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Abstract

Fowl pox virus infections cause significant economic losses in poultry farming, particularly in endemic
regions. Despite the widespread use of chorioallantoic membrane (CAM)-propagated vaccines in
Nigeria, outbreaks persist. This study aimed to assess the safety of cell culture-adapted fowlpox virus
vaccines in chickens. A total of 25 specific-antibody-negative, five-week-old chickens were vaccinated
via the wing web route with ten standard field doses (=0.12 mL per dose) of each cell culture-adapted
vaccine. The birds were monitored for 7-21 days for vaccine “takes,” adverse effects, disease, or
mortality. Two birds per group were euthanized on day 21 for histological examination using
Haematoxylin and Eosin staining. All vaccinated chickens (100%) developed vaccine “takes” without
adverse reactions, disease, or mortality. No vaccine-associated disease or virulence reversal was observed
(0%), as histological examination showed no “Bollinger bodies.” However, mild histopathological
changes were noted, including renal tubular necrosis, hepatocyte necrosis, hemorrhage, and vascular
congestion in various tissues. Polymorphonuclear cell clusters were also found in lung and liver tissues.
These findings indicate that cell culture-adapted fowlpox vaccines are safe and effective under laboratory
conditions. Additionally, they offer advantages over CAM-propagated vaccines, such as ease of
production, cost-effectiveness, and higher vaccine yields. Further studies are needed to validate these
results, assess vaccine persistence in host tissues, and evaluate the potential for genetic mutations.
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1. Introduction

Fowl pox (FP) is a viral disease of both domesticated and wild birds 1. The disease poses a
significant challenge to the poultry industry that often leads to severe consequences like
blindness, low egg production in laying hens, and increased mortality > 1. The Fowl pox virus
is a cytoplasmic DNA virus categorized in the family Poxviridae, subfamily
Chordopoxvirinae, and genus Avipoxviruses (APV) M. The virus causing FP in turkeys and
chickens is predominantly transmitted to poultry via aerosols, biting insects, contaminated
food and water [, Following viral penetration and systemic infection, two forms manifest in
birds: cutaneous (dry form), and diphtheritic (wet form) . The cutaneous variant is associated
with lesions characterized by the presence of grey-white nodules located close to the eyes,
skin, beak, and cloaca ™ whist the wet form appears in the upper digestive and respiratory
tracts, thus complicating ingestion and inhibits hydration, ultimately resulting in starvation,
dehydration and mortality [, A simultaneous manifestation of a mixed cutaneous and systemic
variant of FP infection was observed in juvenile chickens 1. Control measures for FP
primarily rely on stringent biosecurity practices and vaccination with either attenuated FPV
strains or antigenically similar Pigeon pox virus vaccine 1. However most commercially
available live FP vaccines, particularly in Nigeria, are produced using chorioallantoic
membrane (CAM) of embryonated eggs [,
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While CAM-based vaccines have been widely used, the
present several drawbacks, including low titres, inability to
illicit immune responses, high production costs, and labor-
intensive manufacturing processes, ultimately limiting
vaccine availability [* 191, These limitations have resulted in an
inadequate supply of FP vaccines to meet the growing
demands of the poultry industry. 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 1. Given these
challenges, there is an urgent need to develop FP vaccines
using cell culture systems, which offer several advantages
over CAM-based production. Cell culture-adapted vaccines
can enhance viral replication efficiency, improve
immunogenicity, produce vaccines with high titres, and
streamline large-scale production, making them more reliable
and cost-effective alternative 1. Furthermore, cell culture
technology has become a cornerstone of modern veterinary
vaccinology, facilitating the production of safer and more
effective vaccines [, In response to these needs, this study
evaluated the safety of various locally produced cell culture-
adapted live FPV vaccines in chickens, with the goal of
optimizing vaccine efficacy and addressing the supply gap in
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FP prevention.

2. Methods

Authorization for this research involving the use of
experimental animals (Specific pathogen free chickens),
including eggs, was secured from the National Veterinary
Research Institute, Vom Animal Use and Care Committee,
under approval number: NVRI/AE/02/164/24.

Five birds free of maternal antibodies randomly allocated into
four groups after statistically calculated via Federer’s formula
were vaccinated with 10 times the standard field dose (= 0.12
mL per dose) of the four FP cell culture adapted vaccines
propagated in four cell lines namely: chicken embryo
fibroblast (CEF), duck embryo fibroblast (DEF), quail
embryo fibroblast (QEF), and Vero cells with titres:
CEF=10°® TCIDso/mL, QEF=10%¢ TCIDso/mL, DEF=107¢
TCIDso/mL, and Vero cells=10"2 TCIDs¢/mL. One group of
five birds were kept as unvaccinated control group. The birds
were vaccinated by pricking the wing web with a specialized
applicator containing the vaccine, at five weeks of age and
kept under the deep litter management system, while being
feed and watered ad libitum. The experimental plan and
treatment groups were as outlined in Table 1.

