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ABSTRACT

Fowl Pox (FP) is a globally important avian disease with no standardized treatment, thus vaccination
remains the most effective strategy for the prevention and control of the disease. Fowl Pox vaccines
in most countries are propagated on chorioallantoic membrane (CAM), but the use of cell cultures
which is more economical, productive and immunogenic has found widespread application in modern
veterinary vaccinology, but not in Nigeria. Thus, the need for Nigeria to align with the global best
practices in the search of FP virus vaccines that is highly infectious and immunogenic. This study
evaluated and compared the immunogenicity of various cell culture adapted vaccines.

Fowl pox virus (vaccine seed) was propagated in Vero cells, chicken embryo fibroblast (CEF), duck
embryo fibroblast (DEF) and quail embryo fibroblast (QEF) and harvested after attaining 80-90%
cytopathic effect, and subjected to sterility tests using Tryptose Soya broth and Thioglycolate
medium. The Tissue Culture Infective Dose (TCIDso/mL) were calculated using Spearman-Karber
formula. Pre -and- post vaccination antibody levels were analysed using Agar Gel Immunodiffusion
test and Enzyme Linked Immunosorbent Assay respectively. The study demonstrated that FP
vaccines produced in various suspension cell culture were sterile and immunogenic, with titres as
follows: CEF = 10°3 TCIDso/mL, QEF = 10%¢ TCIDso/mL, DEF = 107-¢ TCIDso/mL, and Vero = 1073
TCIDso/mL. Birds developed “takes” within 7 days post-vaccination (PV) and high level of serum
antibodies was also induced PV. Further studies is required to determine the longevity of the induced
antibodies and when booster doses should administered.
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Fowl pox is a widespread poultry disease caused
by a DNA virus from the Avipoxvirus genus in the
Poxviridae family subfamily Chordopoxvirinae
(Umar et al., 2021; Minhas et al., 2024; Verma and
Gangwar, 2024). It is a slow spreading disease that
causes proliferative lesions and scabs on the skin,
as well diphtheritic lesions in the upper digestive
and respiratory tracts (Jones, 2021; Delhon 2022;
Souci and Denesvre, 2024). The fowl pox virus
causes avian pox, an infectious disease that affects
both domestic and wild birds (Verma and
Gangwar, 2024). Although fowl pox primarily
affects chickens and turkeys, it has also been
documented in ducks, geese, pheasants, quail,
canaries, pigeons, and hawks (Bwala ef al., 2015;
Zwart and Samour, 2021; Williams et al., 2023).

The stage and severity of the disease determines
the size and quantity of growths or lesions (Abd El
Hafez et al.,, 2021). Even within the Avipoxvirus
genus, birds infected with the same strain tend to
differ in terms of pathogenicity and clinical
presentation (Williams et al., 2021). Fowl pox
incidences vary depending on climatic
circumstances, management, hygiene, and the
practice of regular immunization. Fowl pox can
appear as both cutaneous and diphtheritic forms
(Sofiane et al., 2024; Verma and Gangwar, 2024).
In comparison to the cutaneous form, the mortality
rate in the diphtheritic form is greater and
occasionally approach 50%, especially in young
birds. Nonetheless, cutaneous mortality can be
significant, particularly if lesions form around the
eyes and impairs the bird’s ability to eat (Tripathy
and Reed, 2020; Ibrahim et al., 2022; Pandiyan et
al., 2022).

Fowl pox is an economically significant disease;
but only causes a temporary decrease in egg
production in laying birds and a slower growth rate
in young birds (Grozeva, 2020; Minhas et al.,
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2024). The diagnosis of fowl pox is straight
forward and can be based on clinical signs and
lesions; histology,
isolation is used for confirmation (Molika, 2023;
Minhas et al., 2024). Although skin wounds are the
primary method of transmission for the virus,
biting insects like mites and mosquitoes are also
common carriers (Minhas et al., 2024; Nemeth,
2024). Free birds can become clinically or sub-
clinically sick and develop antibodies to the fowl
pox virus as a result of frequent exposure to the
virus through aerosols produced by diseased birds
or consumption of contaminated food or water
(Morishita and Porter, 2021).

immunology, while virus

There are no definitive therapies for fowl pox, thus
control and prevention measures which include
excellent hygiene and early vaccination remain the
effective method of preventing and controlling
fowl pox in domestic birds (Khalili et al., 2020;
Umar et al., 2021; Muhumuza et al., 2022; Minhas
et al., 2024). A wide number of fowl pox vaccines
have been tested in birds of diverse ages, with
varying success rates and levels of protection
(Guzman and Hidalgo, 2020; Khalili et al., 2020;
Ravikumar et al, 2022). Most commercially
available live fowl pox vaccines are produced by
inoculating the virus in either the chorioallantoic
membrane (CAM) of 9-to-12-day-old developing
chicken embryos or avian cell cultures (Khalili et
al., 2020; Yusifova, 2021; Umar et al., 2021).
However, in modern veterinary vaccinology, fowl
pox vaccine production based on cell cultures has
found widespread use and application (Yusifova,
2021; WOAH, 2023). Thus, fowl pox virus has
been propagated in a variety of cell lines, including
primary chicken embryo fibroblast (CEF), chicken
embryo kidney cells, chicken embryo dermis cells,
and the permanent quail cell line QT-35 (Khalili et
al., 2020). The use of cell culture-adapted vaccines



Nigerian Veterinary Journal 46(1). 2025

for fowl pox has been reported to be more
economical and productive compared to CAM-
adapted vaccines whose production is more
laborious and time-consuming; thus, many
manufacturers have begun to produce vaccines
based on cell systems (Yusifova, 2021). This
however, has not been the practice in Nigeria. In
addition, fowl pox vaccines produced in embryonic
chickens also has the disadvantage of low level of
infectious activity in chickens. In view of the above
shortcomings of CAM vaccines, the search for
fowl pox virus vaccine adapted to a cell culture
with high infectious and immunogenic properties
becomes critical (Yusifova, 2021). The need
therefore to align with the best global practice in
vaccine production and develop more potent
vaccines in enough quantity to meet the demand of
the Nigerian poultry industry became necessary.
This study therefore evaluated the safety and
immunogenicity of various locally produced cell
culture-adapted fowl pox vaccines

MATERIALS AND METHODS
Ethical Approval for the Experiment

The permission for this study to use live, sentient
non-human vertebrate, including eggs was
procured from the National Veterinary Research
Institute, Vom Animal Use and Care Committee
via approval: (NVRI/AEC/02/164/24)

Master Seed Virus - Preparation of Virus

A commercial vaccine was procured from a
reputable vendor in Jos, Plateau State, in Nigeria
to serve as a master seed. It was a live-attenuated
fowl pox vaccine propagated on chorioallantoic
membrane (CAM) from specific pathogen free
(SPF) eggs. Each vial of 1000 doses of
“lyophilized” live vaccine was reconstituted in 2
mL of sterile Hanks Minimal Essential Media
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(HMEM), giving a titre of 10° EIDso/dose. The
resulting mixture was used as the working seed
for virus propagation.

Embryonated Eggs

The embryonated chicken eggs, duck eggs and
quail eggs, of specific antibody negative (SAN)
hosts were obtained from the NVRI poultry farm,
Vom, Jos, Nigeria. Eggs were obtained at
between 9 - 12 days incubation at 37°C with 40-
60% humidity. The eggs were used for the
preparation of the various primary cell lines
including CEF, DEF and QEEF cell.

