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ABSTRACT

The poultry production sector is vital for providing sustenance and enhancing food security in
developing nations such as Ethiopia. However, this sector faces significant challenges, including
infectious bursal disease (IBD). Evaluating the effectiveness of different vaccines for IBD is
crucial for improving vaccination protocols and disease management. This study, conducted from
November 2023 to May 2024, involved a controlled experimental study on 100 day-old chickens
and a questionnaire survey of 93 poultry farms in Bishoftu town. The objectives were to gain
insights into disease and vaccine management and to compare the immune response of chickens
to various vaccines. The experimental study utilized a stratified randomized controlled trial with
four groups of 25 chickens each. Group 1 received the CEVAC® TRANSMUNE vaccine, Group
2 received CEVAC® GUMBO L, Group 3 received IBD VIRUS LC — 75, and Group 4 served as
a control. Vaccines were administered according to the manufacturer's recommendations. Blood
samples (2 ml per chick) were collected on days 7, 14, 21, 28, 35, and 42 post-vaccination. Serum
samples were analyzed for antibody response using a commercial indirect ELISA Kit, and data
were processed with STATA software. Survey results indicated that most respondents (64.52%)
had 1 to 5 years of experience in the sector, and 50.54% were familiar with IBD and its impact.
Key factors in vaccine selection included efficacy (45.16%), availability (19.35%), and cost
(18.28%). Antibody titers produced by the vaccines varied: Trans-immune showed mean titers of
1298.814, 183.868, 38.864, 6280.42, 4424.76, and 6129.617 on days 7, 14, 21, 28, 35, and 42,
respectively; Gumbo L showed titers of 21.46286, 2581.282, 3363.248, 3156.71, 3400.04, and
5973.526; and IBD LC-75 showed titers of 22.916, 642.136, 5270.4, 5653.071, 5793.221, and
6520.836 on the same days. All vaccines induced protective antibody titers, despite differences in
the timing of responses. Continuous and updated surveillance on vaccine types and management
practices is essential for effective disease control. Evaluating the immune response to vaccines in

the presence of the challenge virus is also critical

Keywords: Chickens, Efficacy, ELISA, IBD, Questionnaire survey, Vaccine
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1. INTRODUCTION

As a subsector of livestock production, poultry production has been observed to occupy an
essential place within the agricultural activities in many developing countries, especially in Africa.
This sector is growing very fast because it holds unique opportunities that help to improve local
socio-economic environment (FAO, 2019). The primary reason for this phenomenon is the quick
yield return of these animals, which requires minimal investment, a short generation interval, a
small land requirement, and a fast reproduction cycle when compared to the majority of other
livestock species (Korver, 2023). It serves as a method to provide sustenance and enhance food
security, aiding in the reduction of poverty and malnutrition in developing nations such as Ethiopia
(Tirfie, 2021). Ethiopia being home to about 57.01 million poultry (CSA, 2021), there is a low
economic returns on poultry production and this scenario is linked to a number of issues, including,
inadequate management, low genetic potential in the breeds that limit chicken output and different

diseases like infectious bursal disease outbreaks (Terefe, 2018).

Infectious bursal disease (IBD), also referred to as Gumboro disease is an immunosuppressive
condition that affects young chicks between the ages of 3 and 6 weeks and can result in either a
clinical infection or a subclinical infection (Muller et al., 1979). In Gumboro, Delaware, the first
incidence of IBD was documented in 1962 (Cosgrove, 1962). IBDV is a double-stranded non-
enveloped RNA virus that belongs to the Birnaviridae family and the Avibirnavirus genus
(Mahgoub, 2012).

As a preventive measure, the most widely used conventional vaccinations around the world are
killed vaccines and attenuated live vaccines with classic or variant viral strains (Sze et al., 2016).
With the advancement of technology, next-generation vaccines have been developed with the
advantage of overcoming maternally derived antibodies (MDAbs) and are commercially available
in the market such as the IBD vector vaccine using turkey herpes virus (HVT) as a vector for the
IBDV viral protein 2 (VP2) gene (Bublot et al., 2007), and the Immune-complex vaccine that is a
mixture of the intermediate plus strain with antibodies, which is taken up by macrophages till the
MDADbs have been dropped (Prandini et al., 2016).



In 2002, 20 to 45-day-old broiler and layer chickens from commercial farms were the subject of
the first IBD report in Ethiopia (Zeleke et al., 2005). Two IBDV genogroups were circulating in
Ethiopia. A recent genogrouping investigation from Ethiopia revealed highly virulent strains in a
new genogrouping three. The investigation supported the findings of recognized genogroups with
Ethiopian isolates and the necessity of the evaluating the efficacy of the current vaccines (Bari,
2021).

The current food initiative called “Bounty to Basket (Ye Lemat Tirufat)” implemented by the
Ethiopian government aims to increase productivity in food production, improve nutritional
situation, and develop Ethiopia’s agricultural and poultry industry (Dessie et al., 2023). Thus, the
constantly occurring diseases in poultry comprise the sustainability of Ethiopia's poultry
production (Asfaw et al., 2021). Highlighted with considerable economic implications associated
with IBD, there is a need to develop and evaluate improved IBD vaccines in efforts to check the
impact of these pathogens that poses significant threat to expanding poultry industry (Mazengia,
2012). Routine surveys enables tracking of changes in perception over time thus aids in identifying

cultural shifts that may likely affect efforts towards disease control (Collett et al. , 2020).

Ethiopian commercial poultry farms have enhanced their biosecurity and make routine
vaccinations for their chickens (Shegu et al., 2020). Hatchery vaccination is gradually assuming
popularity in light of the rising prominence of poultry farming and the need to increase competency
of vaccine delivery through more efficient routes such as subcutaneous injection at one-day-of-
age or in ovo vaccination (Isihak et al., 2021). It is crucial to track the antibody response after
vaccination as maternal antibodies give immunity for a certain duration (Cazaban et al., 2018).
IBD vaccines are currently employed extensively in Ethiopian attempts to control the disease.
Nonetheless, a number of post-vaccination outbreaks have been reported. Despite the identification
of highly virulent strains (Bari, 2021), there is limited research on the effectiveness of existing
vaccines against these strains. One locally produced and several imported vaccines are used in
Ethiopia. And comparing different types of vaccines available for Gumboro disease is crucial.
Because, knowledge on the effectiveness of various types of vaccines is essential for improving
vaccination protocols and disease management in poultry farming (Ravikumar et al., 2022).
Although choosing the right vaccine to immunize against this viral infection is of utmost

importance, there is limited published works, which directly addresses the comparison of different

2



Gumboro disease vaccines available in Ethiopia. And, there is no study done in Ethiopia that has
compared the immune response of live vaccines with immune complex. Therefore, this study was

conducted with the following general and specific objectives:-

General objective

» Assessing public awareness and perceptions of Gumboro disease and its vaccine, and

comparing the immune responses of chickens to different Gumboro vaccines

Specific objectives

v Surveying Gumboro disease management (vaccines and related)
v/ Comparing immune response of chickens towards three commonly used Gumboro
vaccines in poultry farms

v’ Evaluating efficacy of live and immune complex Gumboro vaccine



2. LITERATURE REVIEW

2.1. Etiology

Infectious bursal disease (IBD), which is induced by the Infectious bursal disease virus (IBDV),
is characterized as an acute and highly transmittable infectious disease. The etiological factor
primarily targets the bursa of Fabricius, where B lymphocyte maturation and differentiation occur,
leading to B lymphocyte necrosis and disintegration (Ingaro et al., 2013), thereby causing
profound immunosuppression and heightening the vulnerability to other pathogens in chickens
aged 3-6 weeks (He et al., 2019).

Infectious bursal disease virus is a double-stranded RNA virus belonging to the genus
Avibirnavirus of the family Birnaviridae. The genome of the IBDV is bi-segmented and divided
into segments A and B (Hon et al., 2008). IBDV multiplies in growing B cells, in the bursa of
Fabricious (Reddy et al., 2023). The definitive division of VP2 found in IBDV plays a crucial role
in the replication mechanism of the virus by harboring significant immune dominant epitopes and

triggering the generation of neutralizing antibody (Vakharia et al., 1994).

Serotypes 1 and 2 have been identified as two serotypes based on virus neutralization studies. Only
serotype 1, as being harmful to chickens, despite the fact that both serotypes can naturally infect
chickens, turkeys, ducks, guinea fowls, and ostriches (Dey et al., 2019). Infectious Bursal Disease
virus have historically been divided into four phenotypes based on their pathogenicity and
antigenicity traits: classic, variant, very virulent, and attenuated (van den Berg et al., 2004).
Despite the existence of high levels of maternal antibodies to the classic strains of IBDV, variant

and vvIBDV strains have been isolated from disease outbreaks (Jenberie et al., 2014).

2.2 IBDV genome structure and characteristic

IBDV particles have a non-enveloped, icosahedral capsid with a diameter of about 60-75nm
(Bottcher et al., 1997). The larger segment A (approximately 3400 base pairs (bp) contains two
open reading frames (ORF). The larger ORF of segment A is monocistronic and encodes a
polyprotein that is auto-processed after several steps into mature VP2 (48 kDa), VP3 (33-35 kDa),



and VP4 (24 kDa) (M~ uller & Becht, 1982; Azad et al., 1985, Azad et al., 1987; Hudson et al.,
1986; Kibenge et al., 1997). Segment A can also encode VP5, a short 17kDa protein, from a short,
partially overlapping ORF (Mundt et al., 1995). The smaller genome segment B (approximately
2800bp) encodes VVP1, the viral RNA polymerase of 90kDa (Figure 1) (M uller & Nitschke, 1987;
Spies et al., 1987). The IBDV VP2 hypervariable region (HVR) is commonly used to differentiate
IBDV strains (Jackwood, 2004).

Figure 1 IBDV genome organization

Non enveloped, single-shelled T=13 icosahedral symmetry capsid of about 70 nm in diameter,
composed of 260 trimers of VP2 that form spikes projecting radially from the capsid. The peptides
derived from pre-VP2 C-terminal cleavages remain associated within virion. VP3 forms a
ribonucleoprotein complex with the genomic RNA. Minor amounts of VP1 are also incorporated

in the virion.
Source: Viral Zone, (2015)

The major capsid protein VP2 plays a pivotal role in antigenic variation by which the virus can
escape neutralizing antibodies. Most of the amino acid (aa) changes among the antigenically
different IBDVs are clustered in the hypervariable region of VP2 (hVP2). Thus, this hypervariable
region of VP2 is the obvious target for IBDV detection, evolution, and pathogenic variation. The
hVP2 region has two major hydrophilic domains, namely major hydrophilic peak A (aa 212-224)
and peak B (aa 314-325) that form hairpin loops PBC (aa 219-224) and PHI (aa 316-324),



respectively. The minor hydrophilic peak 1 (aa 248-254) and peak 2 (aa 279-290) of hVVP2 form
loops PDE (aa 249-254) and PFG (aa 279-284), respectively. Either single or combined mutations
in the hVVP2 region affect the virulence pattern of the virus. (Coulibaly et al., 2010).

