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Objective: Isolation, conventional and molecular characterization of sheep poxvirus
(SPV) from clinically diseased vaccinated sheep in Dakahlia Governorate, Egypt.

Design: Descriptive study.

Samples: Forty samples including 20 skin nodules and 20 from lung, liver, lymph node
and tongue (5samples from each) were collected from sheep flock consisted of 25 adult
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Procedures: The suspected virus was isolated through embryonated chicken eggs (ECEs).
SPV was detected by agar gel precipitation test (AGPT), indirect fluorescence antibody
test (IFAT) and histopathology in field and egg passaged samples. Ten samples were
selected for molecular characterization by conventional and real time polymerase chain
reaction (PCR) and for sequence analysis based on P32 gene.

Results: The disease prevalence was 16.7% (5 infected). Thirty-two samples (80%)
recorded positive isolation of SPV (skin nodules, n=16; lung, n=5; lymph node, n=5; liver,
n=3; tongue, n=3). The positive results percentage for AGPT and IFAT in field samples
was 42.5% and 92.5%, respectively. In egg passaged samples, 82.5% of samples showed
positivity by IFAT. Intra- cytoplasmic inclusions were detected in 75% of field samples,
and in 62.5% of egg passaged samples. All selected samples for the virus molecular
detection showed positive results. P32 gene sequence analysis revealed that our SPV
was closely related to Saudi Arabia virus, 2019.

Conclusion and clinical relevance: SPV detected from clinically diseased vaccinated
sheep in Egypt. So further study is crucial to identify the reason for vaccination failure
and also on precise determination of this virus origin as well as virus spread pattern
analyses.

Keywords: Agar gel precipitation test (AGPT); histopathology; indirect fluorescence
antibody test (IFAT); nucleotide sequence analysis; polymerase chain reaction (PCR); real
time-PCR; sheep poxvirus (SPV); virus isolation.

surface consists of protein and lipid surrounding the core and

1. INTRODUCTION two lateral bodies. The core is biconcave, in other words

Sheep pox (SP) is the severest and most contagious viral
disease in sheep [1]. SP is characterized clinically by fever,
anorexia, depression, appearance of pox lesions on wool free
areas, development of lung lesions and enlargement of
superfacial lymph nodes [2]. The disease is caused by sheep
poxvirus (SPV), a member in genus Capripoxvirus, subfamily
Chordopoxvirinae, family Poxviridae, order Chitovirales, class
Pokkesviricetes, phylum  Nucleocytoviricota, kingdom
Bamfordvirae, realm Varidnaviria. The other members of
Capripoxvirus genus are goat poxvirus (GPV) and lumpy skin
disease virus (LSDV) [3].

Sheep and goats are susceptible to SP and GP, whereas
some strains are pathogenic for sheep only, other strains are
pathogenic for goat only and the remaining strains can cause
illness in both sheep and goats [4].

Sheep poxvirus (SPV) is double-stranded DNA enveloped
brick shaped with complex capsid symmetry, the external

dumbbell-shaped. The genome ends consist of a terminal
hairpin loop "no free ends" with many tandem repeated
sequences included within the inverted terminal repeats
(ITRs) [5].

Sheep pox had been described in Europe since the first
century. It was reported in England, France, Italy and
Germany during the 13%™ century [6]. In Egypt, a proof of
circulating SPV strains was confirmed during 2014-2017
[7,8,9].

There is large scale of SPV prevalence was recorded
globally ranging from100% to 5.18%. In Egypt, previously
recorded prevalence was 23.5% in 2017 [9,10,11,12].

SP is leading to strong financial losses in sheep industry in
the form of high morbidity and mortalities, short-term death
from advanced pneumonia and severe inflammation
accompanied by reduced milk production, live loss of weight,
increased rates of abortion, wool and leather loss and
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damage [13].So early diagnosis of SPV has been taken into
account. SPV is diagnosed on the basis of clinical symptoms,
isolation of the virus, conventional and molecular detection
methods[14].

