore, they compared the 

antibody response to immunization with a commercial IBDV vaccine and the induced 

resistance to challenge with a virulent IBDV. Based on their observations they suggested 

association between higher levels of IBDV-antibodies and higher resistance to IBD. In this 

study, different from the study of PITCOVSKI et al. (2001) the induced antibody levels and 
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timing of detectable humoral response were comparable between SPF-Wh-LT and broiler type 

birds after inoculation with either classical virulent or very virulent IBDV (Chapter 4).  

 

IBDV induced gross lesions have been commonly examined in field practice and in laboratory 

infection models. Mottled spleen and gelatinous exudates on surface of BF have been widely 

observed after infections with classical and vvIBDV. In our study, IBDV infected birds 

induced gross lesions as described before. All IBDV inoculated groups developed gross 

lesions, although muscular haemorrhage was only observed in vIBDV inoculated groups. 

Nonetheless, the peak of IBDV-induced gross lesions observed at 3 days pi regardless of the 

genetic background or the virulence of the strain. The IBDV-induced microscopic lesions 

were extensively evaluated in previous studies (RAUTENSCHLEIN et al. 2003; LUKERT 

and SAIF 2004; WILLIAMS and DAVISON 2005). The observations on microcopical lesions 

in BF and spleens following iIBDV, virulent and very virulent IBDV inoculation were 

consistent with those studies (Chapter 4). Both SPF-Wh-LT and Ross-BT showed comparable 

and only mild lesions after iIBDV inoculation, but the bursal lesion development varied 

between chickens lines after vvIBDV inoculation. A notable delay on vvIBDV-induced bursal 

lesion development was observed in Br-LT birds compared to other lines. This observations 

correlate with the IBDV-antigen load into BF.  

 

Previous studies have shown that IBDV strains of variable virulence may differ in their ability 

to replicate in vivo (ROSALES et al. 1989; ABDEL-ALIM and SAIF 2001). In our study, 

vIBDV showed the highest virus replication rate of the three virus strains at all investigated 

time points. Possibly, the higher virus dose at inoculation may have affected the number of 

detected IBDV-antigen positive cells in vIBDV infected birds in comparison to the iIBDV 

and vvIBDV, where a 10-fold lower dose was used.  

 

Layer-type birds of all genetic background showed higher IBDV antigen load in BF following 

inoculation of virulent and very virulent strains of IBDV, whereas the broiler-type chickens 

showed less IBDV antigen positive cells. We show in this study that differences between 

genetically different lines that are susceptible or less susceptible to IBD may already be 
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expressed during the early IBDV antigen load in the BF and could therefore direct the 

complex chain of local and systemic immune reactions.  

 

It is well known that the IBD virus replicates in Ig-M bearing B lymphocytes, particularly in 

the cells of the BF (LUKERT and SAIF, 1997). In our experiments, significant bursal B cell 

depletion was detected after vIBDV infection at 7 days pi, which correlated with the viral 

antigen load into BF. Nonetheless, all vvIBDV inoculated groups consistently showed after a 

temporary depletion a clear increase in the relative number of bursal B cells. B cell 

destruction in BF after IBDV infections, which peaks at 14 days pi, was also shown in studies 

of vvIBDV infection by Williams and Davison (2005).  These observations may indicate that 

although IBDV induces rapid B cell depletion in BF, a dramatic decrease in intrabursal B cells 

may be observed after 7 days pi. In our study, we observed a significant influence of genetic 

background on B cell depletion in splenic cells.   

 

Development of inflammatory reactions and bursal lesions coincided with the gradual 

accumulation of T cells in the BF. It is shown that T cells do not serve as targets for infection 

and virus replication (KIM et al. 2000a). Bursal T cells are activated and proliferate in vitro 

when stimulated by purified IBDV (KIM et al. 2000a). An interesting observation in the 

present study was the variation between the different genetics in intrabursal T cell influx. 