IBDV is naturally susceptible to varying degrees of genomic mutation or recombination because
of its distinctive bi-segmented double-stranded RNA genome and the high error rate of viral RNA-
dependent RNA polymerase (RdRp) (Von Einem et al., 2004). This predisposition causes the

emergence and spread of new mutant or recombinant strains in chickens (Wang et al., 2022).

Although serotype 1 has two main antigenic groups known as classical and variant, antigenic drift
has also played a role in the emergence of several subtypes within these groups. The hypervariable
sequence area of VP2 (hvVP2), specifically the amino acids at the top of loop structures with the
designations PBC, PDE, PFG, and PHI, determines the antigenic phenotype of IBDV (Coulibaly
et al., 2010). It has been discovered that even single-point mutations in these areas might cause
antigenic drift in IBDV (Letzel et al., 2007), which might make the available IBD vaccines useless.
Despite its close antigenic relation to serotype I classical strains, vwIBDV has the ability to break

through high antibody titres induced by IBD vaccines (Van den Berg et al., 1991).

2.3 Epidemiology of IBD

2.3.1 Host Range

IBDV is known to exhibit host-specificity, particularly towards chickens and turkeys, which serve
as the disease primary hosts. Moreover, instances of IBDV infection have also been documented
in free-living wild birds such as ostriches, pigeons, Baltic ducks, Herring gulls, and sparrows
(Muller et al., 1979). IBDV infection has similarly been identified in canine excrement two days
following oral administration, indicating the potential of dogs to serve as carriers of the virus.
(Jackwood and Sommer-Wagner, 2011). Furthermore, instances of avian species harboring IBDV
encompass Village weavers (Ploceus cucullatus), speckled pigeons (C. guinea), as well as a variety

of raptors and passerines in Japan (Nandhakumar et al., 2020).



2.3.2 Transmission

Chickens infected with IBDV release the virus in their feces for at least 14 days (Mazengia, 2012;
Rashid et al., 2013). Contamination of a breeding location by the IBDV facilitates substantial
horizontal transmission among groups of poultry through the consumption of feed and water that
have been tainted by virus-infected feces. There has been no reports of vertical transmission of
IBDV (Alkie and Rautenschlein, 2016), however, IBDV can persist on the surface of eggshells,
acting as a source of surface contamination (McLachlan and Dubovi, 2001). In wild birds living
freely, indirect transmission of IBDV is probable, often through scavenging carcasses of infected
chickens, ingestion of polluted water, or exposure of respiratory and conjunctival membranes to

contaminated poultry dust (Gilchrist, 2005).

2.3.3 Disease distribution

The initial documentation of Infectious bursal disease, a specific ailment impacting the Bursa of
Fabricius in chickens, was first identified. The initial instances were noted in the locality of
Gumboro, situated in Delaware within the Bunting farm of the United States, hence giving rise to
the disease's nomenclature (Cosgrove, 1962). Infectious Bursa Disease occurs in every country
and varies in prevalence from 8 to 100%. Even with strict vaccination, IBD outbreaks happen
often. wIBDV first surfaced in Europe at the end of the 1980s, and then it spread to South
America, Asia, and the Middle East (Eregae et al., 2014; Zachar et al., 2016; Khan et al., 2017;
Moryani et al., 2020; Sajid et al., 2021; Kapoor et al., 2021; Omer and Khalafalla, 2022; Parveen
et al., 2022; Pikuta et al., 2023; Hishamund et al., 2023). IBD was initially identified in Beijing
and Guangdong in 1979, and it quickly expanded throughout the nation's major poultry regions
(Deshan and Zhigiang, 1991; Zhang et al., 2022). The disease has been evaluated to possess
notable socioeconomic significance on a global scale, as it affects over ninety-five percent of the

countries that are part of the international community (Eterradossi, 2000).

2.4 Pathogenesis

After 16 hours of infection, the occurrence of viremia represents a subsequent phase that initiates
the manifestation of clinical disease and the demise of affected tissues, or potentially results in the
elimination of the virus within the lymphoid follicles located in the bursa of Fabricius, as well as



in circulating B-cells situated in the cecal tonsils, BALT, CALT, and GALT (Trapp and
Rautenschlein, 2022). Furthermore, the spread of the virus to various other lymphoid organs
including the bone marrow, thymus, spleen, Peyer's patches, and Harderian glands has been
documented. IBDV undergoes initial replication in the gut-associated lymphoid tissue (GALT),
leading to the onset of primary viremia. Within a short period, the virus localizes in the bursal
lymphoid cells (Eterradossi and Saif, 2013). IBDV particles were also detected in intra-bursal T-
cells (Mahgoub, 2012). Additionally, Infiltrating T-cells in the bursa show markers of activation
such as upregulated I1L-2, major histocompatibility complex (MHC) class 1l molecules, and IFN-
vy mRNA expression (Rauf et al., 2011).

The virulence factors of the IBDV carry out various functions within host cells to promote viral
replication. VP1 functions as the RNA-dependent RNA polymerase of IBDV and is crucial for
screening cellular targets that modulate viral replication. The carboxy-terminal region of
eukaryotic initiation factor 4All involved in translation is the initial host factor identified to
interact with VP1 (Tacken et al., 2004). The capsid protein VP2 serves as an inducer of apoptosis,
virus protease VP4 serves as type | interferon expressions inhibitor by binding to GILZ. On the
contrary, VVP5 prevents apoptosis in host cells by interacting with the p85a subunit of PI3K soon
after IBDV infection, thus creating a conducive environment for viral replication. Moreover, VP3
hinders the recognition of IBDVs double-stranded RNA by MDAJ5, aiding the virus in evading the

hosts immune responses against IBDV infection (Qin and Zheng, 2017).

IBDV induces a significant increase in apoptosis in chicken peripheral blood lymphocytes,
particularly targeting B-lymphocyte progenitors within the bursa of Fabricius. This apoptotic
response is mediated by caspase activation, ultimately resulting in the depletion of B cells and
contributing to the pathogenesis of IBDV infection. (Lombardo et al., 2000). IBDV also inhibits
glycoprotein release, leading to B cell apoptosis (Oléah et al., 2022).

2.5 Disease description, clinical signs and pathological lesions

Acute clinical outbreaks of classical IBDV are characterized by sudden onset, high morbidity,
spiking mortality curves, and a rapid recovery time of about 57 days post-clinical signs (Lukert

and Saif, 2003). The incubation period of IBD ranges from 2 to 4 days and the most severe clinical



signs are seen in chickens infected between 3 and 6 weeks of age (Elankumaran et al., 2002). The
non-specific clinical signs during the acute phase of IBD include distress, ruffled feathers,

anorexia, and depression, possibly associated with diarrhea and dehydration (Ingrao et al., 2013).

The age, genetic make-up of the chicken, route of infection and nature of the infecting viruses, the
presence of maternally derived antibodies, and the vaccination history influence the severity of the
infection and virus shedding (Ivan et al., 2005). IBD severity varies between layer and meat
chickens. Recent studies show that vwIBDV strains cause high mortality rates in layer chickens,
with over 80% mortality, severe bursal damage, and significant viremia (Li et al., 2023). In
contrast, meat chickens infected with vvIBDV exhibit lower mortality rates, around 40%-60%,
and less severe lesions in the bursa of Fabricius (Adino and Bayu, 2022). Additionally, variant
IBDV strains in layer chickens induce severe immune organ damage and persistent infection,

emphasizing the need for effective vaccines (Aliyu et al., 2022).

Chickens that died of acute IBD exhibit atrophied bursa containing a yellowish fluid, dehydration,
and hemorrhage at the junction of proventriculus and gizzard, pectoral and thigh muscles,
subcutaneous fascia, and on the serosal surface and plica of the bursa Fabricius are often seen
(Mahgoub, 2012; Orakpoghenor et al., 2020;), and more or less lesion can also be produced in
other organs such the spleen, thymus, and kidneys (Eterradossi and Saif, 2013). The hemorrhages
are believed to occur and speculated due to the cytokine storm (Ingrao et al., 2013). Weight
reduction and enhanced food conversion rate (FCR) have been documented as consequences of
immunodeficiency associated with IBDV, leading to vulnerability to subsequent infections
(Wagari, 2021). Changes in the B cell genomic methylation and loss of genome integrity during

the infection process may contribute to B cell death (Ciccone et al., 2017).



Figure 2: Clinical sign and different pathological lesions of IBD

A) Picture showing a depressed chick, B) arrow hemorrhage on the thigh and pectoral muscle,

C) Arrow indicating enlarged Bursa D) serous hemorrhagic to severe hemorrhagic inflammation
of Bursa

Source: Musa et al., (2012), Lucien Mahin, (2016)
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2.6 Host-pathogen interaction in infectious bursal disease

To counteract pathogens, the host gradually adapts to establish an intricate and elaborate antiviral
immune reaction (Akira et al., 2006). Investigation of the host factors involved in initiating
translation by the virus represents a promising initial step in identifying cellular proteins
influencing viral replication. The virus exhibits a preference for lymphoid tissue and a specific
attraction to immature B lymphocytes in the bursa of Fabricius (BF) for extensive replication
(Mwenda et al., 2018). The distinct affinity displayed by IBDV towards maturing B cells within
the bursa of Fabricius has been extensively recorded, with a significant preference for B cells that
express immunoglobulin M (IgM+) (Sharma et al., 2000).

2.6.1 Innate immune response

The innate immune system serves as the primary defence mechanism of the host against IBDV
(Akira et al., 2006). Identification of the invading pathogen by the host represents the initial and
most crucial stage in triggering the innate immune response; this process hinges on the recognition
of pathogen-associated molecular patterns (PAMPS) by the host's pattern recognition receptors
(PRRs), such as Toll-like receptors (TLRs), nucleotide-binding oligomerization domain (NOD)-
like receptors (NLRs), RIG-I-like receptors (RLRs), among others (Yoneyma et al., 2004).
Concurrently, pathogens have devised various strategies to evade the host's immune response.
Accordingly, the persistent battle between the virus and the host continues (Ye et al., 2022).

The innate immune response in chickens serves as the first line of defence against pathogens. It
includes physical barriers, such as the skin and mucous membranes, as well as cellular and
molecular components, such as macrophages and natural killer cells. These elements play a critical
role in recognizing and initiating a response to IBDV upon entry into the host. For instance,
macrophages can engulf and destroy IBDV-infected cells, while natural killer cells can directly
target and eliminate virus-infected cells. This innate immune response is essential in limiting the
initial spread of IBDV within the host (Smith et al., 2015).
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2.6.2 Adaptive immune response

Transfer of maternal antibodies helps to protect the offspring until adaptive immune response
becomes fully effective in the newly hatched chick, whereas optimal adaptive immune responses
only develop after the first weeks after hatch (Davison et al., 2008). According to breed, the half-
life of passive antibodies ranges from three days for broilers to five days for laying chickens
(Brandt et al., 2001). Thus, if the antibody titre of a chick at hatch is known, then the time of
maximum flock susceptibility to the wild or vaccinal virus can be determined. This information is

very important when establishing the timing of vaccination programs (VVan den Berg, 2000).
Cellular immune response

The elevated quantity of T lymphocytes and the synthesis of associated cytokines and chemokines
in the bursa of chickens exposed to IBDV indicate that the cell-mediated immune response can
also be triggered by IBDV infection (Kim et al., 2000). An important role of CMI is suggested by
several groups (Yeh et al., 2002). Infiltrating T-cells in the bursa show markers of activation such
as upregulated IL-2, major histocompatibility complex (MHC) class Il molecules, and IFN-y
MRNA expression (Rauf et al., 2011).Type | interferons play a crucial role as anti-IBDV
cytokines, underscoring the significance of IBDV as a stimulant of type | interferons and its
substantial influence on cellular immune reactions (O'Neill et al., 2010). IBDV infection triggers
the activation of the inflammasome and leads to an increase in the expression of Th1-like or pro-
inflammatory cytokines like IL- 12, IFN-y, IL-1B, IL-6, iNOS, and IL-18 in bursae tissues;
however, the precise mechanisms responsible for this phenomenon are yet to be fully understood
(Rasoli et al., 2015).