Table 1: Experimental design for Fowl pox vaccine study showing the different groupings, and treatments received

WEEK
R Pre-vaccination Vaccination Post-vaccination (PV)
Group (N=5Birds) Week 4 Week 5 Week 8 (21 DPV)
B Stabilise CEF Vaccine — 10x Std field dose Terminate Exp., Euthanize 2 birds
D Stabilise DEF Vaccine — 10x Std field dose Terminate Exp., Euthanize 2 birds
F Stabilise Vero Vaccine — 10x Std field dose Terminate Exp., Euthanize 2 birds
H Stabilise QEF Vaccine — 10x Std field dose Terminate Exp., Euthanize 2 birds
K (Control) Stabilise No Vaccination Terminate Exp., Euthanize 2 birds

KEY: CEF-Chicken Embryo Fibroblast, DEF-Duck Embryo Fibroblast, QEF-Quail Embryo Fibroblast, Std-Standard, DPV-Days Post-

Vaccination; Exp-Experiment

The birds were then monitored daily for 7-10 days for
evidence of ‘takes’, which is defined, “as a skin oedema or
the development of a scab at the vaccination site”. The birds
were also monitored for the absence of adverse
effects/reactions or disease, and/or mortality attributable to
the vaccines ® % On day 21 post vaccination at the
termination of the experiment, two birds from each group
were randomly selected and humanely euthanized. The
euthanized chickens were necropsied and several tissues
namely: kidney, liver, lungs, and heart were aseptically
sampled and preserved in 10% buffered formalin, The fixed
tissues were routinely processed for haematology-and-eosin

staining (H&E) examination under a light microscope (Carl
Zeiss Axio Imager Al binocular) for histopathological
changes [*2,

3. Results

After vaccination, 100% (20/20) of the birds in the four
groups that received 10 times the standard field dose
developed “takes” (swelling at the injection site) within 7
days post-vaccination but the non-vaccinated control birds
however did not develop “takes”. The vaccinated birds that
developed “takes” are shown in Figure 1 (a & b) below

Fig 1: A-An image of the non-vaccinated birds (Control); B-An image showing evidence of “takes” (swelling at the site of vaccination) in
vaccinated birds (circled area in blue)
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In addition, all the vaccinated birds that received 10 times the
standard field dose did not develop any undesirable/adverse
symptoms or clinical disease related to the vaccine or
vaccination with the 4 different vaccines. However, although
these birds did not develop any undesirable/adverse
symptoms or clinical disease or mortality related/associated
with the vaccine or vaccination with the 4 different vaccines,
there were minor histological changes including necrosis of
the renal tubules and the renal corpuscles in the kidney tissues
of CEF vaccinated birds (Figure 2B), while there were
congestion of the renal vessels in QEF vaccinated birds
(Figure 2D). The lung tissues on the other hand had
congestion/ hemorrhages in blood/pulmonary vessels and

https://www.veterinarypaper.com

clusters of polymorphonuclear cells in all the vaccinated birds
(Figure 3G-J). The cardiac tissues have normal muscle and
coronary vessels except the DEF vaccinated birds which had
congested coronary vessels (Figure 4M). The hepatic tissues
of the all the vaccinated birds had several histological changes
including severe necrosis of the hepatocytes (CEF vaccinated
birds-Figure 5Q) congestion of the central vein and necrosis
of the hepatocytes (Figure 5R=DEF vaccinated group);
congestion of the portal vein (Figure 5S=QEF vaccinated
group), and aggregation of polymorphonuclear cells and
partial congestion of the portal vein (Figure 5T=Vero
vaccinated group).

Fig 2(A-E): Histological illustrations depicting various renal lesions

Key: A=Unvaccinated Control Group: Kidney revealing
normal corpuscles (black arrows), and tubules (yellow
arrows) (H&E x100); B=CEF vaccinated group: Necrosis of
the renal tubules (black arrows) and the renal corpuscles (red
arrows) (H&E x100); C=DEF vaccinated group: Kidney

revealing no pathology (H&E x100); D=QEF vaccinated
group: Congestion of the renal vessels (blue stars) (H&E
x100); E=Vero vaccinated group: Kidney parenchyma is
normal no pathology observed (H&E x100).

Fig 3(F-J): Histological pictograms showing different pulmonary lesions

Key: F=Unvaccinated Control group: Lungs revealing no
pathology. The blood vessels (black stars) are clear of any
congestion (H&E x 100); G=CEF vaccinated group: Lung
revealing congested blood vessels (yellow stars) (H&E x
100); H=DEF vaccinated group: Lung revealing hemorrhage

(blue stars) (H&E x 100); 1=QEF vaccinated group: Lung
revealing hemorrhage (blue stars) and congested pulmonary
vessels, also present are clusters of polymorphonuclear cells
(black arrows) (H&E x 100); J=Vero vaccinated group:
Congestion of pulmonary vessel (yellow star) (H&E x 100).