Earlier CD4+ T cell influx in SPF-Wh-LT and higher influx rates of CD8+ T cells in Ross-BT 

birds in comparison to the other groups suggests differences in IBDV-induced T cell 

modulation between different genetic lines. Similar effects of genetic background on T cell 

modulation were observed in mammals following infection with M. tuberculosis 

(ERUSLANOV et al. 2004). In the study of ERUSLANOV et al. (2004), the antimicrobial 

response in the lungs of after inoculation with M. tuberculosis was characterized by unusually 

high proliferation of lung T lymphocytes in susceptible mice contrast to marginal proliferation 

of lung T cells in resistant mice. In agreement with these results, IBDV inoculation of SPF 

birds resulted in high influx of CD4+ T cells during the early phase of infection. The results of 

our study clearly emphasize that less susceptible chickens modulate their T cells better in 

compared to SPF-LT birds.  
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Nonetheless, the studies of RAUTENSCHLEIN et al. (2002a) revealed that functional T cells 

are needed to control IBDV –antigen load in the acute phase of infection. Studies of KIM et 

al. (2000b) showed the peak of intrabursal T cells at 7 days pi and while CD4+ T cells decline 

rapidly, CD8+ T cells persisted after 3 weeks pi. In our experiments, T cell influx into the BF 

was observed in all different genetic backgrounds. However, studies with MHC-deficient 

knock-out mice revealed the impact of both MHC I and MHC II-dependent T cell responses 

on Listeria monocytogenes infection (LADEL et al. 1994). These results generate important 

questions concerning the host responses that function to maintain an appropriate balance 

between effective T cell modulation and coordinate interaction between CD4+ and CD8+ 

functional T cells. Such questions require a substantial number of genetic studies and more 

effective methods to provide answers in chicken models. In addition to genetic background, 

viral strains also had an influence on time of onset of T cell accumulation. Recent evidences 

suggest that the timing of generation of specific effector CD8+ T cells varies widely 

according to different pathogens and timing of the pathogen load (TZELEPIS et al. 2007). 

Whether the virulence of the IBDV strain had effect on generating the virus specific T cells 

remains to be elucidated.  

 

Studies showed that during acute IBDV infection splenocytes responded poorly to mitogenic 

stimulation (KIM et al. 1998). KHATRI et al. (2005) examined the effect of IBDV on bursal 

macrophages in SPF- chickens. Viral genome was detected in macrophages in the BF at 3, 5 

and 7 days pi. In the present study, vvIBDV-inoculated SPF-Wh-LT chickens showed higher 

numbers of accumulating macrophage like cells in BF than BT chickens at first days of 

infection. This observation may be explained by the findings of NICOLAS-BOLNET et al. 

(1995) that White Leghorn chickens may be capable of generating a larger pool of cells of 

myeloid lineage (e.g., macrophages). However, macrophages have been proposed to serve as 

virus carriers from the site of infection in the gut to the bursa and other peripheral tissues in 

IBDV (KIM et al. 1998; van den BERG et al. 2000). We may speculate that higher 

macrophage accumulation at early phase of infection may contribute to higher amounts of 

virus replication in SPF birds in the present study.  
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Recent data show that mast cells may play an important role in the damage of bursa in early 

vvIBDV infection and tryptase may contribute to the inflammation of acute IBD (WANG et 

al. 2008). Regulation of mast cell functions and macrophage activation are strongly mediated 

by nitric oxide (GUZIK et al. 2003). Furthermore, macrophage activation for specialized 

effector functions, such as iNOS production, is also influenced by genotype (QUERSHI and 

TAYLOR 1993). In the present study, chickens developed strong iNOS expression and in the 

BF and spleen in parallel with strong systemic NO production in the serum. The most 

susceptible SPF-Wh-LT birds showed the highest amounts of nitric oxide concentration in 

serum, which may explain the development of clinical signs and mortality in SPF-Wh-LT 

chickens as compared to the latter. Low pathogenic or intermediate IBDV strains were found 

not to induce NO or circulating nitrites (Rautenschlein et al. 2003). It was also found in the 

presented study that iIBDV induced no nitric oxide.  

 

We may speculate that induction of high mortality rate after infection of susceptible chickens 

with virulent IBDV may be due to initiation of this systemic cytokine burst by activated 

macrophages, which is influenced by the genotype of the host.  

 

6.2 The role of cytokines in susceptibility to IBDV  

 

Although T cell immunity is important in IBDV-host defence, we can not exclude the 

possibility that initiation of immune response by activation of IBDV-induced T cells and 

macrophages may cause damage to nearby healthy tissues and raise the levels of bioactive 

cytokines in circulation, which may result in systemic shock. This is in agreement with 

experience obtained with gene expression studies with different viruses and in other species 

(ALBERTS et al. 2010). The observations in influenza infection model with susceptible 

versus resistant mice suggest that the susceptible lines mount a very strong immune response, 

which may be detrimental to the host and together with the high viral load causes death. 

