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ABSTRACT

This study was aimed at determining the strains of infectious bursal disease virus (IBDV) present in Zambia
causing disease in vaccinated broiler flocks. Despite routine vaccinations with appropriate IBDV vaccines,
which is a control strategy of infectious bursal disease (IBD), many poultry farms still experience high

mortalities to the disease (PAZ, 2013).

A molecular study on IBDV isolated from Lusaka District was performed based on partial sequences of
segments A (VP2) and segment B (VP1) of the vira genome from IBD outbreaks from 20 broiler farms. In
total, 16 and 11 partial nucleotide sequences of VP2 and VP1 were determined, respectively. Evolutionary
anaysis of both VP1 and VP2 showed that most Zambian isolates belonged to the African very virulent
IBDV (VVIBDV) group which includes isolates from Nigeria, Tanzania and South Africa (Kasanga et al.,
2013). In contrast, it was interesting to note that one isolated strain (LUSC11-12) was genetically identical to
an attenuated vaccine strain (MB) and showed 100% nucleotide sequence identity to the strain in both the
VP2 and the VP1. The current study does not only demonstrate the predominance of African-like VVIBDV,
but also documents for the first time the possible involvement of attenuated vaccine strains in the evolution

and epidemiology of IBD in Zambia.

From the above study findings, several recommendations were made which included ;further studies,
surveillance and characterization of IBDV in poultry; monitoring of live vaccine use in the field,

Development of a vaccine from local or regional IBDV field strains and Strict biosecurity of poultry farms
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CHAPTER ONE

1.0 INTRODUCTION

During the lag four decades, there has been a phenomenal growth in poultry production in Zambia
as evidenced by the increase in the number of poultry input suppliers and producers and
improvements through better management and disease control drategies (PAZ, 2013). Intensive
poultry farms provide the optimum conditions for introduction and transmission of disease causing
pathogens. Thousands of chickens crowded together in a closed, warm and dugsy environment is
highly conducive to the transmission of contagious diseases. These disease conditions have caused

considerable economic lossesto some poultry farmers and the country.

Infectious bursal disease (IBD) is a highly contagious disease of young chickens (three to six
weeks) caused by IBD virus (IBDV), characterized by immunosuppression and mortality, ranging
from ten percent to ninety percent depending on the pathogenicity of the virus (Muller and Becht,
1982). The disease has contributed significantly in overall losses to many poultry farms because of
increased mortality due to IBD and other diseases occurring as a result of vaccination failures due
to immunosuppressive effect of the disease. Before 1986 IBDV strains were of low virulence
causing less than two per cent specific mortality (Van den Berget al., 2004) and were satisfactorily
controlled by vaccination. But from 1986 onwards, vaccination failures were described in different
parts of the world (Butcher and Miles, 1994). In 1987, very virulent IBDV (VVIBDV) strains
capable of causing thirty to seventy per cent mortalities in broilers and layers were isolated in

Holland, Belgium and UK (Van den Berg et al., 1991). Since then, outbreaks of VVIBDV have
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occurred in most European countries as well as in Africa, Japan, China and South East Asia. The
VVIBDV were able to break through the maternal immunity as well asthe active immunity induced

mainly by classical or mild IBDV vaccines (Eterradossi et al., 1992).

IBD was first documented in Zambia in 1978 when it caused outbreaks on five farms in the
Copperbelt, Central and Southern provinces. The mortality ranged between three percent and thirty
percent, with the age of affected flocks being two to eight weeks (Sharma et al., 1977). IBD was
further documented through a study conducted by Munang andu et al (1996) where the researchers
found that out of 67 outbreaks investigated in Lusaka Province thirty two (47.8 percent) were
confirmed IBD cases using agar gel immunodiffusion test. Out of the thirty two outbreaks, five
were vaccinated flocks and therefore the researchers recommended further Virological studies to

elucidate the cause of the vaccine failure (Munang'andu et al., 1996).

In Zambia an estimated average of 1,066,153 day old broiler are produced weekly throughout the
country and 1,012,673 survive for market sales resulting in a national average mortality rate of 5.01
percent at 35 days of age, although flocks affected with disease do experience higher mortality rates
(PAZ, 2013). The national average mortality rate is slightly above the normal of 4.7 percent at 35
days of age for broilers. Management failures and poultry diseases including IBD cause mog of the
mortalities in broilers (PAZ, 2013). To control the disease, vaccination is carried out in Zambia as
recommended elsewhere (Ol E, 2004). Despite mandatory I BD vaccination schedules that are issued

by hatcheries, farmers still record outbreaks, annually.
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Cases of IBD in Zambia are currently diagnosed by posgmortem examination, but this method
sometimes does not offer very accurate results. Therefore, in this study IBD was accurately
diagnosed using molecular method including the reverse transcriptase-Polymerase Chain Reaction
(RT-PCR), from bursae of Fabricius extracted from broilers diagnosed with IBD at postmortem
examination. The outcomes of this study helped in understanding the epidemiology of the disease in

broilers and also helped elucidate reasons for vaccine failure in flocksin Lusaka, Zambia.

1.1.0. STUDY JUSTIFICATION

Infectious bursal disease continues to be a major problem in many poultry flocks kept intensively in
Zambia (PAZ, 2013). The Poultry Association of Zambia reported in the 2011 annual general
meeting report that IBD remains a challenge to many farmersin Zambia, as it is one of the major
causes of mortality in broiler poultry flocks (PAZ, 2012). Currently, there is not much information
on the mortality and morbidity rates of IBD. From the information received from agro-vet outlets in
Lusaka, the medium and small-scale producers are the most affected. Although most farmers do

vaccinate their poultry flocks, seriousoutbreaks of the disease are ill being observed.

For this reason this study was aimed at determining the genotype of IBDV present in Zambia since
IBD is being recorded in vaccinated and unvaccinated flocks. The results will influence policy

makers on the exact vaccine auitable for the control of the disease in L usaka.
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To achieve the intended aim of the study, the following specific objectives were developed.

a To detect the IBDV nucleic acid (dSRNA) from bursae tissue of chickens with suspected

IBD.

b. To determine the sequence of the VP1 and VP2 fragments of IBDV of RT-PCR positive

samples.

C. Toconduct phylogenetic analysis of VP1 and VP2 fragments of IBDV.

19



CHAPTER TWO

2.0 REVIEW OF LITERATURE

2.1. History of infectious bursal disease

In 1957, Albert S. Cosgrove recognized peculiar clinical signs on a broiler farm near Gumboro,
Delaware, United States of America. The disease was named “Gumboro disease” after the
geographic location of the firg recorded outbreak (Cosgrove, 1962). Gumboro disease was
characterized by ruffled feathers, watery diarrhea, trembling, severe prostration, dehydration,
hemorrhages in the leg and thigh muscles, increased mucus in the intestine and enlargement of the
bursa of Fabricius (BF) (Winterfield, 1969). This syndrome was characterized by 10 percent flock
morbidity and about 1 to 10 percent mortality. This occurred throughout the Delmarva region
(Lasher and Davis, 1997). The disease spread to all thirteen poultry producing southwedern states
of America in about three years of its initial recognition at the East Coast. Conventional treatments
of the time such as antibiotics, vitamin supplements, molasses or different management practices
did not alter the course of the disease (Lasher and Davis, 1997). The different management
practices had insignificant effect on the severity of the disease (Parkhurst, 1964). It was also noticed
that the disease was transmitted from farm to farm through leftover feed from the affected farms
(Edgar and Cho, 1965). Early studies suggested that the etiology of IBD was a nephropathogenic
strain of infectious bronchitis virus (IBV) due to similar gross changes observed in the kidney by
Winterfield and Hitchner (1962). Subsequent studies (Pejkovski et al., 1979 and Winterfield and

Thacker, 1978), however, revealed that IBV immunized birds could gill be infected with the
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“infectious bursal agent” (IBA) and develop changes in their cloacal bursae of Fabricius specific for
the disease. Winterfield et al (1962) isolated the disease agent in embryonating eggs. The isolated
agent was called infectious bursal agent (IBA) and regarded asthe true cause of IBD. In 1961 Edgar
and Cho named the new poultry disease syndrome “Infectious bursal disease (IBD)” instead of
Gumboro disease by which it was previously known (Edgar and Cho, 1965). Vaccinations with the
disease agent were proposed as a control measure on the premises where IBD was already

established.

The first documented case of the immunosuppressive effects of 1BD was recorded when birds could
not produce immune response to Newcastle disease vaccine after an IBD infection, (Allan et al.,
1972), and in 1980 a second serotype was reported (McFerran et al., 1980). These factors, along
with the high tendency for IBD infections to recur in successive flocks, emphasized the need for
stringent measures of prevention and control. Prior to 1984, vaccination programs satisfactorily
controlled the spread of clinical and subclinical forms of the disease. However, in 1984 and 1985, a
significant increase in mortality, abattoir condemnations, and vaccine failures were reported in the
Delmarva Peninsula broiler growing area (Saif, 1984; Hitchner, 1970). These newly emergent
viruses were capable of breaking through maternal immunity against classic strains of 1BDV
(Rosenberger et al., 1987; Rosenberger and Cloud, 1985). In vivo reciprocal cross-challenge tests
showed that unlike classic or standard grains of IBDV, the field isolates caused rapid atrophy and
minimal inflammation of the cloacal bursa of Fabricius when inoculated into susceptible specific
pathogen free (SPF) leghorns (Rosenberger and Cloud, 1985). Studies suggested that a major
antigenic shift in serotype | viruses had occurred in the field (Synder et al 1992: Jackwood and Saif,

1987). The IBDV field isolates were characterized as antigenic “variants’ of serotype 1 IBDV,
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while the older serotype 1 viruses discovered prior to these newly emergent viruses were called

classic strainsof IBDV (Rosenberger and Cloud, 1985).

Outbreaks of VVIBDV were fird reported in Europe in 1987-1988 (Eterradossi et al., 1992; Van
den Berg et al., 1991; Chettle et al., 1989;). The VVIBDV infections are characterized by a
peracute onset of severe clinical disease and high mortality (Tsukamoto et al., 1995: Nunoyaet al.,
1992; Van den Berg et al., 1991Chettle et al., 1989). Although these new serotype 1 viruses
demonstrate increased virulence in their ability to break through the existing level of maternal
immunity, they are antigenically similar to the classic drains of IBDV (Van den Berg et al., 1991,
Van der Marel et al., 1991; Oppling et al., 1991). Strains of VVIBDYV have rapidly disseminated to
every poultry-producing country, except Canada, Mexico, Australia, and New Zealand (Hassan et

al., 2002; Van den Berg, 2000; Di Fabio et al., 1999; Eterradossi et al., 1992).

2.2. Global occurrence of infectious bursal disease

IBD is found almost everywhere where poultry is kept intensively, and the distribution of the
serotype and subtypes differs from one region to another. From the first recorded outbreaks in USA
the disease has spread to various parts of the world. North America, Papua New Guinea, Australia
and New Zealand are the only regions that are recorded not to have the VVIBDV (Ignjatovic and

Sapats, 2002).