Vero Cells

The Vero (African Green Monkey) (Wurtz et al.,
2021) cell line used were certified and obtained
from The European Collection of Animal Cell
Cultures (ECACC) through African Union Pan
African Veterinary Vaccine Centre (AU-PAN
VAC). The Vero cell line was also used for the
propagation of the fowl pox virus.

Propagation of Virus

The vaccine virus was propagated in Vero cells,
CEF, DEF, and QEF of eggs obtained from the
National Veterinary Research Institute (NVRI),
Vom poultry farm. The primary fibroblast cells
were prepared from 9-12-day-old chicken
embryo, quail embryo, and duck embryo (Khalili
et al., 2020). The Vero cells, CEF, DEF and QEF
cell culture were used for the propagation of the
antigen (fowl pox virus) produced from the
working seed (wet and lyophilized), and the
working seeds were inoculated both in
suspension and on monolayer.

Primary Cell line Preparations (CEF, DEF
and QEF)
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Primary cells (CEF, DEF and QEF) were
prepared from 10 days old embryo of SAN flocks
(Khalili et al., 2020; Grimsley, 2023; Verma and
Gangwar, 2024), duck embryo (Razmarai et al.,
2023) and quail embryo (Khalili et al., 2020)
respectively. Briefly described, the limbs and
heads of the harvested embryos were cut off
using a sterile scissors and embryos were
macerated and washed several times with
Phosphate Buffered Saline (PBS) solution of pH
7.4 and two changes of trypsin solution. The
macerated tissues were further digested with
Trypsin Hanks Balanced Salt Solution (THBSS)
at (2.5% W/V) using magnetic stirrer and
magnetic apparatus (Guru et al., 2021) at 300
revolutions per minute (rpm) for 30 minutes. The
digestion process was repeated several times
until the embryo was fully digested. The
digestion process by the trypsin enzyme was
halted by adding fetal bovine serum (FBS)
(Messmer et al, 2022). The suspension
containing digested cells was then filtered
through coarse muslin gauze. The resulting
filtrate was centrifuged at 3000 rpm for 10
minutes to precipitate cells. The resulting
supernatant was decanted leaving the cells at the
bottom. The sediment cells were re-suspended in
HMEM. The cells in the HMEM were filtered
through fine gauze, and the cells were counted
using an improved Neuabeaur cell counter
(Nedbal, 2020). A liter of the media (HMEM)
supplemented with 10% newborn calf serum, 10
mL of 1% antibiotics (penicillin and
streptomycin) and 10 mL of antifungal (nystatin)
was prepared (Fatima et al., 2020; Maria et al.,
2021). 5 mL of CEF, QEF and DEF cell
suspensions were added into a sterile T25 cell
culture flasks and 25mL of the growth HMEM
media added and incubated at 37°C, 5% CO: in
the dark for the production monolayer cell. Both
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suspension and monolayer cell culture flasks
were prepared for virus inoculation.

Inoculation and Adaptation of Fowl Pox virus
in CEF, DEF and QEF cells

The suspension CEF, DEF and QEF cells in
HMEM media were inoculated with 0.1 mL virus
suspension and incubated at 37°C, 5% COz in the
dark. For production of monolayer cells, the cells
in growth media were incubated for 12-24 hours
at 37°C, 5% COz in the dark, checked daily till
the attainment of 70-80% confluency of the cells
when the media was poured out and 0.1mL of the
virus suspension inoculated onto monolayered
cells and incubated at 37°C for 45 minutes to one
hour with regular gentle agitation after every 15
minutes to allow for the adsorption of the virus to
occur, after which non-adsorbed virus were
discarded and a maintenance medium (HMEM
containing 1% antibiotics, 1% anti-fungal and
2% new born calf serum) was added, then
incubated at 37°C, 5% CO; in the dark and
observed daily for 3 - 5 days until the cytopathic
effect (CPE) reaches 80 - 90% (Anjum et al.,
2021; Chandra et al., 2022). An aliquot of 1.5mL
0f 80 - 90% CPE mixture (wet vaccine) were then
taken and subjected to quality checks including
sterility and titre determination. The vaccines
were then frozen, freeze thawed and harvested,
then stored frozen at -80°C. An aliquot the
harvested vaccines were further subjected to
another sterility test.

Vero Cell Preparation and Inoculation

The Vero cell line was first passaged in which the
media in the culture flasks were discarded under
sterile conditions, Trypsin (2.5% W/V) was then
added into the flask to digest and detach cells
from the walls of the flask. Cell detachment was
confirmed under an inverted microscope and the
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digestion process was halted by adding fetal
bovine serum (FBS) (Messmer et al., 2022). The
cells were counted using an improved Neuabeaur
cell counter (Nedbal, 2020). A liter of the growth
media (GMEM) was prepared by supplementing
the GMEM media with 10% newborn calf serum,
1% of antibiotics (penicillin and streptomycin),
and 1% of antifungal (nystatin) was prepared
(Fatima et al., 2020; Maria et al., 2021). 5 mL of
Vero cell suspension were dispensed into a sterile
T25 cell culture flasks and 25mL of the growth
media added and incubated at a temperature of
37°C, 5% CO; in the dark for the production of
monolayer cells (Oade, 2020). Both suspension
and monolayer cells were inoculated with the FP
virus for vaccine propagation.

The suspension of Vero cells in GMEM media
were inoculated with 0.1mL virus seed, while for
the monolayer Vero cells inoculation, on
attainment of 70-80% confluency of the cells, the
media was poured out and 0.lmL of virus
suspension was inoculated onto the monolayered
cells and incubated at 37°C for 45 minutes to 1
hour with regular gentle agitation after every 15
minutes to allow for adsorption to occur, after
which non-adsorbed virus were discarded and a
maintenance medium (GMEM), containing 1%
antibiotics (penicillin-streptomycin), 1%
antifungals (nystatin) and 2% Newborn Calf
Serum was added, re-incubated at 37°C, 5% CO»
in the dark and observed daily 3 - 5 days until
cytopathic effects (CPE) reaches 80 - 90%
(Anjum et al., 2021). Aliquot of 1.5mL of the
culture with 80-90% CPE was taken and
subjected to quality checks and titre
determination, and stored at -80°C.

Quality Checks

Sterility Checks
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Tryptic Soy Broth (TSB) and Fluid
Thioglycolate Medium (FTGM) were used to
perform sterility checks for in-process and end-
process sterility of the production protocol (Tariq
et al., 2021; Soleimani, 2022). Briefly described,
0.5 mL of the fowl pox vaccine were inoculated
into 9 mL of TSB and incubated at 25°C for 14
days, while 0.5 mL of the vaccine in 9 mL FTGM
was incubated at 37°C and 25°C for 14 days as
well. These media were frequently checked for
any indications of turbidity, cloudiness, or
microbial development. Uninoculated media
controls were incorporated to monitor the quality
of the media and the processes.

