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Abstract:

Infectious bursal disease (IBD) is one of the most endemic diseases of commercial poultry in Ethio-
pia. Vaccination has been practiced as the major means of IBD prevention and control. A study was
conducted to determine and compare the immunogenicity of two commercially available IBD vac-
cines in broiler chicken with maternally derived antibody (MDA). Day-old chickens of 270 were
randomly assigned to three groups, group 1 vaccinated with brand 1 vaccine at 7" and 19* days and
group 2 with brand 2 vaccine at 15% and 22! days while group 3 were kept as control. Six chickens
were also randomly selected and bled on day 1 for differential leukocyte count (DLC) and determi-
nation of MDA. Representative chickens from each group were bled at 24" and 4274 days of age for
antibody titration using the indirect ELISA test. DLC scores were determined in the 1stand 24 days.
The result revealed highly significant differences (P = 0.001) between group 1 and group 2 in DLC
at 24 days of age. Antibody titers against IBD were differed significantly (P = 0.02) at 24'" and 424
days of age in broilers vaccinated with brand 1 and brand 2 vaccines. It is concluded that although
both brands of vaccine induce an adequate immunological response at the end of the experiment,
brand 1 vaccine has shown significantly high antibody titers against the IBDV and DLC than brand
2.
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1. Introduction

The poultry industry is one of the most productive sectors in Ethiopia, which acts as
a source of major protein supplements for the growing population of the country. How-
ever, disease outbreaks are a major constraint of this industry [1, 2].

Infectious bursal disease (IBD), also known as Gumboro, is one of the most important
contagious viral diseases of immature chickens in the global poultry industry [3]. The af-
fected chickens have reduced antibody response to vaccinations, strong postvaccinal re-
actions, and increased susceptibility to concurrent or secondary infections [4]. The dis-
ease was first reported in Ethiopia on a farm at Bishoftu in 2002 with high mortality of
50% in the affected 20-25-day-old broiler and layer chicken [5]. The most economic dev-
astation associated with IBD is due to its immunosuppressive effect that leads to poor
vaccination response, secondary bacterial, viral, protozoan infection and poor perfor-
mance, and poor economic return [3, 6].

© 2021 by the author(s). Distributed under a Creative Commons CC BY license.


http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.20944/preprints202110.0263.v1

Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 19 October 2021 d0i:10.20944/preprints202110.0263.v1

The disease is caused by the IBD virus (IBDV) that belongs to the genus Avib-
irnavirus of the family Birnaviridae with a bi-segmented double-standard (ds) RNA ge-
nome [7, 8]. The virus is highly stable and resistant to many physical and chemical agents
and prone to extreme antigenic variability with increased virulence [9]. The clinical signs
of infected chickens relate to the age of the chickens and the virulence and the strain of
the virus (Rautenschlein et al., 2003). Chickens are more susceptible at 3 to 6 weeks of age
and get infected via the fecal-oral route in a direct mode of transmission since the virus is
shed in high amounts in feces from 48 hours up to 2 weeks post-infection [10].

There are two distinct serotypes of IBDV. Virus strains belonging to serotype 1
are pathogenic causing disease in young chickens [3] and comprise several pathotypes,
such as classical virulent, antigenic variant, and very virulent strains. Serotype 2 viruses
are apathogenic for chickens [6]. The classical strain of IBDV belonging to serotype 1
shows the ability to cause clinical disease in infected chickens [11, 12]. In Ethiopia, two
genogroups of IBDVs were circulating. Recent genogrouping analysis conducted from
Ethiopia by Bari (2021) showed very virulent strains in the country into new sub
genogrouping 3. The study confirmed the evidence of Ethiopian isolates in known
genogroups and the need of assessing the effectiveness of the available vaccines [13].