There is very little literature discussing the distribution of IBDV in intensive broilers productions in

Africa. Kasanga et al (2008) endeavored to detect and characterize IBD in poultry in Tanzania
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between 2000 and 2004 and showed that the results in a phylogenetic tree based on the nucleotide
sequences of VP2-HVRs, all Tanzanian strains fell within the very virulent type (Kasanga et al.,
2008). In Central Oromia, Ethiopia, Cross-sectional study was conducted from November 2009 to
May 2010 to determine the seroprevalence of IBD in backyard chickens and to identify the likely
potential risk factors in selected sites. Zeryehun and Fekadu (2012) concluded that out of 276 serum
samples tested, 227 were positive for IBD antigen/antibody (Ag/Ab) by indirect enzyme linked
immunosorbent assay (ELISA) technique and the overall prevalence of IBD in the study area was
found to be 82.2 percent (227/276). Mazengia (2008) conducted a survey on the incidence of IBD
in village chicken flocks in Bahir Dar and Farta, Ethiopia. The incidence of occurrence and case
fatality rates of IBD were 8.39 percent and 17.4 percent and 98.56 percent and 77.73 percent, in
Bahir Dar and Farta, respectively. In that study, Mazengiaet al (2009) confirmed IBD cases on the
basis of clinical signs, pathological and serological tests. In Nigeria a study by Okwor et al (2012)
observed high serum antibody levels againg IBDV using indirect hemagglutination (IHA) test in
unvaccinated village chickensreared in and around Nsukka, Southeast Nigeria. The result showed a
high seroprevalence of 88.4 percent. Mbuko et al (2010) conducted a five-year retrospective study
(2004-2008) on the prevaence of IBD and other poultry diseases diagnosed at the poultry unit of
the Ahmadu Bello University Veterinary Teaching Hospital, Zaria, Kaduna Nigeria. A prevalence

of 7.26 percent was recorded.

In Zambia, very little research on IBD has been undertaken, notably only by Kasanga et al (2008).
In that study by methods of whole genome sequencing, phylogenetic analysis and amino acid
comparison of genome segments A and B of the field VVIBDYV it was discovered that in an isolate

from Zambia reassortment of segment A and B had occurred. In thisunique VVIBDV segment A
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showed 98 percent nucleotide homology to the VVIBDV drain D6948, while segment B was 99.8
percent identical to the classical attenuated strain D78 (vaccine strain). The existence of
heterogeneous IBDV in Zambia suggested a high risk of genome reassortment, which creates new

challengesto vaccination and increased virulence of the mutated virus.

2.3. Aetiology of infectious bursal disease

IBDV is amember of the Birnaviridae family and genus Avibirnavirus. Viruses in this family have
a genome condgsting of 2 segments of double-stranded RNA (dsRNA), hence the name birnaviruses

(Lasher and Davis, 1997).

The family Birnaviridae comprises three genera: Avibirnavirus, Aquabirnavirus, and
Entomobirnavirus. IBDV is the sole member of the genus Avibirnavirus (Muller et al., 1986).
Members of the genus Aquabirnavirus include infectious pancreatic necrosis virus of salmonid fish
and related viruses of oysters and crabs (Van den Berg et al., 1991). Members of the genus

Entomobirnavirus infect only insects.

Two distinct serotypes of IBDV are known, serotypes 1 and 2. Serotype 1 is the pathogenic type
causing an active I|BD infection in chickens, but serotype 2 produces neither disease nor immunity
against pathogenic strains of serotype 1 (Lukert and Saif, 2003). Depending on the virulence and
antigenicity, serotype 1 IBDV is classified into classical virulent (CVIBDV), antigenic variant

(AVIBDV), and VVIBDV (Chettleet al., 1989).
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2.4. Infectious bursal disease virus genome organization

IBDV isadouble stranded (ds) RNA virus with the genome consiging two segments A and B. The
large segment A (approximately 3.3 kbp) encodes the VP5 protein and, in another partially
overlapping reading frame, a 110 kDa polyprotein that will yield VP2, VP3, and VP4 whereas the
small segment B of the IBDV genome (approximately 2.9 kbp) codes for viral protein VP1
(Bottcher et al., 1997). A high degree of sequence homology was reported between the pathogenic
serotype 1 and the non-pathogenic serotype 2 viruses in the coding region of segment B; whereas
lower sequence identities were observed in the coding region of segment A of serotypes 1 and 2
viruses (Saif and Lukert, 2003). In both genome segments the coding regions are flanked by short
5 and 3’ untrangated regions (79 to 111 nucleotide long) (Liu and Vakharia, 2004). The secondary
structure of the 3 untrandated regions appears to be critical for an efficient replication (Edison et

al., 1980).

The virus has a non-enveloped, single icosaehedral capsid, and its size ranges from 55 to 65 nm in
diameter (Azad et al., 1986). Five viral proteins designated VP1, VP2, VP3, VP4, and VP5 are
recognized and the approximate molecular weights of the five proteinsare 97 kD, 41 kD, 32 kD, 28
kD, and 21 kD, respectively. Additional proteins, such as VPX or pVP2, have been observed and
have a precursor-product relationship. Becht et al (1988) compared isolates of serotypes 1 and 2
and reported viral proteins with molecular weights in the same range as those observed by Kibenge

et al (1991) and Jackwood and Saif (1983). It was not possible to differentiate between strains of
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serotype 1 viruses based on differences in structural proteins. VP2 and VP3 are the major structural

proteins of IBDV.

VP1 isthe viral RNA dependent RNA polymerase (RdRp). It is present in virus capsids both as a
genome linked and as a free protein (M uller et al., 1979). VP2 isthe main capsid protein. It forms
trimers which are the basic units of the virus shell, the crystal structure of which has been recently
determined with a 7A resolution (Domanska et al., 2004). VP3, the other major structural protein,
interacts with itself, VP2, VP1, and the viral genome, thus playing a critical role in both virion
morphogenesis and encapsidation. VP4 is a viral protease that exhibits an unusual Serine-Lysine
catalytic dyad (Faragher et al., 1972). VP4 plays a major role in the maturation of capsid protein
VP2, by progressively trimming several peptides at the VP2 carboxy-terminal extremity during
virus assembly. VP5 has no clearly established function, but it was suggested that it might have a
regulatory function playing a role in virus release and dissemination, as well as an anti-apoptotic
function at the early sages of infection (Schnitzler et al., 1993). Two of the peptides, X-VP2 and
VP2 that arise from the maturation process of pVP2 are crucial determinants that control the
geometry of the virion assembly process. One of these peptides also has a destabilizing effect on
cellular membranes and has been proposed to be involved, after IBDV particles are bound to their
cellular receptor, in the process of virus translocation across the cytoplasmic membrane (Bayliss et

al., 1990).

Among all the IBDV viral proteins, VP2 protein contains important neutralizing antigenic sites and

elicits protective immune response and most of the amino acid changes between antigenically
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different IBD Vs are clustered in the hypervariable region of VP2. Thus, this hypervariable region of
VP2 is the obvious target for the molecular techniques applied for IBDV detection and strain
variation gudies. The region between amino acids 206 and 350 is extremely hydrophobic and
contains the major neutralization site of the virus. Amino acid changes here would result in the
antigenic variation of the virus (Azad et al., 1987). Hydrophilicity profile of thisregion showed the
presence of two hydrophilic peaks A and B at amino acid positions 210 to 225 and 312 to 324,
respectively (Domanskaet al., 2004). M gjor differencesinthe reactivity of neutralizing monoclonal

antibodies (M Abs) result from amino acid changes in peaks A and B (Schnitzler et al., 1993).

2.5. Molecular determinants of pathogenicity of IBDV

Molecular characterization of IBDV has been based mainly on the study of the VP2 gene, the
middle third of which contains a variable region (vWP2) (Baylisset al., 1990). The VP2 stretch of
hydrophilic amino acids has been recognized as the molecular basis for antigenic variation
(Schnitzler et al., 1993). Several amino acids in vV P2 have also been proposed as putative markers
for pathogenic IBDV. First, amino acid alignments of vWP2 in classical or VVIBDV isolates
revealed that most of the latter shared four conserved amino acids, A222, 1256, 1294 and S299
(Eterradossi et al., 1998). These positions have since been used asthe target of several molecular or
antigenic tests aimed at the presumptive molecular or antigenic identification of putative VVIBDV

(Eterradossi et al., 1998).
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2.6. Epidemiology

2.6.1. Host range and potential vectors

Although turkeys, pigeons, ducks, guinea fowl and ostriches may be infected, clinical disease
occurs solely in chickens, Gallus gallus domesticus, (van den Berg, 2000). A serotype 1 virus was
isolated from two eight-week-old ostrich chicks that had lymphocyte depletion in the bursa of
Fabricius, spleen, and/or thymus (McFerran et al., 1980). Another serotype 1 isolate was obtained
from healthy ducks (McFerran et al., 1980). A serotype 2 IBDV was isolated from captive penguins
that died without specific clinical signs (Gough et al., 2002). The Pekin duck (Cairina moschata)
was also an asymptomatic carrier of serotype 1 viruses (McFerran et al., 1980). Anti-IBDV
antibodies have been detected in common pheasants (Phasianus colchicus) (Louzis et al., 1979),
guinea fowl (Numida meleagris) (Allan et al., 1984), and ostriches (Struthio camelus) (Cadman et
al., 1994), which have also been demonstrated to carry serotype 2 viruses Neutralizing or
precipitating antibodies have been detected, inter alia, in various species of wild duck, goose, tern,
puffin, crow and penguin, which may mean that wild birds act as reservoirs or vectors (Ogawa et

al., 1998; Gardner et al., 1997: Wilcox et al., 1983).

Several researchers have studied potential vectors of IBDV. Snedeker et al (1967), demonstrated
that the lesser mealworm (Alphitobius diaperinus), taken from a house eight weeks after an
outbreak, harbored IBDV that was infectious to susceptible chickens when fed as a ground
suspension. Pagés-Manté et al (2004) reported that a dog fed chicken that had died of acute IBD
shed viable VVIBDYV in its fecesfor two days after ingestion demonstrating that a dog isa potential

mechanical vector of VVIBDV. Howie and Thorsen (1981) isolated non-pathogenic IBDV from
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mosquitoes (Aedes vexans) that were trapped in an area where infected chickens were being raised.
There has not been any further evidence to support a conclusion that mosquitoes act as vectors or
reservoirs of the virus. Okoye and Uche (1986) detected IBDV antibodies by the agar-gel precipitin
(AGP) test in six of twenty three tissue samples from rats found dead on four poultry farms that had

historiesof IBDV infection.

The biological significance of mechanical vectors (lesser mealworms, dogs, mosguitoes and rats) of
IBDV in maintaining horizontal transmission of the virus on farm has not been studied intensively,

but depopulation of these mechanical vectors is highly encouraged.

2.6.2. Susceptibility factors

The age of maximum susceptibility is between three and six weeks, corresponding to the period of
maximum bursa development, during which the acute clinical signs are observed. Infections
occurring prior to the age of three weeks are generally subclinical and immunosuppressive. Light
strains of laying stock are more susceptible to IBD than the heavy broiler strains (Bumdead et al.,

1993).

