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Infectious bursal disease (IBD) is an immunosuppressive and economically important disease of young chickens caused by
infectious bursal disease virus (IBDV). The National Veterinary Institute (Bishoftu, Ethiopia) produces intermediate IBDV
vaccine using primary chicken embryo fibroblast (CEF) cells, a method with technical and economical cumbersome. This study
assessed the safety, immunogenicity, and efficacy of DF-1 cell line-adapted IBDV LC–75 vaccine strain in reference to the
CEF-based vaccine. Confluent monolayer of DF-1 cells was infected with IBDV and cells with cytopathic effects were passaged
until 3rd passage. Viral growth was confirmed using a one-step RT-PCR targeting IBDV VP2 gene. Viral titer increased from
1st passage through 3rd passage. Safety was assessed in 30 specific-pathogen-free chickens (15 chickens/group) injected with 10-
fold field dose of each vaccine intraocularly and monitored for 21 days. For immunogenicity and efficacy, 60 specific-
pathogen-free chickens were grouped into 3 (20 chickens/group). First and 2nd group received DF-1 cell and CEF-based IBDV
vaccines, respectively. The 3rd group served as unvaccinated control. Antibody response was measured using iELISA. Chickens
were challenged 4 weeks postvaccination with very virulent IBDV (vvIBDV) intraocularly and followed-up for 10 days.
Vaccination did not cause any adverse reactions during the 21 days of follow-up. In addition, both vaccines induced higher
antibody titer 14 and 24 days-post-vaccination as compared to unvaccinated controls (p < 0:05). Moreover, DF-1 and CEF-
based IBDV LC–75 vaccines rendered a complete protection against vvIBDV. Contrarily, morbidity and mortality in
unvaccinated chickens was 50% and 30%, respectively. The results indicated that DF-1 and CEF cell-based IBDV vaccines are
comparably immunogenic and efficacious. Therefore, DF-1 cell-line can be considered an affordable and convenient alternative
to the CEF-based approach. The suitability of DF-1 cells to grow other IBDV strains and safety of these vaccines on bursa of
Fabricius should further be investigated.
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1. Introduction

Infectious bursal disease (IBD) a.k.a. Gumboro disease, is a
highly contagious and immunosuppressive viral infection
of young chickens with marked economic impact on poultry
production [1–4]. IBD is caused by infectious bursal disease
virus (IBDV), a highly mutant, environmentally resistant,
nonenveloped, and bisegmented (segment A and B) double
stranded RNA (dsRNA) virus belonging to the genus Avibir-
inavirus and the family Birnaviridae [5, 6]. The virus is
known to have two serotypes, serotype 1 [1] and serotype
2 [7, 8], with only serotype 1 capable of causing disease in
chickens.

Traditionally, isolates of serotype 1 are categorized into
subclinical (sc), classical virulent (cv), and very virulent
(vv) IBDV, depending on their severity [9]. However, such
classification based on antigenic types and pathotypes has
been ambiguous. For example, several subtypes have been
formed within the two major antigenic groups (classical
and variant) as a result of antigenic drift [10]. In addition,
pathotype wise, several natural reassortants of vvIBDV,
and serotype 1 non-vvIBDV [11, 12] and serotype 2 [13]
with less mortality or virulence profile than the typical
vvIBDV have been reported globally.

Consequently, IBDV has recently been classified into
seven different genogroups (G1-G7) based on sequences of
the hypervariable region of the capsid protein, VP2 (hvVP2)
[14]. IBDV primarily replicates in developing B-cells within
bursa of Fabricius (BF) resulting in massive lymphocytic
depletion [15, 16], thus, humoral immunosuppression,
which renders chickens vulnerable to opportunistic patho-
gens and impairing response to vaccination [17, 18]. It has
been reported that IBDV-infected flocks had higher mortal-
ity, bursal atrophy, poorer feed conversion ratio (FCR), and
decreased meat production [19]. Therefore, IBD is a disease
of severe economic consequence.

Due to the resistant nature of the virus, sanitary mea-
sures commonly applied on poultry farms are not sufficient
to prevent the infection [20]. For this reason, vaccination is
the key component of IBD control and prevention strategies.
Currently, conventional (live-attenuated and killed-whole
virus), IBDV immune complex, and viral vectored IBD vac-
cines are available on market. Several other platforms such
as subunit, DNA, and genetically engineered IBD live vac-
cines have been tested with various success and are reviewed
elsewhere [21]. Live attenuated IBD vaccines can be classi-
fied as mild, intermediate, intermediate plus, and hot,
depending on their degree of attenuation [22]. Mild IBD
vaccines are safe, but less efficacious in the presence of
maternally derived antibodies (MDAs) and against vvIBDV.
Intermediate, intermediate plus, hot IBD vaccines resist
interference by MDAs, thus, have better efficacy. However,
these vaccines cause a varying degree of bursal atrophy and
immunosuppression [21, 23].

IBDV is an important poultry pathogen affecting poultry
production all over Ethiopia [24–30]. Control of the disease
in the country is largely reliant on vaccination using locally
produced (National Veterinary Institute (NVI), Bishoftu,
Ethiopia) intermediate plus IBDV vaccine derived from

LC–75 strain adapted in chicken embryo fibroblast (CEF)
cell sourced from specific pathogen free (SPF) eggs [28].
However, CEF-based method of production requires SPF
eggs and preparation of primary cell cultures (with finite
in vitro life span) which is labor intensive, expensive, and
time consuming with a low viral yield making them unsuit-
able for continuous demand as in case of vaccine production
[31]. This necessitates the industry to switch into a more
affordable and convenient technique of production. Accord-
ingly, Kebede et al. [32] has reported a Vero cell-adapted
IBDV vaccine as a manageable and reproducible substitute
to the current CEF cell-based IBDV vaccine. The use of cell
types originating from target or closely related hosts (e.g.,
DF-1 cell line for avian pathogens) could be a better substi-
tute of Vero cells for propagation of IBDV as it overcomes
virus adaptation problem, thus, could facilitates better vac-
cine production at the industrial scale. In this study, we eval-
uated the safety, immunogenicity, and efficacy of DF-1 cell
line adapted IBDV LC–75 vaccine strain in SPF white leg-
horns in comparison with the locally produced CEF-based
IBDV vaccine, as an affordable, convenient, and reliable
alternative IBDV vaccine production method.