Differences between MD virus infected susceptible and resistant chickens were apparent in 

the study of Baaten et al. (2009). Extensive viral replication complemented by an increase in 

inflammatory cytokines and arrival of CD8 T cells into lung was observed in susceptible line, 

whereas the resistant line showed 1 day delay on the same immune reactions (Baaten et al. 
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2009). Our study confirms that genetic differences exist in the cytokine response after 

infection with vvIBDV in chicken. The release of the bioactive cytokines was delayed in 

Cobb-BT, Br-LT and Wh-LT groups compared to the other groups. Strikingly, in our study 

we detected Type I IFN in high levels between 2 to 7 days pi in SPF-Wh-LT birds. The IFN 

expression seemed to correlate with the vvIBDV-replication rate up to three days pi. Some of 

the viral infections introduced in mammalian models induced systemic IFN-α responses that 

have been associated with severe disease. Relationship between strength of the IFN-α 

response and the severity of the clinical outcome was pertinent to CSF (classical swine fewer) 

(SUMMERFIELD et al. 2006). The ability of replication in extrabursal tissues of IBDV 

(RAUTENSCHLEIN et al. 2003) may have induced the higher levels of circulating Type I 

IFN. 

 

Bioactive Type I IFN levels did not correlate with the IFNα mRNA up-regulation in BF. 

Interestingly, the data indicate that there is not always a correlation between the detectable 

protein and the level of expressed mRNA detected in circulation and spleen, respectively. To 

really evaluate the role of a specific cytokine in IBDV-pathogenesis it may be necessary to 

investigate cytokines at the level of bioactive protein and not only at the mRNA-levels as 

most previous investigators did (ELDAGHAYES et al. 2006; RUBY et al. 2006).  

 

In our study, all infected groups showed down regulation of TGF-β4 expression as it was 

demonstrated by ELDAGHAYES et al. (2006), only Wh-LT birds showed a slight up-

regulation at 5 days pi. To investigate  TGF-β4 expression would enable to determine the 

immune competence of the bird. However, this hypothesis needs further confirmation. 

Previously SWAGGERTY et al. (2006) demonstrated that increased in vitro heterophil 

function may lead to increased in-vivo resistance to Salmonella Enteritidis infections in 

broilers. They observed that heterophils from S. Enteritidis-resistant chickens had decreased 

TGF-β4 mRNA expression of compared to S. enteritidis-susceptible chickens. They suggested 

a relationship between cytokine/chemokine mRNA expression by heterophils and overall 

immune competence. Additionally, ELDAGHAYES et al. (2006) observed down-regulation 

in intrabursal expression of TGF-β4 in virulent and very virulent IBDV infections in two 

different layer-type chickens.  
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6.3 Conclusions and future perspective 

Extensive experimental studies on innate and acquired immune responses to IBDV of 

different virulence were conducted in chickens of different genetic background. Overall, SPF-

Wh-LT chickens were the most susceptible to IBDV. The innate and acquired immune 

reactions after IBDV-infection varied between chicken lines. The cytokine mRNA was 

expressed in spleen and BF and consequently the cytokines were released as a bioactive 

protein to serum. High levels of circulatory cytokines were detected in the course of infection 

in the most susceptible line. The mRNA expression in BF did not correlate with the bioactive 

cytokines in circulation. However, circulating Type I IFN and NO correlated with the mRNA 

expression patterns in spleen.  

 

These studies help to understand more about the pathogenesis and immune response to IBDV 

infection. But some questions still remain. Further studies are needed to explore candidate 

genes to explain the genetically based differences in IBDV susceptibility. IFN-α may be an 

interesting target gene to look at because it had been described to be involved in genetically 

based susceptibility against other diseases of chickens. Transcriptional profiles of cytokine 

genes in the BF did not equate with the systemic release of the corresponding cytokines. 

However, there are limited assays, which detect the active cytokines in circulation such as 

IFN bioassay, Interleukin bioassays and ELISA. The development of methods for detection, 

quantification and characterization of avian cytokines in chickens may significantly improve 

the possibilities to further study immune response induced by IBDV.   