Fig 4(K-O): Histological illustrations showing different cardiac lesions

Key: K=Unvaccinated Control group: Heart revealing normal
cardiac muscle (yellow stars) (H&E x 100); L=CEF
vaccinated group: Heart revealing normal cardiac muscle
(black arrows) and coronary vessels (blue stars) (H&E x 100);
M=DEF vaccinated group: Cardiac muscle (black stars)

revealing congested coronary vessels (yellow arrows) (H&E x
100); N=QEF vaccinated group: Cardiac muscle (black
arrows) with no pathology observed (H&E x 100); O=Vero
vaccinated group: Cardiac muscle (black arrows) with no
pathology observed (H&E x100).
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Fig 5(P-T): Histological pictograms depicting various hepatic lesions

Key: P=Unvaccinated Control group: Normal Liver, hepatic
lobules with radially hepatocytic beams that radiate towards
the central vein (H&E x 100); Q=CEF vaccinated group:
Liver revealing severe necrosis of the hepatocytes (black
arrows) (H&E x 100); R=DEF vaccinated group: Liver
revealing congestion of the central vein (blue star) and
necrosis of the hepatocytes (black arrows) (H&E x 100);
S=QEF vaccinated group: Congestion of the portal vein
(black stars) of the liver is observed (H&E x 100); T=Vero
vaccinated group: Aggregation of polymorphonuclear cells
(black arrows) and partial congestion of the portal vein
(yellow star) (H&E x 100).

CEF=Chicken Embryo Fibroblast Adapted Vaccine;
DEF=Duck Embryo Fibroblast Adapted Vaccine; QEF=Quail
Embryo Fibroblast Adapted Vaccine; Vero=Vero Cells
Adapted Vaccine; H&E=Haematoxylin and Eosin.

4. Discussion

Fowl pox remains a significant challenge in poultry
production, leading to economic losses due to high morbidity,
poor growth, and reduced egg production 1%, Since there are
no standardized treatments, vaccination remains the primary
control strategy to control FP. Traditionally, FPV vaccine are
produced using the chorioallantoic membrane (CAM) of
embryonated chicken eggs. However, this method has several
drawbacks, including producing low titre vaccines, high
production costs, and labor-intensive processes [& °l. These
limitations have necessitated the search for alternative vaccine
production methods, particularly the adaptation of fowl pox
virus to cell culture systems, which offer improved efficiency,
high viral titres, and scalability (Y. This study evaluated the
safety of Fowl pox vaccines derived from primary cell
cultures (CEF, DEF, and QEF), and a secondary cell line
(Vero cells). The results of this study demonstrate that cell
culture-adapted fowl pox vaccines are both safe and effective.
All vaccinated birds developed vaccine “takes,” characterized
by localized swelling at the inoculation site, indicating a
strong immune response. Additionally, none of the vaccinated
birds exhibited clinical disease, adverse reactions, or
mortality, reinforcing the safety of these wvaccines under
laboratory conditions. Histopathological analysis revealed
minor tissue changes in vaccinated groups, including renal
tubular necrosis in CEF-vaccinated birds, vascular congestion
in QEF- and DEF-vaccinated birds, and inflammatory cell
infiltration in the lungs and liver across all vaccinated groups.
However, these alterations did not translate into clinical
iliness, suggesting that the vaccines remain safe for use.
When compared to findings from previous studies, these
results align with earlier reports indicating that cell culture-
adapted fowl pox vaccines induce a strong immune response
while maintaining a favorable safety profile [ 51 The
presence of mild histopathological changes is also consistent
with existing literature, which suggests that such tissue
responses may be transient and not necessarily indicative of
long-term adverse effects (16281, Importantly, the absence of

clinical  disease,  mortality, or  vaccine-associated
complications in this study supports the growing body of
evidence that cell culture-adapted vaccines are a viable
alternative to traditional CAM-based vaccines. One of the
primary advantages of cell culture-based vaccines is their
efficiency in production. Unlike CAM-based vaccines, which
are labor-intensive and yield relatively low virus titres, cell
culture systems enable higher virus vyields, improved
scalability, and a more standardized manufacturing process
(11, This makes them a more practical and cost-effective
alternative, particularly in regions with high demand for fowl
pox vaccines. Furthermore, the ability to propagate the fowl
pox virus in both avian and mammalian cell lines expands the
potential for optimizing vaccine formulations with enhanced
immunogenicity and safety [¥1. Despite these promising
findings, additional research is needed to fully validate the
safety and efficacy of these vaccines in field conditions.
Future studies should focus on molecular characterization of
the vaccine strains to determine whether genetic mutations
occur during cell culture adaptation. Advanced molecular
techniques, such as quantitative PCR and
immunohistochemistry, could provide further insights into
vaccine virus distribution and persistence within host tissues.
Additionally, large-scale field trials in commercial poultry
farms would be essential in assessing the real-world efficacy
and safety of these vaccines. Immunological studies
examining cytokine responses and antibody production could
further clarify the mechanisms of immune protection
conferred by these vaccines.

5. Conclusion

This study provides strong evidence that cell culture-adapted
Fowl pox vaccines are both safe and effective under
laboratory conditions. Although minor histopathological
changes were observed, they did not result in clinical disease
or mortality, reinforcing the potential of these vaccines as
viable alternatives to conventional CAM-based vaccines.
Future research focusing on viral persistence, long-term
safety, and immunogenicity will be critical in further
validating these findings and optimizing vaccine formulations
for widespread use in poultry production.
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