The conventional methods used in diagnosis of SPV include
virus isolation, indirect fluorescent antibody test (IFAT), virus
neutralization test, agar gel precipitation, latex agglutination
and an antigen trapping enzyme-linked immunoasorbent
assay [7,15,16,17,18]. While molecular detection of the virus
could be performed by conventional and real time-
polymerase chain reaction (PCR) [19, 20].

P32 gene commonly used as a target for molecular
characterization of the virus because its encoded protein
contains the most significant antigenic determinant present
in all strains of capripoxvirus [21].

The present work focused on isolation of SPV from
vaccinated sheep in Egypt by using ECEs and identification of
SPV antigen by using AGPTand IFAT in field and egg-passaged
samples and molecular detection and characterization of
identified SPV as well as, histopathological examination in
field and egg-passaged samples.

2. MATERIALS AND METHODS
2.1. Samples Collection and Preparation

Forty samples in total, of which 20 skin nodules and 20
internal organs samples including "lung, liver, lymph node
and tongue" (5samples from each organ) were collected from
vaccinated sheep. Diseased animals exhibited multiple skin
nodules in area free from wall as in the face (especially
around the nostril and eyes), neck and under tail (Figure 1 A
and B). Post mortem exammination revealed generalized
nodules in internal organs (lung and tongue), congestion of
liver and enlargement of superfacial lymph nodes (Figure 1 C
and D).

Negative control samples of skin biopsies, lung, liver,
lymph node and tongue from healthy and non-vaccinated
sheep have been collected. Each sample was split into three
portions; the first portion kept in 10% neutral formalin for
histological examination, the second portion was taken to
the cryostat slide preparation freezing chamber for IFAT, and
the third portion was placed into a sterilized plastic container
with phosphate buffer saline (PBS) and antibiotics then put
into an ice box for transportation to the virology laboratory
and stored at -02°C until used for isolation and
characterization of the virus. Samples used for virus isolation
were prepared in accordance with [22] as follows: by using
sterile scissors, the samples were cut then ground into a
sterile pestle and mortar containing sterile sand. The tissues
were prepared with PBS containing antibiotics, making 20%
suspension. Then for three times, they were frozen and
thawed. After that the suspensions were centrifuged for 10
minutes at 3000 rpm. Finally, the supernatant was taken and
preserved at - 20°C until usage.

2.2. Preparation of Rabbit Hyperimmune Serum against SPV
Vaccine
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Preparation of hyperimmune serum was carried out in
accordance with [22] as follows: Four ml sterile PBS were
added to each lyophilized live SPV vaccine vial of 10%?
TCIDso/ml titer. Four rabbits were inoculated S/C in two
different sites four times at 2-weeks interval. One ml of live
SPV vaccine was emulsified in 1ml Freund complete adjuvant
in each injection. Fourteen days after the last injection, the
rabbits were bled out and the blood was centrifugated for 10
minutes at 3000 rpm for separation the hyperimmune serum
and the hyperimmune serum preserved at -202C until used.
The 5% rabbit not injected and separated from the remaining
rabbits for collection of a negative serum sample. The
total protein  concentration was estimated by
spectrophotometer using the readymade kits compared to
the non-inoculated rabbit.

2.3. Reference SPV vaccine

Lyophilized Kenyan sheep poxvirus strain (SPV)
containing 50 doses with a titre of (10>2 TCIDso/ ml) was
obtained from Pox Department, Veterinary Serum and
Vaccine Research Institute (VSVRI) Abbasia, Cairo, Egypt). The
vaccine was reconstituted according to the manufacturer by
adding 4 ml PBS to be used for preparation of hyperimmune
serum and as a positive control for identification of the
suspected virus by AGPT and PCR.