2. Materials and Methods

2.1. Cells, Vaccine Strain, and Challenge Virus Strain. The
DF-1 cells were grown in 75 cm2 tissue culture flasks with
Dulbecco’s Modified Eagle’s Medium (DMEM) (HyClone,
USA) supplemented with 10% fetal calf serum (FCS) (Gibco)
and 1% antibiotics (penicillin and streptomycin). The cells
were passaged using Dulbecco’s phosphate buffered saline
(D-PBS), 0.25% trypsin (1X), and DMEM, and incubated
at 37°C in an atmosphere of 5% CO2 [31]. The DF-1 is spon-
taneously immortalized cell line derived from East Lansing
Line 0 (ev-0) leghorn layer embryos (Avian Disease and
Oncology Laboratory, East Lansing, MI) and is free of
endogenous sequences related to the Avian Sarcoma and
Leukosis Virus (ALSV) group [33, 34]. The IBDV intermedi-
ate plus LC–75 vaccine strain (genogroup 1 (A1B1), acces-
sion number: EF429252) obtained from the vaccine quality
control department of the NVI, was adapted to DF-1 (Doug-
las Foster-1) cell line. The field isolate vvIBDV (accession
number: JF826453) was propagated using chicken fibroblast
cell originated from 11-day-old SPF embryonated eggs and
was used as a challenge strain at a titer of 105.4 50% tissue
culture infectivity dose (TCID50/ml) to assess vaccine effi-
cacy. CEF cell-derived IBDV LC–75 vaccine produced by
the NVI (batch number: NVI-Gum 01/20) was used a refer-
ence or comparator vaccine.

2.2. Adaptation of IBDV LC–75 on DF-1 Cell Line. The IBDV
vaccine strain (LC-75) was reconstituted with 3ml of
DMEM, and 100μl of the suspension was inoculated at mul-
tiplicity of infection (MOI) of 0.1 into two cell culture flasks
(75 cm2) containing confluent monolayers of DF-1 cells.
One uninoculated flask served as a negative control. Flasks
were incubated at 37°C in 5% CO2 for 7 days, and monitored
twice a day for characteristic cytopathic effects (CPEs) under
inverted microscope. Once CPEs were evident, the viral
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suspension was harvested and kept at −20°C until the next
passage (Passage 1). Next day, these cells were subjected to
3 freeze-thaw cycles, and 100μl of the viral suspension was
inoculated onto a confluent monolayer of DF-1 cells (two
75 cm2 cell culture flasks) while uninoculated flask served
as a negative control. Flasks were then incubated at 37°C in
5% CO2 for 7 days. Then, the viral suspensions were har-
vested and kept at −20°C for 24 hours (Passage 2). Same pro-
cedure was followed to produce the third passage. The CPEs
observed at day 5 postinoculation were highly prominent
and almost 80% of the cells were infected by the IBDV vac-
cine strain. An infected monolayer (1ml) from each passage
was removed from the flask and transferred to Eppendorf
tubes for further processing. The culture medium was centri-
fuged at 1800 × g for 10min at 4°C to pellet cell debris. The
clear supernatant was collected carefully, divided into ali-
quots, and stored at 4°C as viral stock for further use [31]
(RT-PCR and titration).

2.3. Titration of IBDV LC–75. For viral titration, a ten-fold
serial dilution (10-1 to 10-9) of each passage (1, 2, and 3)
was performed by mixing 0.5ml viral suspension with
4.5ml of DMEM. Then, 100μl of each viral dilution was dis-
pensed into 96 well microplate (Thermo Scientific™ Nunc)
containing 100μl of DF-1 cells per well with 9 replicates
for each dilution (columns 1-9). Column 10 was left empty,
while columns 11 and 12 were inoculated with only cells and
served as negative controls. The plate was then sealed with a
microplate sealer and incubated at 37°C in 5% CO2. The
inoculated plates were monitored under inverted micro-
scope daily for eight days beginning from 72h postinocula-
tion. The viral titer at each virus passage was determined
using the Reed and Muench method to determine TCID50
[35].

2.4. Molecular Confirmation of DF-1 Cell Line Adapted and
CEF-Based IBDV

2.4.1. RNA Extraction and Reverse Transcription Polymerase
Chain Reaction (RT-PCR). Viral RNA of the vaccine strains
propagated on both DF-1 and CEF cells was extracted using
the Qiagen RNeasy® Mini Kit (cat. nos. 74104 and 74106)
based on the supplier’s instructions. The master mix com-
prised eight reactions including a negative control, a positive
control, two extraction controls, and four samples.

A one-step RT-PCR was carried out according to manu-
facturer’s instruction by amplifying a 400 bp of the hypervar-
iable region (HVR) of the IBDV VP2 gene. Primers used
were IBD VP2 PANVAC-4, F: 5′-TCTTGGGTATGTGA
GGCTTG-3′ and IBD VP2 PANVAC-5, R: 5′-CCCGGA
TTATGTCTTTGA-3′. A master mix with a final volume
of 25μl was prepared in a 0.2ml capacity thin-well PCR
tubes with the following reagents: 4μl of RNase free water,
5μl of Q-solution (5×), 5μl of PCR buffer (5×), 2μl each
of forward and reverse primer, 1μl dNTPs (10mM), 1μl of
one-step RT-PCR enzyme, and 5μl of template RNA. The
PCR cycling parameters included one cycle of cDNA synthe-
sis for 30 minutes at 55°C, one cycle of initial denaturation
for 15 minutes at 95°C, 35 cycles of denaturation for 30 sec-

onds at 95°C, annealing for 30 seconds at 55°C, elongation
for 30 seconds at 72°C, and followed by one cycle of final
elongation at 72°C for 7 minutes. The PCR products were
visualized by 1.5% (w/v) agarose gel electrophoresis stained
with gel red.

2.5. Experimental Chickens and Study Design. A total of 90,
14-day-old SPF, white leghorns of both sexes were used.
Sixty (60) chickens randomly assigned into 3 groups (20
chickens/group) were used in the comparative immunogeni-
city and efficacy study, while 30 chickens divided into two
groups (15 chickens/group) were used in the safety assess-
ment. All the experiments were performed in accordance
with the NVI Animal Handling and Research Ethics Guide-
line. Commercial feed and water were provided ad libitum.