Vaccine Titration (TCIDso)

The Medium Tissue culture infective Dose
(TCIDso) or titre for all the vaccines were
calculated (Elgharbawy et al, 2024). The
titration was done in suspension and on
monolayer. Briefly described, the suspension cell
culture of the various cells (CEF, DEF, QEF and
Vero cells) propagated in 96-well microplates
were inoculated with serial viral dilutions
preparation of 107! to 1071, For monolayer
inoculation, cells in microtitre plate were
incubated to form cell sheet. Media was decanted
and cells inoculated with 100uL of the diluted
vaccine suspension and incubated for 45 minutes
at 37°C for adsorption. 100uL of the growth
medium was then added and reincubated. Two
wells (columns) were left as controls, in which
no vaccine suspension was added. The cells were
monitored every day for CPE. The TCIDso/mL
was computed on the fifth day, post infection,
using the Spearman-Kirber formula (M= xk +
1/2d -drl/n) (Khalili et al., 2020). The average
vaccine titres were analyzed by Python
application version 3.6.
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Immunogenicity

The experiment was designed as a randomized
controlled study using 4 weeks old chickens of
the same age, genetic background and kept under
the same husbandry conditions. Twenty-five
birds were randomly allocated into five groups of
five birds each, and four groups vaccinated with
the four different vaccines while the 5" group
served as unvaccinated control. The four
vaccines propagated in cell in suspension (Vero
cell, CEF, DEF and QEF) using wet seed virus
were used for the vaccination because they had
higher titres. Each vaccine was given using
double-pronged vaccinator for the
immunogenicity studies, as outlined in the
experimental design below (TABLE I).

The birds were kept for a total of eight weeks
with water and feed provided ad libitum. Both
control and vaccinated birds were sampled (bled)
for sera every week up to three weeks post-
vaccinated. To keep track of the fowl pox
specific ~ maternal and  vaccine-induced
antibodies, both pre-vaccination and post-
vaccination sera were analysed; maternal derived
antibodies were analysed using agar gel
immunodiffusion assay (AGID), while vaccine-
induced antibodies were measured using the
enzyme-linked immunosorbent assay (ELISA)
(WOAH, 2023). The ELISA analysis of the
different groups/doses and weekly samplings
was carried out using Chicken FPV-Ab ELISA
kit (Glonome Laboratories Limited; Shanghai
Ideal Medical Technology Co., Ltd; YBS-36022)
according to manufacturer’s instruction. The
reactions were read at 450nm wavelength and

Chandipwisa et al.

standard curve and the sample curve were found
and multiplied by the dilution factor.

Statistical Analysis

The time needed to attain 80-90% cytopathic
effect (CPE), and vaccine titres was evaluated
using one-way analysis of variance (ANOVA)
using Python programming tool version 3.6. The
post-hoc Turkey’s test was used to discern
distinct group differences among the cell lines
under various growth conditions and viral
vaccine seed types (wet and lyophilised) at a 5%
significance level.

ree dadﬁ é :aﬁggﬁgrilﬁ%tstalccfégy lﬁtseﬁlo ?ﬁﬁlél %hetgle]fferent groupings and their treatments

standard denst orizontal, and the optica
density (OD) according to the sample OD value WEEK
for the vertical axis. This was used to draw the
Pre-vaccination Vaccinatign Post-vaccination (PV)
GROUP
(n=5Birds)
Week 4 Week 5 Week 6 Week 7 Week 8
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RESULTS

Production of primary cells and Propagation of
Fowl pox virus

Primary cell lines of CEF, DEF, QEF and Vero
cells were produced with average viable cells of
97.2%, 95.5%, 96.9% and 97.6% respectively.
The CEF, DEF, QEF and Vero cells with
concentrations of 6.75 x 10°/mL, 6.05 x 10°/mL,
6.46 x 10*/mL and 1.69 x 10%mL respectively
were used for the propagation of the wet and
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lyophilized fowl pox seed virus in both suspension
and monolayer cell culture. The propagation,
adaptation and replication of the virus and the
achievement/attainment of the desired CPE (80-
90%) were recorded at different completion times
as shown in Table II:

Table II: Completion times for the attainment of 80-90% cytopathic effect of fowl pox virus in

different cell culture

7 Time taken to attain
Cell Culture T Seed T I lated
ell Culture Type eed Type Inoculate 80-90% CPE
Inoculated with wet seed 42 hrs. 10 min
Suspension

Inoculated with dry seed

91 hrs. 05 min
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The replication of the inoculated FP virus in the
different cells produced cytopathic effect (CPE)
observed as cell wall rounding and scarring, as well
as cell accumulation in a single location. Cells
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exhibited degeneration and rounding, and CPE
resembled a “bunch of grapes”. The remaining
cells became longer, while the equivalent
uninfected controls did not exhibit these
alterations. The Vero cells cytopathic response to
the fowl pox virus on the other hand were seen as
cell rounding and vacuolation in the cytoplasm,
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while the control cells remain regular, flat and
epithelial like cells. The cytopathic effects
observed in the different cells are shown in
Figures 1- 4 below:

FIGURE 1: A: Images of a normal uninfected
CEF cells; B: Image of CEF cells showing
cytopathic response (CPE) to Fowl pox virus
observed as cell wall rounding and scarring, as well
as cell accumulation in a single location.

FIGURE 2: A: Images of a normal uninfected
DEF cells; B: Image of DEF cells showing
cytopathic response (CPE) to Fowl pox virus
observed as cell wall rounding and scarring.

Chandipwisa et al.

FIGURE 3: A: Images of a normal uninfected
QEF cells; B: Image of QEF cells showing
cytopathic response (CPE) to Fowl pox virus
observed as cell wall rounding and scarring, as well
as cell accumulation in a single location.

FIGURE 4: A: Images of a normal uninfected
Vero cells; B: Image of Vero cells showing
cytopathic response (CPE) to Fowl pox virus
observed as cell rounding and vacuolation in the
cytoplasm.

Vaccine Titration

The titres of the fowl pox vaccines produced using
the various cell lines were calculated and the
results showed that the wet virus seed and the
propagation of the virus in suspension cell culture
produced vaccines with high titres except in DEF.
The results are presented as TCIDso/mL in Table
IIT below.



Nigerian Veterinary Journal 46(1). 2025

Table I1I: Titres of vaccines produced using various cell lines as calculated using the spearman-kérber
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formula

Cell Culture Types Seed Type Inoculated Vaccine titres
(TCIDso/mL)

Suspension  Inoculated with wet seed 10%3

Inoculated with dry seed 1034

CEF Monolayer Inoculated with wet seed 1080

Inoculated with wet seed 1084

Suspension  Inoculated with wet seed 1076

Inoculated with dry seed 1056

DEF Monolayer Inoculated with wet seed 1054

Inoculated with dry seed 1033

Suspension  Inoculated with wet seed 1086

Inoculated with dry seed 1090

QEF Monolayer Inoculated with wet seed 1092

Inoculated with dry seed 1083

Suspension  Inoculated with wet seed 1073

Vero Cell Inoculated with dry seed 1064

Monolayer Inoculated with wet seed 1074

Inoculated with dry seed 1071

KEY: CEF = Chicken Embryo Fibroblast; DEF = Duck Embryo Fibroblast; QEF = Quail Embryo
Fibroblast, TCID50 = Median Tissue Culture Infective Dose.

Sterility Checks

All the produced and harvested vaccines subjected
to sterility checks had no turbidity in either in the
Tryptic Soy Broth (incubated at 25°C and 37°C) or
in the Fluid Thioglycolate Medium (incubated at
37°C) after 14 days post inoculation. All media
were clear with no fungal or bacterial growth,
which is signified by the absence of turbidity in the

10

test media. All the sterile vaccines were stored at -
80°C wuntil wutilized for the wvaccination of
experimental birds.

Immunogenicty
Pre-vaccination Antibody Analysis

Results from the AGID assay of the pre-
vaccination sera indicated that all 45 bird samples
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tested negative for fowl pox specific maternally-
derived antibodies as no visible precipitin lines
were observed, confirming the absence of
detectable maternal antibodies in the screened
birds.