2.6.3. Transmission

Only horizontal transmission has been described, with healthy subjects being infected by the oral or
respiratory pathway. Infected subjects excrete the virusin faeces asearly as 48 hours after infection,

and may transmit the disease by contact over a sixteen-day period (Vindevogel et al., 1976). The
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disease is transmitted by direct contact with excreting subjects, or by indirect contact with any
inanimate or animate (farm saff, animals) contaminated vectors. Some researchers have suggesed
that insects may also act as vectors (Howie and Thorsen, 1981). The extreme resistance of the virus
to the outside environment enhances the potential for indirect transmission. The virus can survive
for four months in contaminated bedding and premises (Benton et al., 1967), and up to fifty-six
days in lesser mealworms (Alphitobius s.) taken from a contaminated building (McAllister et al.,
1995). In the absence of effective cleaning, disinfection and insect control, the resistance of the

virus leadsto perennial contamination of infected farm buildings

2.7. Pathogenesis of infectious bursal disease

After oral infection or inhalation, the virus replicates primarily in the lymphocytes and
macrophages of the gut-associated lymphoid tissues (Peyer’s patch and caecal tonsils) (Edgar and
Cho, 1976). Then the virus reaches the bursa of Fabricius via the blood stream where the main
replication will occur. The target organ of IBDV is the bursa of Fabricius at its maximum
development, where B-lymphocytes mature in avian species (Lukert and Saif, 2003). The severity
of the disease is directly related to the number of susceptible cells present in the bursa of Fabricius;
therefore, the highest age susceptibility is between three and six weeks, when the bursa is at its

maximum development.

By thirteen hours pog-infection mog follicles are positive for virus and by sixteen hours a second

and pronounced viraemia will start, with secondary replication in other organs (Nieper and Miiller,

1996). This s=cond wave coincides with an important inflammatory response in the bursa of
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Fabricius and is associated with clinical disease and death (Faragher et al., 1972). Repopulation of
the bursa with B lymphaocytes is variable; in some cases garting by eight days and in others after

three weeks post-infection, depending on the severity of the disease (Jackwood et al., 1984)

Recovery from disease or subclinical infection is followed by immunosuppression with more
serious consequences if the strain is VVIBDV infection occurring early in life (Lukert and Saif,
2003). Chickens tend to become infected toward the age of two-three weeks, when maternal
derived antibodies (MDA) declines and there is considerable evidence that the virus can have an
immunosuppressive effect up to the age of six weeks at least (Kaufer and Weiss, 1980). Although
the immunosuppression caused by IBDV is principally directed towards B-lymphocytes, an effect
on cell-mediated immunity has also been demonstrated, thus increasing the impact of IBDV on the
immunocompetence of the chicken (Lukert, 1986). In addition to its impact and role in the
development of secondary infections, IBD may thus also affect the immune response of the chicken

to subsequent vaccinations, essential in all typesof intensive farming (Kibengeet al., 1988).

2.8. Clinical observations in infectious bursal disease

The severity of the clinical signs is dependent upon the age, breed and level of MDA of the chick,
as well as upon the virulence of the virus (Van den Berg, 2000). The clinical picture may differ
considerably from one farm, region, country or even continent to another (Lukert and Saif, 2003).

Schematically, the global 1BD situation can be divided into three principal forms.
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(@) The classical form, asdescribed since the early 1960s by Faragher et al (1972), is caused by
the classical virulent grains of IBDV. The incubation period of 1BD ranges from two to four days
after exposure. One of the earlies signs of the classical infection in aflock isthe tendency for some
birds to pick at their own vents (Cosgrove, 1962). The disease is characterized by acute onset of
depression. Chickens are reluctant to move, they exhibit ruffled feathers, whitish or watery diarrhea,
pericloacal feathers are stained with urates, trembling and prostration (Faragher et al., 1972).
Severely affected birds become dehydrated and die, mortality ranging from one percent to fifty

percent (Hermann et al., 2003).

(b) The immunosuppressive form, principally described in the United States by Jackwood and
Saif (1987), is caused by low-pathogenicity strains of IBDV, as well as by variant strains, which

partially resist neutralization by antibodies against the classical strains(Snyder et al., 1992).

(c) The acute and very virulent form, was described initially in Europe, and then spread to
Asia, Africa and some countries in Latin America (Stuart, 1989). This form of IBD is caused by
VVIBDV and is characterized by an acute progressive clinical disease that leads to high mortality
rates on affected farms (Chettle et al., 1989). The initial outbreaks in Europe were characterized by
high morbidity (eighty percent) and significant mortality attaining twenty five percent in broilers

and sixty percent in pullets over a seven-day period (Van Den Berget al., 1991).
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2.9. Pathology of infectious bursal disease

Although the other lymphoid organs are affected (Tanimura and Sharma, 1997; Tanimura et al.,
1995), the principal target of the virus is the bursa of Fabricius (Kaufer and Weiss, 1980), which is
the reservoir of B-lymphocytes in birds. Indeed, the target cell is the B lymphocyte in active
division, for which the infection is cytolytic (Burkhardt and M Uller, 1987). Cell sorting studies have
demonstrated that the B Ilymphocyte is susceptible in the immature stage, during which
immunoglobulin M is carried on the surface of the lymphocyte (Nakai and Hirai, 1981; Hirai et al.,
1979). This accounts for the paradoxical immune response to IBDV, in which immunosuppression
co-exigs with high anti-IBDV antibody titers. The mature and competent lymphocytes will expand

asareault of gimulation by the virus whereas the immature lymphocytes will be destroyed.

2.9.1. Gross lesion

M acroscopic lesions are observed principally in the bursa of Fabricius that presents all stages of
inflammation following acute infection (M cFerran et al., 1980; Vindevogel et al., 1976). Autopsies
performed on chickens that died during the acute phase (three to four days following infection)
reveal hyperplasia, hyperaemic and oedematous bursae of Fabricius. The most severe cases are
characterized by a major infection of the mucous membrane and a serous transudate, giving the
bursal surface a yellowish colour (Hiraga et al., 1994). This appearance is often accompanied by
petechiae haemorrhages. By the fifth day, the bursa of Fabricius reverts to normal size and by the
eighth day becomes atrophied to less than a third of the normal size (Inoue et al., 1994). The
affected chickens are severely dehydrated, and many birds have hypertrophic and whitish kidneys

containing deposits of urate crystals and cell debris. Haemorrhages in the pectoral muscles and
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thighs are frequently observed, probably due to a coagulation disorder (Skeeles et al., 1979).
Certain variants from the USA are reported to cause rapid atrophy of the bursa of Fabricius without
a previous inflammatory phase (Lukert and Saif, 2003). Moreover, in the acute form of the disease
caused by VVIBDV, macroscopic lesions may also be observed in other lymphoid organs such as
thymus, spleen, caecal tonsils, Harderian glands, Peyer's patches and bone marrow (Tsukamoto et

al., 1995).

2.9.2. Microscopic lesions (Histological lesions)

A system for evaluating microscopic lesions of the aff ected organs with a score ranging from oneto
five was developed accordingto severity of the disease (Henry et al., 1980). The B-lymphocytesare
dedroyed in the follicles of the bursa of Fabricius and is infiltrated by heterophils and undergoes
hyperplasia of the reticuloendothelial cells and of the interfollicular tissue (Helmboldt and Garner,
1964). Asthe disease evolves, the surface epithelium disappears and cystic cavities develop in the
follicles. Severe panleukopenia is also observed. These microscopic lesions are exacerbated in the

acute forms of the disease (L ukert and Saif, 2003).

2.10. The immunology of infectious bursal disease

2.10.1. Antigensof IBDV

IBDVs share common group antigens that may be detected by agar gel precipitation, the fluorescent

antibody test, and ELISA (Chettle et al., 1989; Jackwood and Saif, 1983; Hirai and Shimakura,
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1974; Allan et al., 1972). Both capsid proteins (VP2 and VP3) contain epitopes that are responsible

for the IBDV group antigenicity (Becht et al., 1988).

In addition to the common group antigens, each IBDV contains an antigen or antigens responsible
for serotype specificity. Serotypes are identified by neutralization tess with serotype-specific
antisera (McFerran et al.,, 1980). It was initially thought that VP3 carried the antigenic
determinant(s) of serotype specificity of IBDV (Fahey et al., 1985). However, current evidence
indicates that VP2 carries the serotype-specific antigens responsible for the induction of
neutralizing protective antibodies (Becht et al., 1988; Azad et al., 1985). There are at least two
virus-neutralizing epitopes on VP2, one of which is strictly serotype-specific (Becht et al., 1988).
The existence of additional virus-neutralizing epitopes on viral proteins of IBDV cannot be ruled

out.

2.10.2. Immune response

The immunosuppressive effects of IBDV infection in chickens and turkeys have been thoroughly
reviewed (Okoye and Uche, 1986). The paradox of the immune response to IBDV infection is not
the simultaneous immunosuppression against many antigens (Faragher et al., 1974; Allan et al.,
1972) but stimulation of very high antibody levels to the virus itself (Skeeleset al., 1979). Indeed
Kaufer and Weiss (1980) described an immune response to IBDV in surgically bursectomized
chickens indicating that immunity to IBDV, at least in part, develops in the spleen and other

lymphoid organs. Immunosuppression results directly from damage to the bursa of Fabricius.
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(@) Active immune response
Infection with IBDV is accompanied by formation of antibodies to the group antigens and the

serotype-specific antigens (Jackwood and Saif, 1983).

Humoral immunity is the primary mechanism of the protective immune response (Baxendale and
Lutticken, 1981; Hitchner, 1970). Field exposure to the virus, or vaccination with either live or
killed vaccines, stimulates active immunity (Wyeth and Cullen, 1978). Antibody response may be
measured by several methods—Virus Neutralization (VN), agar gel precipitin (AGP), or ELISA
tests. Antibody levels are normally very high after field exposure or vaccination, and VN titers
greater than 1:1000 are common (Hitchner, 1970). Adult birds are redgstant to oral exposure to the
virus but produce antibodies after intramuscular or subcutaneous inoculation of IBDV (Hitchner,

1976).

(b) Passive immune response

Antibody transmitted from the hen via the yolk of the egg can protect chicks against early infections
with IBDV, with resultant protection againg the immunosuppressive effect of the virus (Hitchner,
1976). The half-life of maternal antibodies to IBDV is between three and five days (Skeeleset al.,
1979). Therefore, if the titer of neutralizing antibodies in the progeny is known, the time that chicks
will become susceptible can be predicted. Lucio and Hitchner (1979) demonstrated that after
antibody titers fell below 1:100, chicks were 100 percent susceptible to infection, and titers from
1:100 to 1:600 gave approximately 40 percent protection against challenge. Skeeles et al (1979)
reported that titers must fall below 1:64 before chickens can be vaccinated effectively with an

attenuated strain of IBDV. These figures should be considered as indicative that significant

36



differences have been reported in the neutralizing titers determined by different laboratories
(Mekkes and de Wit, 2002). Use of killed vaccines in oil emulsions (including variant strains) to
stimulate high levels of maternal immunity is extensively practiced in the field. Sudies by
Baxendale and L utticken (1981) and Lucio and Hitchner (1979) indicated that oil emulsion IBD
vaccines can stimulate adequate maternal immunity to protect chicks for four-five weeks, and
progeny from breeders vaccinated with live vaccines are protected for only one-three weeks. As
with many diseases, passively acquired immunity to IBDV can interfere with stimulation of an

active immune response.

2.11. Diagnosis of infectious bursal disease

2.11.1. Clinical and differential diagnosis

The clinical diagnosis of the acute forms of IBD is based on disease evolution (a mortality peak
followed by recovery in five to seven days), and relies on the observation of the symptoms and
pos-mortem examination of the pathognomonic lesions in particular of the bursa of Fabricius (van
den Berg, 2000). The conditions mog liable to be clinically mistaken for IBD are avian coccidiosis,
Newcastle disease in some visceral forms, stunting syndrome, chicken infectious anaemia,
mycotoxicoses and nephropathogenic forms of infectious bronchitis (Lukert and Saif, 2003). In all
acute cases, the presence of bursal lesions allows for a diagnosis of IBD. In subclinical cases, an
atrophy of the bursa of Fabricius may be confused with other diseases such as Marek's disease or
infectious anaemia. A higological examination of the bursa of Fabricius will allow differentiation

between these diseases (L ucio and Hitchner, 1979).