2.6. Comparative Evaluation of DF-Cell Line-Adapted and
CEF Cell-Based IBDV Vaccines

2.6.1. Assessment of Safety. As mentioned above, 30 chickens
randomly allocated to two groups of 15 chickens were used
to assess the safety of the DF-1 cell line-adapted and CEF-
based IBDV vaccines. Chickens in group 1 (n = 15) were
vaccinated with 0.4ml of DF-1 cell-based IBDV vaccine,
whereas group 2 chickens received 0.4ml of the CEF-based
vaccine intraocularly (0.2ml into each eye) using a 1ml
tuberculin syringe. The dose of the vaccines used was ten
times of the regular field dose. Vaccinated chickens were
then monitored for 21 days for signs of vaccination associ-
ated morbidity and mortality [36].

2.6.2. Assessment of Immunogenicity and Efficacy. Sixty
chickens were randomly allocated to 3 groups of 20
chickens, Group-I, -II, and -III. Chickens in Group-I were
vaccinated using 0.2ml of DF-1 cell-based IBDV vaccine
(at a titer of 106 TCID50/ml), while chickens in Group-II
were vaccinated with 0.2ml of CEF-based IBDV vaccine
(NVI-Gum 01/20) (at a titer of 107 TCID50/ml) according
to OIE [36]. Both vaccines were administered via eye drop
(0.1ml into each eye) and at the age of 14-day-old. Chickens
in Group-III received PBS (0.2ml, intraocularly) and served
as unvaccinated controls. Blood samples were drawn from
all chickens before vaccination, and 7, 14, and 24 days post-
vaccination (dpv) to evaluate antibody response against each
vaccine using a commercial indirect ELISA (iELISA) kit
(IDvet, Grabels, France). Absorbance was determined using
an ELISA microplate reader (Thermo Fisher Scientific Mul-
tiskan MCC) at 450nm wavelength. S/P values were calcu-
lated using the formula provided by the manufacturer as

S/P = ODS −ODNC
ODPC −ODNC , ð1Þ

where S/P is the sample to positive ratio, ODS is the optical
density of sample or test sera, ODNC is the optical density of
negative control serum, and ODPC is the optical density of
positive control serum.

S/P values of > 0:3 (titer of > 875) and ≤ 0:3 (titer of ≤
875) were interpreted as positive and negative, respectively,
as per the manufacturer’s guide.
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To assess for the vaccines’ efficacy, all chickens (vacci-
nated and nonvaccinated) were challenged at day 26 post-
vaccination, with locally isolated vvIBDV (JF826453) with
a titer of 105.6 TCID50/ml intraocularly (0.2ml/chicken,
0.1ml into each eye) based on the OIE’s guide [37]. Finally,
all chickens were monitored for 10 days for the presence of
any morbidity or mortality related to IBDV.

2.7. Ethics Statement. The chick experiment was conducted
at the experimental facility within the NVI. Therefore, ethi-
cal approval has been obtained from the research ethical
committee of the NVI with reference number: 03/08/4/1.

2.8. Statistical Analysis. Data were entered into Microsoft
Excel spreadsheet and analysed using SPSS version 20
(IBM Corp., Armonk, NY). One-way ANOVA was used to
compare mean antibody titers of each group varying in vac-
cine administered and at various intervals. Differences
between groups were considered statistically significant at p
values of less than 0.05. Tukey’s HSD test was applied to
determine statistical difference between two groups. HSD
was computed using the formula

HSD = q ∗
ffiffiffiffiffiffiffiffiffiffiffiffiffi

MSW
nk ,

r

ð2Þ

where HSD is the honestly significant difference, q is the stu-
dentized range distribution at α level of 0.05, MSW is the
mean square within group, and nk is the number of subjects
in each group. Differences between means of two groups that
are greater than the HSD value (computed for days 0, 7, 14,
and 24) were considered honestly significant difference.
Kaplan-Meier survival analysis and log-rank test were com-
puted to compare the survival of challenged chickens in vac-
cinated and unvaccinated groups.

3. Results

3.1. Adaptation of IBDV LC–75 on DF-1 Cell Line. In this
study, IBDV LC–75 vaccine strain was successfully adapted
on DF-1 cell line. CPEs were observed starting from 7 days
postinoculation (d.p.i) at the 1st passage (Figure 1(b)). CPEs
continued along the 2nd passage starting from 6 d.p.i
(Figure 1(c)). At the 3rd passage, the CPEs were evident from
5 d.p.i, and were highly prominent and characterized by
cytoplasmic granulation, cell rounding, aggregation, detach-
ment, and floating as detected under inverted microscope
(Figure 1(d)).

3.2. Titration of IBDV LC–75 Vaccine Strain Adapted on DF-
1 Cell Line. The titer of DF-1 cell line-adapted IBDV vaccine
strain from each passage, i.e., passage 1, 2, and 3, was deter-
mined based on Reed and Muench’s [35] technique. The
viral titer was shown to increase from passage 1 through pas-
sage 3, with TCID50/ml of 103, 104.7, and 106 for passage 1, 2,
and 3, respectively.

3.3. Molecular Confirmation of IBDV LC–75 Adapted on Cell
Culture. To confirm for IBDV LC–75 on infected-cell cul-
tures (DF-1 cell and CEF cells), a 400 bp of the HVR of

IBDV VP2 gene was amplified using a one-step RT-PCR.
The PCR products were visualized on agarose gel electro-
phoresis as 400 bp band specific for VP2 (Figure 2). Bands
generated from virus-infected DF-1 and CEF cell homoge-
nates were compared with that of the positive control (IBDV
vaccine seed D78 strain), thus confirming the identity of the
virus as IBDV.

3.4. Safety of DF-1 Cell and CEF Cell-Based IBDV Vaccines.
A 10 times higher than the regular dose of each of the study,
vaccine was administered to two groups of 15 chickens,
followed by a 21 days of postvaccination monitoring. As a
result, none of the experimental chickens showed abnormal-
ity and death related to vaccination.

