British Biotechnology Journal

10(1): 1-10, 2016, Article no.BBJ.20150
ISSN: 2231-2927, NLM ID: 101616695

SCIENCEDOMAIN
SCIENCEDOMAIN international
www.sciencedomain.org

| T 9

Evaluation of Virulence of Tanzanian Strains of
Fowlpox and Pigeonpox Viruses in Chickens

S. N. Masola™?, A. Mzula?, C. J. Kasanga  and P. N. Wambura 2

'Department of Research and Technology Development, Tanzania Livestock Research Institute,
P.O.Box 202, Mpwapwa, Tanzania.

*Department of Veterinary Microbiology and Parasitology, Sokoine University of Agriculture,
P.0.Box 3019, Morogoro, Tanzania.

Authors’ contributions

This work was carried out in collaboration between all authors. Author SNM designed the study, did
both In ovo and In vivo experiments (data collection), literature search and wrote the first draft of the
manuscript. Author AM was involved during laboratory work (polymerase chain reaction). Authors CJK
and PNW supervised the entire work and corrected the manuscript. All authors read and approved the
final manuscript.

Article Information

DOI: 10.9734/BBJ/2016/20150

Editor(s):

(1) Chan Yean Yean, Department of Medical Microbiology and Parasitology, School of Medical Sciences,
Universiti Sains Malaysia, Malaysia.

Reviewers:

(1) Ching-Ho Wang, National Taiwan University, Taiwan.

(2) Keneth Iceland Kasozi, Makerere University Kampala, Uganda.

(3) lonica Mihaela lancu, Banat University of Agronomical Sciences and Veterinary Medicine, Romania.
Complete Peer review History: http://sciencedomain.org/review-history/11553

Received 13" July 2015
Accepted 25 " August 2015
Published 27 ™ September 2015

Original Research Article

ABSTRACT

Aim: To evaluate the virulence characteristics of recently isolated Tanzanian strains of fowlpox
virus (FWPV) and pigeonpox virus (PGPV) in chickens.

Study Design: Experimental.

Place and Duration of Study: Faculty of Veterinary Medicine, Sokoine University of Agriculture,
Morogoro, Tanzania; between January 2015 and April 2015.

Methodology: Ten-day embryonated chicken eggs were used for In ovo evaluation. The eggs
were randomly grouped into four groups (I, Il, Ill, and V) of 5 eggs each. Each egg in group I, Il,
and IIl was inoculated with 0.1 ml of 10° EIDsy/0.1 ml of reticuloendotheliosis virus (REV)-free
FWPV inoculum; REV-integrated FWPV inoculum; and PGPV inoculum; respectively, through
chorioallantoic membranes (CAMs). Group IV eggs served as control. All eggs were incubated at
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37°C for 7 days, thereafter CAMs and chicken embryos were examined for gross pathological
changes. One hundred and forty chicks were used for In vivo evaluation. At 26 days of age the
chicks were randomly grouped into four groups (I, Il, Ill, and IV) of 35 chicks each. Each chicken in
group |, Il, and Il was inoculated with 0.1 ml of 10° EID5y/0.1 ml of REV-free FWPV inoculum; REV-
integrated FWPV inoculum; and PGPV inoculum; respectively, subcutaneously. Chickens in group
IV served as control. Thereafter from day zero to day 28 post-inoculation, the chickens were
examined for development of clinical signs and deaths; followed by necropsy of dead chickens and
examination of samples of cutaneous nodular lesions from chickens inoculated with REV-free
FWPV or REV-integrated FWPV for the presence of FWPV by using standard procedures.

Results: Extensive pock lesions and severe haemorrhages were evident on CAMs and embryos,
respectively, of eggs inoculated with REV-integrated FWPYV. Chickens inoculated with REV-

Conclusion:
free FWPV strains.

integrated FWPV developed a severe disease, characterized by mortality rate of 57%.
REV-integrated FWPV strains are more virulent in susceptible chickens than REV-

Keywords: Tanzanian avipoxvirus strains; REV-free FWPV strains; REV-integrated FWPV strains;

PGPV; virulence; chickens.