37



2.11.2. Histological diagnosis

Higological diagnosis is based on the detection of modifications occurring in the bursa of
Fabricius. The ability to cause histological lesions in the non-bursal lymphoid organs, such as the
thymus, the spleen or bone marrow has been reported as a potential characteristic of VVIBDV
strains (Inoue et al., 1994). The histological approach has the advantage of allowing for diagnosis

of both the acute and chronic or subclinical forms of the disease (Van den Berg, 2000).

2.11.3.  Serological diagnosis

In areas contaminated by IBDV, most broiler flocks have anti-IBDV antibodies when leaving the
farm. Current serological tegs cannot distinguish between the antibodies induced by pathogenic
IBDV and those induced by attenuated vaccine viruses, so serological diagnosis is of little interest
in endemic zones (OIE, 2004). Nonetheless, the quantification of IBDV-induced antibodies is
important for the medical prophylaxis of the disease in young animals, in order to measure the titer
of passive antibodies and determine the appropriate date for vaccination (de Wit, 1999) or in laying
hens to verify success of vaccination (Lucio, 1987). Serology is likewise essential to confirm the
disease-free status of SPF flocks. Each serological analysis must include a sufficient number (at
lead twenty) of individual serum samples representative of the flock under study (M eulemanset al.,
1987). A kinetic gudy requires at least two serological analyses separated by an interval of three

weeks (paired sera) (Cullen and Wyeth, 1975).

The most widely used quantitative tests are the detection of precipitating antibodies by AGID (Hirai

and Shimakura, 1974), ELISA, and serum neutralization (SN) (Weisman and Hitchner, 1978).

AGID isthe simplest, but least sensitive technique. Results are obtained after an incubation period
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of forty eight hours. Variability in results may be due to the investigator, as well as the nature of the
viral strain used as an antigen (Wood et al., 1979). Serum neutralization presents the disadvantages
that specialized equipment and five days incubation is required (Jackwood and Saif, 1983). The
technique is much more sensitive than AGID and correlates better with the level of protection of the

chickens tested (Roney and Freund, 1988).

ELISA is the mog rapid and sensitive method, and presents the fewest variations due to the viral
strain used as an antigen (Roney and Freund, 1988). Considerable inter- and intra-laboratory
variability can occur with certain commercial kits (Kreider et al., 1991). Although the correlation
between results obtained using SN and ELISA is high, ELISA remains less sensitive, and does not
detect low neutralizing titers that are sufficient to block vaccine adminidration (residual maternal
antibodies). Ag-ELISA, which uses a recombinant VP2-protein, as the sole antigen may be better,

correlated with protection (Jackwood et al., 1984).

2.11.4. Virological diagnosis

IBDV may be detected in the bursa of Fabricius of chicks in the acute phase of infection, ideally

within thefirst three daysfollowing the appearance of clinical signs (Lukert and Saif, 2003).

A. Isolation

A filtered homogenate of the bursa of Fabriciusisinoculated in nine to eleven-day old embryonated
eggs originating from hens free of anti-I1BDV antibodies (Hitchner, 1970). The most sensitive route
of inoculation is the chorio-allantoic membrane (CAM); the yolk sac route is also practicable, and

the intra-allantoic route is the leas sensitive. The specificity of the lesions observed must be
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demonstrated by neutralizing the effect of the virus with a monospecific anti-lIBDV serum (L ukert
and Saif, 2003). Isolation in embryonated eggs does not require adaptation of the virus by serial
passages, and is suitable for VVIBDYV. In the absence of lesions, the embryos from the first passage
should be homogenized in sterile conditions and clarified, and two additional serial passages should

be performed (Rosenberger and Cloud, 1985).

B. Detection of viral antigens

Antigens produced during virus infections can be detected either in cells collected from the site of
infection or in secretions and blood. Viral antigens specific to IBDV can be detected from the bursa
of Fabricius, and cases of VVIBDV from other lymphoid tissue such as spleen, caecal tonsils, and

Peyer’ s patch.

a Thin sections of the bursa of Fabricius

The viral antigens specific to IBDV may be detected by direct and indirect immunofluorescence
(Allan et al., 1984) or by immunoperoxidase staining (Cho, 1970) in the bursal follicles of infected
chickens between the fourth and sixth day after inoculation. No viral antigen is detectable from the
tenth day. However, the virus can be isolated from bursae of Fabricius sampled from the second to
the tenth day, with a maximum infectious titer after four days (Winterfield and Thacker, 1978). The
use of monoclonal antibodies for detection of the virus enhances the specificity of the tes (Cho,

1970).
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b. Suspensions of the bursa of Fabricius

The basis for the agar-gel immunodiffusion (AGID) teg isthe concurrent migration of antigen and
antibodies toward each other through an agar gel matrix. When the antigen and specific antibodies
come in contact, they combine to form a precipitate which is trapped in the gel matrix and produces
a visible line. The precipitin line forms where the concentration of antigen and antibodies is
optimum. An extreme variation in the concentration of antigen or antibodies will alter the location
of the line or cause it to be dissolved. Electrolyte concentration, buffer, pH and temperature also

affect precipitate formation (Hirai and Calnek, 1979).

Agglutination tests, using latex beads coated with an anti-IBDV monoclonal antibody (Nieper and
M ller, 1996) or sheep red blood cells coupled with anti-IBDV immunoglobulins are also possible

(Nunoyaet al., 1992).

Antigenic capture as revealed by ELISA (AC-ELISA) consists of capturing the viral antigens
present in the suspensions, using anti-IBDV antibodies and a polystyrene support. The viral
antigens captured are detected through a sandwich ELISA with an anti-IBDV antibody conjugated
with peroxidase (Tsukamoto et al., 1995), or with an anti-IBDV antibody followed by adapted anti-
species conjugate (Kim et al., 2004). The use of a polyclonal serum for capture enhances the
sensitivity of the test. The use of monoclonal antibodies in the capture or detection stages allows for
more precise antigenic characterization of the captured viruses. Different batteries of monoclonal
antibodies enable a tentative identification of the variants from the USA (Synder et al., 1992) or

VVBDYV (Eterradossi et al., 1998).
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C. Detection of the viral genome

The sensitivity and versatility of nucleic acid hybridization techniques have been expanded
rapidly such that probing for the viral genome has overtaken probing for antigen as the diagnostic
method of choice in many laboratories (Eterradossi et al., 1992). M ore dramatic still has been the
extraordinary adoption of PCR as an amplification step for enhancing the detection of viral
nucleic acid in clinical specimens (Hiraga et al., 1994). It is now theoretically possible for asingle
laboratory with access to a complete panel of oligonucleotide primers to use PCR to provide a
comprehensive diagnostic service within 24 hours from specimen submission (Ismail and Saif,

1991).

a  Deoxyribonucleic acid probes

Deoxyribonucleic acid (DNA) probes labeled with 32 P (Jackwood, 1988), biotin (Jackwood and
Sommer, 1997) or digoxigenin have been used on prints of infected tissues to detect the multiple
virus drains of serotypes 1 and 2. There is no genomic probe that enables differentiation between
variant virusesor VVIBDV that hasyet been described, undoubtedly owing to the very high degree

of genetic resemblance between serotype 1 and 2 strains of the virus (Lukert and Saif, 2003).

b. Reverse transcription and genetic amplification by polymerase chain reaction

Reverse transcriptase polymerase chain reaction (RT-PCR) allows the detection of viral RNA in
homogenates of infected organs or embryos, as well as in cell cultures, irrespective of the viability
of the virus present (Sapats and Ignjatovic, 2000). The choice of amplified genomic zones depends
on the objective. When the only objective is to detect multiple strains of the virus, primers are

selected in the highly preserved zones (Wyeth and Cullen, 1978).
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When the characterization of the amplified fragment is to allow for identification of the virus
strains, the central, so-called variable portion of VP2 is generally chosen (Liu and Vakharia, 2004).
The amplified fragment may then be characterized by direct sequencing (Brown and Skinner,
1996), and the analysis of the coded aminopeptide sequence. The simultaneous presence of four
amino acids (alanine 222, isoleucine 256, isoleucine 294 and serine 299) is considered as indicative
of VVIBDV (Yamaguchi et al., 1981). The electrophoretic profile of the amplified fragment may
also be studied after digestion with different restriction endonucleases (RT-PCR/RE) (Liu and
Vakharia, 2004). The value of the results obtained will depend on the choice of endonucleases. In a
given virus, the absence of restriction sites for enzymes BstNI and Styl, located respectively at
codons 222 and 253 of the gene coding for VP2, has been correlated with an atypical antigenicity,

such asthat found in the variant viruses from the USA (Jackwood, 1988).

2.12. Prevention and control of infectious bursal disease

Like most vira infections IBD does not have direct treatment to control the course and progression
of the disease. Since the IBDV invades the B-lymphocytes in bursa of Fabricius for viral replication
this results in immunosuppression thereby rendering the chickens vulnerable to secondary
opportunigic infections (Parkhurst, 1964; Cosgrove, 1962). The complication secondary infections

therefore render the management of 1BD challenging.

2.12.1. Eradication
The very high resistance of IBDV to physical and chemical agents (Benton et al., 1967) accounts
for persistence of the virus in the outside environment, particularly on contaminated farms, despite

disinfection. Eradication in the affected countries therefore seems unrealistic. Prevention of IBD
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necessitates hygiene measures and medical prophylaxis No vaccine can solve the problem if major
sanitary precautions are not taken. These precautions include ‘'all-in/all-out' farming methods,
cleaning and disinfection of premises, and observance of a 'down time' (a period of rest between
depopulation and restocking) (Mekkes and de Wit, 2002). Given the very contagious nature of the
disease and the resistance of the virus, certain essential steps in the cleaning/disinfection process
should be adhered to. Prior to cleaning, all insects and pests (e.g. rats and mice) must be eliminated
as soon as the farm premises are empty. Old bedding and dung must be eliminated and composed
(Saif and Lukert, 2003). All farm equipment must be disassembled and stored in cleaning rooms
located outside the farm buildings. The buildings, immediate surroundings and farm equipment
must be dry-cleaned first, in order to eliminate all dug, and then washed using hot water (60°C)
with a detergent, at a pressure of 80 bar to 150 bar (Eterradoss et al., 1998). A second disinfection
of the full premises must be performed before the introduction of the chicks. Feed silos must be
emptied completely and cleaned inside and outside. Under no circumstances may feed remains from
previous flocks be reused (Cosgrove, 1962). Disinfection is to be undertaken only after all the
buildings have been cleaned. All disinfectants are more active at a temperature above 20°C,
however, chlorinated and iodinated disinfectants cannot be heated above 43°C. The quantity of
disinfectant solution to be used is approximately four liters per fifteen square meters (Mickael and

Jackwood, 2005).

2.12.2. Immunization
Attenuated live virus vaccines and oil-emulsion inactivated virus vaccines are used against IBDV
(Tham and Moon, 1996). The general principles governing the choice and the use of these vaccines

have been developed and presented (Tsai and Saif, 1992) and remain valid. The ideal vaccine must
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offer the correct balance between efficacy and innocuity (Gough et al., 2002). The vaccine must not
cause disease or bursal lesions, must not be immunosuppressive or excreted, and must confer long-
lasting immunity even in birds with a high level of maternal immunity. Unfortunately, such a

vaccine does not exist (McFerran et al., 1980).

