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A B S T R A C T

In this study, livestock herders in eastern Sudan were interviewed through structured questionnaire involved
14046 animals in 151 herds (87 camel herds, 51 sheep and 13 goats) from June to September of 2016 in Showak
area of Gadarif State to get some epidemiological information on contagious ecthyma (CE) infection. 102 sus-
pected cases of CE were investigated (38 sheep, 22 goats and 42 camels) by a second questionnaire focusing on
age and sex of affected animals beside number and localization of the lesions. Representative tissue samples of
scab lesion scrapings were collected from a total of 36 suspected sheep, goats and camels for DNA extraction to
identify PPV by quantitative real-time PCR and gel-based PCR, then a PCR protocol was used to obtain DNA
fragment of B2L gene from six DNAs (2 from each animal species) for sequencing. Phylogenetic tree based on
nucleotide sequences was constructed and all data were analyzed statistically. Obtained result has shown
morbidity rate of 23.8% and a case fatality rate of 4.7 % in overall investigated animals resulting in a significant
economic loss. Within individual herd, the morbidity rate varied from 5.6 to 42.8%, while the case fatality rate
ranged between 0 and 33.3%. Camels accounted for the highest case fatality rate with 6.5% compared to sheep
and goats which their rates were 2.8% and 1.3%, respectively. 93% of the affected animals were young less than
one-year-old. The prevalence of CE was high in the rainy season compared to winter and summer. Out of 36 scab
materials collected from sheep, goats, and camels, 24 gave positive specific amplification in real-time PCR and 21
in the gel-based PCR. DNA sequencing confirmed the PCR results. All sequences had a high G þ C content of
62.6–63.9%. A BLAST search also revealed that the studied sheep PPV (SPPV) isolates shared 99.08% nucleotide
sequence intragroup identity, 96.88–97.27% identity with the goat PPV (GPPV) isolates and together they belong
to the Orf virus (ORFV) species, while the camel PPV (CPPV) isolates are close to the Pseudocowpoxvirus (PCPV)
species of the PPV genus and share 92.51–93.62 % identity with the GPPV isolates. In conclusion the present
study demonstrated that the gross lesion produced by PPV in sheep, goats and camels is generally similar, yet the
PPVs circulating in eastern Sudan in camels (PCPV) are genetically distinct from those affecting sheep and goats
(ORFV). Contagious ecthyma in eastern Sudan causes significant morbidities and mortalities and control mea-
sures, guided by the results of this investigation ought to be implemented.
1. Introduction

Livestock represents a basic resource and play multiple roles in the
livelihoods of people in developing countries, particularly for millions of
pastoralists in Africa. However, animal productivity is currently
lafalla).
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confronting many challenges, including infectious disease that causes
enormous economic loss.

Parapoxviruses (PPVs) are found worldwide, affecting mainly sheep,
goats, cattle and camels as well as many domestic and wild animal spe-
cies. Additionally, these viruses cause skin infections in humans, red
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deer, reindeer, squirrel, seal, grey seal and probably other species of
animals such as dogs and cats. PPV infection in sheep and goats is
referred to as contagious ecthyma (CE), Orf, contagious pustular
dermatitis (CPD) and scabby mouth. Different local names have been
used; for instance, in the Sudan, the disease is named `abu-khoshaim or al-
kolate. In camels, the PPV cause the camel CE (CCE; locally called in the
Sudan al-kolate and abu-shalamboo) which has been reported in
Mongolia, Kenya, Kazakhstan and Turkmenistan, Somalia, Sudan, Libya,
Saudi Arabia, Bahrain and India (Khalafalla et al., 2015). PPV primarily
infects epithelial cells causing severe proliferative dermatitis that is
clinically manifested by the appearance of macules, papules, vesicles,
pustules to rapidly growing scabs and fissured crusts. Lesions can like-
wise be found inside the buccal cavity and occasionally in the esophagus,
abomasum and rumen (Bouznach et al., 2013).