Post-vaccination Fowl pox vaccine-specific
Antibody Analysis

After vaccination, all the birds developed “takes”
(swelling and/or scab formation at the injection
site) within 7 days post-vaccination. The non-
vaccinated control birds did not show “takes” as
presented in Figure 5a and Figure 5b below.

FIGURE 5: A = Image of a non-vaccinated bird
(control) showing no “takes”; B = Image of a
vaccinated bird showing “takes”, circled are (in
blue) showing swelling at the injection site

In addition, the assayed sera sampled on days 7, 14,
and 21 post-vaccinations from the vaccinated birds
irrespective of doses using ELISA showed high
degree of sero-conversion and positivity. The mean
antibody titre results for all the groups were shown
in Figure 6 below:
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Average Antibody Values

Days Post Vaccination

FIGURE 6: A line graph showing mean antibody
Values for different groups at different days post
vaccination

KEY : Group A - CEF Vac Standard dose ; Group
C - DEF Vac Standard dose ; Group E - QEF Vac
Standard dose ; Group G - Vero Vac Standard dose
; Group K - Control (Unvaccinated) Vac - Vaccine
; CEF - Chicken Embryo Fibroblast ; DEF - Duck
Embryo Fibroblast ; QEF - Quail Embryo
Fibroblast.

DISCUSSION

Fowl pox is a disease caused by the fowl pox virus
(FWPV), a member of the Poxviridae family,
which primarily affects chickens, and turkeys
(Guzmén and Hidalgo, 2020). The transmission
occurs through direct contacts with infected birds,
mechanical vectors such as mosquitoes, or aerosols
in poultry houses (Kabir et al., 2018). Fowl pox is
a disease that causes high morbidity (10-95%),
emaciation, poor growth, poor feed conversion,
increased meat condemnation, and a drop in laying
hen egg production, all which result in major
economic losses for the poultry sector (Serbessa et
al., 2023). In juvenile flocks, the incidence of fowl
pox often lasts for around six to ten weeks,
potentially incurring substantial economic losses
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in egg production (Ivanov et al., 2000). Fowl pox
manifests in two distinct forms: cutaneous form
“dry pox” and diphtheritic “wet pox”. The
cutaneous form is characterised by nodular lesions
on the wattles, comb, eyelids, and other
unfeathered areas, which eventually form a scab
and heal. The diphtheritic form affects the upper
respiratory and digestive tracts, leading to the
formation of caseous plaques in the mouth,
pharynx, and larynx, often causing respiratory
distress and increased mortality (Ivanov, 2000).
The standard diagnosis of fowl pox is conducted
by histological analysis to detect the virus in
infected tissue samples, electron microscopy, viral
i1solation in cell culture, or on the chorioallantoic
membranes (CAM) of embryonated chicken eggs
(Manarolla et al., 2010). Molecular diagnostics,
such as polymerase chain reaction (PCR) and
sequencing, have improved the identification and
differentiation of fowl pox strains (Ravikumar et
al., 2022). In the absence of an evident treatment,
the only means of controlling and preventing the
epidemic is to maintain adequate cleanliness and
provide timely vaccinations. Nonetheless, it
sometimes poses a challenge even in nations
leading in control and preventative initiatives.
Consequently, comprehensive understanding of
the pathogenic agents in each area and molecular
identification = of  prevalent
significantly aid in the focused and accurate
application of vaccine to successfully prevent
fowlpox (Kabir et al., 2018).

viruses  may

Since there are no standard treatment, vaccination
has remained the most powerful and efficient way
to prevent and manage fowl pox in domestic
chickens. Numerous avian-derived fowl pox
vaccines have been used in birds with differing
degrees of protection and success rates (Guzman
and Hidalgo, 2020; Ravikumar et al., 2022;
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Ganapathy and Parthiban, 2024). These vaccines
are produced either by inoculating the
chorioallantoic membranes (CAM) of nine to
twelve days old developing chicken embryos or
avian cell cultures (Khalili ef al., 2020; Umar et al.,
2021). The flock should be assessed seven to ten
days post-vaccination for signs of “takes”. A
“take” refers to the swelling of the skin or the
formation of a scab at the vaccination site,
indicating effective immunisation. Immunity often
develops between 10 to 14 days after
immunisation. If the vaccination is correctly
administered to vulnerable birds, the majority
should have responded positively. In substantial
flocks, a minimum of 10% of the birds must be
assessed for “takes”. The absence of a response
may stem from the vaccination being administered
to an immune avian, the use of a vaccine of
insufficient strength (post-expiration or exposed to
adverse conditions), or inappropriate
administration. This research conducted tests on
experimental chickens, yielding favourable results
after inoculation with a cell culture fowl pox
vaccine (Barreda, 2016). The effectiveness of a
vaccination program is contingent upon the
potency, purity, and use the
circumstances for which it was designed. In
essence, vaccination results in a milder version of
the illness. The manufacturer's instructions for

vaccine's in

using the vaccination should be strictly adhered to.
When a flock is typically in poor health or has other
illnesses, the vaccination should not be
administered. Every bird in a home should get its
vaccination on the same day (Khalili ef al., 2020).
The birds receiving the vaccination should be kept
apart from any other vulnerable birds on the
property.  Non-affected birds should get
vaccinations if fowl pox strikes a flock during an
early epidemic and only a small number of birds
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are afflicted (Wang et al., 2006; Khalili et al,
2020).

Thus, this study used both primary cell culture such
as CEF, DEF and QEF, and a secondary cell
culture (Vero cell line) to successfully produce
fowl pox that found to
immunogenic. This tallies with several cell line,

vaccines were
including primary CEF, chicken embryo kidney
cells, chicken embryo dermis cells, and the
permanent quail cell line QT-35 that have been
used to propagate fowl pox virus in vaccine
production (Khalili et al., 2020; Umar et al., 2021;
Chowdhury, 2021; Yusifova, 2021; WOAH, 2023;
Verma and Gangwar, 2024). The use of cell
culture-adapted vaccines is increasingly being
recognized and applied in veterinary vaccinology
for the up-scaling of vaccine production because
the use of cell culture in fowl pox vaccine has been
reported to be more economical and productive
compared to the CAM method which is more
laborious and time-consuming (Yusifova, 2021).
The use of cell culture in fowl pox vaccine
production is thus critical in addressing the
expanding demand for this vaccine by the
Nigeria’s poultry which
inadequately met.

industry, is being

The 80-90% cytopathic effect (CPE) of the fowl
pox virus in the various cell systems was attained
at different times but shortest in CEF, followed by
DEF and QEF, while the Vero cell system took the
longest time to produce CPE. The shortest to the
longest duration for the attainment of CPE falls
between 42-143 hours. Characteristic cytopathic
effect (CPE) induced by fowl pox in chicken
embryo fibroblasts, duck embryo fibroblast, and
quail embryo fibroblast (QT 35) cells as revealed
by an inverted microscope was characterised by an
early phase of cellular rounding, followed by a
subsequent phase of degeneration and necrosis, as
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previous studies have indicated (Chowdhury,
2021; Khalili et al., 2020). In this study though the
fowl pox vaccine was able to produce CPE in vero
cells it took longer and the titre was low, which is
in harmony with previous findings that Vero cell
line is not effective for fowl pox propagation
(Verma and Gangwar, 2024). In a similar study in
India, Vero cells did not produce a good CPE even
up to the 10" passage, and the titres were lower
compared to those of CEF (Sherpa et al., 2023).