2.12.21. Live virusvaccines

Live virus vaccines are widely used in broilers, layers and breeder flocks. These are made from
strains of virus that have been attenuated by serial passages in embryonated eggs or cell cultures.
Depending on the degree of attenuation, the vaccine drains cause histological lesions of varying
severity to the bursae of SPF chickens, and are classified as mild, intermediate or hot (OIE, 2004).
The hot strains induce histological lesions in SPF chickens which are comparable to those caused

by pathogenic strains, the only difference being that the hot strains do not cause mortality.

Intermediate vaccinesare used for vaccinating broilers and pullets (M azengia, 2008). These are also
administered to chicks in breeder flocksthat are at risk of challenge by highly pathogenic strains at
an early age. Although intermediate vaccines are also sensitive to neutralization by passive
antibodies, these vaccines may be adminigered at day-old by nebulisation in order to protect a
chick that may not have a sufficient level of specific antibodies (Saif and Lukert, 2003). Another
reason for such early vaccination is to bring about replication of the vaccine virusin the chicks, and
the dissemination of the virus within the farm; this would, at least partially, provide indirect
vaccination to the other chicks at a time when they become sensitive to the infection. In high-risk
farms, two vaccinations are generally performed (Butcher and Miles, 1994). The age at vaccination

depends on the maternal antibody titers present in the chicks at hatch. Vaccines are usually
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administered through drinking water, although nebulisation is also possible.

The mild grains are used chiefly for the vaccination of breeder flocks. These are very sendtive to
interference by homologous maternal antibodies, and are administered when these antibodies have
disappeared, i.e. between the fourth and eighth week of age, depending on whether the grandparent
flocks have or have not been vaccinated with an oil-emulsion inactivated vaccine before lay

(Eterradossi et al., 1998).

Live IBDV vaccines are compatible with other avian vaccines. However, the strains that cause
serious lesions to the bursa of Fabricius may also provoke immunosuppression and exacerbate the
pathogenicity of other immunosuppressive viruses such as Marek's disease virus (MDV) and
chicken anaemia virus (CAV) and jeopardize the immunization of poultry against other diseases
(DeW it, 1999). Registration procedures for these vaccines must include tests to verify the absence
of interference with other vaccinations as well as the absence of reversion to virulence in the course

of serial passagesin three- to six-week-old SPF chickens.

A vaccine for in ovo vaccination of embryos has recently been developed. The vaccine isa mixture
of virus and specific antibody, and is injected into eighteen-day-old embryos. Broiler chicks
hatched from these eggs are immunised against IBDV throughout the growing period. This method

avoidsinterference by parental antibodies (Hassan et al., 2002).

Various vaccines using recombinant viruses expresing the VP2 protein of IBDV have been

described and have proven efficacy in laboratory tests (Tsukamoto et al., 1995). The advantages of
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these vaccines are the absence of residual pathogenicity, sensitivity to maternal antibodies and risk
of selection of mutants, as well as the possibility of use in ovo and of differentiation between
infected and vaccinated animals (DeWit, 1999). No commercial version of these vaccines is

currently available.

2.12.2.2. Inactivated vaccines

Inactivated vaccines are essentially used to produce high titers, uniform and persistent antibodies in
hens prior to lay that have been vaccinated with a live virus or have been naturally infected through
exposure to the virus on the farm (Cullen and Wyeth, 1975). These vaccines are administered by the

subcutaneous or intramuscular route at the age of sixteen to twenty weeks.

Progeny of hens that have been vaccinated in this way have protective antibodies until the age of
approximately thirty days (Hassan and Saif, 1996). The chicks are thus protected during the period
of susceptibility to the IBDV strains that only provoke immunosuppression. However, the chicks
are not protected from other highly pathogenic strains that may inflict high mortality rates at later
stages (Wyeth and Cullen, 1975). The decision to use an inactivated vaccine will thus depend on the
epidemiological context, namely: presence or absence of highly pathogenic strains requiring
vaccination of broilers with live virus vaccines (Briggs et al., 1986). Where no risk of infection
with VVIBDYV exists, boosting of laying hens with an inactivated vaccine just before lay is fully
justified. However, the duration and uniformity of the immunity thus conferred upon chicks will, to
a great extent, depend on the concentration and the antigenic specificity of the virus present in the
vaccine (Van den Berg et al., 1991). These vaccinesare obtained either from bursal homogenates of

infected chicks, or from viral cultures on embryonated eggs or fibroblasts which are then
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inactivated by formaldehyde and presented as oil emulsions. Sub-unit vaccines produced in yeast

(Fahey et al., 1985) or insect cell cultures have also been described, but are not currently in use.

2.12.2.3. Immune complex vaccines

An immune complex vaccine is made by mixing a live intermediate IBDV with IBD antibody
contained in whole hyperimmune serum (Chang et al., 2001; Haddad et al., 1997; Butcher and
Miles, 1994). This coating of the antigen protects it from attack by the MDA. At a point when the
MDA levels drop to a critical level, the antigen emerges and darts to trigger an immune response.
Each chick regponds as an individual as the immune system within the chick is unique in terms of
individual M DA levels (Haddad et al., 1997). This also overcomes the problem of the MDA levels
interfering with vaccine take. The vaccine virus attaches to the bursal tissue and effectively blocks
attachment of field virus as per the process of the classic IBD vaccines (Lukert and Saif, 2003). The
current vaccine available is a Winterfield strain (intermediate plus), which has a rapid growth rate

of two daysto colonize the bursal and effectively block field viral attachment to the bursa.

The vaccine was originally designed for use as an in-ova application at day eighteen of
embryonation but can now be given as a day of hatch vaccine (Changet al., 2001). The earliest that
the vaccine antigen could be released is at 8 days in MDA free birds (SPF birds) and in birds with
variable MDA levels, may well be later. Under field conditions, where challenge loads are moderate
to high, an additional live IBD (intermediate) must be given at about day ten (Butcher and Miles,
1994). Under variant IBDV challenges this vaccine does not offer protection because the
Winterfield strain used in production of the vaccine is a classic vaccine type and not a variant strain

(Haddad et al., 1997).
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CHAPTER THREE

3.0 MATERIALS AND METHODS

3.1. Study site

Lusaka District is the main region of intensive poultry activity in Zambia, having five hatcheries
that produce day old chicks (broilers and pullets). The hatcheries produce the following breeds;
Ross 308, Cobb 500, Indian River, Hubbard, Lohmann Brown and Isa Brown. The combined
production capacity of all the hatcheries in 2012 was 1,155,000-day-old broiler chicks (DOC)
weekly. Of the total chick production, Sixty five percent were sold in Lusaka Didrict and therefore
being the region with highest production of broilers in Zambia (PAZ, 2013). This study was
focused on the broiler chickens showing signs of IBD clinically and confirmed by gross necropsy
lesions. The study area consisted of farmers categorized as commercial large scale, medium scale

and small-scale, as show in Table 1.

Table 1: Farmer categorization by size of poultry flocks

Category of farmers Size of poultry flock
Small scale 1000 and below
Medium scale 1001 to 10,000
Large scale 10,001 and above
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3.2. Study design

A purposive (biased) sampling design was employed, where the selection parameter were based on
the lesions on the chickens. This means that broilers not showing any clinical signs of IBD were
excluded from the study. On the other hand, the broilers showing IBD-like lesions were included in
the study. The following gross necropsy lesions of IBD were considered for diagnosis; petechiae
hemorrhages on the pectoral and thigh muscles, enlargement of bursa of Fabricius, presence of
milky exudates on the serosa of the bursa of Fabricius and presence of hemorrhages in the lumen of

the bursa of Fabricius.

3.3. Sampling Procedure

Four veterinary outlets were incorporated in diagnosis and sample collection of IBD infected
chickens. Farmers coming from various locations of Lusaka Didrict, as shown in Table 2,
submitted dead or live moribund chickens to the veterinary outlets for disease diagnosis and advise
on treatment and control. Veterinarians at the outlets conducted post mortems on the chickens and
those diagnosed with IBD had their whole bursa of Fabricius excised and collected for RT-PCR.
The pathological lesions considered pathognomic for IBD included petechiae hemorrhages on the
pectoral and thigh muscles, bursa enlargement, presence of milky exudates on the serosa of the

bursa and presence of hemorrhages in the lumen of the bursa of Fabricius.

After initial processing, the bursae of Fabricius were collected aseptically and packaged in a

properly labeled plastic container and sored under ice. From each outbreak, information on the
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location, management system, type of vaccine used, and age of flock were collected and entered in
the data sheet as shown in Table 2. From the veterinary outlets, the samples were transported on ice
to the University of Zambia, School of Veterinary Medicine, Department of Disease Control

laboratory where they were stored at -20°C till analysis.

Table 2: Location, age, bird type, flock size and collection date of bursa of Fabricius for molecular

investigation
Case ID Date of Bird Age of chickens | IBD vaccine Flock size | Location of
No. collection type (days) farm
LUSO01-12 | 22/08/2012 Broiler 28 | Intermediate 200 Lusaka North
LUS02-12 24/08/2012 Broiler 30 | Intermediate 5500 Lusaka East
LUS03-12 | 25/08/2012 Broiler 22 | Mild 300 Lusaka North
LUS04-12 28/08/2012 Broiler 35 | Intermediate 1000 Lusaka South
LUS05-12 1/09/2012 Broiler 28 | Intermediate 1000 Lusaka East
LUS06-12 3/09/2012 Broiler 26 | Intermediate 1600 Lusaka South
LUSO07-12 6/09/2012 Broiler 35 | Intermediate 4000 Lusaka West
LUS08-12 | 7/09/2012 Broiler 24 | Mild 1750 Lusaka East
LUS09-12 | 10/09/2012 Broiler 42 | Mild 200 Lusaka East
LUS10-12 13/09/2012 Broiler 35 | Intermediate 4600 Lusaka West
LUS11-12 | 14/09/2012 Broiler 20 | Mild 650 Lusaka South
LUS12-12 17/09/2012 Broiler 42 | Intermediate 200 Lusaka East
LUS13-12 18/09/2012 Broiler 21 | Intermediate 390 Lusaka East
LUS14-12 21/09/2012 Broiler 35 | Intermediate 250 Lusaka East
LUS15-12 | 22/09/2012 Broiler 14 | Mild 1000 Lusaka West
LUS16-12 27/09/2012 Broiler 24 | Intermediate 300 Lusaka East
LUS17-12 | 29/09/2012 Broiler 30 | Mild 100 Lusaka East
LUS18-12 2/10/2012 Broiler 28 | Intermediate 5700 Lusaka West
LUS19-12 2/10/2012 Broiler 25 | Intermediate 700 Lusaka East
LUS20-12 | 5/10/2012 Broiler 22 | Mild 500 Lusaka East

3.4. Specimen processing

3.4.1. RNA extraction

The bursae of Fabricius from twenty outbreaks, (four-five bursae of Fabricius from each IBD

outbreak were pooled as one sample) were cut into small pieces and homogenized in a 1.5
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appendorf tube, 50 mg of homogenized pooled bursae were mixed with 1 ml of Trizol reagent
followed by incubation for five minutes at room temperature. Then 200 pl of chloroform was added
to the mixture and was then shaken vigorously for fifteen seconds and incubated for three minutes
at room temperature. The twenty samples were centrifuged for fifteen minutes at 12,000 xg at 4°C.
After centrifugation process, the aqueous phase was transferred to fresh tubes and then 0.5 ml of
isopropanol was added to each tube. The aqueous phase and isopropanol mixture were then
incubated at room temperature for ten minutes, followed by centrifugation for ten minutes at 12,000
xg at 4°C. The supernatant was discarded and the RNA pellet were mixed with 1 ml 75% ethanol
then vortexed and thereafter centrifuged at 7,500 xg for five minutes at 4°C. The ethanol was then
discarded and the RNA pellets air-dried for five minutes and re-dissolved by adding 50 pl of

nuclease free water in each of the 20 tubes. The RNA was then stored at -30°C until analysis.