 

In our experiments, only SPF-chickens showed mortality following infection with virulent 

IBDV strains. Thus, further studies in different chicken lines need to be conducted. To 

improve the pathogenesis study:  

- Genetically distinct chicken lines without IBDV specific maternal antibody would allow 

further investigation of virus induced mechanisms without interference of the neutralizing 

IBDV-antibodies with the virus replication  

- The timing of generation of specific effector CD4+ and CD8+ T cells varies widely 

according to different pathogens and timing of the pathogen load. Further methods in order to 

detect IBDV-specific T lymphocytes need to be developed. Assessment of the antigen-
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specific T cell generation and interactions between T cell subsets may elucidate the immune 

mechanisms and disease susceptibility further.   

-  The virulence of the IBDV strain may have also effect on timing of generation of  the virus 

specific T cells. Antigen-specific T cells stimulated by IBDV strains with different virulence 

may reveal the reasons of exacerbated acute phase in vvIBDV infections.  

- Nitric oxide effects through interactions with numerous signal transduction pathways and 

transcription factors. Therefore the exact effects of nitric oxide on individual cells may be 

ambiguous. Determining the role of nitric oxide in IBDV pathogenesis might be substantial in 

IBDV pathogenesis. NO inhibitors would be a tool to investigate the effect of the NO in 

IBDV pathogenesis.   

- Different IFN-α genes need to be assessed and compared between susceptible and resistant 

chicken lines. Currently it is not clear how many IFN-α regulated genes are actually present in 

the chicken genome (Kaiser and Staeheli, 2008).  

-  Further candidate cytokine genes need to be explored in order to characterize the immune 

mechanism in IBD-pathogenesis. 

 

Disease resistance through selection for resistant genotypes may lead to select chicken lines, 

in which IBDV-vaccine efficacy may be enhanced and disease response better modulated. 

This knowledge would enable the development of innovative vaccines and novel treatment 

strategies for IBD in the future. 
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7. Summary 

 

 Merve Aricibasi 

 

Comparison of the pathogenesis of Infectious Bursal Disease Virus (IBDV) in genetically 

different chickens after infection with virus strains of different virulence  

 

Infectious Bursal Disease (IBD) infections have a significant economic impact on commercial 

poultry production due to mortality and immunosuppressive effects of the virus. Experimental 

studies and filed observations indicate that susceptibility to IBDV is influenced by the genetic 

background of the chicken as well as the virulence of the infecting virus.  

 

The goal of this project was to elucidate the pathogenesis of IBDV with respect to variation in 

virus virulence and genetic background of the chickens. A specific focus was placed on the 

investigation of innate and acquired immune responses and the role of cytokines, which were 

speculated to significantly influence the development and outcome of the disease.  

 

Three different IBDV strains were investigated in the laboratory model SPF-layers and 

compared to commercial Ross-type broilers. The clinical signs attributed to IBD and mortality 

were observed only in SPF-LT chickens after inoculation with virulent (v) and vv (very 

virulent) IBDV. The severity of clinical signs was comparable after inoculation with vIBDV 

or vvIBDV in SPF-LT chickens. We observed better modulation of T cells in less susceptible 

chickens compared to SPF-LT birds. Further studies are needed to give deeper insight into the 

function of IBDV-specific T cells in IBDV-immunopathogenesis.  

 

All infected chickens developed strong inducible nitric oxide synthase (iNOS) expression in 

the bursa and spleen in parallel with strong circulatory nitric oxide (NO) release. The most 

susceptible SPF-LT birds showed the highest amounts of serum nitrite concentration. 

Strikingly, we detected Type I IFN in high levels between 2 to 7 days pi in the most 

susceptible line. However, bioactive Type I IFN levels did not correlate with the IFNα mRNA 

up-regulation in BF. The induction of IFN-α mRNA expression in spleens of SPF-Wh-LT 
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birds correlated with the IFN-bioassay results but this observation was not made for the other 

genetic backgrounds. The ability of replication of IBDV in extrabursal tissues may have 

induced the higher levels of circulating Type I IFN. Induction of high mortality rate after 

infection of susceptible chickens with virulent IBDV may be due to initiation of this systemic 

cytokine burst by activated immune cells possibly macrophages, which is influenced by the 

genetoype of the host.  