ACRONYMS

APV = avipoxvirus; APVs = avipoxviruses; CAM = chorioallantoic membrane; CAMs = chorioallantoic
membranes; COSTECH = commission for science and technology; DNA = deoxyribonucleic acid;
ECE = embryonated chicken egg, ECEs = embryonated chicken eggs, EIDs, = mean (50%) embryo-
infectious dose; FVM = faculty of veterinary medicine; FWPV = fowlpox virus; i.e = that is; PBS =
phosphate-buffered saline; PCR = polymerase chain reaction; PGPV = pigeonpox virus; pi = post-

inoculation; REV =
university of agriculture.

1. INTRODUCTION

The extent of virulence is usually correlated with
the ability of the pathogen to multiply within the
host. This ability, which is mediated by virulence
factors, represents a genetic component of the
pathogen; and the overt damage done to the
host is an outcome of the host-pathogen
interactions [1,2]. Currently virulence is used to
characterize the relative capacity of an infectious
agent to cause disease in susceptible hosts and
has traditionally been used to describe biological
characteristics of infectious agents [2].

Fowlpox and pigeonpox viruses are DNA viruses
belonging to the family Poxviridae, subfamily
Chordopoxvirinae and genus Avipoxvirus [3—6].
Avipoxviruses (APVs) cause pox in birds, in
chickens the disease is known as fowl pox [7].
Clinically, there are three forms of avian pox; the
cutaneous, diphtheritic and systemic forms [8,9].
The cutaneous form is characterized by
formation of proliferative lesions ranging from
papules to nodules in the featherless or poorly
feathered parts of the body, which eventually
hardens to form scabs. The diphtheritic form is
characterized by formation of fibrous necrotic
proliferative lesions in the mucous membrane of

reticuloendotheliosis virus; SPF =

specific-pathogen free; SUA = sokoine

the oral cavity and upper respiratory tracts [7]. In
the systemic form various body systems and
tissues of an infected bird are involved [9]. The
cutaneous form is common and causes no or low
mortality. Mortality rates are high in the
diphtheritic and systemic forms. However, these
forms of avian pox occur rarely [10,11].

Isolates of APVs from several avian species
have been characterized in several countries
based on their antigenic, genetic or biological
properties. Some of the countries include Norway
[12], Hawaii [13,14], Tanzania [15-17],
Galapagos islands [18], Czech Republic [19],
Croatia [20], the United States [21,22], Italy [23],
Hungary [24], Japan [25], Great Britain [26],
Egypt [27], Australia [28], Israel [29] and India
[30]. As far as biological characterization is
concerned, reports [12,14,31-34] indicate that
several studies have been conducted to
determine the pathogenicity or virulence of
avipoxvirus (APV) isolates from birds belonging
to different avian species.

In recent years fowl pox has been reported to
cause high mortalities of chickens (particularly
chicks and growers) in Tanzania [35,36]. It has
been speculated that the increased mortality rate



of chickens (chicks and growers in particular)
due to fowl pox could be attributed to emergence
of variant strains of APVs which are more virulent
than FWPV strains which were circulating in the
country in the past decades. This necessitated
biological characterization of Tanzanian APV
strains currently circulating in the country. The
objective of this study was to investigate the
virulence characteristics of recently isolated
Tanzanian strains of FWPV and PGPV in
chickens.

2. MATERIALS AND METHODS
2.1 Study Location

The study involved both In ovo and In vivo
evaluation. IN ovo evaluation was carried out in
the virology laboratory, at the Faculty of
Veterinary Medicine (FVM), Sokoine University of
Agriculture (SUA), Tanzania. In vivo evaluation
was conducted at the Animal Research Unit of
the FVM, SUA, Tanzania.

2.2 Source of Chickens and Chicken
Eggs

One hundred and forty (140) day-old layer chicks
and 130 specific-pathogen free (SPF) eggs were
purchased from Interchick Company Limited, Dar
es Salaam, Tanzania; and a commercial farm in
Morogoro, Tanzania, respectively.

2.3 Incubation of Eggs

The eggs were incubated at 37°C for 10 days so
as to obtain embryonated chicken eggs (ECES)
for In ovo evaluation and determination of mean
(50%) embryo-infectious dose (EIDsy).