3.5. Immunogenicity of DF-1 Cell and CEF Cell-Based IBDV
Vaccines. Geometric mean of serum antibody titer was com-
puted for chickens of both vaccinated (Group-I and Group-
II) and unvaccinated groups (Group-III), before vaccination,
and 7, 14, and 24 dpv using iELISA. The mean prevaccina-
tion S/P values for Groups-I, -II, and -III were 0.0765
(95% CI: 0.0608-0.0922), 0.0765 (95% CI: 0.0554-0.0976),
and 0.0770 (95% CI: 0.0609-0.0931), respectively. The mean
S/P values measured on 7 dpv were 0.0335 (95% CI: 0.0242-
0.0428) (Group-I), 0.0275 (95% CI: 0.0191-0.0359) (Group-
II), and 0.0325 (95% CI: 0.0218-0.0432) (Group-III). The S
/P values at day 0 and day 7 (S/P < 0:3) indicated no appar-
ent IBDV specific antibody production in all chickens. In
addition, there were no statistically significant differences
in mean antibody titers among the different groups at day
0 (p = 0:99) and 7 dpv (p = 0:61) (Figure 3). However, mean
antibody titer increased from 0.0765 (95% CI: 0.0608-
0.0922) (baseline) to 0.7510 (95% CI: 0.5499-0.9521) (14
dpv, fold change = 9:8) in Group-I, and from 0.0765 (95%
CI: 0.0554-0.0976) (baseline) to 0.7385 (95% CI: 0.5448-
0.9322) (14 dpv, fold change = 9:65) in Group-II. The mean
antibody titer of unvaccinated chickens remained at 0.0305
at 14 dpv. Slight increment in antibody titer was detected
at day 24 postvaccination as compared to the values at 14
dpv. Mean antibody titer of chickens in Group-I slightly
raised to 0.7865 (95% CI: 0.6668-0.9062) (fold change =
1:05). Similarly, mean antibody titer of chickens in Group-
II subtly increased to 0.7820 (95% CI: 0.6112-0.9528) (fold
change = 1:06). Contrarily, Group-III did not show a signif-
icant change at 24 dpv. Comparison of mean antibody titers
at 14 and 24 dpv showed a statistically significant difference
among groups (p = 0:001) (Figure 3). Statistical differences
between two groups (DF-1 cell-based IBDV vaccine vs.
unvaccinated control; CEF-based IBDV vaccine vs. unvacci-
nated control; DF-1 cell-based IBDV vaccine vs. CEF-based
IBDV vaccine) were tested using Tukey’s HSD. Chickens
that received the DF-1 cell and CEF cell-based IBDV vac-
cines had a significant difference from unvaccinated groups.
However, antibody titer did not show significant difference
among the two vaccinated groups (Table 1).

3.6. Efficacy of DF-1 Cell and CEF Cell-Based IBDV Vaccines.
Vaccine efficacy was assessed by challenging chickens of vac-
cinated and unvaccinated groups with locally isolate vvIBDV
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(JF826453) with a titer of 105.6 TCID50/ml intraocularly
followed by 10 days of postchallenge monitoring. All
chickens that received the DF-1 cell and CEF-based vaccines
were fully protected against any clinical signs or death. Con-
versely, 50% of chickens in the unvaccinated group exhibited
depression, ruffled feathers, anorexia, and whitish watery
diarrhea starting from 4 days postchallenge (dpc)

(Figures 4(a) and 4(b)). Moreover, 30% (10% at day-6 &
20% at day-8) of chickens in this group died by 8 dpc
(Figures 4(a) and 4(c)). Log-rank test between vaccinated
(Group-I or Group-II) and unvaccinated chickens showed
a statistically significant difference (χ2 = 7:87, df = 1, p =
0:005).

4. Discussion

Vaccination is a key tool to prevent IBD in the poultry
industry [21]. Currently, the NVI (Bishoftu, Ethiopia) pro-
duces intermediate plus IBDV vaccine based on the LC–75
strain grown on CEF. This method of production is other-
wise expensive, tedious, and technically inconvenient as it
requires continuous preparation of primary CEF cells from
SPF eggs, which have to be imported from abroad. Continu-
ous cell lines are robust, easy to work with, and convenient
to maintain than primary cells (Rodrigues et al. [38]).

In this study, IBDV LC–75 was propagated on DF-1 cell
line, and examined for its safety, immunogenicity, and effi-
cacy (against vvIBDV, JF826453), as an effective substitute
to the CEF-based vaccine. CPEs started to appear 7 d.p.i
and 6 d.p.i during the 1st and 2nd passage, respectively.
Prominent CPEs such as cytoplasmic granulation, cell
rounding, aggregation, detachment, and floating were
observed 5 d.p.i of passage 3. The CPEs observed on DF-1
and CEF cells in this study, were consistent with CPEs
reported when IBDV grew on Vero cells [32], and DF-1
and CEF cells [31, 39] Confirmation of virus identity in
CPE positive cultures was accomplished using one-step
RT-PCR by amplifying a 400 bp segment of the HVR of
the VP2 gene. The one-step RT-PCR offers several advan-
tages. It enables reverse transcription of IBDV RNA into
cDNA and then amplification by PCR under a single set of

(a) (b)

(c) (d)

Figure 1: Growth of IBDV LC–75 on DF-cell lines and subsequent CPEs such as cytoplasmic granulation, cell rounding, aggregation,
detachment, and floating at different passages. (a) Uninoculated DF-1 cells, (b) CPEs, passage one–day 7, (c) CPEs, passage two–day 6,
and (d) CPEs, passage three–day 5.

M E1 E2 P F 3 4 5 N 6

400 bp

Figure 2: Agarose gel electrophoresis of PCR amplified products of
IBDV LC–75 VP2 gene fragments (400 bp). M is the DNA ladder
(100 bp, Fermentas), E1 and E2 is the RNase-free water
(extraction control), P is the positive control (IBD vaccine seed
D78 strain), and F is the free wells. 400 bp gene fragment of
IBDV LC–75 adapted on DF-1 cells: passage 1 (Lane 3), passage 2
(Lane 4), and passage 3 (Lane 5); N is the negative control and
Lane 6 is the gene fragment (400 bp) of IBDV LC–75 propagated
on CEF cells.
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conditions. As it avoids the need to open the reaction tube
after initial reverse transcription, the possibility of contami-
nation and the hands-on work required is reduced. Compa-
rably, Barlič-Maganja et al. [40] have amplified 479 bp
fragment of the HVR of IBDV VP2. While others have
amplified different size amplicons, such as 645 bp [28, 41]
and 604 bp [42], which might depend on availability of
primers in our study, increasing viral titers of 103 TCID50/
ml, 104.7 TCID50/ml, and 106 TCID50/ml were recorded at
passage 1, 2, and 3, respectively, showing successful adapta-
tion of the virus on DF-1 cell line. Similar finding has been
reported in Vero cell propagated IBDV LC–75 [32]. Consis-
tently, Wang et al. [39] reported that DF-1 cells yielded
higher IBD viral titers, which might be due to a stronger
affinity of IBDV receptor on DF-1 cells than in CEF cells.
However, all IBDV strains are not capable of growing in cell
cultures [43], thus DF-1 cells could not be suitable for all
IBDV vaccine strains.