Results of investigations on the role of cell-mediated immunity (Yeh et al., 2002) and the
significance of virus-specific antibodies (Rautenschlein et al., 2002) indicate that antibody alone
is not adequate in inducing protection against IBDV and that T-cell involvement is critical for
protection. The release of these cytokines was suggested to be tightly regulated by NF-xB,
whereby its expression was found to be elevated in the bursa during the early phase of IBDV

infection (Guo et al., 2012). Additionally, the downregulation of CD132+ and CD8+, upregulation
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of CD132+ and CD25+ T cells in the bursa, and altered secretion and function of cytokines were

also observed in the thymus (Wang et al., 2014).

Humoral immune response

Humoral immunity is an essential part of the protection against IBDV. There is a close relationship
between titres of neutralizing antibodies and protection. Immunosuppression is accompanied by
high levels of anti-IBDV antibodies as a result of mature B-cell stimulation and susceptibility of
the immature lymphocytes to the virus (Van den Berg et al., 2000). Upon exposure to the virus,
antigen-presenting cells such as macrophages and dendritic cells engulf the viral particles. These
cells then present viral antigens to B lymphocytes in the bursa of Fabricius. This interaction
activates the B cells, leading to their differentiation into plasma cells (Farzi et al., 2022). Activated
B cells differentiate into plasma cells, which are specialized in producing antibodies. These
antibodies are specific to the viral antigens present in Infectious Bursal Disease. The primary
antibody produced in response to IBDV is IgM, followed by IgY (Ratcliffe and Hartle, 2022). The
antibodies produced by plasma cells play a crucial role in neutralizing the virus and preventing its
spread within the chicken’s body. They bind to viral particles, marking them for destruction by

other components of the immune system (Neurath, 2008).

IBDV infection has been shown to enhance IgA secretion in the bursa, with IgY+ and IgA+ cells
potentially playing a role in generating antibodies against IBDV (Shah et al., 2021). Following the
reduction of immature B cells in the bursa of chickens as a result of IBDV infection, there will be
an expansion of mature specific B cells upon exposure to IBDV, triggering a robust humoral
immune response in chickens who have recuperated from the acute phase of IBD (Aliyu et al.,
2022).

2.7 Immunosuppression

If surviving chickens are infected very early in life, they may suffer lifelong immunosuppression
due to incomplete recovery of the B cell compartment (Ingrao et al., 2013). It has been noted that
infection by IBDV leads to a reduction in the functionality of dendritic cells derived from chicken
bone marrow, resulting in diminished expression levels of essential co-stimulatory molecules such
as CD40 and CD86 (Liang et al., 2015).
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This extensive reduction in B cells resulting from IBDV-triggered apoptosis serves as the primary
factor leading to immune system impairment, a phenomenon partly attributed to the reduced
phagocytic capability of monocytes/macrophages (Sharma et al., 2000) and the weakened reaction
to T cell mitogen activation (Rauw, 2012). Moreover, the virus has the ability to invade dendritic
cells derived from the bone marrow of chickens, resulting in diminished expression levels of
essential co-stimulatory molecules such as CD40 and CD86 (Liang et al., 2015). The recruitment
of CD4 and CD8 T lymphocytes also promotes damage in the BF by releasing cytotoxic cytokines,
responsible for prolonged immune suppression after IBDV infection (Wang et al., 2009). Although
B-lymphocyte re-population in the bursa occurs, the chickens display a poor primary antibody

response until seven weeks post-infection (Mahgoub, 2012).

2.8 Diagnosis of IBD

The history of the flock, the clinical symptoms, and the postmortem deformities are all taken into
consideration while making the diagnosis of infected bursal disease. Naturally, chickens older than
3 weeks exhibit clinical signs of disease, whereas those younger than 3 weeks do not (Kegne and
Chanie, 2014). Although postmortem findings in infected chickens and clinical symptoms may aid
in disease diagnosis, laboratory confirmation is necessary for a diagnosis to be made (Hasan et al.,
2010).

Similar to the majority of RNA viruses that adopt the "bite and run” tactic (Vidalain and Tangy,
2010), the acute IBDV infection causing clinical manifestations lasts for only 3 to 4 days, after
which the surviving chickens recover quickly. Age, virus strain, maternal antibody titer, vaccine
type, and chicken breed are a few factors that affect clinical presentation. After a 2- to 3-day
incubation period, infected chickens exhibit symptoms of discomfort, depression, ruffled feathers,
anorexia, diarrhea, and a dirty vent (Dey et al., 2019). Since the IBD clinical sign is very similar
to coccidiosis, muscular hemorrhages and bursa lesion examination should be done properly since
it best differentiates from coccidiosis (Damairia et al., 2023). In the acute phase of the infection,
IBDV could be detected within the first 3 days post-infection in the bursa. Confirmation of clinical

disease or detection of subclinical form is best done by immunological assays (Gul et al., 2023).
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2.8.1 Virus Isolation

During the acute phase of the disease, the bursa is collected from the susceptible chicks and a 20%
bursal homogenate in PBS solution is prepared from the pooled bursa. The isolation of IBDV
strains is done by infecting the embryonated chicken eggs following inoculation onto the chorio-
allantoic membrane (CAM). IBDV isolation in chicken primary bursal cells from the BF has also
been reported (Dulwich et al., 2018). However, isolation of very virulent form of the virus is not
recommended in cell culture. Death due to IBDV infection begins 3 days post-inoculation (dpi)
with typical signs of hemorrhages and edema in the embryos. The best method for virus isolation
is done by inoculating bursal homogenate to SPF chickens and the virus is then isolated from the
bursal tissue 3 dpi. The virus is then titrated and the endpoint titers are calculated based on specific

deaths by inoculating 10-day-old chicken embryos through the CAM route (Dey et al., 2019).

2.8.2 Molecular Methods

Molecular virological techniques have been developed that allow IBDV to be identified more
quickly than by virus isolation. The most frequently used molecular method is the detection of
IBDV genome by the reverse-transcription polymerase chain reaction (RT-PCR) (Wu et al., 1992;
Linetal., 1993;). This method can detect the genome of viruses that do not replicate in cell culture,
because it is not necessary to grow the virus before amplification. RT-PCR is performed in three
steps: extraction of nucleic acids from the studied sample, reverse transcription (RT) of IBDV
RNA into cDNA, and amplification of the resulting cDNA by PCR. The two latter steps require
that the user selects oligonucleotide primers that are short sequences complementary to the virus-
specific nucleotide sequence. Different areas of the genome will be amplified depending on the
location from which the primers have been selected (Nouen et al., 2006). Conventional RT-PCR
is the "gold standard" method for detecting IBDV; however, one drawback is the requirement for
a thermal cycling system as well as a complex technique for identifying the product after
amplification (Lee et al., 2011).

2.8.3 Serological Diagnosis

Serological methods are commonly used for diagnosing IBD. For serological investigations,

usually blood can be collected from the wing vein, allowed to clot and serum separated by
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centrifugation and stored at -20 °C until tested (Chowdhury et al., 2011). One of the routine
techniques is serological evaluation using enzyme-linked immunosorbent assay (ELISA). ELISA
is a sensitive and specific test that detects antibodies specific to IBDV in poultry samples. Another
serological test used is the agar gel immunodiffusion (AGID) test, which is less sensitive compared
to ELISA. These tests help in the detection of antibodies produced by the host in response to the
IBDV infection, aiding in the diagnosis of the viral disease in poultry (Martinez et al., 2003). Virus
neutralization (VN) testing and the agar-gel precipitin (AGP) or antigen capture enzyme- linked
immunosorbent assay (AC-ELISA) are the two most often utilized procedures in IBD diagnosis.
The most popular method is ELISA because it is rapid, affordable, and adaptable to computer

software automation (Minta et al., 2006).

2.9 Economic importance of IBD

One significant barrier to the growth of the chicken industry is infectious bursal disease, which
causes enormous financial losses. Under natural conditions, IBDV can infect all breeds of
chickens, causing huge economic losses to the poultry industry worldwide (Du et al., 2023). The
most economic devastation associated with IBD is due to its immunosuppressive effect that leads
to poor vaccination response, secondary bacterial, viral, protozoan infection and poor performance
and poor economic return (Cereno, 2008) and also from the dramatic decrease in overall flock
performance. Cellular immunity is also compromised during an IBDV infection (Rautenschlein et
al., 2002). IBDV-mediated immunosuppression impedes the effectiveness of other vaccination
strategies and worsens secondary infections, some of which have zoonotic implications (Reddy et
al., 2023).

Furthermore, it has been noted that chickens infected with IBDV may be more vulnerable to
coccidiosis, gangrenous dermatitis, and salmonellosis (Phillips and Opitz, 1995). The chickens
exhibit a weak primary antibody response until seven weeks after infection, despite the fact that
B-lymphocyte re-population occurs in the bursa (Mahgoub, 2012). Additionally, the avian
influenza virus, subtype HON2, and Newcastle disease virus are examples of poultry respiratory
viruses whose pathogenicity is thought to be exacerbated by IBDV co-infection (Taifebagherlu et
al., 2022).
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2.10 History and current status of IBD in Ethiopia

Infectious bursal disease (IBD) is a globally prevalent condition that impacts all major regions of
poultry production, presenting a significant challenge to efficiency and financial gain in the poultry
sectors of both developing and developed nations (Sainsbury, 2000). In Ethiopia, there was no
recorded occurrence of IBD cases until 2003. In 2005, a case of outbreak in commercial farms
with high mortality (22,437 Broiler chickens and 2508 layer chickens in 20-45 day old) was
reported to the National Veterinary Institute (NVI). (Zeleke et al., 2005) reported the first report
of IBD in Ethiopia.

According to studies, infectious bursal disease affects a wide range of production strategies, breeds
of chickens, and geographical areas in Ethiopia. The dissemination of better chicken breeds from
contaminated breeding and multiplication facilities is linked to the disease's spread among native
chicken populations (Mossie et al., 2021). The investigation carried out by the AHI into Gumboro
disease in various regions, revealed an overall prevalence rate of approximately 77.48% from the
analysis of 706 collected samples (Animal health yearbook, 2011).