2.4 Preparation and Storage of Virus
Inocula

Samples of chorioallantoic membranes (CAMSs)
with pock lesions due to Tanzanian strains of
fowlpox virus (FWPV) and pigeonpox virus
(PGPV), previously isolated and genetically
characterized [15-17], were homogenized.
Thereafter, each homogenate was suspended in
phosphate-buffered saline (PBS) along with
antibiotics [i.,e Gentamycin (10% w/v) and
Penistrept®, consisting of Procaine Penicillin (200
mg/ml) and Dihydrostreptomycin Sulphate (200
mg/ml)]. The homogenates were centrifuged at
500g for 10 minutes at room temperature (25-
28°C); thereafter the supernatants were collected
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and filtered using 0.22 ym membrane filters to
get the inocula. Each inoculum was stored at -
20°C in plastic vials containing 10° EID50/0.1 ml
of either reticuloendotheliosis virus (REV)-free
FWPV  inoculum, REV-integrated FWPV
inoculum, or PGPV inoculum.

2.5 Management of Chickens

The chicks were reared at the Animal Research
Unit of the FVM, SUA; in a well-ventilated
concrete floor house, littered by rice husks. The
chicks were given standard feed (chick starter)
and water ad libitum and held in isolation until
they were 21 days of age for maternally derived
antibodies to wane. At this age all birds were
screened for fowl pox and reticuloendotheliosis
antibodies and were found to be seronegative.

2.6 Study Design

This was an experimental study design and it
involved both In ovo and In vivo evaluation as
described below:

2.6.1 In ovo_evaluation

Twenty 10-day-old SPF ECEs were used for in

ovo evaluation. The eggs were randomly
grouped into four groups (I, II, lll, and 1V) of 5
eggs each. Each egg in group |, Il, and lll was

inoculated 0.1 ml containing 10° ElDg/0.1 ml of
REV-free FWPV inoculum; REV-integrated
inoculum; and PGPV inoculum; respectively,
through CAMs. Group IV eggs served as control,
they were injected 0.1 ml of PBS through CAMs.
All eggs were incubated at 37°C for 7 days,
thereafter CAMs were examined for the presence
of pock lesions or generalized thickening and
haemorrhages. Chicken embryos were also
examined for gross pathological changes. The
experiment was replicated one time.

2.6.2 In vivo _evaluation

This involved inoculation of chickens with
Tanzanian strains of REV-free FWPV, REV-
integrated FWPV (previously demonstrated to be
integrated with a near-full length REV provirus i.e
807 bp of REV envelope gene and 370 bp of 5'
REV long terminal repeat [16]) or PGPV [17],
clinical examination of both inoculated and
control chickens, necropsy of dead chickens,
examination of cutaneous nodular lesions from
chickens inoculated with Tanzanian strains of
FWPV for the presence of FWPV, antigen
preparation and measurement of humoral
immune responses as described below:



2.6.2.1Inoculation of chickens with FWPV or
PGPV

At 26 days of age the chicks were randomly
grouped into four groups (I, Il, lll, and IV) of 35
chicks each. Each group was kept in a separate
room. Each chicken in group I, Il, and 1l was
inoculated 0.1 ml containing 10° EIDs5¢/0.1 ml of
REV-free FWPV inoculum; REV-integrated
FWPV  inoculum; and PGPV inoculum,
respectively, through the subcutaneous route at
the ventral side of the neck. Chickens in group IV
served as control, they were injected 0.1 ml of
PBS subcutaneously. Blood samples were
collected from wing vein of each chicken before
inoculation and at 4-day intervals post-
inoculation (pi) up to day 28 pi.

2.6.2.2 Clinical examination

From day zero to day 28 pi all chickens were
clinically examined for development of clinical
signs and deaths.