The PPVs belong to the family Poxviridae. Currently, there are four
established species within the PPV genus of the family Poxviridae; Orf
virus (ORFV), the type species of the PPV genus, that causes the CE
disease mainly in sheep and goats, pseudocowpoxvirus (PCPV) and
bovine papular stomatitis virus (BPSV) which both infect cattle, in
addition to parapoxvirus of red deer in New Zealand (PVNZ), which has
only been isolated from red deer in New Zealand. BPSV and PCPV affect
mainly cattle but differ from ORFVs in the site of the pox lesion, as BPSV
is restricted to the muzzle and PCPV to the teat. Tentative species include
the camel PPV (CPPV) that causes camel contagious ecthyma (CCE),
reindeer parapoxvirus, musk ox and seal parapoxvirus (Vikøren et al.,
2008).

Infection with PPVs is often regarded as endemic, but the actual
impact and prevalence of the disease amongst livestock is not well
Figure 1. Map of the Sudan showing the study location; Showak area in
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understood or underestimated (Hosamani et al., 2009; Scagliarini et al.,
2012). Outbreaks of CE have been regularly reported in sheep, goat, and
camels to the veterinary authorities in the Sudan. CE in camels is
recognized in Sudan (Khalafalla et al., 1994; Khalafalla, 2000), however,
the disease in sheep and goats has not published despite its widespread
occurrence. Yet, the PPVs circulating in sheep and goats in this country
have not genetically analyzed and the information about these viruses
that circulating in animals sharing the same pasture are still missing,
specially whether a cross-species transmission exists, or the infection is
caused by genetically different PPV species. Therefore, this study is
considered as the first investigation on PPV infection to include three
livestock species in the same time mainly; sheep, goats and dromedary
camels in order to estimate the occurrence of this disease and to explore
the epidemiological nature of the CE in eastern Sudan, beside trying to
confirm the suspected cases by using molecular analyses and to identify
the field isolates from sheep, goat, and camels to find out any phyloge-
netic relationships between all of them.

2. Materials and methods

2.1. Study area

The present study was performed during the period from June to
September 2016 in Showak area of eastern Sudan, which is in Gedarif
State at Latitude14.4� and Longitude 35.8� in decimal degrees and ex-
tends eastwards to the Eritrean and Ethiopian borders (Figure 1). Sheep,
goats, and camels are commingling in the study area particularly in the
rainy season (June-September).
Gedarif State of eastern Sudan, June to September 2016 (Blue color).
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Farmers around Showak area practice a mixed crop-livestock farming
system, where open grazing pattern is used during the rainy season to
early winter and after that the crop residues are used as animal feed for
the rest of the year. All investigated animals are of indigenous breeds.

2.2. Questionnaire survey

The study involved two types of questionnaires. The first one was a
pre-tested structured questionnaire (Table 1) aiming to estimate the
occurrence of contagious ecthyma in sheep, goats, and camels was con-
ducted by personal interviews with 151 livestock (51 sheep, 13 goats and
87 camels) randomly selected herders/owners. The study was carried out
with a convenience sampling technique based on the availability of an-
imal herders and willingness to participate in our study. All respondents
were livestock herders accompanying their animals that have been met
during the field visits or at Showak livestock market. The collected data
were recorded on an Excel spreadsheet. The second questionnaire was
addressed to 102 cases of PPV infection (38 in sheep, 22 in goats and 42
in camels) focusing on age and sex of affected animals and the number
and localization of the lesion (Table 2).

2.3. Statistical analyses

Statistical analyses were performed using SPSS software (IBM SPSS
Statistics for Windows, Version 22.0., IBM Corp, Armonk, NY, USA). Chi-
square test with Fisher's exact test was used to compare variables. P
values of less than 0.05 were regarded as statistically significant.

2.4. Disease diagnosis and sample collection

During the period of the investigation, field visits were conducted to
collect samples and data on the structured questionnaire. 102 herds were
investigated; gross necropsy examination and tissue sample collection
were performed for the laboratory diagnosis. Lab. diagnosis was
restricted to a limited number of cases from which samples were avail-
able. Representative tissue samples of scab lesion scrapings were
collected from a total of 36 sheep, goats and camelss showing suspected
clinical signs of poxvirus infection.

2.5. Ethics statement

Samples were collected from sick animal during disease outbreaks for
laboratory confirmation and no animal experiment was performed. All
experiments were approved by the University of Khartoum Institutional
Ethical committee. Consent for sample collection and photographing was
verbally obtained from animal owners.