Table 1: Prevalence of IBD in different areas of Ethiopia

Study area Prevalence Authors

Gondar and west 73.50% Kassa and Molla, 2012
Gojjam

Southwest showa of 76.64% Hailu et al., 2009
Ethiopia

Mekelle town 45.05% Zegeye et al., 2015
Bishoftu 82.20% Tesfaheywet and Getnet, 2012
Andassa poultry farm 98.90% Solomon and Abebe 2007
Eastern Ethiopia 83% Tadesse and Jenbere 2014
Bishoftu 80% Kassa et al., 2019
Adama 66.67% Kassa et al., 2019

Addis Ababa 66.67% Kassa et al., 2019
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2.11 Prevention and control measures for IBD

The poultry industry has long been very concerned about IBD especially over the last few decades.
In fact, its "reemergence™ in different or extremely virulent forms has resulted in enormous
financial losses. Before 1987, the viral strains were successfully controlled by vaccination, had
minimal virulence, and caused less than 2% specific fatality. However, failures to vaccinate were
reported in various parts of the world in 1986 and 1987 (Berg, 2000). Exploration of cellular
elements and/or mechanisms that disrupt virus replication either directly or indirectly could offer
significant insights in formulating innovative strategies for effectively managing IBD (Zhang and
Zheng, 2022). The virus is environmentally stable and resistant to many chemical and physical
agents. Its spread between flocks can be restricted through implementation of strict biosecurity
measures. The use of therapeutic treatment has been reported to have no effect on the course of
infection (Eterradossi and Saif, 2013). Vaccination of chickens with inactivated and live attenuated
vaccines are commonly-used clinical methods to control IBD (Mdiller et al., 2012). However, the
high mutation rate of IBDV is likely to be the reason for the emergence of mutant viral strains
whose antigenicity differs from that of the current commercially-available vaccines (Hou et al.,
2022).

In addition to mutations, gene reassortment and recombination are important genetic factors in
IBDV that cannot be ignored. Genome reassortment of different segments in IBDV has been
reported in various regions across the globe and the newly emerging variant strains are becoming
a major threat to the poultry industry (Legnardi et al., 2022). As the IBDV genome has subgroups
of segments A and B, the widespread use of live attenuated vaccines has increased the occurrence
of reassortment between vvIBDV and attenuated strains. These re- assortment viruses may exhibit
virulence comparable to that of classical or attenuated IBDV or may still inherit the high virulence
of vwiIBDV (Gao et al., 2023).

Therefore, a comprehensive understanding of the patterns of genomic variations in IBDV is critical
for the prevention and control of IBD. In recent years, reverse genetics has emerged as a useful
technic to combat IBDV infection. This approach can make true the precise mutations or
substitutions in the IBDV genome from a genetic perspective, and many advances have been made

in this aspect to explore pathogenesis and develop novel vaccines (Yang and Ye, 2020).
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Advances in technology have enabled the development of new vaccines that are able to escape the
neutralizing effect of maternally derived antibodies (MDA) and hence are eligible for hatchery
application. Two types of IBD vaccines are currently available for hatchery application, an
immune-complex vaccine in which a live attenuated IBD vaccine strain has been in vitro
complexed with a high titre polyclonal serum in specific quantities and alternatively, a vaccine
using the herpesvirus of turkeys (HVT) vector technology as a carrier expressing IBDVs VP2

antigen (Kelemen et al., 2000).

There is empirical support indicating that optimal management protocols, grounded in the "all
in/all out™ methodology, in conjunction with stringent cleaning and disinfection procedures within
poultry housing, have the capacity to regulate viral spread between production cycles.
Nevertheless, these strategies are inconclusive in the absence of a selection of appropriate
vaccination initiatives tailored to the specific epidemiological circumstances of the given
geographical region (Franciosini and Davidson, 2022).

2.11.1 Available vaccines against IBD

As level of protective antibodies decreases, chicks become susceptible to infection with virulent
field strains (\Vrdoljak et al., 2018). It has been shown that determination of the optimal timing for
vaccination owing to interference with MDA in broiler progeny is crucial for effective vaccination
(Lambrecht et al., 2000). The epitopes responsible for the induction of neutralizing and protective
antibodies are located on the VP2 protein (Abdel-Alim et al., 2001). Interference of maternally
derived antibodies with vaccine uptake still remains a major problem in vaccination against IBD
using live vaccines (Block et al., 2007). In order to help prevent IBD more effectively, new
technologies and next-generation vaccines have been developed and introduced into the market
(Meeusen et al., 2007).

Conventional live and inactivated IBD vaccines

Live viral vaccines mimic infection in the target host. They can replicate and induce both cellular
and humoral immunity. They do not require an adjuvant to be effective and are suitable for mass
administration to the chicken, but they may also have undesirable side effects. These include but

not limited to reversion to virulence and vaccine reactions that may result in disease or production
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loss. In general, the live IBD vaccines in use by the poultry industry have been attenuated by serial
passage in tissue culture, eggs or embryo-derived tissues, with the aim of maintaining the immune
response induced by the parent virus whilst attenuating the ability of the vaccine virus to cause
clinical disease or significant immunosuppression (Schijns et al., 2014).

Inactivated IBD vaccines are mostly formulated as water-in-oil emulsions, usually combining
several antigens. It has been observed that inactivated IBD vaccines were also able to induce
IBDV-specific T-cell and inflammatory responses in chickens (Rautenschlein et al., 2002).
Interference of maternally derived antibodies with vaccine uptake still remains a major problem in
vaccination against IBD using live vaccines (Block et al., 2007). Depending on the degree of
attenuation, live vaccines are classified as mild, intermediated, intermediate plus, and hot IBD
vaccines (Mdller et al., 2003 );Whereas mild and intermediate vaccines are less likely to damage
the bursa than intermediate plus and hot vaccines, but they are still shortly neutralized by high
quantities of maternally derived antibodies (MDADs) (Sedeik, et al., 2019).

Genetically engineered live IBD vaccines

Determining the complete nucleotide sequences of both segments of the IBDV double-stranded
RNA genome (Mundt & Mu’ller, 1995) allowed development of a reverse genetics system (Mundt
& Vakharia, 1996). Meanwhile this approach has been widely used with the aim of generating
attenuated IBDV potentially applicable as vaccine. Among others, attenuated mutant IBDV was
generated from vvIBDV by site-directed mutagenesis of nucleotide sequences encoding specific
amino acids in IBDV structural protein VP2 (Islam et al., 2001). Due to technological progress,
modern vaccines have been created to combat MDADbs, and are now being sold commercially. An
example is the IBD vector vaccine, which utilizes turkey herpes virus (HVT). The composition
involves chicken embryo fibroblasts that have been infected with recombinant HVT in order to
produce VP2 of IBDV within a living organism. The absence of VP2 expression on the infected
cells' surface or in the recombinant HVT vectors plays a role in its capacity to surpass MDA
(Bublot et al., 2007).
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IBD immune complex vaccines

These vaccines consist of a mixture of a certain amount of IBDV-specific antibodies obtained from
the sera of hyperimmunized chickens and infectious IBD vaccine virus (Whitfill et al., 1995). In
addition it has been shown that these vaccines were effective in the presence of maternally derived
antibodies (Haddad et al., 1997; Giambrone et al., 2001). Most remarkable was the low level of
depletion of bursal and splenic B lymphocytes in chickens vaccinated this vaccine (Jeurissen et
al., 1998). Their main benefit is that the Immune complex vaccines can be administered
subcutaneously on hatchery as early as day one and are acceptable for in ovo vaccination on day

eighteen of incubation using commercial egg injection equipment (Ivan et al., 2005).
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3. MATERIALS AND METHODS

3.1 Study area

The study area is Bishoftu, since this area is a major poultry production site and frequent IBD
outbreaks are reported. Bishoftu is located 45 Km south east of Addis Ababa. The area is located
at 9oN latitude and 400E longitude at an altitude of 1850 maximum above sea level with annual
rainfall of 866 mm of which 84% is in the long rainy season ( June to September)( NMSA, 2010).
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Figure 3: Map of the Bishoftu Town.

This map was developed using ArcGIS from Ethiopian shape files.

3.2 Study population

The experimental study was conducted using Cobb 500 species of chickens. The Cobb 500 is a
breed of broiler chicken recognized for its quick growth and feed efficiency. Their genetic

homogeneity lowers variability and guarantees reliable result outcomes. Furthermore, their
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excellent feed efficiency makes them appropriate for studies on the effectiveness of vaccines. For
the questionnaire survey, small- and medium-scale commercial poultry farms established by
private, micro, and small-scale enterprises and cooperatives that raise exotic breeds. The farms

were included to the study, despite of production type.

3.3 Study design

An experimental study over controlled environment was conducted from November, 2023 to May,
2024 to study to investigate the efficacy of infectious bursal disease vaccines (IBD). On top that,
a semi-structured survey was conducted among chicken farm owner and /or attendants of Bishoftu
town, to thoroughly gather understanding regarding infectious bursal disease and the usage of

vaccines against the IBD.

3.4 Study methodology

3.4.1 Questionnaire survey

A semi-structured questionnaire survey was conducted November, 2023 to May, 2024 mainly
aiming on comprehensively capturing insights on the understanding of infectious bursal disease
and the utilization of vaccines against the disease. A pre-test of the questionnaire was conducted
before the main survey to enhance its clarity and comprehensiveness. Subsequently, farm owners
were engaged in face-to-face to explore the subject matter. Then, the data was collected from those
farm owners who were willing to provide the necessary data based on informed consent by

dropping those unwilling farm owners and operators.
The sample size for this study was determined based on the formula given by Arsham (2020) as
follows;

_ 025
(SE) 2

Where N= number of population

SE= Standard Error, which is estimated 0.05, with 95% CI and 5% error
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From the formula, our population size was calculated one hundred (100). During the survey, Seven

people withdraw from the total population. Hence, ninety three(93) individuals were surveyed

3.4.2 Experimental study
Chickens, housing and feeding conditions

For the experimental study, one hundred day-old COB-500 broiler chickens sourced from Alema
Farms P.L.C were acquired and utilized. Upon their arrival, the chickens were housed in AAU-
CVMA poultry house with floor pens that were lined with straw. They were provided with a
brooder for warmth, ensuring their comfort and well-being. The chickens had access to food and
water ad libitum. Additionally, the lighting conditions and temperature within the pens were
carefully regulated based on the guidelines provided by the breeder, tailored to meet the specific
requirements of broiler chickens. The chickens were then randomly assigned to four groups: group
1, group 2, group 3, and group 4 with 25 chickens per group. Group 1 was vaccinated with
CEVAC® TRANSMUNE, vaccine; Group 2 was vaccinated with CEVAC® GUMBO L (which
both of them are imported from Ceva Sante Animale, France). Group 3 was vaccinated with IBD
VIRUS LC - 75 (locally produced) and Group 4 was kept as a control. The vaccines are purchased

directly from their sells office.
Vaccines

CEVAC® TRANSMUNE IBD vaccine contains the Winterfield 2512 strain of Infectious Bursal
Disease live virus in complex with IBD immunoglobulins (VPI: Virus Protecting
Immunoglobulins) in freeze-dried form. CEVAC® GUMBO L contains the LIBDV intermediate
strain of Infectious Bursal Disease virus in live, freeze-dried form. IBD virus LC — 75 intermediate
vaccine strain freeze-dried with suitable stabilizer. It contains an Intermediate Standard live virus

strain and is presented in freeze-dried form.
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Table 2: Summary of experimental design

Group Vaccine type Date of Route of
vaccination vaccination
A CEVAC® Day old chick Subcutaneous

TRANSMUNE IBD

B CEVAC® GUMBO 14" day old Drinking water
L

C IBD virus LC — 75 14" day old and Drinking water
NVI 21%ld (booster)

D CONTROL None None

3.5 Laboratory analysis of samples

Blood samples of 2 ml per chick were collected on the 7th, 14th, 21st, 28th, 35th, and 42nd days
post-vaccination using a 3 mL sterile disposable syringe from the wing vein. Each collected blood
sample was appropriately labelled with the individual chicken number. The sera were then
harvested by centrifuging at 3000 rpm for 5 minutes into labelled cryovials. Subsequently, the
cryovials containing the sera were stored at -20 °C until the laboratory procedure was conducted
at Animal Health Institute (AHI).