2.6.2.3 Necropsy

Post-mortem examination was carried out to all
dead chickens using routine procedures
described previously [37], so as to establish
gross pathological changes in internal organs.
2.6.2.4 Examination of cutaneous nodular
lesions for the presence of FWPV

Samples of lesions were examined by using both
virus isolation and polymerase chain reaction
(PCR) techniques. The samples were collected
from chickens inoculated with REV-free FWPV or
REV-integrated FWPV strains and stored at -
20°C. Thereafter virus inocula were prepared as
described earlier [15]. The inocula were
inoculated on SPF CAMs of 10-day-old chicken
embryos. The infected embryos were incubated
at 37°C for 7 days. Thereafter they were cooled
for 2 hours and the CAMs were removed. The
CAMs thickness and the presence of
characteristic pock lesions were evaluated
grossly. Thereafter samples of genomic DNA
were extracted from samples of CAMs containing
virus cultures as described earlier [15], followed
by examination for the presence of FWPV-
specific DNA by using PCR as described
previously [15] using gene specific
oligonucleotide primers indicated in Table 1.
After PCR the amplicons were run in a 1.5%
agarose gel as described earlier [15] to
determine the positive samples.
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2.6.2.5Antigens preparation and measurement of
humoral immune responses

The antigens were prepared by using procedures
described previously [12]. Humoral immune
responses of chickens after inoculation with
REV-free FWPV, REV-integrated FWPV or
PGPV were measured by using enzyme-linked
immunosorbent assay as described earlier [12].

2.7 Biosecurity Measures

In order to ensure that no environmental
contamination  occurred during In  vivo
experiment, the following biosecurity measures
were taken:

i) A disinfectant footbath was available at the
entry point of the experiment facility, each
personnel involved during the experiment
had to disinfect his/her feet before getting
in or out of the experiment facility.

ii) Each personnel involved during the
experiment had to put on protective
clothing (i.e coveralls), gum boots and
gloves that were devoted solely to the
experiment facility.

iii) All other equipments and supplies such as
feeders and drinkers used during the
experiment were solely devoted to the
experiment facility.

iv) Each personnel involved during the
experiment observed personal hygiene
which included frequent hand washing with
warm water and soap, cleaning and
disinfection of gum boots, coveralls and
equipments used for  post-mortem
examination.

v) All dead chickens were burnt and ashes
were buried. All chickens that were alive at
the end of the experiment were
euthanized. The euthanized birds were
burnt and ashes were buried.

vi) After completion of data collection the
experiment facility was disinfected.

3. RESULTS AND DISCUSSION

3.1 Results

3.1.1 In ovo_evaluation

3.1.1.1 Pathological findings

Gross examination of CAMs and chicken
embryos revealed development of pock lesions
on CAMs of ECEs inoculated with PGPV,
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Table 1. Primers used in this study

Primer specific for Prim er sequence Expected Reference
amplification of (5'—3) fragment size
P4b gene of APVs CAGCAGGTGCTAAACAACAA? 578 bp [38]

CGGTAGCTTAACGCCGAATA"

®Forward primer. °reverse primer

REV-free FWPV and REV-integrated FWPV
strains. Apart from development of pock lesions
the CAMs were thickened and haemorrhagic
(Fig. 1). Embryos of ECEs inoculated with PGPV,
REV-free FWPV and REV-integrated FWPV
strains were haemorrhagic (Fig. 2). Table 2
shows virulence scores of PGPV and FWPV
strains based on damage induced by the viruses
on the embryos as indicated by the extent of
haemorrhages on the embryos.

3.1.2 In vivo_evaluation

3.1.2.1 Clinical findings

Cutaneous nodular lesions started to be evident
on featherless parts of chickens such as eyelids
and nostrils on day 10 pi, the lesions were
evident in chickens inoculated with REV-free
FWPV or REV-integrated FWPV. In addition to
cutaneous nodules, on day 26 pi abnormal
feathering started to be evident in five of 35
(14%) chickens inoculated with REV-integrated
FWPV. Chicken deaths occurred on days 23, 25,
26, and 28 pi; where 3, 7, 6, and 4 chickens died,
respectively. Chicken mortalities related to
inoculation of each virus inoculum by day 28 pi
were as shown in Table 3. No clinical signs were
observed in chickens which served as control
and those which were inoculated with PGPV.
Virulence scores based on severity of disease as
indicated by the number of cutaneous nodular
lesions on chickens that developed fowl pox
were as indicated in Table 4.

3.1.2.2 Necropsy findings

Gross examination of dead chickens revealed
atrophy of bursa of Fabricius and thymus, spleen
and liver necrosis, enlarged peripheral nerves,
proventriculitis and enteritis.