The Code of American Federal Regulation recommends
a minimum IBD vaccine titer of not less than log10

3.40

TCID50/dose for protecting chickens against the disease
[44]. In line with this, sufficient viral titers are recorded in
this study starting from the 2nd passage which can be used
as a vaccine against IBD.

The safety of DF-1 and CEF cell derived IBDV vaccines
was assessed by administering chickens a higher than the
regular dose (10×) of each vaccine intraocularly. None of
the vaccinated chickens showed local or systemic signs. In
agreement with this, several authors have reported that
intermediate IBDV vaccines are safe and induced less to
none immunosuppression of vaccinated chickens [45–47].
However, we did not analyse the gross and microscopic
appearance of BF following vaccination, which should be
considered in further studies.

After successful adaptation of IBDV LC–75 on DF-1 cells,
0.2ml (106 TCID50/ml) of the virus and 0.2ml (107 TCID50/
ml) of CEF-based IBDV vaccine was administered intraocu-
larly to comparatively test for immunogenicity 7, 14, and 24
dpv. As a result, vaccination did not induce detectable serum
antibodies 7 dpv as measured by iELISA. In addition, there
were no significant differences in mean antibody titers among
the different groups (including the unvaccinated control) at
day 0 and 7 dpv (p > 0:05) suggesting that adaptive immunity
would not be produced during the first week postvaccination.
Similarly, Kebede et al. [32] did not detect sufficient antibody
titer that could be considered positive 7 dpv using Vero cell-
adapted IBDV LC–75. Nevertheless, Rasool and Hussain
[48] and Amer et al. [49] reported an increased serum anti-
body titer starting from 7 dpv with live IBDV vaccine. Dissim-
ilarities in IBDV strain, degree of attenuation, viral doses, and
chicken immunogenetics may have contributed to the differ-
ences observed. However, 85% and 100% of vaccinated

Geometric mean antibody titer measured at various intervals
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Figure 3: Geometric mean antibody titer measured on prevaccination and postvaccination sera. Group-I chickens (n = 20) were vaccinated
with DF-1 cell-adapted IBDV vaccine, Group-II chickens (n = 20) were vaccinated with CEF cell-based IBDV vaccine, while Group-III
served as unvaccinated control. Serum was collected at various intervals: prevaccination, and 7, 14, and 24 days-postvaccination, and was
analysed using iELISA. OD values were measured at 450 nm. One-way ANOVA p values are indicated to show comparison between the
3 groups. S/P is the sample to positive ratio.

Table 1: Tukey’s HSD between each study group.

Blood draw
Day 0 Day 7 Day 14 Day 24

HSD 0.024 0.024 0.262 0.195

Mean S/P (GI - GIII) -0.0005 0.001 0.7205∗ 0.7855∗

Mean S/P (GII - GIII) -0.0005 -0.005 0.708∗ 0.781∗

Mean S/P (GI - GII) 0 0.006 0.0125 0.0045

HSD: honestly significant difference; GI: Group-I, GII: Group-II, and GIII:
Group-III unvaccinated control. ∗: values greater than HSD values
indicating honestly significant difference between two groups. Note: HSD
was calculated using the formula provided in the data analysis section.
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chickens in both groups seroconverted 14 and 24 dpv with suf-
ficient antibody titer (S/P > 0:3), respectively. This agrees with
the typical duration of time required for an adaptive immunity
to develop following or infection or vaccination [50]. Differ-
ences between mean antibody titers between vaccinated and
unvaccinated chickens were significant 14 and 24 dpv
(p < 0:05), while titers were indifferent among vaccinated
groups in all measurements (p > 0:05) suggesting similar
immunogenicity of both vaccines. Moreover, titers signifi-
cantly varied between 14 and 24 dpv in both vaccinated
groups. The clinical significance of such increments can be
area of further investigation. As mentioned above, chickens
in this study were immunized via the ocular route which
resulted in significant serum antibody titer. This aligns with
the well-established feature of mucosal vaccines that are
known to be good inducers of systemic immunity [51]. The
Harderian gland, located behind the eyes of chickens, is the
main immune organ suited to mount an effective immune
response against ocular vaccination or infection [52].

The protective efficacy of the vaccines in this study was
assessed in infection-challenge experiments against vvIBDV
(JF826453). Vaccination with both DF-1 and CEF-based
IBDV vaccines rendered a complete protection against intra-
ocular challenge with 105.6 TCID50/ml vvIBDV 4 weeks post-
vaccination (JF826453). Again, indicating comparability of the
two vaccines in terms efficacy. Likewise, Vero cell-adapted
IBDV LC–75 vaccine was able to provide complete protection
against vvIBDV [32], corroborating the effectiveness of IBDV
LC–75 based vaccines. Contrarily, 50% of unvaccinated
chickens in our study suffered signs of depression, ruffled
feathers, anorexia, and whitish watery diarrhea in response
to ocular challenge 4 dpc. The clinical signs observed were
consistent with symptoms of IBD in chickens described else-
where [53]. Additionally, 30% of chickens in this group died
as result of challenge (10% at day 6 and 20% at day 8). Concor-
dantly, Kebede et al. [32] reported 60% of morbidity and 25%
of mortality in unvaccinated chickens challenged with
vvIBDV. The slight variation in the figures could be due to
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Proportion of chickens showing clinical signs
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Kaplan-Meier survival estimates
1.00

0.75

0.50

0.25

0.00

4
Analysis time

Studygroup = G1
Studygroup = G2
Studygroup = G3

0 2 6 8 10

(c)

Figure 4: Efficacy of IBDV vaccines against vvIBDV (JF826453). Vaccinated and unvaccinated groups of chicken were challenged with
locally isolated vvIBDV (JF826453) with a titer of 105.6 TCID50/ml through ocular route. Morbid and dead experimental chickens (a)
during the 10 days of follow-up, 50% of the unvaccinated chickens were sick (b) while 30% died (10% at day 6 and 20% at day 8). On
the other hand, vaccinated chickens (DF-1 and CEF cell-based vaccines) were completely protected ( p = 0:005). (c) G1: DF-1 cell-based
vaccine, G2: CEF cell-based vaccines, and G3: unvaccinated controls.
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differences in the strain and dose of the virus, and the breed of
chickens used in the experiments.