2.4. Inoculation of the prepared samples on chorioallantoic
membrane (CAM )of ECEs

The inoculation of the samples was carried
out in accordance with [23] as follows: ECEs had been
incubated in a forced ventilation, managed humidity egg
incubator for a period of 11 days at 372C, and turned two
times a day before inoculation. Piercing ahole at the center of
air sac was carried out. By using air bulb, the air was suctioned
through egg’s blunt end to create false air sac beneath egg’s
lateral walls. 0.2 ml of the inoculum was inoculated through
the hole of the false aor sac. The holes were sealed with
molten wax, then inoculated eggs were incubated in
horizontal position at 37°C. The eggs
have been candled every day and the non specific eggs
,containing dead embryos in the first 24 hrs, were rejected.
Finally, the CAMs after 5 days of incubation were collected,
washed and examined for presence of pock lesions. For each
sample, six passages were performed.

2.5. Detection of SPV antigen using AGPT

The detection of the suspected SPV by using AGPT in field
samples and 6™ egg passaged samples was carried out in
accordance with [14] as follows: the gel has been prepared
by dissolving 1.5% agarose in PBS then autoclaved for 15
minutes. Ten ml of the agarose was put into a 5 cm in
diameter petri dish and left to solidify at room temperature.
A pattern of wells, consisting of six peripheral wells
surrounding a central well (3mm in diameter and 2mm apart)
was punched in the agar, when the agar has set.
The suction device removed the agarose blocks and a little
amount of the liquid agarose was used for sealing the wells
by spilling into the bottom of all wells. The central well was
filled with the hyperimmune serum and the peripheral wells
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were filled with the prepared field samples, 6" egg passaged
samples, control positive SPV and a control negative SPV.
Dishes were incubated at 37°C for 5 days in humidified
chamber and subsequently tested to detect the positive
results in the form of precipitation lines.

2.6. Detection of SPV antigen using IFAT

It was appplied in accordance with [24] as following: the
collected field samples, the CAMs of ECEs after the 6%
passage as well as the negative control samples (non-infected
tissues and CAMs) were transferred to the cryostat freezing
chamber and preserved at -302C for 5 minutes. By using a
cryostat knife, samples were sectioned at a thickness of 3
microns, then passed to glass slides. These sections remained
for 20 minutes untill drying in air. Cold acetone used for
fixation of the sections for 10 minutes. After that, the sections
were washed with PBS. In a humidified chamber, the slides
were incubated with a few drops of diluted prepared
hyperimmune serum for 1 hour at 37 2C, then washed with
PBS (pH 7.2) for 3 times (10 minutes for each time). Then the
slides were incubated in dark humidified chamber for 30
minutes at 37 2C with a few drops of anti-rabbit FITC
conjugate of 1:300 dilution then thoroughly washed three
times, for 15 minutes (5 minutes for each time), then
mounted with glycerol.The slides were covered with coverslip
and examined by the fluorescent microscope. The positive
results indicated by yellowish green color.

2.7. Molecular Detection of SPV using conventional PCR

Ten samples (6 field samples and 4 egg passaged samples)
were selected for molecular detection and identification of
SPV.

2.7.1. DNA Extraction

Extraction of DNA was done by using a commercial kit
(Qiagen, Valencia, Calif., and USA- Catalog N0.52904) in
accordance with the kit handbook procedures and [25].

2.7.2. Oligonucleotide primers

The primers used in PCR reactions (B68& B69) were
designed according to [19] for partial amplification of P32
gene of SPV and manufactured by Sigma Chemical Company,
USA. Lyophilized primers were resuspended in Tris/EDTA
buffer till reach 100 uM final concentration to amplify a 390
bp specific fragment.