The use of the wet vaccine seed produced the
fastest CPE in about 43 hours in both suspension
and monolayer CEF, as recorded in similar studies
(Singh et al., 2016; Khalili et al., 2020; Hiramoni
et al., 2023; Verma and Gangwar, 2024), while the
longest time to produce CPE was 143 hours in
Vero cell system. In a similar study, Yusifova
(2021) reported that the onset of CPE following the
inoculation of a “Baku’ strain of fowl pox virus
was 96 hours and 144 hours observed in CEF and
QEF respectively. The longer duration for the dry
(lyophilized) seed to produce CPE in comparison
to that of wet seed can be attributed to the fact that
the lyophilized seed, first have to adapt before they
can start replicating which will thus take longer
duration unlike the wet seed (Yusifova et al,
2021).

As to whether the state of the cell culture affects
the growth and titre of the eventual vaccine, the
results of this study could not produce a clear cut
distinction between the two. However, evidence
from other studies (Gallo-Ramirez et al., 2015;
Sultana ef al., 2019; Puppin et al., 2021) points to
the fact that suspension inoculation could produce
vaccines of higher titres because suspension cell
culture would allow for the immediate adaptation
and replication of the inoculated virus. Thus, only
vaccines that were propagated in cell suspension
and inoculated with wet seed were used to
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vaccinate chickens because they had higher titres.
For CEF (10°% TCIDs¢/mL), DEF (1076
TCIDso/mL), QEF (1036 TCIDso/mL), and Vero
cell (107* TCIDso/mL). These findings are
consistent with previous studies were CEF-adapted
fowl pox vaccines have always produced vaccines
with high titres (Khalili et al., 2020; Sherpa et al.,
2023). For the overall performance among the four
lines, CEF and QEF demonstrated
significantly higher titres compared to DEF and
Vero cells, this is consistent with the findings of a
previous study conducted in Azerbaijan, which
compared the effectiveness and the titres of fowl

cell

pox vaccines adapted CEF vs DEF, the study
showed that although CPE was produced early in
CEF like what happened in the study, the vaccine
titres of both were the same and high (Yusifova et
al., 2021). Statistical analysis using one-way
ANOVA revealed a significant difference in titres
among the cell lines (p<0.001). Post-hoc Tukey’s
test confirmed that CEF titres (mean = 1083
TCIDso/mL) were significantly higher than that
DEF (p=0.002) and Vero cells (p=0.005). QEF
titres mean 1038 TCIDso/mL were also
significantly higher than DEF (p = 0.001) and Vero
cells (p=0.003). The performance in different
conditions, showed that suspension
cultures consistently yielded higher titres
compared to monolayer cultures across all cell

culture

lines, for instance in QEF cells, suspension cell
cultures had a mean titre of 10%% TCIDso/mL,
compared to 10%° in monolayer (difference
=0.3log, p = 0.04). Similar trends were observed in
CEF and DEF cells, although the differences were
not statistically significant (p>0.05), these findings
are in harmony with similar studies which found
that CEF and DEF produced higher titres (Khalili
et al., 2020; Sherpa et al., 2023). Regarding the
seed type effect on the titre, wet seeds generally
resulted in higher titres than dry seeds for all cell
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line, In CEF cells (suspension) wet seeds produced
a mean titre of 10°* TCIDso/mL compared to 1034
TCIDso/mL for dry seeds (difference = 0.9log, and
p =0.008). The statistical findings from this study
indicates that CEF and QEF are the most
for fowl pox vaccine
manufacturing using the wet vaccine seed in
suspension culture conditions. The consistent
significance (p<0.05) across these
comparisons suggests the robustness of the
findings and their relevance in vaccine production
optimization.

successful cell lines

statistical

The vaccination were successful as pox “takes”
were observed post vaccination in all vaccinated
birds (100%), which is indicative of a successful
vaccination. Checking for post-vaccination “takes”
is generally regarded as one of the best ways to
assess fowl pox immunity in vaccinated birds, as
an effective vaccine should elicit “takes” in 99-
100% of the vaccinated birds (Sarma et al., 2019).
The high post-vaccination “takes” was confirmed
by the high level of fowl pox specific antibodies
post vaccination as demonstrated by ELISA assay,
this tallies with a study that compared the
relationship between values of fowl pox ELISA
and the presence of “Takes” after vaccination
(Barreda et al., 2016). The chickens were tested for
maternal antibodies pre-vaccination, using agar gel
immunodiffusion (AGID) the technique has been
used in previous studies (Meseko et al, 2012;
Okwor et al., 2014; Verma and Gangwar, 2024),
and they were all found to be negative as no
precipitation lines were observed, then enzyme
linked immunosorbent assay (ELISA) was used to
confirm if birds produced vaccine specific
antibodies post-vaccination (PV). The serum was
then tested on days 7, 14, and 21 PV, as some
studies showed that vaccine produced antibodies
on days 10 to 14 PV (Isa et al, 2002; Smith-
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Norowitz et al., 2011; Khalili et al, 2020). The
vaccines were all found to be immunogenic as they
all produced vaccine specific induced antibodies
which were showed a high optical density on day
14 PV as was measured by ELISA, these findings
are consistent with previous research done on fowl

pox vaccines (Richard-Mazet ef al., 2014; Umar et
al., 2021).

In  conclusion, this research successfully
demonstrated the development and adaptation of
fowl pox virus to primary cell lines of [chicken
embryo fibroblast (CEF), duck embryo fibroblast
(DEF), quail embryo fibroblast (QEF)], and Vero
cells (secondary cell line) for the propagation of
the vaccine virus. In addition, the cell culture-
adapted fowl pox vaccines were found to be
immunogenic, and potent vaccines. Further
investigations will however need to be carried on a
large scale to affirm these results. Comparative
research may also provide further information as to
whether cell line selection affects the durability

and potency of the vaccines.
ACKNOWLEDGEMENT
Financial Support

Funding for this research was provided by the
African Union Commission through the Pan
African University Life and Earth Sciences
Institute (including Health and
Agriculture), Ibadan, Nigeria.

REFERENCES

ABD EL HAFEZ, M.S., SHOSHA, E.A.E.M. and
IBRAHIM, S.M. (2021): Isolation and
molecular detection of pigeon pox virus in
Assiut and New valley governorates. Journal
of Virological Methods, 293, 114142.

15

Chandipwisa et al.

https://doi.org/10.1016/j.jviromet.2021.1141
42

ANJUM, F., RAHMAN, S., ASLAM, M. and
QURESHI, A. (2021): Antiviral potential
and stability analysis of chicken interferon-o
produced by Newcastle disease virus
in chicken embryo fibroblast
cells. Veterinarni Medicina, 66(5), 197-207.
https://doi.org/10.17221/106/2020-vetmed

BARREDA, C.B. (2016): Relationship between
values of fowlpox elisa and the presence of
‘takes’ after vaccination. Avian diseases,
60(1), 67-9. https://doi.org/10.1637/11160-
051615-ResNote.1

BWALA, D.G., FASINA, F.O. and DUNCAN,
N.M. (2015): Avian poxvirus in a free-range
juvenile speckled (rock) pigeon (Columba
guinea). Journal of the South African
Veterinary  Association,  86(1), 1259,
4. http://dx.doi.org/10.4102/jsava.v86il.125
9

CHANDRA, V., TIWARI, A., PANT, K.K. and
BHATT, R. (2022): Animal cell culture:
basics and applications. In: Verma, P. (eds)
Industrial Microbiology and Biotechnology.