The IBDV, like most poultry viruses, has no specific known treatment. Hence, proper
prevention and control strategies have been implemented in the poultry industry using
proper disinfection and vaccination at the appropriate time [14]. However, extensive us-
age of live vaccines has resulted in the evolution of new strains [3]. Though a recent study
conducted in Ethiopia evaluated the immunogenicity and efficacy of Vero cell-adapted
IBDV LC-75 vaccine strain [15], there is no published study that compared the immuno-
genicity of IBD vaccines available in the local Ethiopian market. Moreover, despite the
regular vaccination schedule, there are still frequent reports of IBDV outbreaks in Ethio-
pia, specifically in Bishoftu town, which could be either of vaccine ineffectiveness or due
to a new sub-group of IDBVs circulating in the poultry farms. Therefore, the current study
was conducted to determine the level of protection of two IBD vaccination programs in
commercial broiler chickens by evaluating the immunogenicity of two commonly used
products of the vaccines; one was locally produced and the other was imported from
abroad and available on the local market.

2. Materials and Methods

2.1. Study area
The experimental study was carried out in the poultry houses of the College of Vet-
erinary Medicine and Agriculture, Bishoftu, Ethiopia from February to April 2020. Bish-
oftu town is found at about 47 km to the southeast of Addis Ababa and the town where
most commercial chicken production farms are available [16].
2.2. Study population
A total of 276 broilers of Cobb 500 breeds were purchased for this experiment from
Alema Farms PLC, a private large commercial broiler farm located at Bishoftu town, Ethi-
opia. These broilers were randomly and equally allocated in various experimental groups
and were maintained through the duration of the experiments in separate isolation units
under the suitable condition for vaccine efficacy tests.
2.3. Housing and management of experimental chickens
In this study, broilers were kept with a floor housing system. The house, feeder, wa-
ter utensils were thoroughly cleaned, disinfected before stocking broilers. The utensils
were also cleaned twice daily to avoid contamination. Thus, the broilers were reared un-
der strict pathogen-free conditions through repeated cleaning and disinfection. Broilers
were fed ad libitum on a commercial broiler starter, grower, and finisher diet based on
their ages throughout the period of the experiment. A continuous heating program with
200-watt bulbs was suspended at the head height of the broilers. The amount of tempera-
ture present in the house was measured and recorded by thermometer and the heat re-
leased was adjusted based on the age of chickens from suspended height.
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2.4. Study design

The experimental design employed was a stratified randomized controlled trial in
the form of follow-up. From a total of 276-day old chickens, six of them were randomly
selected and bled on day 1 for differential cell counting and determination of MDA. The
rest 270 were randomly assigned to three groups: group 1, group 2, and group 3 with 90
chickens per group and each group with three replicates of 30 chickens per replicate.
Group 1 was vaccinated with the recommended dose and as per the schedule of brand 1
vaccine (CEVAC® IBD L) vaccine at 7t and 19t days of age; while group 2 were vac-
cinated with the recommended dose and schedule of brand 2 vaccine at 15t and 22" days
of age. Group 3 was kept as a control.

2.6. Study methods

Vaccination of chicks

Two types of commercial IBDV vaccines, purchased from the market, were used in
this study. The brand 1 vaccine (CEVAC® IBD L, the live freeze-dried vaccine of Winter-
field 2512 strain produced by Ceva Sante Animale, France) was purchased from Alema
PLC whereas the brand 2 vaccine (Live freeze-dried vaccine of IBDV intermediate stand-
ard strain produced by the National Veterinary Institute [NVI), Ethiopia) was purchased
directly from the manufacturer. These were live vaccines and administered to chicken as
per the manufacturer's directions and given orally by drinking water.

Sample collection and serological test

On a day old of age, six broilers were randomly selected, and blood collection was
performed by incising the jugular vein of broilers and pouring the blood directly into a
plain vacutainer tube. At 24t and 42 days of age, 3 ml of blood samples were collected
from ten representative broilers for each group using a disposable 3ml syringe with a 22-
gauge needle from the wing vein. Blood samples were centrifuged at 2000 rpm for 10
minutes for separation of sera and sera samples were harvested into cryovials and la-
belled. Samples were kept at -20°C until laboratory analysis was conducted at the NVI.

Differential leukocyte count

For differential leukocyte count, thin blood smears were prepared from the blood
samples collected at 1stand 24t days of age. The smears were stained by the wright-
Giemsa stain. A stained smear was examined to determine the percentage of each type of
leukocyte present. Each white cell was recorded on a differential cell counter until 100
white cells were counted. The different types of WBC were expressed as percentages.