3.4.2. Reserve transcription

The first grand cDNA was synthesized using ReverTra Ace kit (Toyobo, Osaka, Japan) and gene
specific primers following the manufacturer’s instructions with few modifications. The gene
specific primers (Toyobo, Japan) targeting the VP2 (segment A) and VP1 (segment B) domains of
IBDV genome were V1/V2 and BFIY/BF2 in accordance with the original articles cited, (Kasanga et

al, 2008) as shown in Table 3.
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Table 3: Primers used to amplify VP1 and VP2 genes of IBDV

Primer name Sequence

V1 forward primer 5-CCAGAGTCT ACA CCATAA-3
V2 reverse primer 5-CCTGTTGCCACTCTTTCGTA-3'
BF1 5-CCTCTTCTTGATGATTCTACCA-3
BR1 5-GAC CATATGTTACGGGTCTT-3

In detail, three pl of each of the twenty-extracted RNA were mixed with 1.5 pl of dimethyl
sulfoxide (DM SO), incubated for five minutes a 97°C and then chilled on ice. To the RNA-DM SO
mixture, the following were added: 2.5 pl of 5 x RT reaction buffer, 2.5 pl of 2.5 mM dNTPs, 0.25
pl of 10 uM of each of forward and reverse primers (Table 3), 0.25 pl of ReverTra Ace RT enzyme
(100 U/ul) and 0.25 pl of RNase-free water to make a final volume of 11 pl. Reaction tubes were
incubated for 45 minutes at 42°C, then for five minutes at 94°C, and cooled at 4°C. The synthesized

cDNAswere then used astemplates for PCR.

3.4.3. Polymerase chain reaction (PCR)

The cDNA templates were amplified using Thermus aquaticus Ex-Taq DNA polymerase (Takara,

Shiga, Japan) and V1/V2 and BF1/BF2 primersin a Thermo Cycler.
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To 2.5 ul of 10 x Ex-Tag DNA PCR buffer 1.0 pl of each cDNA reaction mix was added, 2.0 pl of
2.5mM dNTPs 0.5 pl of each of forward and reverse primers (Table 3), 0.125 pl of Ex Tag DNA
polymerase enzyme and 18.375 pl of nuclease free water to make a total volume of 25 pl.
Amplification consisted of 35 cycles for denaturing (30 seconds at 94°C), primer annealing (30
seconds at 55°C), and primer extension (two minutes at 72°C), with a final single extension step of

seven minutes at 72°C.

3.4.4. Visualization of PCR products

The amplified PCR products were run on 1.2 percent agarose gel and visualized with ethidium

bromide staining.

3.4.5. DNA recovery from gel for sequencing

The PCR products were gel-purified using a Zymoclean™ Gel DNA Recovery Kit (Zymo Research
Corporation, Irvine, USA) according to the manufacturer’s protocol. The purified DNA was then

used in the Sequencing reaction.

3.4.6. PCR amplicon sequencing

Recovered DNA was sequenced directly using a Big Dye Terminator Cycle Sequencing Ready
Reaction Kit and analyzed on a 3130 Genetic Analyzer (Applied Biosystems, USA). Nucleotide

sequences were assembled and edited using GENETYX ATGC software, version 4.0.10
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(GENETYX Co., Tokyo, Japan). The sequences were finally deposited in the

DDBJGenBank/EM BL database.

3.4.7. Amino acid sequence comparison and phylogenetic analysis

The assembled nucleotide sequences were uploaded and analyzed using BioEdit (Ibis Bioscience,
Carlsbad, USA) and molecular evolutionary genetics analysis (MEGA) 6.0 (MEGA, Arizona, USA)

software packagesto produce phylogenetic trees and amino acid sequences.

The nuclectide sequences from the study were blasted on the National Center for Biotechnology
Information (NCBI) website (http://www.ncbi.nlm.nih.gov/) to search for IBDV nucleotide
sequences from other studies that were identical to those of the present study. All nucleotide
sequences that were above 96 percent identity were selected for phylogenetic analysis and amino
acid sequence comparison of VP1 and VP2. For amino acid sequence comparison some known

CVIBDV, AVIBDV, VVIBDV wereincluded in the analysis.
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CHAPTER FOUR

40 RESULTS

4.1. Detection of infectious bursal disease virus genome

From twenty IBD outbreaks confirmed at necropsy, 100 bursae were collected, 5 bursae pooled
from each IBD outbreak, sixteen and eleven bursae were positive for VP2-HVR and part of VP1

regionsof IBDV genome, respectively as shown in the electrophoresis pictures in Figure 1 and 2.

M 1 2 345 6 7 8 9 1011 1213141516 17 18 19 20 C

800
700
600
500
400
300
200
100

Figure 1: RT-PCR amplification of the IBDV VP2-HVR of broiler bursa homogenate samples. The positive
samples are 472 base pair (bp) in size. Lane M, 100-bp molecular ladder; Lanes 1-20, identification numbers
of tested samples namely Lus01-12, Lus02-12, Lus03-12, Lus04-12, Lus05-12, Lus06-12, Lus07-12, Lus08-
12, Lus09-12, Lus10-12, Lus11-12, Lusl2-12, Lus13-12, Lusl4-12, Lusl5-12, Lus16-12, Lusl7-12, Lusl8-

12, Lusl9-12, Lus20-12; Lane C, negative control (distilled water).
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Figure 2: RT-PCR amplification of part of the IBDV VP1 of broiler bursal homogenate samples. The
positive samples are 643 base pair (bp) in size. Lane M, 100-bp molecular ladder; Lanes 1-20, identification
numbers of tested samples namely Lus01-12, Lus02-12, Lus03-12, Lus04-12, Lus05-12, Lus06-12, Lus07-
12, Lus08-12, Lus09-12, Lus10-12, Lusl1-12, Lus12-12, Lusl3-12, Lusl4-12, Lus15-12, Lusl6-12, Lusl7-

12, Lusl8-12, Lus19-12, Lus20-12; Lane C (not shown), negative control (distilled water).

All the bursae of Fabricius collected at pogmortem came from birds that had the following gross
lesion; petechiae hemorrhages on the pectoral and thigh muscles, enlargement of bursa of Fabricius,
presence of milky exudates on the serosa of the bursa of Fabricius and presence of hemorrhages in
the lumen of the bursa of Fabricius. As shown in Table 4 from the twenty samples that were
analyzed, ten were positive for both VP1 and VP2-HVR, while one was positive for VP1 only and

six were positive for VP2-HVR only. Three samples were negative for both VP1 and VP2-HVR.
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Table 4: VP1 and VP2 results of the bursae of Fabricius extracted from broilers diagnosed with IBD

at necropsy
ISOLATE VP1 VP2
LUSO01-12 -VE -VE
LUS02-12 -VE +VE
LUS03-12 +VE -VE
LUS0D4-12 +VE +VE
LUS05-12 -VE +VE
LUS06-12 -VE +VE
LUS07-12 +VE +VE
LUS08-12 +VE +VE
LUS09-12 +VE +VE
LUSLO0-12 +VE +VE
LUSL1-12 +VE +VE
LUSL2-12 +VE +VE
LUSL3-12 +VE +VE
LUS14-12 +VE +VE
LUSL5-12 +VE +VE
LUSL6-12 -VE +VE
LUSL7-12 -VE +VE
LUSL8-12 -VE -VE
LUS19-12 -VE +VE
LUS20-12 -VE -VE

4.2. Deduced amino acid sequence comparison

Amino acids sequences were deduced from nucleotide sequences using BioEdit 7.0 and M EGA 6.
Comparison of the amino acid sequence of VP2- HVR of isolates of this study with those of
selected serotype 1 IBDV strains revealed that almost all of the Lusaka IBDVS' (from this study)
had conserved putative virulence marker amino acids at positions 222(A), 256(1), 279(D), 284(A),

294(1), and 299(S), (Table 4) which are found in most reported VVIBDV (Kasanga et al., 2008).
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Unique amino acid residues were observed at positions 254(G), 272(T), and 279(N) in isolate
Lusl1-12, and at position 280(S) in isolate L us15-12 (Figure 3). The unique amino acid residue at
positions 279(N) in Lus11-12 was also found in CVIBDVs' (1/10Et, 002/73), AVIBDV (variant E)
and attenuated strains (228E, MB, Lukert and CEVAC-Gumbo-L) (Figure 3). The unigue amino
acid at pogtion 280(9S) in isolate Lusl5-12 was not found in any of the compared sequences (Figure

3).

Amino acid residues 253(Q) and 284(A) have been confirmed to contribute to the high
pathogenicity of IBDV and they were conserved in all the isolates that caused IBD in broilers in
this study (Table 4). Less pathogenic IBDV are known to have histidine and threonine at positions

253 and 284, respectively.
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Figure 3: Alignment and comparison of deduced amino acid sequences from position 210 to 350 (numberin
according to Bayliss et al., 1990) of the hypervariable region of ORF2 of very virulent strains (Lus04-12, Lus11-12
Lus15-12, Lus19-12, 97SA4, BF36-9, BF31-2, IBDV63, KMRG-46, KZC-110, UPM92-04, Y LO051, HLJ-8 an
AND147-09), non-very virulent serotype 1 strains (002-73, 1/10Et, Cul-wt and Var-E) and attenuated strains (228E
CEVAC-IBD-L, CEVA-GUMBO-L, Bursine plus, FW2512, Lukert and Hester IBD). Amino acid differences witl

respect to the 228E strain are shown and identical amino acid residue is indicated with a dot. The large boxe

60



indicate the Major hydrophilic peaks A and B, 212 to 225 and 312 to 326, respectively. The smaller boxes highlight
the minor hydrophilic peaks 1 and 2, 249 to 255 and 282 to 287, respectively.

Table 5: Vaccine and Lusaka isolates comparison of amino acids responsible for antigenicity and

pathogenicity in VVIBDV

Amino acids
222 253| 254 | 256 | 279| 284 | 294 | 299 | 300
Virus Isolates
Nobilis 228E Ser GIn Gly
Cevac-Gumbo-L Pro His Gly
Cevac-IBD-L Gln | Gly
Bursine Plus GIn Gly
MB PAE Gin | Gly
Ventri Ser GIn Gly
FW 25-12 Gln | Gly
Lukert GIn Asp
Hester IBDV Gin |[Gly |
Egypt/09 Gin [Gly |
Lus02-12 Gln | Ser |
Lus04-12 GIn | Ser |
Lus05-12 GIn | Ser |
Lus06-12 Gln | Ser |
Lus07-12 Gin | Ser |
Lus08-12 Gln | Ser |
Lus09-12 GIn | Ser |
Lus10-12 GIn | Ser |
Lus11-12 Gln |[Gly |
Lusl2-12 Gln | Ser |
Lus13-12 Gln | Ser |
Lusl4-12 GIn | Ser |
Lusl15-12 GIn | Ser |
Lusl6-12 Gln | Ser |
Lusl7-12 Gln | Ser |
Lus19-12 Gln | Ser |
253| 254
CVIBDV Pro
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4.3.0 Phylogenetic analysis

For phylogenetic analysis, eleven and sixteen sequences of the VP1 and VP2, respectively, detected
from 20 clinical samples and 40 additional sequences obtained from the NCBI Genbank were
included in this sudy. Among the isolates included were those from the following countries or
regions South Africa, Tanzania, Ethiopia, Nigeria, Malaysia, Egypt, China, Iran, Spain, Brazil and
France. The analysis was done using BioEdit and Mega 6.0 with 1000 bootstrap resampling and the
Neighbor Joining method. The Phylogenetic trees were formed based on the data from nucleotide

sequences along with the amino acid sequences.