2.6. Tissue homogenization and DNA extraction

About 3 g of tissue samples were collected from each animal and
placed in a labeled sterile universal tube. A 20% suspension was made of
Table 1. Domains of the questionnaire used to collect data on the epidemiology
of PPV infection in sheep, goats and camels, in Showak area of eastern Sudan,
2016.

Principle Subject

A Herd size

B Species of animal

C Frequency of disease occurrence in the past 10 years

D Source of disease

E Season of disease occurrence

F Deaths due to the disease

G Treatment of affected animals

H Human lesion encountered
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the scab material in phosphate buffered saline (PBS), pH 7.2 supple-
mented with antibiotics and antifungal, then mechanically homogenized
using a mechanical homogenizer (TissueRuptor, Qiagen, Hilden, Ger-
many) and centrifuged at 1500 g for 10 min at 4 �C. Total viral DNA was
extracted from supernatants using a QiaAmp DNA Mini Kit (Cat.no.
51304, Qiagen, Hilden, Germany) according to the manufacturer's
instructions.

2.7. Polymerase chain reaction (PCR)

To check its PPV identity each extracted DNA was first tested using the
quantitative real-time PCR assay as described earlier (Nitsche et al., 2006).
The amplification was carried out on a Mx3000P qPCR system (Agilent
Technologies, USA) using Brilliant II QPCRMaster Mix (Agilent Technolo-
gies, USA). Secondly, with DNA of known PPV identity, a PCR protocol was
used to obtain DNA fragment for sequencing. This PCR assay targets the
commonlyusedB2Lgene(openreading frame011)which isahomologueof
vaccinia virus Copenhagen (VACV)geneF13L encoding themajor envelope
antigen p37K (Sullivan et al., 1994). PCR amplification was done using a
forward primer (50-TTAATTTATTGGCTTGCAGAACTCCGAGCGC-30) and
reverse primer (50-ATGTGGCCGTTCTCCTCCATC-30) that amplify 1200 bp
DNA sequence (Guo et al., 2004). The PCR products were then checked in
purified agarose gel and purified using QIAquick PCR Purification Kit (cat.
no. 28106, Qiagen, Hilden, Germany) and then sent for sequencing.
Sequencing was completed using the BigDye® Terminator v3.1 cycle
sequencing kit and each primer pairs. Nucleotide positions were confirmed
based on two independent sequencing reactions in both directions.

The DNA from ORFV D1701 reference strain (kindly provided by
Prof. Dr. Matthias Buettner, Leipzig University, Germany) and DNA
extracted from scabs from camels with contagious ecthyma (Khalafalla
et al., 2015) were used as positive controls, beside that a double distilled
water and DNA extracted from a camel pox virus (CMLV) were used as a
negative controls.

2.8. BLAST and phylogenetic analysis

The biologically correct sequences of the six PPV isolates were sub-
jected to basic local alignment search, then compared with the nucleotide
sequence in the GenBank database (Table 3) using the online BLASTN
program on the NCBI website. Phylogenetic tree based on nucleotide
sequences was constructed using the Neighbor-Joining method in
MEGA7 (Kumar et al., 2016). The significance of all deduced phyloge-
netic trees was verified by bootstrap analysis of 1000 replicates. Nucle-
otide sequences of the six viruses were deposited in the GenBank under
accession numbers MN701771 to MN701775 and MN970156.

3. Results

3.1. Field observations

In the three-animal species, the gross lesion is proliferative beginning
with pustules developed around the mouth on the upper and lower lips
followed by papular elevations and scab formation. In some cases, the
lesion involves nostrils, around eyes, ears, and leg. Clinical signs also
included salivation, emaciation, and sometimes death especially in
Table 2. Domains of the questionnaire used to collect data on Contagious
Ecthyma disease picture in some of the affected herds in Showak area of eastern
Sudan, 2016.

Principle Subject

1 Age group of affected animals

2 Sex of affected animals

3 localization of the lesion
in affected animals



Table 3. Information on PPV sequences used for the phylogenetic analysis of the B2L gene in comparison to virus isolates collected from eastern Sudan, 2016.