Enzyme-linked immunosorbent assay (ELISA) to determine antibodies against

IBD vaccine

Antibodies against the IBD vaccine were measured on serums that were collected at
a day-old age, at 24t days of age (17 days post-primary immunization and 5 days post-
second immunization for brand 1 vaccine) and (9 days post-primary immunization and 2
days post-second immunization for brand 2 vaccine) and 42~ days age. The mean anti-
body titer in the sera samples was analyzed to compare the mean titer after IBD vaccina-
tions with the baseline titer and to compare the mean titer among the experimental
groups.

According to the instruction of the kit manufacturer IDvet, the indirect enzyme-
linked immunosorbent assay (ELISA) diagnostic kit was used to detect the antibodies of
the chicken directed against the IBD vaccine. Briefly, five hundred-fold (1:500) dilutions
were used. About 245ul of dilution buffer 14 was added to each well of the microplate.
Then 5ul of negative control was added to wells Al and B1 and 5ul of positive control
was added to wells C1 and D1. After that 5ul of each sample to be tested was added to
the remaining wells to make prediluted samples. Then 90l of dilution buffer 14 and 10ul
of the pre-diluted samples were dispersed into the appropriate 96-well plate coated with
IBDV viral antigen and the plate was covered and incubated at room temperature for 30
minutes. The plate was washed 3 times with 300ul of the wash solution 1x at the end of
the incubation period followed by the addition of horseradish peroxidase conjugate into
each well. The plate was allowed to incubate at room temperature for 30 minutes and
washed 3 times again before adding 10ul of the substrate solution to each test well which
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was then incubated for 15 minutes at a dark place at room temperature. Finally, 100ul of
stop solution was added to each well to stop the reaction and the absorbance was read at
650 nm.
2.7. Statistical analysis

The data collected in this study were stored in MS excel and analyzed. The mean
antibody titer, standard deviation, and coefficient of variation (CV, %) have been calcu-
lated by using Microsoft offices excel. Furthermore, STATA version 13 software was also
used to analyze the data obtained from the study. Specifically, One-way ANOVA was
performed to compare the mean antibody titer of experimental groups. The differences
were considered statistically significant at the level of (p < 0.05). The CV (%) is inter-
preted as <30% Excellent, 30-50% Good, 51-80% Fair, and >90% Poor response to vaccine.
A comparison of DLC values among different groups was analyzed by using linear re-
gression.

2.8. Ethics statement

All animal experiments, such as a collection of sera from chickens and immune protection
tests of commercial vaccines, were carried out according to protocols approved by the
Institutional Review Board of the Addis Ababa University College of Veterinary Medicine
and Agriculture and performed following approved animal care guidelines and protocols.
The animal ethics committee approval number is VM/ERC/01/13/12/2020.

3. Results
3.1. Antibody measurement

Maternal antibody titers from the serum samples of chicks showed a wide variation.
It ranges from 5040 to 11300 and the average MDA of 1-day-old chickens was 6570 +
2368.48. Antibody titers against IBDV in broilers vaccinated with brand 1 and brand 2
vaccines showed significant differences between (p < 0.05) group 1 and group 2 on the 24t
day of age. There is no antibody detected at this age in the control group. IBDV antibodies
in broilers vaccinated with brand 1 and brand 2 vaccines were significantly different (p <
0.05) at 42~ days of age. The coefficient of variation (CV) of group one vaccinated with
brand 1 vaccine and group two vaccinated with brand 2 vaccine was 14.39% and 27.57%
respectively at 42nd days of age. This CV result of both groups indicates an excellent re-
sponse to vaccination (CV<30%). As the CV of group-1 was less than the CV of group-2,
broilers vaccinated with brand 1 vaccine express more excellent response to vaccination
(Table 1).