2.7.3. PCR amplification and gel electrophoresis

The PCR was carried out using a Qiagen commercial PCR
kit for amplification of P32 gene.The reaction mixture
contained 2.5ul of 10X PCR Buffer, 1.5ul of 50mM Mgcl2,
1.0ul of 10mM dNTPs, 0.3l of Tag polymerase (5
Unit/ ul), 1 ul for each primer, 5 uL of extracted target DNA
and 12.7 pL of nuclease free water added to make volume 25
UL. The thermal profile was as follows: initial denaturation for
5 minutes at 942C followed by 30 cycles of PCR consisting of
denaturation for 1 minute at 942C, annealing for 1 minute at
559C, extension for 1 min at 722C, followed by final extension
for 10 minutes at 722C [15]. The amplified products mixed

with loading dye then loaded in 1.5% agarose. The
electrophoresis was carried out at 1 to 10 V/cm of gel.
Compared to DNA molecular weight marker, the amplified
DNA products were detected using ultra Vviolet
transilluminator. Finally, the gel was pictured [25].

2.8. Sequencing of P32 gene of SPV

PCR products purification and extraction from the gel
were carried out in accordance with [25] by using the
Wizard® SV Gel and PCR Clean-Up System kit manufacturer's
instructions. PCR amplified products were presented to
COLORS medical laboratory, Egypt for sequencing DNA by
using the same primer used in PCR. Analysis of data obtained
in the sequence was done through (http://www.ebi.ac.uk/
Tools/msa/clustalo). The neighbour-joining (N-J)
phylogenetic analysis was performed using the alignment
output file. After that MegAlign (DNASTAR, Lasergene,
Madison, WI, USA) was used to calculate divergence and
identity percents. Bioedit software v.7.0.0 was used for
molecular analysis of amino acids sequence.

2.9. Molecular confirmation of SPV using SYBR® Green Real
time-PCR

Ten samples (6 field samples and 4 egg passaged
samples) were selected for molecular detection and
identification of SPV.

It was carried out in 20 pl reaction mixture using the same
primer used in conventional PCR. 1 p L of 10 uM forward and
reverse primers and 5 pL of extracted DNA, 9 ul PCR grade
water and 4 pl Fast SYBR® Green Master Mix. Non template
control (NTC) reaction was used as negative control reaction.
The optimum thermal cycling parameters included initial
denaturation for 10 minutes at 952C, then 35 cycles of PCR
consisting of denaturation for 30 s at 959C, annealing for 30 s
at 559C. Finally, extension for 1 min at 729C, then the
amplification plot was obtained [20, 25].

2.10. Histopathological examination

The field and egg passaged samples were preserved in
10% neutral formalin. Thin sections were made,
haematoxylin and eosin used for staining. Then the
histomorphological changes were examined under light
microscope. Intracytoplasmic inclusion bodies indicated the
positive results [26].

3. RESULTS

As explained in (Table 2), from 40 collected samples, the
virus was isolated after the 6" passage from 32 (80%) samples
include: 16 (80%) samples from skin nodules and 5 (100%)
samples from lung and lymph node and 3 (60%) samples from
liver and tongue. The collected CAMs were congested and
thickened with opaque white lesions at site of inoculation in
the first three passages. The characteristic pock lesions
appeared after the 4" passage and became more clear in the
form of gray and opaque round lesions after the 6% passage
(Figure 2).

Table 1. Details of the designed oligonucleotide primers of P32 gene of SPV.
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Primer pair

Sequence (5°-3°)

NO. Bases  Annealing Amplicon Reference

temperature size

Forward (B68)

Reverse (B69)

CTAAAATTAGAGAGCTATACTTCTT
CGATTTCCATAAACTAAAGTG

25
550C 390bp [19]
21

Table 2. Comparative results of virus isolation , AGPT and IFAT for 40 prepared collected samples.

IFAT

6th egg passaged
samples (n=33)

6th egg passaged  Field tissue
samples (n=0) (n=37)

Samples Virus isolation AGPT
Collected
(n=40) 6th egg passaged  Field tissue
samples (n=32) (n=17)
Skin 20 16 11
Lung 5 5 2
Liver 5 3 1
Lymphnode 5 5 2
Tongue 5 3 1

The positive results of AGPT in the form of white
precipitation lines were observed within 24-48 hours (Figure
3). The results revealed that 17 (42.5%) field samples showed
positive results include: 11 (55%) skin nodule samples and 2
(40%) samples from lung and lymph node and 1 (20%) sample
from liver and tongue, while no line of precipitin detected in
any 6% egg passaged samples (Table 2).