No Species Virus identification Host origin GenBank accession # Reference

1 ORFV D1701 Reindeer Finland AY453654.1 Tikkanen et al. (2004)

2 ORFV Korea 09 Goat Korea GQ328006.1 Oem et al. (2009)

3 ORFV Hoping Goat Taiwan EU935106.1 Chan et al. (2009)

4 ORFV B044 Goat Germany KF478798.1 Friederichs et al. (2014)

5 ORFV Assam Goat India JQ040300.1 Bora et al. (2012)

6 ORFV Xinjiang Sheep China JN565694 Li et al. (2013)

7 ORFV IN-Jodhpur Dromedary India GQ390365 Nagarajan et al. (2010)

8 ORFV ORF3/2007 Sheep Turkey KC491191.1 Unpublished

9 ORFV ORF/2011/7-18 Goat Korea JX968992.1 Unpublished

10 ORFV NE1 Goat Brazil JN613810 Unpublished

11 ORFV Gondar_zuria/O04/2013 Goat Ethiopia KT438530 Gelaye et al. (2016)

12 ORFV ATARC/O02/2010 Sheep Ethiopia KT438524 Gelaye et al. (2016)

13 ORFV Amba_Giorgis/C02/2012 goat Ethiopia KT438518 Gelaye et al. (2016)

14 ORFV Arero/04/2013 Dromedary Ethiopia KU645548 Gelaye et al. (2016)

15 ORFV Arero/02/2013 Dromedary Ethiopia KU645546 Gelaye et al. (2016)

16 ORFV Hordha/01/2011 Dromedary Ethiopia KU645563 Gelaye et al. (2016)

17 PCPV F94.848R Reindeer Finland AY453661.1 Tikkanen et al. (2004)

18 PCPV B074 Man Germany KF478803.1 Friederichs et al. (2014)

19 PCPV SA 98 Dromedary Saudi Arabia EF555793.1 Abubakr et al. (2007)

20 PCPV BH 1 Dromedary Bahrain EF555792.1 Abubakr et al. (2007)

21 PCPV BH 3 Dromedary Bahrain EF555791.1 Abubakr et al. (2007)

22 PCPV SD-V4 Dromedary Sudan KR231664 Khalafalla et al. (2015)

23 PCPV SD-V8 Dromedary Sudan KR231665 Khalafalla et al. (2015)

24 PCPV SD-V13 Dromedary Sudan KR231666 Khalafalla et al. (2015)

25 PCPV SD-V20 Dromedary Sudan KR231667 Khalafalla et al. (2015)

26 PCPV SD-K1 Dromedary Sudan KR231669 Khalafalla et al. (2015)

27 PCPV SD-K2 Dromedary Sudan KR231670 Khalafalla et al. (2015)

28 PCPV SD-K3 Dromedary Sudan KR231671 Khalafalla et al. (2015)

29 PCPV YG2828 Cattle Japan LC230119.1 Ohtani et al. (2017)

30 BPSV V660 Cattle Germany KF478805.1 Friederichs et al. (2014)

31 BPSV Aomori Cattle Japan AB044797.1 Inoshima et al. (2001)

32 BPSV Iwate Cattle Japan AB538385 Oem et al. (2009)
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young animals. Different degrees of severity of the infection were
observed in the three-animal species. However, the disease in camels is
more severe than in sheep or goats due to a higher case fatality rate.

In sheep and goats, the disease affects mostly young animals, but
some adults are also involved. Affected sheep and goats had prolifer-
ative crusted gross lesions covered by dark, friable fissured crusts,
which sometimes extend to the nostrils and ears (Figure 2, panels A
and B). These lesions can be dry or moist and are painful, bleed easily
and often have a foul smell. In two sheep and one goat, we observed
reddish-brown lesions on the gum of the oral cavity. One sheep that
exhibited feet lesion around the coronets was suffering from chronic
pneumonia too.
Figure 2. Gross lesion caused by Parpoxvirus infection
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In camels, all affected animals were less than one year old. The gross
lesion is like that seen in sheep and goats, but in most cases starts with a
swelling of the face that may extend to the neck (Figure 2, panel C).

3.2. The questionnaire

The questionnaire involved 14046 animals in 151 herds (87 camel
herds, 51 sheep and 13 goats). Figure 3 shows the distribution of investi-
gatedanimalsbyherdsize, species, frequencyofdiseaseoccurrence,source
of infection, the season of disease occurrence, death of affected animals,
treatment of affected animals and zoonotic infection related to thedisease.
in sheep, goats and camels in eastern Sudan, 2016
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Overall 3340 cases that were recorded during the season of 2016, 157
animals died due to the disease; (morbidity rate 23.8%, 4.7 % case fa-
tality rate). Within individual herd, the morbidity rate varied from 5.6 to
42.8%, while the case fatality rate ranged between 0 and 33.3%. Camels
accounted for the highest case fatality rate of 6.5% compared to 2.8 in
sheep and 1.3 in goats (Figure 4).