The phylogenetic tree based on VP2-HVR included sixteen field isolates from this study and 34
reference drains from Africa, Asia, Audralia, Europe and America. Briefly, the sequences used in
the analysis clustered into two main clades, VVIBDV and non-VVIBDV serotype 1 strains (Figure
4). The first cluser VVIBDV was further subdivided into four groups. The B1 sub-cluser
contained three South African (DQ916235, DQ916233 and AF159217) isolates and 1 Brazilian
isolate (JN982268). The B2 sub-cluster contained three isolates, two from China (EU042144 and
D0656506) and one from Malaysia (AF262030). One isolate from this sudy, Lusl1-12, was
genetically close to two intermediate plus attenuated grains (KJ547670 and DQ656512) and they
formed the sub-cluster B3. The African VVIBDV as previously described by Kasanga et al (2008)
were sub-clustered in B4 and the group contained isolates from this sudy, Nigeria, Tanzania,
Ethiopia and Zambia (from a previous study) (Figure 4). The clustering of the VVIBDV in the

phylogenetic tree shows some form of geographical specificity for the isolatesin this group.

The non-VVIBDV contained seven CVIBDV and two AVIBDV and they appeared to be sub-
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clustered according to geographical region (Figure 4). The seven CVIBDV isolates were two
Australian (AF148073 and AF069577), two European (AJ378886 and AY 321953), two Ethiopian
(JQ684021 and JQ684020) and one Tanzania (FJ607166) and the two AVIBDYV were both from

USA (AF293792 and AF293788).

In the phylogenetic tree based on VP1 (Figure 5), the IBDV drains were mainly divided into two
clusters based on bootstrap values, VVIBDV and the non-VVIBDV isolates. The first cluger,
VVIBDV, was further subdivided into four groups, Cl1, C2, C3 and C4. The sub-cluger C1
contained eight isolates from this study, three Zambian isolates (AB368958, AB368959 and
AB368960) from previous study (Kasanga et al., 2008) and one isolate from Tanzania (AB368971).
In the second sub-cluger, C2, two isolates from the study (Lus8-12 and Lus19-12) were genetically
close to a Dutch strain (DQ679811). Like in segment A, Lusl1-12 was again clugered with
attenuated strains (D Q927041 and AF083094) forming subgroup C3. The fourth subgroup consiged
strains from Ethiopia (JQ241033 and JQ241035), Nigeria (AY099457) and Tanzania (AB368955

and AB368957).

The non-VVIBDYV cluster of VP1 contained five CVIBDV and two AVIBDV and two serotype
strains (Figure 5). The five CVIBDV isolates were two Australian (AJ878682 and AJ378639), two
European (AF362748 and AJ878643), one Zambian (AB368969). The AVIBDYV isolates were
variant A (AJ878475) and variant E (AJ878676) while the two serotype 2 strains were OH

(U30819) and 23/82 (A J878684).
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Figure 4: Phylogenetic tree constructed by Neighbor-Joining methods based on 243-bp sequences in VP2-HVR of
IBDV serotype 1 and attenuated strains using nucleotide alignment created in BioEdit and M EGA 6.0. Sequences
were obtained from this study (black square) including IBDV VP2 from Africa, Asia, Europe, Australia and
America. The sequences included in the phylogenetic analysis show accession numbers, common name and
country of origin. The analysis compaosed of CVIBDV, AVIBDV and VVIBDYV. In the phylogenetic tree, two
clusters of the IBDV clade were observed (VVIBDV and non-VVIBDV serotype 1) based on the bootstrap value.
The VVIBDV cluster had four sub clusters; B1, B2, B3, and B4. The Non-VVIBDV group composed AVIBDV
and CVIBDV strains.

64



MLUSC10-12

mLUSC13-12 Cl
M LUSC9-12

LUSC7-12

M LUSC4-12

@ LUSC3-12

W LUSC14-12

AB368958KZC-107 (Zam bia)
AB368971KM RG48 (Tanzania)
MLUSC15-12
AB368960KZC-110 (Zam bia)
AB368959K ZC-103 (Zam bia)

— AJ878672-99009
-'_DQ679811HOL(Netherlands) CZE
2 HLUSC8-12 i
IMLUSC19-12

BAE7eTORY M (TapaN) !
—-I_—Faegslag YS07 (China)

37043 ke (lraay C3
DQ 927041 mb (vaccine)
AF083094 IL4 (vaccine)

: M LUSC11-12
L X TETUREET(UKY

L———0Q241035 61Eth (Ethiopia)
JAY099457T09 (Nigeria)

lAY099457 (Nigeria)

|_§.AB368955 KDSM-02 (Tanzania)

l—JQ241033 86Eth (Ethiopia)

l—g—AB368957 KMZA-28 (Tanzania)

il

R TEEE I A USTRETE)T |

lAJ878639-v877(Australia)
U30819-OH(Serotype 2)
AJ878684-23/82(Serotype 2)

AF362748-Cu-1wt (Germany)

[AJ878643-F52/70 (France)

AJ878675-VarA(USA)
EJS?SG?G-V&HE(USA)
AB368969KZC-104 (Zambia)

The Non-VVIBDYV group composed AVIBDV, CVIBDV and serotype 2 strains.
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Figure 5: Phylogenretic tree constructed by Neighbor-Joining methods based on 534-bp sequences in VP1 of
IBDV serotype 1 and 2 and attenuated strains using nucleotide alignment created in BioEdit and M EGA 6.0.
Sequences were obtained from 11 broiler outbreaks in Lusaka (black square) including IBDV VP1 from
Africa, Asia, Europe, Australia and America. The included sequences show accession numbers, common
name and country of origin. The analysis composed of CVIBDV, AVIBDV, VVIBDV and serotype 2
strains. In the phylogenetic tree, two clusters of the IBDV clade were observed (VVIBDV and non-VVIBDV
serotype 1) based on the bootstrap value. The VVIBDV cluster had four sub clusters; C1, C2, C3, and C4.



CHAPTER FIVE

5.0 DISCUSSION

IBD isstill a major threat to the poultry industry worldwide. One of the major problems observed in
the field is that frequent outbreaks of IBD occur in spite of the repeated usage of available IBD
vaccines in Zambia. Many factors may contribute to vaccine failures in the field, such as
immunological pressure or genome reassortment as a consequence of mixed infections with
different genotypes of IBDV, allowing new field strains to emerge (He et al., 2014). It is therefore
important to diagnose these new strains and track their evolutionary changes at the molecular level
by sequencing the critical viral genes continually. The hypervariable region within VP2 has been
widely used for molecular diagnosis and genotyping of IBDV (Kasanga et al., 2008). However,
recently it has been shown that VP1 of VVIBDYV isessential for the in vivo pathogenicity of IBDV
(Jackwood, 2011; Le Nouen et al., 2006; Le Nouen et al., 2005). It has been shown that the
characterization of IBDV strains based on both genome segments would be appropriate, but the
complete sequencing of both segments is impractical in routine practice and may not be necessary.
Recently, VP2-HVR in segment A and the 5 terminus of VP1 in segment B have been
demonstrated to be sufficient to assess their genetic relatedness in IBDV isolates (Jackwood, 2011,

Le Nouen et al., 2006; Le Nouen et al., 2005).

5.1 Confirmation of infectious bursal disease virus
Since the firg report of IBD in Zambia, very few studies have focused on the molecular

characterization and mutations of field isolates (Kasanga et al., 2008; Sharma et al., 1977).
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However, the molecular characterigics of field IBDV isolates from Zambia have not yet been
extensively studied, with only a few reports available on IBDV genotype and genome reassortment

in thiscountry (Kasanga et al., 2008, 2013)

The result of this study clearly indicated the presence of IBDV in broiler chickens in Lusaka,
Zambia. Using RT-PCR of IBDV of VP1 and VP2, it was confirmed that from the twenty outbreaks
diagnosed with IBD at postmortem, eleven were positive for VP1 and sixteen were positive for
VP2. The confirmation of VVIBDYV in broilers isin agreement with previous studies of IBDV in
poultry in Zambia by Kasanga et al (2013). We were unable to amplify a part of genome segment B
(VP1) of Lus02-12, Lus05-12, LusD6, Lusl6-12, Lusl7-12 and Lusl9-12 although the
corresponding segment A (VP2-HVR) was successfully amplified. Our inability to amplify a part of
genome segment B of Lus02-12, Lus05-12, Lus06, Lusl6-12, Lusl7-12 and Lusl9-12 may be
because segment B has undergone genetic recombination. Therefore, the genetic nature and origin
of genome segment B of Lus02-12, Lus05-12, Lus06, Lus16-12, Lusl7-12 and Lus19-12 remain to

be investigated (Kasanga et al., 2013)

All the VVIBDYV isolates were extracted from bursae of Fabricius of broilers between ages of two
to five week-old and is in agreement with results by other researchers (Howie and Thorsen, 1981,
Vindevogel et al., 1976). The age of maximum susceptibility is between three and six weeks,
corresponding to the period of maximum bursa development, during which the acute clinical signs

are observed (Bumstead et al., 1993).
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Currently, poultry veterinarians in Zambia diagnose IBD based on the following posmortem gross
lesions that are considered pathognomic to the disease; dehydration, with petechial haemorrhages of
the thigh and pectoral muscles, increased mucus in the intestine, renal changes and a swollen,
hyperemic bursa of Fabricius. Necropsy is not definitive in the diagnosis of diseases such IBD and
therefore from this study out of the twenty outbreaks confirmed at postmortem only sixteen were
found to be positive for VP2-HVR and eleven positive for VP1 by RT-PCR method. The RT-PCR
results were a confirmation that 80 percent of positive cases at necropsy in this study were actually
IBD infections and the other twenty percent could have been other poultry diseases such as
Infectious bronchitis (IB) (Lukert and Saif, 2003). In early studies by Cosgrove (1962)
identification of the etiological agent of IBD was clouded by the presence of infectious bronchitis
virus (IBV) and because of the similarity with the kidney lesions in the two diseases, it was thought
that IBD was just another presentation of IB (Cosgrove, 1962). Therefore a likely hood of
migaking the two poultry viral diseasesis very much possible. These nucleic acid extraction based
techniques are useful tool for detecting IBDVs as the virus can be detected and typed without
isolation and propagation in cell cultures or embryonated eggs (Jackwood, 2011). Furthermore
nucleic acids can be extracted even when the virus is present in very minute quantity and haslost its
infectivity (OIE, 2008; Eterradossi et al., 1998). This study therefore demonstrated the diagnosis of
IBD infections by necropsy is not very definitive because the disease being immunosuppressive
does subject the affected chickens to other opportunistic infections. More accurate diagnostic

techniques such as PCR are therefore recommended for more accurate diagnosis of 1BD.
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5.2 Phylogenetic analysis of infectious bursal disease virus

Phylogenetic analysis of IBDV was done using VP1 and VP2 genes of the virus. The phylogenetic
tree based on VP2-HVR included 16 field isolates from this study and 34 reference strains from
Africa, Asia, Audralia, Europe and America. In the tree, 15 of Zambian strains from this study
were clustered among the very virulent (vv) type while one drain, Lus11-12, was clugered with
attenuated strains (vaccines) (Figure 4). Phylogenetic analysis indicated that Lus02-12, Lus04-12,
Lug05-12, Lus06-12, Lus07-12, Lus08-12, Lus09-12, Lusl0-12, Lusl2-12, Lusl3-12, Lusl4-12,
Lusl5-12, Lusl6-12, Lusl7-12 and Lusl9-12 were closely related to Ethiopian grains (JQ200986
and JF826458) and a Zambian strain, KZC-110 (AB368450) clustered in VVIBDV (Figure 4).
KZC-110 (AB368450) was isolated from broilers in Lusaka by Kasanga et al (2013), therefore this
is an indication that it has a common ancestor with the Lusaka isolates from this present study.
Lusl1-12 was closely clustered with two attenuated strains (KJ547670 and DQ656512) and it isan

interesting finding that highlightsthe involvement of 1BD vaccinesin causing disease.