Table 1: Antibodies against IBDV at 24 and 42 days old (Mean + standard deviation)

Groups Brands of vaccine Antibody titration at different days
Day 24 Day 42
(Mean + SD) (Mean + SD)
G-1 Brand 1 2475 +148.49 2026 +291.51
G-2 Brand 2 1250 + 353.55 1520 £ 419.11
G-3 (control) Non-vaccinated

G-1, experimental group vaccinated with vaccine brand 1; G-2, experimental group vaccinated with vaccine brand 2;

SD, standard deviation

3.2. Differential leukocyte count
An experimental trial for comparing the immunogenicity of vaccines in broilers was
conducted to evaluate the hematological changes. Differential leukocyte count (DLC) was
recorded from six broilers of day-old age and in all experimental groups on 24t days of
age from ten representative broilers for each group and a comparison of these values
among different groups using linear regression was summarized (Table 2).
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The mean total differential leukocyte count of heterophils, eosinophils, basophils,
monocytes and lymphocytes were recorded and analyzed at 24 days of age in all experi-
mental groups. The statistical analysis of lymphocytes showed a highly significant (p <
0.01) increase in G-1 and G-2 in comparison to the control group (table 4). The mean per-
centage of basophil, eosinophil and monocyte in G-1, G-2 and G-3 revealed a significant
increase (p < 0.05), but heterophil values revealed a significant decrease (p < 0.05) in G-1,
G-2 and G-3 on 24 days of age (table 2).

Table 2: The linear regression analysis of DLC values in different groups with different days of age

Group Age Heterophils Eosinophils Basophils Monocytes Lymphocytes
(day) (%)Mean+SD (%)Mean+SD (%)Mean+SD (%)Mean+SD (%)Mean +SD
Baseline 01 41.5+1.87 2.67 +0.81 1.0 £0.00 3.67 +0.81 51.17 £2.48
G-1* 24 15.9 +1.66 4.9+0.99 1.3+0.48 7.4+1.35 70.5+2.22
G-2** 24 19.1+2.47 7.2+1.99 12+0.63 8.3+241 64.2 +£3.39
Control*** 24 28.5+2.07 9.9+1.37 1.2+0.63 6.5+1.58 53.9+1.97

G-1* experimental group vaccinated with vaccine brand 1; G-2** experimental group vaccinated with vaccine brand 2;

Control*** unvaccinated group; SD standard deviation

A highly significant increase in the mean lymphocyte count was observed with
vaccinated groups in comparison with the control group. This indicates the response of
the immune system of broilers to a vaccine.

4. Discussion

The timing of broiler vaccination depends on the level of maternal antibody (MDA)
present in the chicks [4]. The efficacy of the IBD vaccination program was related to the
level of MDA in the chickens. The MDA of chickens can hinder the virus in vaccines in-
fected to the target cells and also reduce the ability of viruses in vaccines to stimulate the
chicken’s immune system [17, 18]. Vaccination against IBD in the presence of MDA is not
recommended as high levels of MDA at the time of vaccination will neutralize the vaccine
virus [4, 17, 19]. This may be the case with some vaccination failures.

In our current study, the baseline antibody titer which was identified from serum
sampled from day-old chickens before vaccination was found to be protective. This is be-
cause the antibody that comes from the mother is protective until the 18t day [17]. The
MDA is of benefit to IBDV infection in chickens at the age of 1-4 weeks [20]. Kreider et al.,
1991 divided the ELISA titer of the MDA of chickens into 3 levels: the low level (<3,000),
intermediate level (3,000-5,000), and high level (>6,000) [21]. In our experiment, the aver-
age MDA of day-old chickens was 6570 + 2368.48 which was categorized in the high level
of MDA.

The decay pattern of IBDV- specific MDA proved to be more complex, as it
depends largely on initial antibody levels, which may vary within a chicken, making
it difficult to predict the optimal time for vaccination [22]. The study revealed that
73.6% maternal antibody transfer rate [23]. Researchers confirmed that the level of
MDA of chicks was below the level of protection between 15-20 days [24] and 15 days
[25] and 4-7 days [26] after hatching. However, the use of different types of vaccine
and vaccination schedules affects the protection of MDA [24].