Springer, Singapore.
https://doi.org/10.1007/978-981-16-5214-
1 24

CHOWDHURY, N.R. (2021): Investigation on
Integration of Reticuloendotheliosis Virus
Sequence within the Genome of some
Commercial Vaccine Strains and Field
Isolates of Fowl Pox Virus in India. Master's
thesis, West Bengal University of Animal
and Fishery Sciences.


https://doi.org/10.1637/11160-051615-ResNote.1.
https://doi.org/10.1637/11160-051615-ResNote.1.
https://doi.org/10.1007/978-981-16-5214-1_24
https://doi.org/10.1007/978-981-16-5214-1_24

Nigerian Veterinary Journal 46(1). 2025 Chandipwisa et al.

DELHON, G. (2022): Poxviridae. Veterinary https://www.proquest.com/openview/f30144
Microbiology, 522-532. 1eb9cffade49f65a69ca74adbs/1?pg-
https://doi.org/10.1002/9781119650836.ch5 origsite=gscholar&cbl=18750&diss=y
3 [Accessed December 18, 2024, 11:16 WAT]

ELGHARBAWY, Y.A., ALI, S.S., EL-NAHAS, GROZEVA, M. (2020): Molecular Investigations
E.M. and ALI, M.M. (2024): Tissue culture- on Cutaneous Fowl Pox Outbreaks in
based preparation and validation of the Commercial Layer Farms in Austria.
turkey pox virus vaccine. Journal of Master’s thesis, University of Veterinary
Advanced Veterinary Research, 14(5), 785— Medicine Vienna.
788. https://phaidra.vetmeduni.ac.at/api/object/o:
https://www.advetresearch.com/index.php/A 741/get [Accessed December 18,2024, 14:45
VR/article/view/1719#google_vignette WAT]

[Accessed December 2, 2024, 15:16 WAT]
GURU, V.P.,, BHATTACHARYA, T.K., DIVYA,

FATIMA, S., HARB, A., SOUDANL N. and D., RAJENDRA, P.A. and GOVARDHAN,
ZARAKET, H. (2020): A three-dimensional S.N. (2021): Establishment of primary
A549 cell culture model to study respiratory chicken embryo myoblast cell culture,
syncytial virus infections, Journal of antigenic epitopes prediction and production
Infection and Public Health, 13(8), 1142- of anti activin receptor type IIB polyclonal
1147. antibody in chicken. Animal Biotechnology,
https://doi.org/10.1016/].jiph.2020.03.011 33(6), 1095-1108.

https://doi.org/10.1080/10495398.2020.1870

GALLO-RAMIREZ, L.E., NIKOLAY, A.,
GENZEL, Y. and REICHL, U. (2015):
Bioreactor concepts for cell culture-based =~ GUZMAN, M. and HIDALGO, H. (2020): Live

483

viral vaccine production. Expert Review of attenuated  infectious  bronchitis  virus
Vaccines, 14(9), 1181-1195. vaccines in poultry. Modifying local viral
https://doi.org/10.1586/14760584.2015.1067 populations  dynamics. Animals, 10(11),

144 2058. https://doi.org/10.3390/ani10112058
GANAPATHY, K. and PARTHIBAN, S. (2024):  HIRAMONI, S.N.S,, GOGOlI, SM,,
Pros and cons on use of live viral vaccines in NAYANMONIKONWAR, K.E.V.,
commercial chicken flocks. Avian SHERPA, P., DAS, H., KANYAGA, P.M.,
Diseases, 67(4), 410-420. BARMAN, N.N.N. and BORA, N.D.P.
https://doi.org/10.1637/aviandiseases-D-23- (2023): Effectiveness of cryopreserved
99998 chicken embryo fibroblast cells for
propagation of duck enteritis virus and

GRIMSLEY, M. (2023): Modernization of

L . o fowlpox virus. Asian Journal of
Historical Avian Leukosis Virus Extraneous

Microbiology Biotechnology and

Agent Testing. Master's thesis, Lowa State Environmental Sciences, 25(02), 256-262.

University.

16


https://doi.org/10.1002/9781119650836.ch53
https://doi.org/10.1002/9781119650836.ch53
https://www.advetresearch.com/index.php/AVR/article/view/1719#google_vignette
https://www.advetresearch.com/index.php/AVR/article/view/1719#google_vignette
https://doi.org/10.1016/j.jiph.2020.03.011.
https://doi.org/10.1586/14760584.2015.1067144.
https://doi.org/10.1586/14760584.2015.1067144.
https://doi.org/10.1637/aviandiseases-D-23-99998
https://doi.org/10.1637/aviandiseases-D-23-99998
https://www.proquest.com/openview/f301441eb9cffade49f65a69ca74adb5/1?pq-origsite=gscholar&cbl=18750&diss=y
https://www.proquest.com/openview/f301441eb9cffade49f65a69ca74adb5/1?pq-origsite=gscholar&cbl=18750&diss=y
https://www.proquest.com/openview/f301441eb9cffade49f65a69ca74adb5/1?pq-origsite=gscholar&cbl=18750&diss=y
https://phaidra.vetmeduni.ac.at/api/object/o:741/get
https://phaidra.vetmeduni.ac.at/api/object/o:741/get

Nigerian Veterinary Journal 46(1). 2025

HIRAMONI,

IBRAHIM, A., UBALL S,

ISA,

IVANOV, K.A., KONSTANTIN, S.

https://doi.org/10.53550/ajmbes.2023.v2510
2.012

S.N.S,, GOGOI, S.M.,
NAYANMONIKONWAR, K.V.P.,, DAS,
H., KANYAGA, P.M., BARMAN, N.N.N.
and BORA, N.D.P. (2023): Effectiveness of
cryopreserved chicken embryo fibroblast
cells for propagation of duck enteritis virus
and fowlpox Journal of
Microbiology Biotechnology and
Environmental Sciences, 25(02), 256-262.
https://doi.org/10.53550/ajmbes.2023.v25i0
2.012

virus. Asian

HUSSAINI, 1.,
SHUAIBU, M. and BELLO, K.M. (2022):
Prevalence of fowl pox in turkeys and
chickens and their managements at area

veterinary clinic, Azare, Bauchi state,
Nigeria. Nigerian Journal of Animal
Production, 372-376.

https://njap.org.ng/index.php/njap/article/vie
w/4401/3225

G., PFISTER, K., KAADEN, O.R. and
CZERNY, C. P. (2002): Development of a
monoclonal blocking elisa for the detection
of antibodies against fowlpox virus. Journal
of Veterinary Medicine Series B, 49(1), 21—
23. https://doi.org/10.1046/].1439-
0450.2002.00533.x

and Y,
TZVETKOV. (2000): Propagation of avian
pox virus vaccine strains in duck embryo cell
cultures. Macedonian Veterinary Review,
29(2), pp-45-50.
https://www.researchgate.net/publication/23
3993203 _Propagation_of avian_pox_virus_
vaccine_strains_in_duck embryo_cell cultu
res [Accessed February 3, 2025, 15:23 WAT]

17

KABIR, M.L,

MANAROLLA, P.G.G,

Chandipwisa et al.