Generally, CE in the study area occurs every year in the rainy season,
93% of the affected animals were young less than one year old, higher
prevalence in the rainy season compared to winter and summer,
browsing thorny acacia trees were the main sources of the disease, most
of the herders in the study area use to treat their animals when affected
Figure 3. Epidemiology of Contagious Ecthyma in Eastern Sudan in 2016. Distributio
transmission of the disease.
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by CE, majority of the herders (98%) reported no zoonotic cases with few
cases of zoonotic transmission from sheep to hands of herders.

3.3. Laboratory diagnosis

Out of 36 scab materials collected from sheep, goats, and camels, 24
gave positive specific amplification in real-time PCR and 21 in the gel-
based PCR. The PCR detect PPV infection in all the three-animal spe-
cies. The B2L gene fragment from six DNAs (2 from each animal species)
was selected for sequencing. DNA sequencing confirmed the PCR results.
All sequences have a high G þ C content of 62.6–63.9%.
n of studied animals by number, species, season, deaths, treatment and zoonotic



Figure 5. Phylogenetic analysis of 38 PPV nucleotide sequences based on B2L
gene. The evolutionary history was inferred using the Neighbor-Joining method.
The optimal tree with the sum of branch length ¼ 0.92508009 is shown. The
evolutionary distances were computed using the Maximum Composite Likeli-
hood method and are in the units of the number of base substitutions per site.
The significance of all deduced phylogenetic trees was verified by bootstrap
analysis of 1000 replicates Evolutionary analyses were conducted in MEGA7
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3.4. Phylogenetic analysis

A BLAST search revealed that the studied sheep PPV (SPPV) and goat
PPV (GPPV) isolates belong to the ORFV species, while the camel PPV
(CPPV) isolates are close to the PCPV species of the PPV genus (Figure 5).
The SPPV isolates shared 99.08% nucleotide sequence intragroup iden-
tity, 96.88–97.27% identity with the GPPV isolates, yet 92.51–93.62 %
identity with the CPPV isolates (Table 4).

4. Discussion

For a long time, contagious ecthyma caused by PPV has been
neglected because of the general belief that it is a mild self-limiting
disease. This is the first field and lab investigation on PPV infection in
three livestock species; sheep, goats and dromedary camels. The virus
causes proliferative exanthematous dermatitis characterized by pustules
and scabs found mainly in the mouth of affected animals. Of note, the
lesions in camels are confined to the head, in some cases; the edema
extends to the neck, while in sheep and goats the lesion involves the
head, also found on legs in some cases. However, no lesion was observed
on the teat of lactating animals, though ORFV is known to cause such
kind of lesions (Nandi et al., 2011).

The disease was diagnosed tentatively based on these clinical signs,
besides lab confirmation was also obtained by PCR in some cases sup-
ported by genetic characterization. In sheep and goats, the disease
affected mostly young animals, but some adults are also involved,
whereas all affected camels were young less than one year of age.
Affected sheep, goats and camels had proliferative crusted gross lesions
covered by dark, friable fissured crusts, which sometimes extend to
nostrils and ears. These clinical signs generally resemble those described
for CE in sheep and goats (Nandi et al., 2011; Spyrou and Valiakos, 2015;
Maganga et al., 2016), camels (Khalafalla et al., 2015; Munz et al., 1986)
and other species of animals (Tryland et al., 2018).