3.1.2.3Examination of cutaneous nodular lesions
for the presence of FWPV

Successful isolation of FWPV from samples of
cutaneous nodular lesions from chickens which
developed fowl pox was indicated by the
presence of characteristic pock lesions on CAMs.

This was confirmed by detection of FWPV-
specific DNA in samples of CAMs containing
virus cultures, as indicated by migration of PCR
products to approximately 578 bp which is an
expected fragment size for the P4b gene
amplicons for FWPV (Fig. 3).

3.1.2.4 Humoral responses

All chickens inoculated with the APVs showed
antibody responses against the APVs antigens.
The highest antibody titre was reached on day 20
pi. Chickens inoculated with PGPV had the
highest antibody response, followed by chickens
inoculated with REV-free FWPV. Chickens
inoculated with REV-integrated FWPV had
relatively low antibody titres compared to
chickens inoculated with PGPV or REV-free
FWPV. Chickens in the control group did not
show any humoral response (Fig. 4). No
antibodies against the APVs antigens were
detected in chickens before inoculation.

3.2 Discussion

In the present study, virulence characteristics of
Tanzanian strains of FWPV and PGPV in
chickens were evaluated both In ovo and In vivo.
In ovo evaluation revealed that chicken embryos
inoculated with REV-integrated FWPV were
more affected, as indicated by the extent of
haemorrhages, as compared to chicken embryos
inoculated with REV-free FWPV or PGPV. This
suggests that REV-integrated FWPV are more
virulent in susceptible chickens than REV-free
FWPV.

In In vivo evaluation; clinical examination
revealed that chickens inoculated with REV-
integrated FWPV developed severe fowl pox, as
indicated by high number of cutaneous nodular
lesions, as compared to chickens inoculated with
REV-free FWPV. In addition to that, 20 of 35
(57%) chickens inoculated with REV-integrated

FWPV died. Apart from chicken deaths;
abnormal feathering, which is considered a
pathognomonic clinical sign of

reticuloendotheliosis caused by REV [40], was
also observed in five of 35 (14%) chickens



inoculated with REV-integrated FWPV. The
relatively low antibody titres demonstrated in
chickens inoculated with REV-integrated FWPV,
as compared to antibody titres in chickens
inoculated with PGPV or REV-free FWPV, could
be attributed to the immunosuppressive effects of
REV provirus integrated in the genome of FWPV
to the chickens [41,42]. It is likely that the
integration of a near-full length REV provirus in
the genome of a FWPV strain that was
inoculated in the chickens gave rise to infectious
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REV which, in turn, caused immunosuppression
and reticuloendotheliosis that led to deaths of 20
of 35 (57%) chickens inoculated with REV-
integrated FWPV. Necropsy findings ruled out
diphtheritic and systemic forms of fowl pox,
which are usually characterized by high mortality
rates [10,11]. This suggests that gross lesions
observed in internal organs during necropsy
could be attributed to a near-full length REV
provirus integrated in the genome of the FWPV
strain inoculated to the chickens.

Fig. 1. A, B, C and D. Photographs showing gross pa

inoculated with Tanzanian strains of FWPV and PGPV.
ECE inoculated with PGPV. (B) extensive pock lesion

ECE inoculated with REV-integrated FWPV. (C) pock |

thological changes on CAMs of ECEs
(A) pock lesions (arrows) on CAM of

s (arrows) and haemorrhages on CAM of
esions (arrows) and haemorrhages on

CAM of ECE inoculated with REV-free FWPV. (D) CAM o f ECE not inoculated with any APV
strain (control)

Fig. 2. A, B, C and D. Photographs showing haemorrh
inoculated with PGPV and FWPV strains. (A) few haem
inoculated with PGPV. (B) embryos of ECE inoculated

increased number of haemorrhagic foci (arrows). (C)
integrated FWPV demonstrating generalized haemorrhag

ages on chicken embryos of ECEs
orrhagic foci (arrow) on embryo of ECE
with REV-free FWPV demonstrating an
embryo of ECE inoculated with REV-

e (arrows). (D) embryo of control ECE

(not inoculated with any APV strain)



Table 2. Virulence scores based on the damage induc
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ed by PGPV and FWPV strains on

chicken embryos as indicated by the extent of haemo rrhage
Group APV strains used for Virulence score Reference
inoculation of ECEs
I REV-free FWPV 2 [39]
Il REV-integrated FWPV 3
11 PGPV 1
WY Control® 0