JONES, R.C. (2021): Fowlpox. Poultry Health: 4

Guide for Professionals, 231-235.
https://books.google.com.ng/books?hl=en&l
r=&id=scpHEAAAQBAJ&oi=fnd&pg=PP1
&dg=Jones [Accessed December 14, 2024,
15:35 WAT]

HAQUE, M.E., SHUVHO
CHAKRA BORTY, MUSTAFA, K. and
ISLAM, M.A. (2018): and
molecular detection of fowl pox and pigeon
pox  viruses
Bangladesh.
https://www.researchgate.net/publication/32
9894645 Isolation_and_molecular_detectio
n_of fowl pox_and pigeon pox viruses fr
om_recent_outbreak in_Bangladesh.

Isolation

from recent outbreak in

KHALILI, G.M., KHALESI, B., GHADERI, M.,

TAGHIZADEH, M., SHAHKARAMI, M.K.
and KARIMI, R.H. (2020): Evaluation and
optimization of chick embryo fibroblasts for
production of a fowl pox vaccine based on
cell culture. Iran J Virol, 14 (2), 6-15.
http://journal.isv.org.ir/article-1-394-fa.html

SIRONI, G. and
RAMPIN, T. (2010). Molecular biological
characterization of avian poxvirus strains
isolated from different avian species. 140(1-
2), 1-8.
https://doi.org/10.1016/].vetmic.2009.07.004

MARIA, S., REINHOLDT, P., PETERSEN, D.,

CACI A., KONGSTED, J. and WUSTNER,
D. (2021): Direct observation of nystatin
binding to the plasma membrane of living
cells, Biochimica et Biophysica Acta (BBA) -
Biomembranes, 1863(2), 183528.
https://doi.org/10.1016/j.bbamem.2020.1835



https://www.researchgate.net/publication/329894645_Isolation_and_molecular_detection_of_fowl_pox_and_pigeon_pox_viruses_from_recent_outbreak_in_Bangladesh.
https://www.researchgate.net/publication/329894645_Isolation_and_molecular_detection_of_fowl_pox_and_pigeon_pox_viruses_from_recent_outbreak_in_Bangladesh.
https://www.researchgate.net/publication/329894645_Isolation_and_molecular_detection_of_fowl_pox_and_pigeon_pox_viruses_from_recent_outbreak_in_Bangladesh.
https://www.researchgate.net/publication/329894645_Isolation_and_molecular_detection_of_fowl_pox_and_pigeon_pox_viruses_from_recent_outbreak_in_Bangladesh.
http://journal.isv.org.ir/article-1-394-fa.html

Nigerian Veterinary Journal 46(1). 2025

MESEKO, C.A., SHITTU, LLA. and AKINYEDE,
0. (2012): Seroprevalence of fowl pox
antibody in indigenous chickens in Jos North
and South council areas of Plateau State,
Nigeria: Implication for Vector
Vaccine. ISRN Veterinary Science, 1-4.
https://doi.org/10.5402/2012/154971

MESSMER, T., KLEVERNIC, 1., FURQUIM, C.,
OVCHINNIKOVA, E., DOGAN, A., CRUZ,
H., POST, M.J. and FLACK, J.E. (2022): A
serum-free media formulation for cultured
meat production supports bovine satellite cell
differentiation in the absence of serum
starvation. Nature Food, 3(1), 74-85.
https://doi.org/10.1038/s43016-021-00419-1

MINHAS, S. K., KUMAR, P., PANGHAL, R.,
MEHTANIL R., YADAYV, R., KALONIA, S.
and GOWTHAMAN, V. (2024): Fowl pox
virus: a minireview. World’s Poultry Science

Journal, 80(2), 329-347.
https://doi.org/10.1080/00439339.2023.2273
353

MOLIKA, K. (2023): Pathological and Molecular
Diagnosis of Fowl Pox in Backyard Chicken.
Doctoral Dissertation, Sri Venkateswara
Veterinary University Tirupati, Ap India;
502-517. Available at:
https://krishikosh.egranth.ac.in/items/73bd5
451-2042-42f7-86al-a0elceb8e986
[Accessed January 8, 2025, 16:15 WAT]

MORISHITA, T.Y. and PORTER, R.E. (2021):
Gastrointestinal and Hepatic Diseases. 289—
316.
https://doi.org/10.1002/9781119511816.chl
7

MUHUMUZA, C., MAYAMBALA, F. and
JOSEPH. (2022): A stochastic model of fowl

Chandipwisa et al.

pox disease: estimating the probability of
disease outbreak. International Journal of
Applied and Computational Mathematics,
8(5).  https://doi.org/10.1007/s40819-022-
01442-x

NEDBAL, J. (2020); Counting Microalgae Culture
Density. Protocols.io
https://dx.doi.org/10.17504/protocols.io.bd8
nivve

NEMETH, N.M. (2024): Raptors. Pathology of Pet

and Aviary Birds; 563-599.
https://doi.org/10.1002/9781119650522.chl
7

OADE, M.S. (2020): Characterising the Process of
Attenuation by Serial Egg Passaging of
Infectious Bronchitis Virus (IBV) using
Genomic and Phenotypic Methods. Doctoral

Dissertation,  University of  Glasgow.
https://theses.gla.ac.uk/80241/1/20200adeP
hD

OKWOR, E.C., EZE, D.C. and CHAH, K.F.
(2014): Recurring outbreaks of fowl pox in a
poultry farm in Nsukka, southeast
Nigeria. IOSR-JAVS, 7(4), 104-108.

PANDIYAN, G.A., DAHAKE, M., PATIL, V.,
KAORE, M., HEDAU, M. and KURKURE,
N.K. (2022): Pathology and molecular
characterization of diphtheritic form of fowl
pox in chicken: A Case Report. Indian
Journal of Veterinary Pathology, 46(2), 174—
176. https://doi.org/10.5958/0973-
970x.2022.00030.x

PUPPIN, J., FARNOS, O., SASCHA, F., YANG,
Z.,DASH, S., SUSTA, L., WOOTTON, S.K.
and KAMEN, A. (2021). Process
development for newcastle disease virus-


https://doi.org/10.1080/00439339.2023.2273353
https://doi.org/10.1080/00439339.2023.2273353

Nigerian Veterinary Journal 46(1). 2025

vectored vaccines in serum-free vero cell
suspension cultures. 9(11), pp.1335-1335.
https://doi.org/10.3390/vaccines9111335

RAVIKUMAR, R., CHAN, J. and

PRABAKARAN, M. (2022): Vaccines
against Major Poultry Viral Diseases:
Strategies to Improve the Breadth and
Protective Efficacy. Viruses, 14(6), 1195.
https://doi.org/10.3390/v14061195

RICHARD-MAZET, A., GOUTEBROZE, S., LE

GROS, F.-X,, SWAYNE, D.E. and
BUBLOT, M. (2014): Immunogenicity and
efficacy of fowlpox-vectored and inactivated
avian influenza vaccines alone or in a prime-
boost schedule in chickens with maternal
antibodies. Veterinary = Research, 45(1).
https://doi.org/10.1186/s13567-014-0107-6

SARMA, G., KERSTING, B.A. and SPINA, G.