3.5.1 ELISA

The collected serum sample were evaluated for antibody response against each vaccine using a
commercial indirect ELISA kit (IDvet, Grabels, France) in Animal Health Institute (AHI), Sebeta
Town. In a pre-dilution plate, wells Al, B1, C1 and D1 were kept as controls, and 5 pl of each
sample to be tested and 245 ul of Dilution Buffer 14 was added. In the ELISA microplate, 100 pl
of the Negative Control (Al and B1), 100 ul of the positive control (C1 and D1) and 90 pl of
Dilution Buffer 14 to the wells of each sample were added. After that the plate was covered and

incubated at 21°C. After incubation the plates were emptied and the wells were washed 3 time
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with 300 pl of the Wash Solution 1X then 100 pl of the Conjugate 1X were added to each well.
Later the plated were covered and incubated at 21°C for 30 min. After incubation the wells were
washed 3 times with 300 pl of the Wash Solution 1X. Then substrate solution was added to each
well and after covering the wells, the plate was incubated at 21°C for 15 min in the dark. After
incubation was done, 100 ul stop solution was to added each well. Finally, the results were read at
450 nm (ANNEX 3). Absorbance was determined using an ELISA microplate reader at 450 nm

wavelength. S/P values were calculated using the formula provided by the manufacturer as follows.

_ OD sample — ODNC

SP ODPC — ODNC

Where OD is Optical density, NC is Negative control and PC is Positive control
Determination of antibody titre from the S/P ratio is as follows

Log10 (titre) = 0.97 * log10(S/P) + 3.449

Titre = 10 o910 (titre)

After calculation it was interpreted as positive if antibody titer is greater than 875 (> 875) and

negative if antibody titer is less than or equal to 875 (< 875).

3.6 Ethical clearance

The present study underwent a thorough review by the Animal Welfare and Research Ethical
Review Committee of the College of Veterinary Medicine and Agriculture at Addis Ababa
University (ANNEX 1), with consideration of all pertinent ethical and animal welfare
considerations. The approval was duly accorded and endorsed, accompanied by a reference
number VM/ERC/04/29/16/2024. In order to ensure the ethical integrity of the study, due diligence
was exercised in obtaining the necessary ethical clearances and consents from all relevant
participants, as well as adherence to relevant principles in public health and animal welfare ethics.
The community's ethical, cultural, and religious principles were dutifully upheld. The humane
sacrifice of severely ill chickens was carried out in accordance with established animal welfare

protocols.
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3.7 Data management and statistical analysis

The results of indirect ELISA and the responses obtained from the questionnaire survey were
entered into the Microsoft Excel version 16.0 program for organization and initial processing.
Survey responses were systematically coded using numerical system. The coding scheme utilized
symbols ranging from 0 to 10 to represent different categories of responses. Subsequently, the
statistical analysis was conducted using STATA version 14 software. A one- way analysis of
variance (ANOVA) was employed to compare the values indirect ELISA. The criterion for
establishing statistical significance was set at a p-value less than 0.05. Subsequently, the survey
data underwent thorough analysis to determine the frequency distribution of responses for each

question included in the questionnaire.
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4. RESULTS

4.1 Serology results

The indirect ELISA results showed a mean maternal antibody titre of 3097.21, four day after their
arrival. When the overall mean antibody titre each vaccine was evaluated throughout the study, it
was found to be 3497.94, 2995.11, 4518.72 and 49.45 for immune complex, Gumbo L, IBD LC-
75 vaccinated and control group respectively (Table 3).

Table 3: Summary of Mean OD, Mean, SP and mean antibody-titre with respect to Standard
deviation (SD)

Groups Mean OD Mean SP Mean Ab-titre Age in Days
ICX 1.02+0.87 1.27+£1.13 3497.99+£3074.59 42
Gumbo L 0.87+0.61 1.08+£0.79 2995.11+2161.74 56
IBD LC-75 1.31+0.82 1.64+1.07 4518.72+2909.98 56
Control 0.06+0.02 0.02+0.03 49.451+90.01 56

Upon analysis of the mean antibody titre of each vaccine, it was observed that the vaccines have
demonstrated varying titres on same and at different time. For example, on the 7th day post
vaccination, it was found that the mean antibody titre of immune complex (Group 1) was higher

than all other groups (Table 4).

Table 4: Summary of group result of 71", 14" 215t 28" 35™ and 42" day post vaccination

MEAN ANTIBODY TITRE (MEAN AB_t+ SE) POST-VACCINATION
7 day 14 day 21 day 28 day 35 day 42 day
ICX 1298.81+89.93 183.87+82.10 38.86+ 18.45 6280.42+1341.50 4424.76+ 6129.62+
594.57 546.23
GUMBO L | 21.46+ 6.50 2581.28+ 3363.25+873.84 3156.71+458.54  3400.04+ 5973.53+

GROUP

1140.00 310.70 889.88
IBD LC-75 | 22.92+11.00 642.14+ 5270.40+951.41 5653.07+349.90 5793.22+ 6520.84+
390.55 665.37 963.25

CONTROL | 145.62+65.27 32.80+11.10 17.14+10.67 2.29+0
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All vaccines have induced protective immune response from 7 days post-vaccination onwards.
Besides, the protective level of each vaccine is different at different time post-vaccination owing

to the potency of the vaccines (Figure A and B, below).

Progress of antibody titre of each vaccine through weeks
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Figure 4: Bar and Line graph of the serology result

A): Bar graph representing the progress of antibody titre of each vaccine through weeks

B) Line graph representing the progress of each vaccine through weeks
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4.2 Questionnaire survey
Demographic and General Information on the respondents and farms

From the personnels involved in the current survey female and male, were 28% and 72%
respectively. The years of experience in poultry farming was 3.23% (<1 year), 64.52% (>1 and<5)
and 32.26% (>5 years). Regarding the respondents educational level; 27.96% can read and write,
whereas 32.26% has attended higher education (Table 5).

Table 5: Summary of demographic and general information of respondents and farms

Variables Category Number (%)
Gender Female 26 (28)
Male 67 (72)
Years of experience <1 year 3(3.23)
>1 year <5 years 60 (64.52)
> 5 years 30 (32.26)
Educational level: Read and write 26 (27.96)
Elementary school 7 (7.53)
High school 30 (32.26)
Higher education 30 (32.26)
Role on the farm Farm owner 82 (88.17)
Chicken farm attendant 11 (11.83)

Information on flock history and management

From all the farms 65.59% were layer farming, 25.81% were broiler production, and 8.61%
practiced dual-purpose farming. The majority (76%) of farms relied on pipe water, and 17%,
utilized well water as their source of water. It was found that 98.92% of the respondents
acknowledged keeping records of their inventory. Among these respondents, 32.61% reported
using manual tracking methods, 19.57% utilized electronic tracking systems, and 47.83%
employed both method. Regarding farm size, 31.18% of the respondents had less than 1000
chickens on their farms, 41.94% had between 1000 and 2500 chickens, and 26.88% had more than
2500 chickens (Table 6).
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Table 6: Information on flock history and management

Variables Category Number (%)
Type of production Layer 61 (65.59)
Broiler 27 (29.04)
Dual purpose 5 (5.38)
Breed of chickens Cobb 500 14 (14.43)
Sasso 18 (18.55)
Lohmann brown 28 (28.87)
Bovans brown 38 (38.16)
Source of water Well water 17 (18.28)
76 (81.72)
Pipe water
Number of chickens Less than 1000 29 (31.18)
1001-2500 39 (41.94)
Greater than 2500 25 (26.88)
Keep a record of Yes 92 (98.92)
vaccination
No 1(1.08)
Inventory management Manual tracking 30 (32.60)
Electronic tracking 18 (19.57)
Both 44 (47.83)
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Figure 5: Bar graph of the results on Information on flock history and management

Awareness and experience on Gumboro Disease outbreak and its impact

The level of familiarity with IBD is as follows. Very familiar (50.54%), stated they were somewhat
familiar (43.01%), and not familiar (6.45%). Their awareness on current IBD prevalence in their
area, 62.36% were aware, 23.66% remained unsure and 13.98% were not aware. During the
survey, 91.40%, believed that IBD does have a significant effect on the poultry industry, 4.30%,
were unsure and 4.30% respondents did not agree. The responses indicated that 63.44% of the
participants answered “no” to encountering an IBD outbreak, while 36.56% had encountered it.
Participants responded that IBD outbreak impacted their business through increased mortality
(7.69% ), experienced profit losses (15.38%), both increased mortality and profit losses (53.85%),
and 23.08% of participants indicated that they had encountered all the mentioned problems (Table
7).
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Figure 6: Bar graph of the results on Awareness and experience on Gumboro Disease Outbreak
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Table 7: Summary of Awareness and experience on Gumboro Disease outbreak its impact

Variables Category Number (%)
Familiarity with IBD Very familiar 47 (50.54)

Somewhat familiar 40 (43.01)

Not familiar at all 6 (6.45)
Awareness of prevalence of No 26 (27.96)
IBD outbreak in your area

Yes 56 (60.22)

Unsure 11 (11.83)
Do you believe IBD has Yes 85 (91.40)
effect on poultry industry

No 4 (4.30)

Unsure 4 (4.30)
Have you encountered IBD  Yes 26 (27.9)
outbreak

No 67 (72.04)
Impact on your farm Increased mortality 2 (7.69)

Profit losses 4 (15.38)

Increased mortality and 14 (53.85)

profit losses

| have faced all the problems 6 (23.08)

Progress of Gumboro Disease Outbreak

Participants were asked if the use of the IBD vaccine led to a decrease in IBD outbreaks. The
results are significant decrease (38.71%), moderate decrease (43.01%). On the other hand, 13.98%
stated that they observed no decrease in outbreaks, and 4.30% were unsure of the impact.
Participants were asked about their observations regarding the incidence of IBD outbreaks over
the past few years. The responses were yes, a significant decrease (29.03%) Yes, a slight decrease
(47.31%), No change (4.30%) and Unsure (19.35%). When asked about the reasons behind any

observed improvements, better vaccines than before ( 32.26%), enhanced biosecurity measures
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(22.58%), improved vaccination programs (16.13%), better disease monitoring and diagnostics

(9.68%) and all factors have attribute (19.35%), were the responses. In response to the question,

“Do you believe that increased awareness and education on the Gumboro outbreak and vaccination

practices can lead to better disease management in poultry farms?” 63.44% of respondents

answered affirmatively, 9.68% responded negatively, and 26.88% were unsure (Table 8).