5. Conclusion

In conclusion, the results of this study demonstrated that the
DF-1 cell-based preparation of IBDV LC–75 vaccine is com-
parably immunogenic and efficacious to the CEF-based vac-
cine. Therefore, DF-1 cell-based IBDV vaccine production is
an affordable and convenient method that can replace the
complicated primary CEF cell-based approach currently
employed at the NVI (Bishoftu, Ethiopia). However, the
suitability of DF-1 cell line to support the growth of other
IBDV strains and the effect of this vaccine on BF should fur-
ther be investigated.

Data Availability

The data that support the findings of this study are available
from the corresponding author upon request.

Conflicts of Interest

The authors declare that they have no competing interests
for this work.

Authors’ Contributions

DW, MB, DO, BG, TA, EG, HM, TF, MB, BD, GD, KA, and
SMI have all substantially contributed in the conception and
design of the study, acquisition, analysis, and interpretation
of data. All authors revised and approved the manuscript
before submission.

Acknowledgments

Daniel Workineh was a former MSc student at Pan-African
University for Life and Earth Sciences Institute, Ibadan,
Nigeria. We thank the National Veterinary Institute (NVI)
for funding the study and staffs at Live Bacterial Vaccine
Production and Research and Diagnosis Laboratories
(NVI) for their technical support during the research work.

References

[1] A. S. Cosgrove, “An apparently new disease of chickens: avian
nephrosis,” Avian Diseases, vol. 6, no. 3, pp. 385–389, 1962.

[2] M. Farooq, F. R. Durrani, N. Imran, Z. Durrani, and N. Chand,
“Prevalence and economic losses due to infectious bursal dis-
ease in broilers in Mirpur and Kotli districts of Kashmir,”
International Journal of Poultry Science, vol. 2, pp. 267–270,
2003.

[3] S. Kurukulsuriya, K. A. Ahmed, D. Ojkic et al., “Circulating
strains of variant infectious bursal disease virus may pose a
challenge for antibiotic-free chicken farming in Canada,”
Research in Veterinary Science, vol. 108, pp. 54–59, 2016.

[4] Y. M. Saif, “Immunosuppression induced by infectious bursal
disease virus,” Veterinary Immunology and Immunopathology,
vol. 30, no. 1, pp. 45–50, 1991.

[5] P. Dobos, B. J. Hill, R. Hallett, D. T. Kells, H. Becht, and
D. Teninges, “Biophysical and biochemical characterization

of five animal viruses with bisegmented double-stranded
RNA genomes,” Journal of Virology, vol. 32, no. 2, pp. 593–
605, 1979.

[6] D. J. Jackwood, B. Sreedevi, L. J. LeFever, and S. E. Sommer-
Wagner, “Studies on naturally occurring infectious bursal dis-
ease viruses suggest that a single amino acid substitution at
position 253 in VP2 increases pathogenicity,” Virology,
vol. 377, no. 1, pp. 110–116, 2008.

[7] D. J. Jackwood, Y. M. Saif, and J. H. Hughes, “Characteristics
and serologic studies of two serotypes of infectious bursal dis-
ease virus in turkeys,” Avian Diseases, vol. 26, no. 4, pp. 871–
882, 1982.

[8] J. B. McFerran, M. S. McNulty, E. R. McKillop et al., “Isolation
and serological studies with infectious bursal disease viruses
from fowl, turkeys and ducks: demonstration of a second sero-
type,” Avian Pathology, vol. 9, no. 3, pp. 395–404, 1980.

[9] T. P. Van den Berg, D. Morales, N. Eterradossi et al., “Assess-
ment of genetic, antigenic and pathotypic criteria for the char-
acterization of IBDV strains,” Avian Pathology, vol. 33, no. 5,
pp. 470–476, 2004.

[10] D. J. Jackwood, K. A. Schat, L. O. Michel, and S. de Wit, “A
proposed nomenclature for infectious bursal disease virus iso-
lates,” Avian Pathology, vol. 47, no. 6, pp. 576–584, 2018.

[11] C. Le Nouen, G. Rivallan, D. Toquin et al., “Very virulent
infectious bursal disease virus: reduced pathogenicity in a rare
natural segment-B-reassorted isolate,” Journal of General
Virology, vol. 87, no. 1, pp. 209–216, 2006.

[12] Y. Wei, X. Yu, J. Zheng et al., “Reassortant infectious bursal
disease virus isolated in China,” Virus Research, vol. 131,
no. 2, pp. 279–282, 2008.

[13] D. J. Jackwood, S. E. Sommer-Wagner, B. M. Crossley, S. T.
Stoute, P. R. Woolcock, and B. R. Charlton, “Identification
and pathogenicity of a natural reassortant between a very vir-
ulent serotype 1 infectious bursal disease virus (IBDV) and a
serotype 2 IBDV,” Virology, vol. 420, no. 2, pp. 98–105, 2011.

[14] L. O. Michel and D. J. Jackwood, “Classification of infectious
bursal disease virus into genogroups,” Archives of Virology,
vol. 162, no. 12, pp. 3661–3670, 2017.

[15] K. Hirai, T. Funakoshi, T. Nakai, and S. Shimakura, “Sequen-
tial changes in the number of surface immunoglobulin-
bearing B lymphocytes in infectious bursal disease virus-
infected chickens,” Avian Diseases, vol. 25, no. 2, pp. 484–
496, 1981.

[16] J. M. Sharma, I. J. Kim, S. Rautenschlein, and H. Y. Yeh, “Infec-
tious bursal disease virus of chickens: pathogenesis and immu-
nosuppression,” Developmental & Comparative Immunology,
vol. 24, no. 2-3, pp. 223–235, 2000.

[17] W. H. Allan, J. T. Faragher, and G. A. Cullen, “Immunosup-
pression by the infectious bursal agent in chickens immunised
against Newcastle disease,” The Veterinary Record, vol. 90,
no. 18, pp. 511-512, 1972.

[18] J. K. Rosenberger and J. Gelb Jr., “Response to several avian
respiratory viruses as affected by infectious bursal disease
virus,” Avian Diseases, vol. 22, no. 1, pp. 95–105, 1978.