(2019): Field safety and efficacy of a unique
live virus vaccine for controlling avian
encephalomyelitis and fowlpox in poultry.
12(8), 1291-1298.
https://doi.org/10.14202/vetworld.2019.129
1-1298

SERBESSA, A.T., GELETA, G.Y. and TERFA,

O.1. (2023): Review on diseases and health
management of poultry and
swine. International Journal of Avian &
Wildlife Biology, 7(1), 27-38.
https://doi.org/10.15406/ijawb.2023.07.0018
7

SHERPA, P., NAYANMONI, P.K.N., SASWATI,

A.G.S.M., BORA, D.P., BARMAN, N.N.
and DAS, S.K. (2023): Cell -culture
adaptation of Avipox viruses isolated from
different species of birds. The Indian Journal

Chandipwisa et al.

of Animal Sciences, 93(6).
https://doi.org/10.56093/ijans.v9316.128307

SINGH, V.K., JOSHI, R.K., JOSHI, N. (2016).

Growth and cytopathogenicity of a field
isolate of fowl poxvirus in chicken embryo
fibroblast cell culture. 18(2), 117-121.
https://doi.org/10.5958/0973-
9149.2016.00020.4

SMITH-NOROWITZ, T.A.,, WONG, D,

KUSONRUKSA, M., NOROWITZ, K.B.,
RAUNO JOKS, DURKIN, H.G. and
BLUTH, M.H. (2011): Long term
persistence of ig e anti-influenza virus
antibodies in pediatric and adult serum post
vaccination with influenza virus
vaccine. International Journal of Medical
Sciences, 8(3), 239-244.
https://doi.org/10.7150/ijms.8.239

SOFIANE, K., OUBOUSKOUR, K. and OMAR,

B. (2024): Mathematical modeling and
optimal control strategies to limit the spread
of fowl pox in poultry. Results in Control and
Optimization, 15, 100428-100428.
https://doi.org/10.1016/].ric0.2024.100428

SOLEIMANI, S. (2022): A Review of the

Establishment of the Seed Lot System in the
Production of Biological Products and Its
Importance. Archives of Razi Institute, 77(6),
2023-2035.
https://doi.org/10.22092/AR1.2022.358890.2
327

SOUCI, L. and DENESVRE, C. (2024).

Interactions between avian viruses and skin
in farm birds. Veterinary research, 55(1).
https://doi.org/10.1186/s13567-024-01310-0



http://dx.doi.org/10.5958/0973-9149.2016.00020.4
http://dx.doi.org/10.5958/0973-9149.2016.00020.4
https://doi.org/10.22092/ARI.2022.358890.2327
https://doi.org/10.22092/ARI.2022.358890.2327

Nigerian Veterinary Journal 46(1). 2025 Chandipwisa et al.

SULTANA, R., NAZIR, K.N.H., RAHMAN, T., https://doi.org/10.1080/00439339.2021.1959
NIPA, S.A., RAHMAN, .M., SOMA, S.S. 278
and RAHMAN, M.B. (2019). Isolation and
molecular detection of fowl pox and pigeon

VERMA, R.K. and GANGWAR, A.K. (2024):
Characterization of fowlpox virus. Advances
in experimental medicine and biology, 1451,
55-74. https://doi.org/10.1007/978-3-031-

pox viruses for the development of live
attenuated vaccine seeds from the local

isolates. Journal  of the  Bangladesh

Agricultural University, 17(2), 211-219. 57165-7_4
https://doi.org/10.3329/jbau.v17i2.41971 WANG, J.. MEERS, J.. S'RADBROW, P.B. and
TARIQ, M., ANJUM, A.A., SHEIKH, A.A., ROBINSON, W.F. (2006): Eva}uation .of
AWAN, AR, ALI, M.A. SATTAR, immune effects of fowlpox Vac‘cme ‘stralns
M.M.K., HUSSAIN, S. and ALL T. (2021): and field isolates. Veterinary Microbiology,
116(1-3), 106-119.

Clostridium  perfringens’e  karst  alum
presipite ve Yag adjuvanli multivalan agilarin
hazirlanmas1 ve degerlendirilmesi. Kafkas w11 AMS, R.A.J., SANCHEZ-LLATAS, C.J.,
Universitesi Veteriner Fakultesi Dergisi. DOMENECH, A., MADRID, R,
https://doi.org/10.9775/kvfd.2021.25732 FANDINO, S. CEA-CALLEJO, P.
GOMEZ-LUCIA, E. and BENITEZ, L.
(2023): Emerging and novel viruses in

https://doi.org/10.1016/j.vetmic.2006.03.012

TRIPATHY, D.N. and REED, W.M. (2020):
“Pox.” In Diseases of Poultry. 13" ed. edited

by D E Swayne: 364-381 passerine  birds. Microorganisms, 11(9),
https://doi.org/10.1002/9781119371199.chl 2355. . ' .

0 https://doi.org/10.3390/microorganisms1109
i 2355

UMAR, B., ADAMU, J. and KAZEEM, H. (2021):
Plumage Color Influence on Immune
Response and Severity of Fowlpox in The
Progeny of  Inbred Isa White

WILLIAMS, R.A.J., TRUCHADO, D.A. and
BENITEZ, L. (2021): Review on the
prevalence of poxvirus disease in free-living
and captive wild  birds. Microbiology

Chickens. Journal of Applied Veterina
/ App Y Research, 12(2), 403-418.

Sciences, 0(0). . ] )
https://doi.ore/10.21608/javs.2021.88574.10 https://doi.org/10.3390/microbiolres12020028
97 WORLD ORGANISATION FOR ANIMAL

HEALTH (WOAH). (2023). Fowlpox. In:
WOAH World Organisation for Animal
Health. Terrestrial Manual, Chapter 3.3.10.
https://www.woah.org/en/what-we-
offer/expertise-network/reference-
laboratories/#ui-id-3 [Accessed January 8,
2025, 16:15 WAT]

UMAR, B.N., ADAMU, J., AHMAD, M.T,,
AHMAD, K.H., SADA, A. and
ORAKPOGHENOR, O. (2021): Fowlpox
virus: an overview of its classification,
morphology and genome, replication
mechanisms, uses as vaccine vector and
disease dynamics. World’s Poultry Science

Journal, 77(4), 929-947.
20



https://doi.org/10.3329/jbau.v17i2.41971
https://doi.org/10.1002/9781119371199.ch10
https://doi.org/10.1002/9781119371199.ch10
https://www.woah.org/en/what-we-offer/expertise-network/reference-laboratories/#ui-id-3
https://www.woah.org/en/what-we-offer/expertise-network/reference-laboratories/#ui-id-3
https://www.woah.org/en/what-we-offer/expertise-network/reference-laboratories/#ui-id-3

Nigerian Veterinary Journal 46(1). 2025 Chandipwisa et al.

WURTZ, N., PENANT, G., JARDOT, P,
DUCLOS, N. and LA SCOLA, B. (2021):
Culture of SARS-CoV-2 in a panel of
laboratory cell lines, permissivity, and
differences in growth profile. European
Journal of Clinical Microbiology &
Infectious Diseases: Official Publication of
the  European  Society of  Clinical
Microbiology, 40(3), 477-484.
https://doi.org/10.1007/s10096-020-04106-0

YUSIFOVA, K. (2021): The use of cell systems
for the manufacture of vaccine against fowl
pox. Fao.org.
https://agris.fao.org/search/en/providers/123
799/records/6474703e425ec3c088f1abea
[Accessed December 8, 2024, 11:15 WAT]

ZWART, P. and SAMOUR, J. (2021): The avian
respiratory system and its noninfectious
ailments: A review. Journal of Exotic Pet
Medicine, 37, 39-50.
https://doi.org/10.1053/].jepm.2021.02.004

21


https://doi.org/10.1053/j.jepm.2021.02.004