Table 8: Summary on Progress of IBD Disease Outbreak

Variables Category Number (%)
Does the use of the vaccine  Significant decrease 36 (38.71)
led to a decrease in
outbreaks? Moderate decrease 40 (43.01)
No decrease 13 (13.98)
Not sure 4 (4.30)
Have you observed a Yes, a significant decrease 27 (29.03)
decrease in the incidence
of the IBD outbreak over Yes, a slight decrease 44 (47.31)
the past few years
No change
4 (4.30
Unsure
18 (19.35)
If you have observed a Improved vaccination 15 (16.13)
decrease, what factors do programs
you attribute to this
improvement Better vaccines than before 30 (32.26)
Enhanced biosecurity 21 (22.58)
measures
Better disease monitoring 9 (9.68)
and diagnostics
All factors 18 (19.35)
Do you believe that the Yes 79 (84.95)
decrease in the IBD
outbreak has a positive Unsure 14 (15.05)
impact on the overall health
and
productivity of poultry
farms?
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Do you believe that
increased awareness and
education on the IBD
outbreak and vaccination
practices can lead to better
disease managementin
poultry farms?

Yes 59 (63.44)
No 9 (9.68)
Unsure 25 (26.88)

Progress of IBD Disease Outbreak
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Figure 7: Bar graph of the results on Progress of IBD Disease Outbreak
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Questionnaire Survey results on General information on IBD vaccine

The majority (65.59%) use locally produced vaccines; while the rest use the imported one. Almost
all (95.70%) of the respondents admitted that they know the recommended storage of the vaccines
while the rest (4.30%) don’t. From this 97.85% of respondents have enough storage facilities for
their farm. Among the responses gathered, vaccine availability (32.26%) proper training for
administration (30.11%), vaccine storage (2.15%) is mentioned as a challenge when administering
IBD vaccine, and no specific challenges was faced (35.48%). When they were asked if they ensure
that the IBD vaccine is maintained within the cold chain during transportation and storage, 97.85%

responded positively (Table 9).

Table 9: General information on IBD vaccine

Variables Category Number (%)
Source of IBD vaccine for your Local 61 (65.59)
farm

Imported 32 (34.41)
How frequently is the IBD vaccine  Once 18 (19.36)
administered in your farm

Twice 75 (80.64)
Aware on recommended vaccine Yes 89 (95.70)
storage

No 4 (4.30)
Do you have adequate storage Yes 91 (97.85)
facility

No 2(2.15)
Maintaining the cold chain Yes 91 (97.85)

No 2 (2.15)
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Figure 8: Bar graph of the results on General information on IBD vaccine

Source of IBD related information and vaccination protocol

Participants were asked where they typically seek such information on updates about IBD and its
vaccine. The responses indicated that Veterinarians/animal health assistants (58.06%), Scientific
journals (4.30%), industry publications (4.30%), training programs (8.60%). Some of used
combined source like, Veterinarians/animal health assistants and Training programs (15.05%),
Veterinarians/animal health assistants and scientific journals (3.23%), Industry publications and
Training programs (3.23%). The rest (3.23%) mentioned obtaining information from friends in the
same industry. Regarding the adherence to strictly label instructions when administering the 1IBD
vaccine, 69.89% answered “Yes,” 11.83% responded with “No,” and 18.28% stated that they
followed the instructions to some extent. When administering IBD vaccine, the protocols used
were of vaccine manufacturers (65.59%), recommendations from veterinarians or animal health
practitioners (29.03%), determining vaccination protocols independently (3.23%) and (2.15%)

mentioned relying on suggestions from friends (Table 10).
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Table 10: Summary on Source of information and vaccination protocol

Variables Category Number (%0)
Information source Veterinarians/animal health 54 (58.06)
assistants
Scientific journal 4 (4.30)
Industry publications 4 (4.30)
Training programs 8 (8.60)
Veterinarians/animal health
assistants and Training
programs 14 (15.05)
Veterinarians/animal health
assistants and Scientific
journals 3(3.23)
adhere to the label Yes 65 (69.89)
instructions during
vaccination No 11 (11.83)
To some extent 17 (18.28)
Vaccination protocols you  Based on vaccine 61 (65.59)
use manufacturer’s protocol
Friend suggestion 2 (2.15)
By veterinarian/animal 27 (29.03)
health practitioner/
recommendation
By Myself 3(3.23)

39



Source Information and Vaccination Protocol
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Figure 9 Bar graph of the results on Source of IBD related information and vaccination protocol

Information on IBD vaccine efficacy

In a survey conducted to assess the factors considered when selecting IBD vaccine, the reasons
selected were, efficacy (45.16%), availability (19.35%), cost (18.28%), reputation of the
manufacturer (10.75%), ease of administration(4.39%) and cost and efficacy (2.15%). From all
participants, 36.56% conduct follow-up assessments to assess long term efficacy of IBD vaccine;
while, 63.44% of participants don’t. When asked about methods on measuring the vaccines
efficacy, the respondents reported using clinical signs observation (18.28%) and laboratory testing
(1.08%). And 55.91% state that they have never measured the efficacy of the vaccine while 24.73%
never thought about measuring it. When the respondents are asked if they have ever provided
feedback on the vaccine's efficacy to the vaccine supplier or manufacturer, only 29.03% said yes
while most of the respondents, 70.97%, said they haven’t. Participants were asked whether they
communicated the efficacy of the vaccine to their customers or friends. The results indicated that
32.26% of respondents answered “Yes,” 47.31% answered “No,” and 20.43% responded with
“Sometimes” (Table 11).
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Table 11: Summary Information on IBD vaccine efficacy

Variables Category Number (%)
Factors you consider when Cost 17 (18.28)
selecting an IBD vaccine

Efficacy 42 (45.16)

Ease of administration 4 (4.30)

Manufacturer's reputation 10 (10.75)

Availability 18 (19.35)

Cost and efficacy 2 (2.15)
Conducting follow-up Yes 34 (36.56)
assessments

No 59 (63.44)
How do you currently Clinical signs observation 17 (18.28)
measure the efficacy

Laboratory testing 0(0)

Both 1(1.08)

Not measured 52 (55.91)

Never thought about that 23 (24.73)
Providing feedback on Yes 27 (29.03)
efficacy

No 66 (70.97)
Communicating the Yes 30 (32.26)
efficacy

No 44 (47.31)

Some times 19 (20.43)
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Figure 10: Bar graph of the results on Source of IBD related information and vaccination
protocol

Awareness on IBD vaccine efficacy

The response to the question on awareness was on the efficacy of the vaccine preventing IBD, they
responded as, highly aware (27.96%), somewhat aware (60.22%) and (11.83%) were not aware.
When questioned about how effective they think IBD vaccine is against the disease, respondents
provided the following breakdown: Highly effective (25.81%), moderately effective (56.99%),
Ineffective (16.13%), and I don’t know (1.08%).To the question, have you encountered instances
of IBD vaccine resistance? The responses were yes (26.88%), no (61.29%) and unsure (11.83%).
To the question what do you recommend to improve the efficacy of the Gumboro vaccine in
preventing IBD outbreaks? They responded as Enhanced training programs (16.13%), improved
vaccine storage facilities (2.15%), enhanced monitoring systems (30.11%), Vaccine matching and
efficacy testing (34.48%) and Enhanced biosecurity (16.13%). The respondents were asked
whether they believed in the necessity of enhanced vaccines. The results indicated that 29.03%
(believed), 44.09% (unsure) and 26.88% responded negatively to the idea of altering the current
vaccine (Table 12).
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Table 12: Summary on IBD vaccine efficacy awareness

Variables Category Number (%)
Awareness on the efficacy  Highly aware 26 (27.96)

Somewhat aware 56 (60.22)

Not aware 11 (11.83)
How effective do you think Highly effective 24 (25.81)
Is the vaccine

Moderately effective 53 (56.99)

Ineffective 15 (16.13)

| don’t know 1(1.08)
Have you encountered any Yes 25 (26.88)
instances of vaccine
resistance No 57 (61.29)

Unsure 11 (11.83)
Do you believe thereisa  Yes 27 (29.03)
need for improved vaccines

No 25 (26.88)

Unsure 41 (44.09)
Recommendation to Enhanced training programs 15 (16.13)
improve the efficacy

Improved vaccine storage 2 (2.15)

facilities

Enhanced monitoring systems 28 (30.11)

Vaccine matching and efficacy ~ 33 (35.48)

testing

Enhanced biosecurity 15 (16.13)
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Figure 11: Bar graph of the results on Awareness on IBD vaccine efficacy
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5. DISCUSSION

In the poultry sector, protection against IBD is achieved through the use of commercially available
live, inactivated, or genetically engineered IBD vaccines. The nature of the vaccine plays a crucial
role in determining and controlling the effectiveness of IBD vaccination (Miller et al., 2012). The
increasing prevalence of hatchery vaccination is a suitable trend due to the growing capacity of
poultry production industries, as well as the dedication to improving the management of
vaccination procedures through automated techniques, whether through subcutaneous injection on
the first day of life or in ovo vaccination (Jacquinet and Gardin, 2011). Vaccination of parent flock
is done routinely whereby newly hatched chickens are immunologically shielded through the
transfer of maternal-derived antibodies (MDAS) that are passed from the parents through the yolk
sac (Abadalla, 2005). The ELISA technique is often used as a standard serological tool for
determining antibodies against IBD in poultry farming. (Dey et al., 2019).

Maternal antibodies play a crucial role in determining the optimal timing for Gumboro vaccine
administration in chickens. Research indicates that maternal antibody levels decline significantly
within the first few weeks of life, affecting the efficacy of live vaccines against infectious bursal
disease. Studies have also shown that maternal antibody levels decrease rapidly, reaching negative
levels by around day 20 after hatching (Mymensing et al., 2002). In the current study the mean
maternal antibody titer was recorded as 3097.21 four day after their arrival. The mean antibody
titers of the control group were recorded as 145.616 on the 7th day, 32.766 on the 14th day, 17.142
on the 21st day, and 2.29 on the 28th day after their arrival. These values suggest that there was
no maternal antibody protection present in these chickens by the given time they were tested for
IBD antibodies except the first few days. Skeeles et al. (1979) also reported that the MDA was
decreasing from 7 to 28 days of age in the subjects of the study. The last serological examination
was performed when the subjects were at 28 days of age; and there was no detectable antibody
titer. This reduction in the MDA levels can be correlated with the established half-life of MDA
that is believed to range 3-5 days (Zorman et al., 2011).
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On the 7th day post vaccination, it was found that the mean antibody titer of immune complex
(Group 1) was higher than all other groups, with a statistical significance level of P < 0.05. A low
antibody titer in the results 7 days post-vaccination is part of the normal immune response
trajectory. The time lag until the peak antibody levels is due to the kinetics of the replication of
viruses, antigen presentation, and subsequent antibody production (EI-Mahdy et al. 2013). Moving
forward to the 14th day, Group two (the ones vaccinated with Gumbo L) exhibited a higher
antibody response compared to the other groups. By the 21st day, group three (the one vaccinated
with IBD virus LC — 75) showed a significantly higher antibody titer compared to the rest, while
group one (immune complex) displayed the lowest response; this result is also reported by (Sedeik
et al., 2019). Variations between the different groups may be attributed to the existence of a virus
neutralizing factor (VNF) that may be still attached to the virus in the vaccine, hence lowering its
active immunization effect (Bose et al., 2003). This disparity of vaccination rate, could have a
profound effect on the immune reaction elicited by the vaccines. Administration of the live vaccine
(IBD LC -75) two times may have given the immune system more chance to identify the antigens
that were present in the vaccine making the immunity stronger and long lasting as compare to the

administration of the immune complex.