[19] T. Zachar, S. Popowich, B. Goodhope et al., “A 5-year study of
the incidence and economic impact of variant infectious bursal
disease viruses on broiler production in Saskatchewan, Can-
ada,” Canadian Journal of Veterinary Research, vol. 80, no. 4,
pp. 255–261, 2016.

[20] J. Guan, M. Chan, B. W. Brooks, and J. L. Spencer, “Infectious
bursal disease virus as a surrogate for studies on survival of

8 Journal of Immunology Research



various poultry viruses in compost,” Avian Diseases, vol. 54,
no. 2, pp. 919–922, 2010.

[21] H. Müller, E. Mundt, N. Eterradossi, andM. R. Islam, “Current
status of vaccines against infectious bursal disease,” Avian
Pathology, vol. 41, no. 2, pp. 133–139, 2012.

[22] M. E. Sedeik, N. A. El-Shall, A. M. Awad, M. E. Abd El-Hack,
A. N. Alowaimer, and A. A. Swelum, “Comparative evaluation
of HVT-IBD vector, immune complex, and live IBD vaccines
against vvIBDV in commercial broiler chickens with high mater-
nally derived antibodies,” Animals, vol. 9, no. 3, p. 72, 2019.

[23] N. Arafat, A. H. Eladl, H. Mahgoub, and R. A. El-Shafei, “Effect
of infectious bursal disease (IBD) vaccine on Salmonella enter-
itidis infected chickens,” Vaccine, vol. 35, no. 29, pp. 3682–
3689, 2017.

[24] D. Abdeta, Y. Tamiru, M. Amante et al., “Seroprevalence and
associated risk factors of infectious bursal disease in chickens
managed under intensive and backyard production systems
in western Oromia, Ethiopia,” Veterinary Medicine: Research
and Reports, vol. 13, p. 39, 2022.

[25] M. Amajo, A. Tesfaye, T. Sori, and H. Negussie, “Seroepidemiol-
ogy of infectious bursal disease in poultry reared under backyard
production system in Wolaita zone, southern Ethiopia,” Veteri-
nary Medicine: Research and Reports, vol. 13, no. 1, 2022.

[26] F. D. Bari, “Genogrouping of infectious bursal disease viruses
circulating in Ethiopian chickens: proposal for assigning very
virulent strains in the country into new sub genogroup 3d,”
Veterinary Medicine: Research and Reports, vol. 12, p. 43, 2021.

[27] H. Mazengia, S. T. Bekele, and T. Negash, “Incidence of infec-
tious bursal disease in village chickens in two districts of
Amhara region, Northwest Ethiopia,” Livestock Research for
Rural Development, vol. 21, no. 12, p. 214, 2009.

[28] A. Mekuriaw, M. Bitew, E. Gelaye, B. Mamo, and G. Ayelet,
“Infectious bursal disease: outbreak investigation, molecular
characterization, and vaccine immunogenicity trial in Ethio-
pia,” Tropical Animal Health and Production, vol. 49, no. 6,
pp. 1295–1302, 2017.

[29] T. Negash, E. Gelaye, H. Petersen, B. Grummer, and
S. Rautenschlein, “Molecular evidence of very virulent infec-
tious bursal disease viruses in chickens in Ethiopia,” Avian
Diseases, vol. 56, no. 3, pp. 605–610, 2012.

[30] A. Zeleke, E. Gelaye, T. Sori, G. Ayelet, A. Sirak, and
B. Zekarias, “Investigation on infectious bursal disease out-
break in Debre Zeit, Ethiopia,” International Journal of Poultry
Science, vol. 4, no. 7, pp. 504–506, 2005.

[31] K. Rekha, C. Sivasubramanian, I. M. Chung, and
M. Thiruvengadam, “Growth and replication of infectious
bursal disease virus in the DF-1 cell line and chicken embryo
fibroblasts,” BioMed Research International, vol. 2014, Article
ID 494835, 6 pages, 2014.

[32] W. Kebede, M. Bitew, F. D. Bari et al., “Immunogenicity and
efficacy evaluation of Vero cell-adapted infectious bursal dis-
ease virus LC-75 vaccine strain,” Veterinary Medicine:
Research and Reports, vol. 12, p. 261, 2021.

[33] M. Himly, D. N. Foster, I. Bottoli, J. S. Iacovoni, and P. K. Vogt,
“The DF-1 chicken fibroblast cell line: transformation induced
by diverse oncogenes and cell death resulting from infection by
avian leukosis viruses,” Virology, vol. 248, no. 2, pp. 295–304,
1998.

[34] H. Kim, S. You, I. J. Kim et al., “Alterations in p53 and E2F-1
function common to immortalized chicken embryo fibro-
blasts,” Oncogene, vol. 20, no. 21, pp. 2671–2682, 2001.

[35] L. J. Reed and H. Muench, “A simple method of estimating
fifty per cent endpoints12,” American Journal of Epidemiology,
vol. 27, no. 3, pp. 493–497, 1938.

[36] OIE Terrestrial Manual, Chapter 3.3.12. Infectious bursal dis-
ease (Gumboro disease), pp. 931–951, 2018, https://www
.woah.org/fileadmin/Home/eng/Health_standards/tahm/3.03
.12_IBD.pdf.

[37] OIE, Chapter 2.3.12. Infectious bursal disease. Manual of Diag-
nostic Tests and Vaccines for Terrestrial Animals, Office Inter-
national des Epizooties (OIE), Paris, Seventh edition, 2012.

[38] A. F. Rodrigues, H. R. Soares, M. R. Guerreiro, P. M. Alves, and
A. S. Coroadinha, “Viral vaccines and their manufacturing cell
substrates: new trends and designs in modern vaccinology,”
Biotechnology Journal, vol. 10, no. 9, pp. 1329–1344, 2015.

[39] Y. Wang, X. Qi, H. Gao et al., “Comparative study of the rep-
lication of infectious bursal disease virus in DF-1 cell line and
chicken embryo fibroblasts evaluated by a new real-time RT-
PCR,” Journal of Virological Methods, vol. 157, no. 2,
pp. 205–210, 2009.

[40] D. Barlič-Maganja, O. Zorman-Rojs, and J. Grom, “Detection
of infectious bursal disease virus in different lymphoid organs
by single-step reverse transcription polymerase chain reaction
and microplate hybridization assay,” Journal of Veterinary
Diagnostic Investigation, vol. 14, no. 3, pp. 243–246, 2002.