From the total 20 outbreaks, only eleven were positive for IBDV VP1 using RT-PCR. Phylogenetic
analysis showed that ten isolates were clustered with VVIBDV while one, Lus11-12, was clustered
with two attenuated strains (DQ927041 and AF083094). Lusll-12 demongrated similar
relationship to attenuated strains in phylogenetic tree for VP1 and VP2. From the eleven isolates
that were positive for VP1, seven isolates (Lus3-12, Lus4-12, Lus7-12, Lus9-12, Lusl0-12, Lusl3-
12, and Lusl4-12) clustered with KZC-107 (AB368958) isolated from broiler in L usaka (Kasanga
et al., 2013). The close relationship between the Lusaka isolates of this sudy and KZC-17 by
Kasanga et al (2013) isasindications of common ancedry therefore posing a quesion of the quality

biosecurity existing on farms in Lusaka Lusl5-12 was closely clustered with KMRG-48
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(AB368971), which was isolated from a chicken in Tanzania.

A close relationship between Zambian, Tanzanian and Ethiopian strains was demonstrated in
phylogenetic analysis of VP1 and VP2 suggesting possibilities of a common ancestor. It has been
postulated that the migratory birds could be responsible for spreading the virus between Zambia,
Tanzania and Nigeria (Adamu et al., 2013). Several researchers have isolated IBDV from migratory
birds and are reported to be regponsible for spreading a South African IBDV strain to Canada.
Natural IBDV infections in different free-living and migratory bird species carrion crows (Corvus
corone) and rock pigeons (Columba livia) (Kasanga et al., 2008; Wang et al., 2003; Wilcox et al.,
1983), including the Sooty Tern (Wilcox et al., 1983), have been documented and were found
around barns and domegic chicken flocks. The extreme resistance of the virus to the outside
environment enhances the potential for indirect transmission. The virus can survive for four months
in contaminated bedding and premises (Benton et al., 1967), and up to fifty-six days in lesser

mealworms (Alphitobius gp.) taken from a contaminated building (M cAlliger et al., 1995).

Lusl1-12 was identical to the vaccine strains in both VP1 and VP2, therefore it can be hypothesized
that the isolate was a mutation of the attenuated strains. Detection of such a vaccine-like virus from
broilers diagnosed with IBD implied that replication and accidental spread of live vaccine virus
resulting in reversion of the virus to the virulent form. Although not observed in this study,
reassortment has been reported in Zambia (Kasanga et al., 2008) and in China (He et al., 2014).
Many factors may contribute to the reassortment process: vaccine selective pressure (using different
kinds of vaccine such as inactivated vaccines and attenuated live vaccines), environment

(temperature, light, humidity, and breeding density), and immune functions of birds (such as
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response to vaccine and environment) (Wei et al., 2008). Therefore, we can postulate that Lus11-12

was inthe initial gages of reassortment at the time of investigation.

5.3. Assessment of key amino acids of viral protein 2 (VP2)

Resdues present in the VP2 region at positions 222, 242, 253, 256, 279, 284, 294, 299 and 329 are
key amino acids believed to be responsible for viral antigenicity and pathogenicity (Liu et al., 2004;
Eterradoss et al., 1998). In VVIBDVs conserved amino acids are A222, 1256, D279, A284, 1294
and S299 While in CVIBDV they are P222, V256, N279, T284, L294 and N299 (Brown and
Skinner, 1996). The VP2-HVR of fifteen isolates from this study encoded all amino acids that are
conserved among the VVIBDV drains. One isolate, Lus11-12, had asparagine at position 279 while
the rest of the conserved amino acids in that isolate were identical to those of VVIBDV dgrains. The
main mechanisms of evolution of dSRNA viruses (and negative-strand segmented RNA viruses) are
often sequential point mutations and reassortment (Wei et al., 2008), as well as recombination,
which is seen only infrequently. Therefore, the change at 279 in Lusl1-12 of the signature amino

acid Agpartic acid to asparagine could be attributed to sequential point mutation.

It is known that isolates with a glutamine at position 253 and Alanine a 284 have increased
pathogenicity while those with a histidine at position 253 and threonine at 284 are much less
pathogenic (Mundt, 1999). All the strains isolated in this sudy had amino acids glutamine at
position 253 and alanine at 284 (Table 4) indicating that they are highly pathogenic in nature
corresponding with pathological lesions observed at necropsy in the IBD outbreaks. Comparison of

the Zambian isolates in this study with those from other African countries showed that isolates from

Tanzania, South Africa and Nigerian all had glutamine at position 253 indicating they were highly
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pathogenic as well. Although the nucleotide sequences of the African VVIBDVs showed some
differences in the VP2 hypervariable domain, the deduced amino acid sequences of this region,
which was reported ascritical for antigenicity, were not different. The amino acid sequences of the
isolates from this study were also identical to those of VVIBDVs previously detected in Zambia

(Kasanga et al., 2008).

Following comparison of the VP2-HVR sequences from Lusaka VVIBDYV isolates of thisstudy and
attenuated strains, it was observed that two vaccine strains (MB and Hester IBDV) had putative
amino acids consistent with the Lusaka isolates. Lusl1-12 had amino acids A222, G253, G254,
1256, N279, A284, 1294 and S299 and was similar to those on the vaccine MB and Heser IBDV.
This result of the present study suggeststhat widespread use of live vaccinesfrom Europe or other
parts of the world may have contributed to the spread of IBDV strains from one region to another
with the escape mutant vaccine strains adapting to the new region alongside indigenous field
strains. In fact, Tong et al (1993) showed that IBD was more likely to occur in vaccinated chickens
than in non-vaccinated chickens. There have been earlier reports of field isolates having sequences
similar to IBDV vaccine strains (Jackwood et al., 2011 Dolz et al., 2005; Ignjatovic and Sapats,

2002).
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CHAPTER SIX

6.0 CONCLUSIONS

a The confirmation of VVIBDV from broiler chickens in this study reaffirmed the reports

of similar studiesin L usaka, Zambia indicating presence of the VVIBDYV in poultry.

b. Molecular diagnostic methods provided better and more accurate IBD results than

necropsy.

c. The Zambian VVIBDV dgrains have a common ancestor with the strains from Tanzania

and Nigeria.

d. The dudy demonstrated that attenuated strains could acquire pathogenicity and

eventually cause IBD infectionsand mortality in broiler flocks.

e. Detection of such a vaccine-like virus from broilers diagnosed with IBD implied that

replication and accidental spread of live vaccine virus resulting in reversion of the

virusto the virulent form.
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CHAPTER SEVEN

7.0 RECOMMENDATIONS

7.1 Poultry Breedersand Hatcheries
a Theuse the local VVIBDV dgrains to produce live and inactivated vaccines for priming and
boosting of breeder flocks to provide adequate passive immunity is highly recommended.
Passive immunity to local VVIBDV strains will be transferred to broiler progeny (day old

chicks) providing them some level of early protection against field challenge.

b. Hatcheries should regularly determine the day of vaccination for day old chicks from
different breeder flocks. The vaccination date information should then be disseminated to
the farmers through regular bulletins in sales outlets or in training seminars. The timing of
broiler vaccination depends on the level of MDASs present in the chicks. It isnot possible to
know accurately without serological examination of antibodies how much MDAs a day old
chick receives from the breeder hen. High levels of MDAs at the time of vaccination will
neutralize the IBD vaccine. Several formulae for estimating the optimal age of vaccinating

areused in the field.

C. Hatcheries should vaccinate day-old chick they produce with an antigen-antibody immune-
complex vaccine. The emergence of VVIBDV necessitated the development of an IBD

vaccine capable of working in the presence of relatively high level of MDAs. Recently, an
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immune complex vaccine (Transmune™) has been developed by CEVA, (Palya et al.,,
2004), which combines an intermediate plus IBDV complexed with serum (antibodies)
against IBDV. The vaccine is administered either by in-ovo or day-old subcutaneous
applications. The vaccine is designed to release antigens while the M DAs wane-off from the

broilers immune system, protecting them in the presence of field VVIBDVs

7.2 Broiler farms

a. Farmers should vaccinate broiler flocks at right time using the appropriate IBD vaccine strain
which are maintained under cold chain. Live IBDV vaccines are givento broilersin an effort to
gain active immunity againg IBDV (Giambrone et al., 1977). The information on the right
timing for vaccination can be provided by the hatchery as mentioned above. Repeated
vaccination of commercial broiler flocks reared in houses associated with frequent poor
performance and in which subclinical IBD has been identified is effective in significantly

increasing flock performance (McAllister et al., 1995).

b. Biosecurity plays an important role in the control of poultry diseases In a study by Ndashe et
al., (unpublished) it was observed that high incidence of IBD was recorded in Lusaka District
during rainy seasons and it was attributed to poor biosecurity. In rainy seasons, farm
environments are usually very wet and contaminated with chicken faecal dropping that may
harbor IBDV for months. Thorough cleaning of poultry houses with appropriate soaps and
formaldehyde disinfectants has proven to be successful in the control of IBD outbreaks. Wild
birds have been reported transmit IBDV to domestic poultry flocks it is therefore important to

ensure that poultry houses are bird-proof. Control of movement of farm staff and equipment
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within the farm is very important in the control of transmission of IBDV. Proper standard
operating procedures need to be put in place to ensure that farm staff and equipment are

adequately disinfected and their usage limited to a single poultry house.

7.3 National policy and awareness
a Further studies, surveillance and characterization of circulating IBDV in poultry flocks.
Losses due to IBD significantly affect the economy of the poultry farmers and ultimately
the nation due to mortalities and poor performance of chicken. Recent research has shown
that IBDV does undergo mutation by reassortment or point mutation creating srains that
antigenically differ from available vaccines on the market. The poultry industry through
PAZ and local universities should invest in investigating circulating IBDV genotypes and
such activities should be done regularly in a period of five years. In thisregard a national

database on the circulating genotypes of IBDV needsto be created.

b. Awareness of the economic devagating nature of IBD needs to be created by PAZ through
the hatcheries by holding seminars to educate the farming community on the prevention

and control of IBD. Poultry producers, mainly small scale, have very little knowledge of

the disease and so have no information on its control.
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