As the study progressed to the 28th day, it was noted that immune complex vaccine produced a
higher antibody response compared to the live and this is different with the result of
(Chansiripornchai and Sasipreeyajan, 2009) but aligns with (Sedeik et al.,2019). The results post
21 day suggest that all vaccines induced strong and persistent immune responses against IBD, as
evidenced by the substantial increase in mean antibody titers over time until there is no significant
difference (P>0.05) by the day forty-two. In contrast, the control group exhibited much lower
antibody levels, emphasizing the importance of vaccination in conferring protection against

infectious diseases like I1BD.

The results of this survey are a resourceful indicator of the level of knowledge on IBD among
participants, awareness of its prevalence, and perception about its effects on the poultry industry,
and experience with outbreaks and consequences thereof. From the survey result, the majority had
experience in the poultry farming industry and this plays a significant role in disease control by
enhancing knowledge, improving disease management practices and enabling early detection
(Dashe et al., 2009).
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The high proportion of participants who either said they were very familiar or somewhat familiar
with IBD gives indications that knowledge on the disease is reasonably good among the surveyed
population. The fact that the majority were aware of the current prevalence of IBD in their area is
quite commendable since early detection and response are critical in the management of outbreaks.
However, the percentage of participants who did not know indicates possible information gaps in
dissemination or monitoring systems. The participants that had experienced an outbreak faced
different impacts on their lives. A small subset reported increased mortality, profit losses; and a
significant portion indicated they had faced both increased mortality and profit losses. While the
remaining of participants reported they had encountered all the mentioned problems. The negative
consequences ranged from increased mortality to financial losses, with many individuals reporting
both issues. This is in line with the findings of Aiyedun (2014). Since these findings underscore
the importance of effective prevention and control measures to minimize its impact on poultry
populations and related industries, understanding factors contributing to outbreak occurrences can

aid in developing targeted intervention strategies (Alkie and Rautenschlein, 2016).

The survey findings indicated that a minority admitted to being oblivious to the recommended
vaccine storage conditions. When asked whether they keep the IBD vaccine within the cold chain
during transport and storage, the majority said they ensured that they uphold the requirements of
the cold chain. Keeping the vaccine at the right conditions of storage and in the cold chain retains
its effectiveness, prevents damage, and keeps it safe and potent enough to invoke immunity to IBD
in poultry (Sharif and Ahmad, 2018).

When asked about the difficulties they encounter when administering IBD vaccines, the survey
revealed that availability and proper training on vaccine administration were major challenges.
The percentage of respondents who said that vaccine storage was a challenge was much lower,
with the greatest number responding that they did not have any specific challenge during
vaccination. The educational training of people in the poultry industry on the vaccination protocol
positively impacts flock health, productivity, cost-effectiveness, and industry reputation (Okata
and Al-Hassan, 2023).
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When administering IBD vaccines, most commonly used protocols are those given by vaccine
manufacturers. Recommendations by veterinarians or animal health practitioners were also
mentioned. This underlines the importance of expertise in determining vaccination protocols.
Vaccination protocols were set independently by a small percentage of respondents. Such instances
may arise from situations where no vets or health practitioners could give guidance. Lastly, few
respondents alluded to depending on suggestions from friends when giving IBD vaccines. It means
that majority of individuals consider expert advice and manufacturer directives important in regard
to making decisions about vaccination administration. The value of established protocols cannot
be overemphasized as they help minimize possible risks connected with the use of wrong
vaccination protocol and ensure maximum protection against IBD (Adino and Bayu, 2022).
Understanding consumer preferences- like routes of administration or perceived effectiveness-
also plays a part in vaccine selection as seen by La Sota and I-2 Newcastle disease vaccines in
Tanzania (Haghighi et al., 2005).

According to survey results, only a small number of respondents chose “No” for their answer
suggesting that they did not comply with instructions as required, while majority stick to label
instruction when vaccinating. Moreover, others indicated some measure of adherence whereas they
were not fully compliant with label guidelines. Nonetheless, by sticking to a well-structured
immunization plan the producers can enhance disease prevention, flock health improvement and
public health protection (Habte et al., 2017).

In a survey conducted to assess the factors taken into consideration when selecting a Gumboro
vaccine, some key reasons were highlighted. These play an important role in the decision- making
process for poultry farmers and veterinarians. Among all these IBD vaccines, efficacy was the
most vital. Availability and cost were likewise among these factors. The vaccine manufacturer’s
reputation is also such one factor that makes sway decision on what vaccine to choose. For
instance, poultry producers prefer vaccines from manufacturers with proven track records of
producing superior quality and effective products. This kind of preference was also seen in other
bacterial poultry vaccines (Islam et al., 2023). Information dissemination is a necessary
prerequisite to adequate control measures against adverse effect of disease outbreak on farms
(Sabitu et al., 2022). Understanding where individuals in the veterinary field obtain such

information is crucial for improving dissemination strategies and ensuring that accurate and up-
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to-date information reaches relevant stakeholders. The majority of participants rely on
veterinarians or animal health assistants for information. This underscores the pivotal role that
these professionals play in disseminating knowledge within the industry. A small percentage of
respondents turn to scientific journals, Industry Publications and Training Programs. This
underlines the significance of remaining updated with regards to the most recent changes in
veterinary medicine. Lastly, a small number of respondents reported that their colleagues who
worked in similar professions are their source of information. However, informal networks may

not be able to provide reliable and verified information.

Their perception on the efficacy of the vaccine varied a lot. A majority portion of the respondents
reported the vaccine to be moderately and some reported that the vaccine is ineffective while few
reported that they were unsure. It is crucial to understand that the survey findings shouldn’t be
taken as the actual vaccine efficacy of the IBD vaccine. A significant percentage of the respondents
reported that they have experienced IBD vaccine resistance cases. This indicates the real field
problem that poultry farmers face regarding the vaccine resistant strains of the virus. Vaccine
resistance can develop for several reasons including viral evolution, wrong vaccination practices
or poor vaccine matching (Knoblich, 2000). Vaccine efficacy testing, regular vaccine matching
studies, enhanced monitoring system, implementing robust training programs, enhanced
biosecurity and improved vaccine storage facilities were suggested be the respondents to improve
vaccine efficacy. Improving biosecurity on poultry farms, controlling visitor and worker traffic
onto farms, implementing hygiene protocols upon entry and preventing cross-contamination
between different areas of a farm can reduce the risk of disease introduction and spread (Huber et
al., 2022).

Most respondents believed there was a need for an improved IBD vaccine. They may realize that
there is potential to improve the current vaccination in order to boost its effectiveness, increase its
protection, or prevent IBD outbreaks. The key will be to understand why they believe this and
what information they relied upon to support their opinion. This will help determine the level of
understanding and knowledge among the respondents that contributed to their responses. Majority
of the respondents said they did not know if an enhanced Gumboro vaccine was needed. This
uncertainty could be lack of information, contradicting idea of experts or they are concerned with

adverse reactions to the vaccine or the cost of a new vaccine. Examining the causes of this
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ambiguity might shed light on areas that may require education and outreach initiatives to correct

misunderstandings or knowledge gaps.

It is important to understand the views and experiences of the respondents in relation to the
association between the use of IBD vaccine and IBD outbreaks in order to understand the true
world effectiveness of this vaccine. The majority of the respondents reported a strong reduction in
IBD outbreaks after using the Gumboro vaccine. Which is an encouraging outcome. This finding
supports the theory that vaccination can lessen outbreaks of IBD in poultry (Kurukulasuriya,
2017). The fact that a tiny percentage of respondents stated that there was no decrease in 1BD
outbreaks following vaccination is concerning. This finding raises questions about potential factors
contributing to this lack of efficacy or whether there are other variables influencing disease
dynamics. Additionally, a small percentage expressing uncertainty about the impact highlights the
need for further investigation and clarification regarding the relationship between vaccination and

IBD outbreak control.

About observations over the last few years regarding the frequency of Gumboro outbreaks, a small
decrease in Gumboro outbreaks was observed by the majority of responders. A small portion of
individuals said that the frequency of Gumboro outbreaks had not changed. This answer challenges
the adequacy of current prevention and control measures. The different viewpoints on the
prevalence of Gumboro outbreaks make it clear how vital it is to engage in continuous monitoring,

research as well as implementation of focused interventions to win the fight against the disease.

One of the major announced factors which helped to control incidence rate of IBD outbreak was
availability of safer vaccines. Development progress towards vaccine technology has resulted into
more safe and efficacious vaccines against infectious bursal disease (Lin et al., 2020). Another
crucial factor identified in the survey responses is the implementation of enhanced biosecurity
measures. By adopting strict biosecurity protocols such as controlling access, disinfection
procedures, and hygiene practices, poultry producers can minimize the risk of IBD outbreaks
(Huber et al., 2022). Effective vaccination strategies, including proper timing, dosage, and
administration techniques, are essential for ensuring optimal immune response in poultry flocks.
Regular vaccination schedules tailored to specific flock requirements contribute significantly to

reducing Gumboro-related morbidity and mortality rates. Furthermore, respondents highlighted
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the role of better disease monitoring and diagnostics in managing Gumboro outbreaks. Integrating
multiple strategies such as vaccination, biosecurity practices, monitoring programs, and diagnostic
capabilities synergistically enhances the overall resilience of poultry operations against Gumboro
disease challenges (Swai et al., 2011).

Based on the results of the survey, majority of respondents expressed their belief that increased
awareness and education on the Gumboro outbreak and vaccination practices can lead to better
disease management in poultry farms. Awareness and education play crucial roles in ensuring
effective vaccination practices in poultry farms. Proper understanding of the disease transmission
dynamics, vaccination schedules, and potential side effects can help farmers make informed
decisions regarding vaccination programs. Moreover, regular monitoring of flocks for signs of
illness and prompt reporting to veterinary services can facilitate early detection and intervention,
reducing the spread of the disease and minimizing economic losses as recommended by Manabe
etal., (2011).