In the present study livestock herders in Showak area of eastern
Sudan were interviewed to get some epidemiological information on the
CE infection. Herders who are familiar with the disease, had a good
knowledge of the clinical signs, can differentiate it from similar infections
such as sheep/goat pox and camelpox and don't regularly seek medical
assistance or notify veterinary authorities. The result of the questionnaire
has shown a morbidity rate of 23.8% and a case fatality rate of 4.7 % in
the overall investigated animals (sheep, goats, and camels) causing a
significant economic loss. Of note, camels accounted for the highest case
fatality rate of 6.5% compared to 2.8 in sheep and 1.3 in goats. In a
previous investigation, we reported a relatively higher case fatality rate
of 13% in camels affected by contagious ecthyma also in eastern Sudan
(Khalafalla and Mohamed, 1997). In sheep and goats, the morbidity and
mortality rates recorded in the present study are considered high, as
generally the mortality rate of CE is usually low, although increased rates
of 15–90% have been reported due to secondary bacterial infections
(Gumbrell and McGregor, 1997; Spyrou and Valiakos, 2015; Zhao et al.,
2010). Besides, the mortality rate is dependent on several factors
Figure 4. Morbidity and case fatality rates due to PPV infection in small ru-
minants and camels in eastern Sudan, 2016

(Kumar et al., 2016). Black circles ¼ PPV isolates from this study in
eastern Sudan.
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including age and status of the animals' immune system as well as
environmental cleanliness or hygiene (Bala et al., 2018). Another reason
for morality could be starvation due to inability of young nursing lambs
and kids to suckle because of the mouth lesions (Scagliarini et al., 2012).

Furthermore, CE lesions that extend to eyelids, accompanied by
bacterial infection common in camels lead to blindness and calve losses
during the seasonal herd movement resulting in mortality rates that can
reach 9% (Khalafalla, 2000). These findings are relevant for management
purposes and provide evidence for the endemic nature of the disease
which may jeopardize the animal productivity in the studied area,
particularly of camels.



Table 4. Percent Identity Matrix - created by Clustal 2.1 for sheep (SPPV), goats (GPPV) and camel (CPPV) parapoxviruses collected from eastern Sudan, 2016

SPPV/Shwk1 SPPV/Shwk2 GPPV/Shwk1 GPPV/Shwk2 CPPV/Shwk1 CPPV/Shwk2

SPPV/Shwk1 100 99.08 96.88 96.88 92.77 92.51

SPPV/Shwk2 99.08 100 97.19 97.27 93.62 93.27

GPPV/Shwk1 96.88 97.19 100 99.67 93.16 92.71

GPPV/Shwk2 96.88 97.27 99.67 100 93.12 92.52

CPPV/Shwk1 92.77 93.62 93.16 93.12 100 99.27

CPPV/Shwk2 92.51 93.27 92.71 92.52 99.27 100
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Regarding the frequency of disease occurrence in their herds during
the last 10 years, a large portion of the responders reported that the
disease occurs every year in the rainy season compared to more than once
or first time with statistical significance. These findings provide evidence
that contagious ecthyma is endemic in the Sudan in accordance with its
enzootic nature among small ruminants in Asia, Africa, and some other
parts of the world (Nandi et al., 2011; Bala et al., 2018).

In the camels, this result concurs with our previous studies in Sudan
showing that the disease is endemic occurring every rainy season (Kha-
lafalla, 2000; Khalafalla and Mohamed, 1997).

As to the age of affected animals, 93% of the affected animals were
young less than one-year-old. This observation confirms reports by other
authors (Scagliarini et al., 2012; Bala et al., 2018). Localization of the
lesion revealed the mouth as the most frequent site followed by the whole
head and in a few cases, the infection extends to the feet in accordance
with the previous observations (Scagliarini et al., 2012). Both age and
localization of the lesion are significantly related to the occurrence of the
disease (P < 0.05). Even though males were found more affected by CE
compared with females, no statistically significant association was
observed (P > 0.05).

Analysis of the prevalence of contagious ecthyma based on the season
of the year showed a higher prevalence in the rainy season compared to
winter and summer. The statistical association demonstrated that the
season strongly affects the prevalence of the disease (P < 0.0005). This
finding is in line with the findings of earlier field observation (Scagliarini
et al., 2012).

Concerning the source of CE infection, results demonstrated that most
herders refer to browsing thorny acacia trees as the source of the disease
with some herders point to contact with sick animals and few of them
believe the infection is brought via the introduction of a new animal to
their herds. Those who incriminated the browsing of thorny trees they
even deny any involvement of any pathogen. Such believe was previously
reported from Kazakhstan (Buchnev et al., 1987), Sudan (Khalafalla
et al., 1994) and South Africa (Scagliarini et al., 2012). We previously
showed that the severity of the CE infection is associated with the
topography of the area where camels are grazing as areas with an
abundance of acacia trees, showed relatively higher morbidity and
mortality rates (Khalafalla, 2000). Skin abrasions of the lips caused by
browsing acacia trees damage the lips permitting the transmission of the
virus and were viewed as the major predisposing factor to CCE (Buchnev
et al., 1987; Khalafalla and Mohamed, 1997). Similarly, CE in sheep and
goats occurs during grazing and through the abrasions developed on the
lips, nostrils, and mouth by the dried foods (Spyrou and Valiakos, 2015).