 

The present study shows that susceptible SPF-LT chickens mount early and very strong 

immune response, which leads to clinical disease and possibly mortality, whereas in more 

resistant birds the immune response is better modulated. Based on these investigations future 

studies have to be conducted to explore candidate genes to explain the genetically based 

differences in IBDV susceptibility. 
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8. Zusammenfassung  

 

Merve Aricibasi  

 

Vergleichsstudie über die Pathogenese des Infektiösen Bursitis-Virus (IBDV) in genetisch 

unterschiedlichen Hühnerlinien nach der Infektion durch Virenstämme mit verschiedener 

Virulenz  

   

Infektionen mit dem Virus der Infektiösen Bursitis (IBD) verursachen beträchtliche Schäden 

in der kommerziellen Tierzucht durch die dadurch verursachten Todesfälle und Schwächung 

des Immunsystems der Tiere. In Feldstudien wurde beobachtet, dass die Empfindlichkeit 

gegenüber dem IBDV durch den genetischen Hintergrund der Hühner und die Virulenz des 

infizierenden Virus beeinflusst wird. 

 

Das Ziel dieses Projekts war es, die Pathogenese des IBDV in Bezug auf Stämme von 

verschiedener Virulenz und hinsichtlich verschiedener Hühnerlinien zu untersuchen. 

Besondere Aufmerksamkeit wurde auf die spezifische und unspezifische Immunantwort und 

die Rolle von Zytokinen gelegt, welche wiederum abhängig vom genetischen Hintergrund der 

Hühner sein könnte. 

 

Drei verschiedene IBDV-Stämme wurden anhand von SPF-Legehühnern und kommerziellen 

Ross-Masthühnern verglichen. Die klinischen Symptome der Infektiösen Bursitis und die 

Sterblichkeit wurden nur bei SPF-Legehühnern beobachtet, nach der Inokulation mit 

virulentem (v) und sehr virulentem (vv) IBDV. Die Schwere der klinischen Symptome war 

vergleichbar nach der Inokulation mit vIBDV und vvIBDV in SPF-Legehühnern. Wir 

beobachteten eine bessere Modulation der T-Zellen in weniger empfindlichen Hühnern 

verglichen mit SPF-Legehühnern. Weitere Studien sind notwendig, um tiefere Einsicht in die 

Funktionsweise der IBDV-spezifischen T-Zellen in der IBDV-Immunopathogenese zu 

bekommen.  
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Alle infizierten Hühner entwickelten eine ausgeprägte induzierbare Stickstoffmonoxid-

Synthase (iNOS) Expression in der bursa Fabricii und Milz, gleichzeitig mit einer starken 

Freisetzung von zirkulierendem Stickstoffmonoxid (NO). Die empfindlichsten SPF-

Legehühner zeigten die höchsten Konzentrationswerte von Serum Nitrite. Interessanterweise 

fanden wir 2 bis 7 Tage p.i. hohe Mengen Typ I IFN in der empfindlichsten Geflügellinie. 

Allerdings korrelierten die Mengen bioaktiver Typ I IFN nicht mit den IFNα mRNA up-

regulation in der bursa Fabricii. Die Zuführung von IFN-α mRNA Expression in den Milzen 

der SPF-Legehühnern korrelierte mit den IFN-Bioassay-Resultaten, aber diese Beobachtung 

traf nicht für die anderen genetischen Hintergründe zu. Die Fähigkeit des IBDV zur 

Replikation in extrabursalem Gewebe kann zu dieser Menge an Type I IFN geführt haben. 

Das Einsetzen der hohen Sterblichkeitsrate nach der Infektion von empfindlichen Hühnern 

könnte auf die Aktivierung dieses „systemischen Zytokinenschubes“ durch aktivierte 

Immunzellen zurückzuführen sein, möglicherweise Makrophagen, welche vom Genotyp des 

Wirts beeinflusst sind.  

 

Unsere Studie hat nachgewiesen, dass die empfindlichsten SPF-Legehühner eine frühe und 

sehr starke Immunantwort zeigen, welche zu den klinischen Symptomen und möglicherweise 

dem Tod führt, während die Immunantwort der widerstandsfähigeren Hühnerlinien besser 

moduliert. Darauf aufbauend müssen weitere Studien in der Zukunft durchgeführt werden, um 

Kandidatengene zu identifizieren, welche für die gefundenen Resultate verantwortlich sein 

könnten.  
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