Limitations of the study

The absence of a challenge virus for assessing the effectiveness of vaccines and treatments in real-
world scenarios poses a significant limitation to the study. Another limitation to the study was

availability of other vaccines by the time the experiment was conducted.
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6. CONCLUSION AND RECOMMENDATIONS

Given the substantial economic ramifications linked to infectious Bursal Disease Virus (IBDV), it
is crucial to prioritize the creation and assessment of advanced IBDV vaccines to mitigate the
influence of these pathogens and establish effective preventative measures within the expanding
poultry sector. Monitoring the antibody response post-vaccination is essential, as maternal
antibodies provide protection for a limited period and the comparison of different types of vaccines
for Gumboro disease is crucial for optimizing vaccination strategies and disease control in poultry
farming. The current study has provided insightful informations on poultry farms personnels
awareness and perception on IBD and its vaccine management. It is understood that farms have
differences in the type of vaccines being used, awareness on the efficacy and management as well
as current knowledge on disease status which has it own impact on overall disease control and
prevention. Besides, up on evaluating and comparing the immune response of chickens for
different IBD vaccines, it is seen that all tested vaccines have demonstrated varied protection levels
at different times evidenced by the substantial increase in mean antibody titers over time though
the chickens has not been challenged with local isolate which would have boosted comparison of

the protection level of the vaccines.

Therefore based on the above conclusive remarks, the following recommendations are forwarded:

» Continuous and updated surveillance on vaccine types utilized and management is crucial
for effective follow-up and control of IBD

> Although it has been noted that all tested IBD vaccines has shown remarkable immune
response, all commercially available vaccines should be tested for their efficacy to select
the outperforming one from economical and ease administration point of view.

» Further study should be conducted on layer chickens considering their production
importance and effect difference of IBD on different production types

» The efficacy and immune response of the IBD vaccines should be evaluated in the presence

of challenge virus.
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Appendice 2: Questionnaire

Introduction

A semi-structured questionnaire administered to interview selected owners of commercial poultry

farms to assess potential risk factors for the difference in IBDV vaccine response of chickens.

Thank you for participating in this survey aimed at evaluating the efficacy of the Gumboro vaccine.
Your valuable input will contribute to important research in the field of poultry health. Please
answer the following questions to the best of your knowledge, practice, and experience. All the

information will be confidential.

A. Demographic Information

1. Location (Town/District): kebele

2. Ageof respondent: <20 years O >20<30years o >30years

3. Gender: Male o Female o

4. Years of experience in poultry farming: < 1 year o >] year <5 years 0>5
years O

5. Educational level:

o Read and write

o Elementary school
o High school

o Higher education

6. What is your role in the poultry industry?

o Veterinarian/animal health practitioner
o Farm owner
o Chicken farm attendant

o Other (specify)
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B. General information (Management and flock history)

1. Type of farm/production:

o Layer
o Broiler

o Dual purpose

2. To which production system is the farm categorized?

o Backyard scavenging (family-owned) for subsistence
o Semi-intensive commercial farms
o Intensive commercial

3. Breed of Poultry in your Farm:
o Cobb 500
o Sasso
o Lohmann brown
o Bovans brown
o Other (Specify),
4. Number of chickens found on your farm currently?
o Less than 1000
o 1001-2500
o Greater than 2500
5. Housing you use for your poultry is a type of?
o Deep litter system
o Cage system
o Other (specify),
6. The major feeding system in your flock is a type of:-
o Scavenging
o Housed feeding
o Rationed
o Scavenging with regular supplementation

o Scavenging with conditional supplementation
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o Other,
7. What source of water are you using for chicken on your farm?
o Well water
o Pipe water
o Other (specify),

8. Do you keep a record of chickens in and out, vaccination, and treatment?

o Yes

o No

C. Awareness and experience of Gumboro Disease, outbreak, and Vaccines

1. How familiar are you with Gumboro disease and the Gumboro vaccine?
o Very familiar
o Somewhat familiar
o Not familiar at all

2. Are you aware of the current prevalence of Gumboro outbreak in your area?

o Yes
o No

o Unsure

3. Do you believe that the Gumboro outbreak poses a significant effect to the poultry

industry?

o Yes
o No

o Unsure

4. Have you encountered an outbreak of Infectious Bursal Disease (Gumboro
disease) in poultry under your care?

o Yes
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o No
5. If yes, how did the outbreak impact your poultry or patients?
o Increased mortality
o Decreased egg production
o Profit losses
o Other (please specify): _
o Increased mortality and profit losses
o | have faced all the problems
D. Information Gumboro Disease Vaccines
1.  Which vaccine types do you use mostly for Gumboro disease?
o Local
o Imported

2. How frequently is the Gumboro vaccine administered in your poultry
farm/pharmacy?
o once
o twice
o thrice
o Other (please specify):
3. Are you aware of the recommended storage conditions for the Gumboro vaccine?
o Yes
o No
4. Are the storage facilities for the Gumboro vaccine adequate for your poultry farm?
o Yes
o No
5. Do you ensure that the Gumboro vaccine is maintained within the cold chain
during transportation and storage?
o Yes
o No
6. What challenges, if any, do you face in administering the Gumboro vaccine?
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Vaccine availability

Proper training for administration
Vaccine storage

Other (please specify):

None

E. Knowledge on information source and vaccination protocol

1. Where do you usually seek information about the Gumboro vaccine?

o

@)

@)

o

o

Veterinarians/animal health assistants

Scientific journals

Industry publications

Training programs

Other (please specify): _

Veterinarians/animal health assistants and Training programs
Veterinarians/animal health assistants and Scientific journals
Industry publications and Training programs

Friends in the same industry

2. Do you strictly adhere to the label instructions when administering the Gumboro

vaccine?

o

o

@)

Yes
No

To some extent

3. What vaccination protocols do you follow to prevent IBD outbreaks in your

chickens?

o

o

o

o

o

Based on vaccine manufacturer’s protocol

Friend suggestion

By veterinarian/animal health practitioner/ recommendation
By Myself

Other (please specify):

F. Knowledge on vaccine efficacy assessment
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1. What factors do you consider when selecting an IBD vaccine for poultry farms?

(Select all that apply)

o Cost

o Efficacy

o Ease of administration

o Manufacturer's reputation
o Auvailablity

o Cost and efficacy

2. Do you conduct follow-up assessments to evaluate the long-term efficacy of the
Gumboro vaccine in your poultry?
o Yes
o No
3. How do you currently measure the efficacy of the Gumboro vaccine in your
poultry farm?
o Clinical signs observation
o Laboratory testing
o Both
o Not measured
o Never thought about that
4. Have you ever provided feedback on the efficacy of the Gumboro vaccine to the
vaccine supplier or manufacturer?
o Yes
o No
5. Do you communicate the efficacy of the Gumboro vaccine to your customers or
superiors?
o Yes
o No
o Some time

G. Awareness on IBD vaccine efficacy
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1. How aware are you of the efficacy of the Gumboro vaccine in preventing IBD
outbreaks?
o Highly aware
o Somewhat aware
o Notaware
2. How effective do you think current IBD vaccines are in preventing Gumboro

outbreak?

o Highly effective

o Moderately effective
o Ineffective

o Other

o Idon’t know

3. Have you encountered any instances of vaccine resistance in Gumboro outbreak

management?

o Yes
o No

o Unsure

4. Do you believe there is a need for improved vaccines to combat Gumboro

outbreak?

o Yes
o No

o Unsure

5. What do you recommend to improve the efficacy of the Gumboro vaccine in
preventing IBD outbreaks?
o Enhanced training programs
o Improved vaccine storage facilities

o Enhanced monitoring systems
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o Vaccine matching and efficacy testing
o Other (please specify):

H. Progress of Gumboro Disease Outbreak

1. In your experience, does the use of the Gumboro vaccine led to a decrease in IBD
outbreaks?
o Significant decrease
o Moderate decrease
o No decrease

o Not sure

1. In your experience, have you observed a decrease in the incidence of the Gumboro

outbreak over the past few years?

o Yes, asignificant decrease
o Yes, aslight decrease
o No change

o Unsure

2. If you have observed a decrease, what factors do you attribute to this

improvement? (Select all that apply)

o Improved vaccination programs

o Better vaccines than before

o Enhanced biosecurity measures

o Better disease monitoring and diagnostics
o Other (please specify),

3. Do you believe that the decrease in the Gumboro outbreak has/will positively

impacted the overall health and productivity of poultry farms?

o Yes
o No
o Unsure
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4. Do you believe that increased awareness and education on the Gumboro outbreak

and vaccination practices can lead to better disease management in poultry farms?

o Yes

o No

Thank you for your participation in this questionnaire. Your information and identity will remain
confidential. Your input is valuable in understanding the current landscape of Gumboro outbreak

management and vaccine efficacy in the poultry industry.
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Appendice 3: Indirect ELISA Testing Procedure

Allow reagents to come to room temperature (21°C 15°C) before use. Homogenize all reagents by

inversion or vortexing. The negative and positive controls are supplied ready- to-use, DO NOT
add dilution buffer to the control wells A1, B1, C1 and D1-controls are to be tested un-diluted.

Samples, however, are tested at a final dilution of 1:500 in Dilution Buffer 14 (1:50 pre-dilution,

followed by 1:10 dilution in the microplate).

1.

10.
11.

12.

In a pre-dilution plate, set aside wells Al, B1, C1 and D1 for the controls, and add: 5 pl of
each sample to be tested, 245 ul of Dilution Buffer 14 to all well EXCEPT to control wells
Al, B1, C1 and D1. Note: It is recommended to respect the indicated order of deposit to
be able to visually control addition of sample to each well.

In the ELISA microplate, add 100 ul of the Negative Control to wells Al and B1, 100 pl
of the Positive Control to wells C1 and D1, 90 pl of Dilution Buffer 14 to as many wells
as there are samples to be tested (NOT to control wells Al, B1, C1 and D1), 10 pl of the
pre-diluted samples as prepared above.

Cover the plate and incubate 30 min + 3 min at 21°C(+5°C).

Prepare the Conjugate 1X by diluting the concentrated conjugate 10X to 1:10 in Dilution
Buffer 3

Empty the wells. Wash each well 3 times with approximately 300 ul of the Wash Solution
1X. Avoid drying of the wells between washes.

Add 100 pl of the Conjugate 1X to each well.

Cover the plate and incubate 30 min 3 min at 21°C. (£5°C).

Empty the wells. Wash each well 3 times with approximately 300 ul of the Wash Solution
1X. Avoid drying of the wells between washes,

Add 100 ul of the Substrate Solution to each well.

Cover the plate and incubate 15 min £ 2 min at 21°C 5°C) in the dark.

Add 100 pl of the Stop Solution to each well in order to stop the reaction. The Stop Solution
should be added in the same order as in step N°9.

Read and record the O.D. at 450 nm.
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Appendice 4: Blood collection procedure from wing vein

o~ DN

© © N o

Gently restrain the chicken to ensure safety and minimize stress.

Locate the brachial wing vein on the underside of the chickens wing, near the elbow.
Place the chicken in lateral recumbency with its feet facing the phlebotomist.

The assistant lifts and stretches the top wing to expose the vein for collection.

Insert a needle into the brachial wing vein at a shallow angle (10-20°) with the bevel
up.

Aspirate gently to confirm proper placement in the vein.

Collect the desired amount of blood into a syringe or collection tube.

Withdraw the needle carefully to avoid causing discomfort or injury to the chicken.

Apply pressure using cotton to the site of venipuncture to prevent bleeding.
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Appendice 5: Pictures taken during the Experiment
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