#ECEs were not inoculated with PGPV or FWPV strains. 0 = no haemorrhages, 1 = mild or slight haemorrhages,
2 = moderate haemorrhages, 3 = severe haemorrhages

Table 3. Chicken mortalities related to inoculation

of each virus inoculum by day 28 pi

Group APV strains used for Number of chickens

inoculation of chickens Inoculated Infected Contracted pox Died
I REV-free FWPV 35 35 35 0
Il REV-integrated FWPV 35 35 35 20
I PGPV 35 35 0 0
Y Control® 0 0 0 0

Chickens were not inoculated with any APV strain

Table 4. Virulence scores based on infectivity
or damage induced by PGPV and FWPV
strains on chickens as indicated by the
number of cutaneous nodular lesions by

day 28 pi

Group APV strains used for Virulence
inoculation of score
chickens

I REV-free FWPV 1

Il REV-integrated FWPV 2

I PGPV 0

\Y, Control® 0

#Chickens were not inoculated with any APV strain.
0 = not affected, 1 = moderately affected
(2 — 4 lesions), 2 = severely affected (> 4 lesions)

Isolation of FWPV from samples of cutaneous
nodular lesions collected from chickens
inoculated with REV-free FWPV or REV-
integrated FWPV, which was demonstrated by
presence of characteristic pock lesions on CAMs,
and thereafter confirmed by demonstration of
FWPV-specific DNA in samples of CAMs
containing virus cultures; indicates that the
cutaneous nodular lesions on the chickens were
attributed to inoculation of the chickens with the
FWPV strains.

As opposed to a previous study by Weli et al.
[12] which demonstrated a Norwegian strain of
PGPV isolated from a Norwegian wood pigeon
(Palumbus palumbus) to be pathogenic in
chickens, and more virulent in chickens than a
vaccine strain of FWPV; the present study has
demonstrated that the Tanzanian strain of PGPV

isolated from domestic pigeons (Columba livia
domestica) can infect but does not cause
disease (pox) in chickens, thus ruling out the
possibility of a PGPV strain currently circulating
in Tanzania being one of the attributing factors to
the increased incidences and prevalence of fowl
pox currently experienced in the country.

M

600 bp

578bp
500 bp

Fig. 3. Agarose gel electrophoresis of PCR
products of DNA extracted from samples of
cutaneous nodular lesions collected from
chickens inoculated with REV-free FWPV
(lane 1) and REV-integrated FWPV (lane 2).
Lanes 3 and 4 are positive and negative
control, respectively. Lane M is a molecular
weight marker with 100-bp increments. The
amplicons migrated to approximately 578 bp,
which is an expected fragment size for the

P4b gene of FWPV

With regard to humoral responses, antibody titres
in chickens inoculated with REV-integrated
FWPV were low as compared to antibody



B REV-integrated FWPV
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Antibody titre

B REV-free FWPV
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PGPV mControl

2_

15 -

1 -

0.5‘ '

0 - : : : ‘ : :

Day 4 Day 8 Day 12

Day 16 Day 20 Day 24 Day 28

Days post-inoculation

Fig. 4. Humoral responses of chickens following ino

culation with REV-integrated FWPV, REV-

free FWPV or PGPV

antibody titres in chickens inoculated with PGPV
or REV-free FWPV. This could be attributed to
immunosuppressive effect of REV provirus
integrated in the genome of FWPV to chickens
inoculated with REV-integrated FWPV.

4. CONCLUSION

Based on the findings of this study it is concluded
that integration of REV provirus in the genome of
FWPV renders REV-integrated FWPV strains
more virulent in susceptible chickens than REV-
free FWPV strains; and the Tanzanian strain of
PGPV isolated from domestic pigeons is not
pathogenic in chickens. This implies that the
increased incidences and prevalence of fowl pox
currently experienced in chickens in Tanzania
are attributed to emergence of variant strains of
FWPV which are REV-integrated. It also implies
that, the Tanzanian strain of PGPV is not one of
the attributing factors to the increased incidences
and prevalence of fowl pox currently experienced
in the country.
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