Figure 1. Clinical manifestation and postmortem examination of diseased
sheep suspected to be infected with SPV. A: SP suspected sheep showing
multiple skin nodules under tail; B: SP suspected sheep showing multiple skin
nodules scattered on the face and neck; C: Multiple nodules on the lung of
dead lamb suspected to be infected with SPV; D: Multiple nodules on the
tongue of dead lamb suspected to be infected with SPV.

With regard to IFAT, the positive results in the form of
yellowish green color appeared in 37 (92.5%) field samples
include: 20 (100%) skin nodule samples (Figure 4 B), 5 (100%)
lung samples and 4 (80%) samples from liver, lymph node and
tongue samples. 33 frozen CAMs prepared sections (after the
6" passage) showed the positive results including 20 (100%)
skin nodule samples, 4 (80%) lung samples and 3 (60%)
samples from liver, lymph node and tongue (Table 2). No
positive reaction showed in the negative control samples
(Figure 4 A).

Analysis of PCR products obtained from amplification
reaction of extracted DNA by agarose gel electrophoresis
along with DNA Marker was carried out and the 10 selected
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samples showed positive results of P32 gene amplification
with correct size (390bp) as shown in (Figure 5) and real time-
PCR gave gave threshold cycles (Ct) from 16 to 21 in field
samples, while egg passaged samples gave threshold cycles
(Ct) from 31 to 37. The positive control sample gave threshold
cycles (Ct) at 13, whereas the negative control sample gave
no reaction (Figure 6).

Figure 2. Pock lesion on CAM infected with isolated virus from skin lesion of
sheep after) 6th passage).

The alignments of the P32 gene nucleotide sequences
(390bp) of SPV isolate compared with other reference CaPVs
on the Genbank were carried out followed by phylogenetic
tree pattern as shown in (Figure 7) which revealed that our
SPV was closely related to Saudi Arabia SPV, 2019. The
identity percent of the sequencing of the SPV P32 gene in this
study was 99.2% with Saudi Arabia SPV, 2019. Also, presence
of two EcoRV sites (5°GAT/ATC 3°) (3'CTA/TAG 5°) which are
specific for all SPV strains and absent in LSDV.

Also, intracytoplasmic inclusion bodies indicating the
positive results in histopathology were detected in 30 (75%)
field samples including 18 (90%) skin nodule samples, 3 (60%)
samples from lung, Liver, lymph node and tongue and in 25
(62.5%) CAMs samples including 17 (85%) skin samples, 2
(40%) samples from lung, Liver, lymph node and tongue
(Figure 8).
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Figure 3. White clear precipitation lines appeared between skin samples and
reference SPV hyperimmune sera; Well (1- 4): Field skin samples collected
from diseased sheep; +ve C: SPV positive control; -ve C: Negative control
sample; HIS Well: Hyper immune serum.

Figure 4. (A) Negative immunofluorescence reaction,no yellowish green
color in cryostat section X40; (B) Positive immunofluorescence reaction
shows yellowish green color, in skin section X40.

+veC -veC

Figure 5. Positive result of molecular identification. Agarose gel
electrophoresis of PCR  products of P32 gene (390 bp) of SPV. M: DNA
marker; Lane 1: The PCR products prepared from collected skin sample; Lane
2: The PCR products prepared from collected skin sample; Lane 3: The PCR
products prepared from collected lung sample; Lane 4: The PCR products
prepared from collected lung sample; +ve C: The PCR products prepared
from standard SPV; -ve C : The PCR products prepared from negative
samples.
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Figure 6. Amplification plot of real time-PCR in SPV molecular identification.
Four field samples gave threshold cycles (Ct) from 16 to 21; Four egg
passaged samples gave threshold cycles (Ct) from 31 to 37; The positive
control sample gave threshold cycles (Ct) at 13; The negative control sample
gave no reaction.