[41] D. Shegu, T. Sori, A. Tesfaye et al., “Sequence-based compari-
son of field and vaccine strains of infectious bursal disease
virus in Ethiopia reveals an amino acid mismatch in the
immunodominant VP2 protein,” Archives of Virology,
vol. 165, no. 6, pp. 1367–1375, 2020.

[42] S. Jenberie, S. E. Lynch, F. Kebede et al., “Genetic characterisa-
tion of infectious bursal disease virus isolates in Ethiopia,”
Acta Tropica, vol. 130, pp. 39–43, 2014.

[43] I. C. Simoni, M. J. B. Fernandes, R. M. Custódio, A. M. B. N.
Madeira, and C. W. Arns, “Susceptibility of cell lines to avian
viruses,” Revista de Microbiologia, vol. 30, no. 4, pp. 373–376,
1999.

[44] Animal and Plant Health Inspection Service, Department of
Agriculture, Animals and Animal Products, 9 C.F.R.
§113.331, pp. 783–785, 2012, https://www.govinfo.gov/
content/pkg/CFR-2012-title9-vol1/pdf/CFR-2012-title9-vol1-
chapI.pdf.

[45] E. Camilotti, L. B. D. Moraes, T. Q. Furian, K. A. Borges, H. L.
D. S. Moraes, and C. T. P. Salle, “Infectious bursal disease:
pathogenicity and immunogenicity of vaccines,” Brazilian
Journal of Poultry Science, vol. 18, no. 2, pp. 303–308, 2016.

[46] H. J. Geerligs, E. Ons, G. J. Boelm, and D. Vancraeynest, “Effi-
cacy, safety, and interactions of a live infectious bursal disease
virus vaccine for chickens based on strain IBD V877,” Avian
Diseases, vol. 59, no. 1, pp. 114–121, 2015.

[47] G. Savić, S. Ćurčić, and V. Savić, “Safety evaluation of Gumbo-
kal IM forte SPF live intermediate vaccine against infectious
bursal disease,” Praxis Veterinaria, vol. 52, no. 1-2, pp. 135–
140, 2004.

[48] M. H. Rasool and I. Hussain, “Preparation and evaluation of
Vero-cell infectious bursal disease vaccine in Pakistan,” Vac-
cine, vol. 24, no. 15, pp. 2810–2814, 2006.

[49] M. M. Amer, K. M. El-Bayomi, W. A. Abdel-Ghany, M. A.
Kotkat, S. Abdel-Gaied, and M. A. Shakal, “The efficacy of live
infectious bursal disease vaccines in commercial 10 days old
chicks,” Journal of Veterinary Medical Research, vol. 18,
no. 1, pp. 23–33, 2008.

9Journal of Immunology Research

https://www.woah.org/fileadmin/Home/eng/Health_standards/tahm/3.03.12_IBD.pdf
https://www.woah.org/fileadmin/Home/eng/Health_standards/tahm/3.03.12_IBD.pdf
https://www.woah.org/fileadmin/Home/eng/Health_standards/tahm/3.03.12_IBD.pdf
https://www.govinfo.gov/content/pkg/CFR-2012-title9-vol1/pdf/CFR-2012-title9-vol1-chapI.pdf
https://www.govinfo.gov/content/pkg/CFR-2012-title9-vol1/pdf/CFR-2012-title9-vol1-chapI.pdf
https://www.govinfo.gov/content/pkg/CFR-2012-title9-vol1/pdf/CFR-2012-title9-vol1-chapI.pdf


[50] M. Moser and O. Leo, “Key concepts in immunology,” Vac-
cine, vol. 28, pp. C2–C13, 2010.

[51] S. Chimeno Zoth, E. Gómez, E. Carrillo, and A. Berinstein,
“Locally produced mucosal IgG in chickens immunized with
conventional vaccines for Newcastle disease virus,” Brazilian
Journal of Medical and Biological Research, vol. 41, pp. 318–
323, 2008.

[52] F. W. van Ginkel, C. T. De-chu, S. L. Gulley, and H. Toro,
“Induction of mucosal immunity in the avian Harderian gland
with a replication-deficient Ad5 vector expressing avian influ-
enza H5 hemagglutinin,” Developmental & Comparative
Immunology, vol. 33, no. 1, pp. 28–34, 2009.

[53] S. Dey, D. C. Pathak, N. Ramamurthy, H. K. Maity, and M. M.
Chellappa, “Infectious bursal disease virus in chickens: preva-
lence, impact, and management strategies,” Veterinary Medi-
cine: Research and Reports, vol. 10, p. 85, 2019.

10 Journal of Immunology Research


	Comparative Safety, Immunogenicity, and Efficacy of CEF Cell-Based and DF-1 Cell Line Adapted Infectious Bursal Disease Vaccines in Specific-Pathogen-Free Chickens
	1. Introduction
	2. Materials and Methods
	2.1. Cells, Vaccine Strain, and Challenge Virus Strain
	2.2. Adaptation of IBDV LC–75 on DF-1 Cell Line
	2.3. Titration of IBDV LC–75
	2.4. Molecular Confirmation of DF-1 Cell Line Adapted and CEF-Based IBDV
	2.4.1. RNA Extraction and Reverse Transcription Polymerase Chain Reaction (RT-PCR)

	2.5. Experimental Chickens and Study Design
	2.6. Comparative Evaluation of DF-Cell Line-Adapted and CEF Cell-Based IBDV Vaccines
	2.6.1. Assessment of Safety
	2.6.2. Assessment of Immunogenicity and Efficacy

	2.7. Ethics Statement
	2.8. Statistical Analysis

	3. Results
	3.1. Adaptation of IBDV LC–75 on DF-1 Cell Line
	3.2. Titration of IBDV LC–75 Vaccine Strain Adapted on DF-1 Cell Line
	3.3. Molecular Confirmation of IBDV LC–75 Adapted on Cell Culture
	3.4. Safety of DF-1 Cell and CEF Cell-Based IBDV Vaccines
	3.5. Immunogenicity of DF-1 Cell and CEF Cell-Based IBDV Vaccines
	3.6. Efficacy of DF-1 Cell and CEF Cell-Based IBDV Vaccines

	4. Discussion
	5. Conclusion
	Data Availability
	Conflicts of Interest
	Authors’ Contributions
	Acknowledgments