The lower baseline antibody titer clearly shows that the level of MDA was minimal.
The lower mean antibody titer following the primary vaccination could be due to the
younger age of chicken and the low antibody level at baseline. In younger chickens, the
immune function is not well developed [27]. After the booster vaccination was given,
chicken in both treatment groups had a significantly higher mean antibody titer.
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However, the mean antibody titer was shown to be different among the two treatment
groups and the difference observed was statistically significant. At the age of 24 and 42
days, broilers vaccinated with brand 1 vaccine at 7t and 19t days and with brand 2 vac-
cine at 15% and 227 days showed significant differences in IBDV antibody (p<0.05).

It was clearly shown that in this study antibody titer of both groups differs signifi-
cantly. It is further observed that two doses one at day 7 of their age and the other at day
19 of their age of broilers vaccinated with brand 1 vaccine induce protective antibodies
against IBDV. Although the brand 1 vaccine is also sensitive to neutralization by MDA,
this vaccine may be administered at 7 days of age to protect a chick that may not have a
sufficient level of MDA.

Antibody titration of brand 1 vaccine in which the booster dose is given after 12 days
of initial dose showed significant differences compared to brand 2 vaccine, which is
boosted after 7 days of the initial dose. This result is in line with the study that revealed
the booster dose was required after 10-20 days of the initial dose [28]. The initial dose is
required for the priming of the vaccine while the booster is required for maximum pro-
tection against the antigen. The lack of booster dose results in low antibody titers, result-
ing in vaccine failure. Furthermore, all chicks were found normal, and no mortality and
morbidity were seen for all groups.

In this study, the DLC was found to differ significantly among the treatment groups.
Leukocytes have been known to involve in defending the body of animals against various
infections. Lymphocytes and monocytes are particularly important cells in defending the
body systems against viral infections [27]. The increasing counts of lymphocytes and mon-
ocytes in response to vaccination are good evidence for improvement in the immune re-
sponse of chicken as a result of vaccination. Lymphocytes were known to play a central
role in regulating immune response, antibody production, and in effecting cell-mediated
immune response [29] while monocytes were known for their role in presenting antigens
to lymphocytes and for their final effecter function in clearing intracellular infections [30].
Therefore, the higher lymphocytes and monocytes count in chicken vaccinated with brand
1 and brand 2 vaccines are in line with the observation of higher antibody titer and higher
weights of lymphoid organs [31].

A highly significant increase in the mean lymphocyte count was observed with vac-
cinated groups in comparison with control the group. This indicates the response of the
immune system of broilers to vaccines. The higher the lymphocyte number, the more the
vaccine was immunogenic. From this result, the brand 1 vaccine was more immunogenic
than the brand 2 vaccine, as the mean lymphocyte of group 1 was greater than group 2.

Evaluation of IBDV-vaccine efficacy is difficult in commercial broilers [12]. In Ethio-
pia, although IBD outbreaks are reported from both broilers and layers farms, efficacy
testing is not a well-explored area of science, and therefore still much has to be done to
protect the chicken from a disease outbreak. The present study was the first of its kind in
Ethiopia and was conducted in experimental settings to compare the immunogenicity of
available and commonly used IBD vaccines. The majority of poultry veterinarians and
chicken producers in Bishoftu town claimed for good protection of the chicken flock from
IBD while using brand 1 (product of Ceva Sante Animale). Our findings may provide
valuable information to researchers, poultry veterinarians and producers in devising the
time of administration of the vaccines for the prevention of Gumboro disease in Ethiopia.
Hence, detailed studies on efficacy testing by challenging the chickens with virulent
strains of the virus would suggest the overall protection level of the vaccines.

5. Conclusions

The results of the present study indicated that both brands of vaccines induce an ad-
equate positive immunological response at the end of the experiment. Moreover, broilers
vaccinated with brand 1 vaccine showed a better immune response to the IBDV vaccina-
tion program than brand 2, suggesting the need for a booster dose after 10-20 days of the
initial dose. However, a detailed scientific investigation on the vaccination schedule
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should be done as the vaccination schedule was followed as per the manufacturer’s rec-
ommendations. Further detailed similar studies in layers should also be conducted.
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