4. DISCUSSION

In this study, trials for isolation as well as, conventional
and molecular characterization of SPV from clinically diseased
vaccinated sheep in Dakahlia Governorate, Egypt were
carried out.

The prevalence of the disease in this study (16.7%)
was lower than previously reported prevalence (23.5) in
Sharkia Governorate, Egypt [9]. The variation in prevalence
may be attributable to number of the examined animals,
sample size, sample place or methods of rearing. Further
studies on risk factors for this infection are required in Egypt
where sheep are brought up with different ways.

Clinically, lesions reported in diseased sheep were
similar to those previously described elsewher [2, 27-30].

Out of 20 collected skin samples, 16 (80%) samples gave
positive results after the 6™ passage. On the other hand, the
internal organs isolation results were: 5 (100%) samples from
lung and lymph node and 3 (60%) samples from liver and
tongue. The results confirm suitability of ECEs for virus
isolation especially in setting with low resources in
comparison with cell culture which require well equipped
laboratory and skilled staff [7, 31, 32].

SPV was detected in the field samples by AGPT using
refrence SPV antisera. Clear precipitation lines appeared in 17
field samples, while isolates of CAMs showed no precipitation
lines [23, 24, 35, 36]. AGPT is superior in virus detection in
field samples over CAMs samples due to the higher
concentration of SPV antigen in field samples than in CAMs of
ECEs.

Indirect fluorescent antibody test (IFAT) was carried out
on both field and 6™ egg passageed samples. The charactristic
specific fluorescent color "yellowish green color" recordrd in
37 field samples and in 33 isolates of CAMs [12, 22]. IFAT is
superior in virus detection over AGPT as AGPT need high
concentration of antigen to be detected.

PCR for partial amplification of the SPV P32 gene
followed by gel electrophoresis showed the prescence of the
amplified products of positive samples at the correct size (390
bp). All selected samples were positive by PCR, this finding is
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in accordance with [19, 37]. Also, confirmative molecular
characterization of the virus using real-time PCR assay was
carried out and all selected samples were positive. [38, 39].
The usage of real time-PCR assay for confirmation the
diagnosis of SPV is preferable because there is no need for gel
electrophoresis  following PCR  amplification, quasi
quantitative method for SPV detection, more rapid, and not
much more expensive than conventional PCR except the
equipment cost.

The sequences were aligned with the P32 gene
sequences available in the GenBank using Clustal Omega
(http :/www.ebi.ac.uk/ Tools/ msa / clustal O /).

The obtained result from sequence analysis of the
chosen SPV sample showed 99.2% identity with Saudi Arabia
SPV, 2019. Accession no. MN072630.1. This result suggests
potential transmission of the virus from Egypt to Saudi Arabia
or vice versa, but this need further studies to confirm our
hypothesis based on full genomic sequencing and next
generation sequencing (NCS).

Histopathological examination was carried out on both
field samples and on the sixth passage on CAMs. The positive
results indicated by characteristic intracytoplasmic inclusion
bodies appeared in 30 field samples and in 25 isolates of
CAMs [30, 40, 41].

Histopathology could be used in diagnosis of sheep pox
but need confirmation by immunological or molecular
methods

Isolation of SPV from clinically diseased vaccinated sheep
is probably due to inappropriate storage and handling of
vaccine, the possibility that animals were incubating the
disease before vaccination or low efficiency of vaccine may
occur in case of strain variation [42, 43]. Further studies are
crucial to understand the genetic relationship between the
vaccine strains used in Egypt (Kenyan, Romanian or RM65)
and the circulating virus in sheep farms.

Conclusion

The results of the present study indicate that SPV is
existing in sheep flocks in Dakahlia Governorate, Egypt.
Molecular characterization of the P32 gene of identified SPV
showed close genetic relationship to Saudi Arabia virus, 2019.
Further study is crucial to identify the origin of identified SPV
as well as its spread pattern analyses.
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