Most of the herders in the study area treat their animals when affected
by CE using a variety of different medications. Treatment varies from
modern ones which involving giving injectable antibiotics, to traditional
ones which consisting of oil dressing on affected areas or mixed antibi-
otics with oil dressing. Of note, no commercial or auto-vaccines were
used by the farmers. In a similar field study, it has been reported that
most sheep and goat herders (61.8%) treat their animals against CE
(Scagliarini et al., 2012). The treatment consisted of the application of
petroleum jelly (Vaseline) or machine oil, copper sulphate and zinc
preparations, but only a minority of farmers used antibiotics. Accord-
ingly, treatment of CE cases by the application of antibiotics or oil
7

dressing of the lesion is highly recommended as a supportive disease
management strategy and for preventing subsequent secondary micro-
bial infection. The traditional animal health care or the ethnoveterinary
medicine has a long history that gives minimal effort options for pasto-
ralists, particularly those living in remote regions. Various specific and
supportive traditional therapies including poring warm water and hot
branding of the head have been utilized by camel herders in Suleiman
mountains of Pakistan to treat contagious ecthyma in camels (Raziq et al.,
2010). These ethnoveterinary practices need to be investigated and
documented.

Another finding in the present study was that most of the herders
reported no zoonotic cases because of handling and treating affected
animals. However, few respondents reported zoonotic transmission from
sheep to the hands of herders who treated them. This finding points that
CE in camels and goats isn't zoonotic in eastern Sudan and only the
disease in sheep seems zoonotic.

Sheep-to-humans and goats-to-humans transmissions of ORFV have
been documented in the literature. For instance, Nougairede et al. (2013)
reported cases of Orf in humans that were transmitted from sheep and
Scagliarini et al. (2012) described a case of human infection caused by a
goat bite to a veterinarian. However, a search of the literature revealed
no single camel-to-human transmission of the PPV and field observations
and investigations, including the present study show that CE of camels,
which is caused by PCPV isn't zoonotic and the general belief that all
PPVs are known to be zoonotic (Friederichs et al., 2014) should be
updated.

The PPV genome is a linear double-stranded DNA characterized by an
unusually high GC content. Recently, an increasing number of genomic
data including partial and whole genome sequences are used to define
PPV species (Friederichs et al., 2014; Hautaniemi et al., 2011). The open
reading frame (ORF) 011 (B2L gene) and the PPV orthologue of the
vaccinia virus Copenhagen (VACV) gene F13L, can be used to encodes
the major envelope antigen p37K preferred target gene in order to
generate PCR amplified DNA fragments for sequence analysis and com-
parison of PPV (Friederichs et al., 2014). In the present study, we have
used this gene to generate a phylogenetic tree for PPV DNA representa-
tives of the three species.

On the phylogenetic tree the SPPV and the GPPVs grouped in one sub-
branch together with other ORFV from goats and reindeer, while the
CPPVs clustered close to PCPVs from cattle and other Sudanese CPPVs
published earlier (Figure 5). However, the studied isolates share the same
main branch of the tree comprising mainly PPV from Europe and Africa
while the other branch involves PPVs mostly from Asia with some
Sudanese CPPVs. The results provided evidence for close relationships
between sheep and goat PPVs and a genetic variation of the camel PPV
(CPPV). Two previous studies have pointed out that the CPPV infection
(camel contagious ecthyma; CCE) can be caused by ORFV (Khalafalla
et al., 2015; Li et al., 2013). This is what has been anticipated by the gross
lesions which resemble lesions induced by ORFV in sheep and goats, but
not PCPV or BPSV, because camels in Africa and Asia commonly share the
same pasture with sheep, and goats and seldom with cattle. To this end,
this investigation affirms that the PPV that cause the disease in camels in
eastern Sudan is genetically distinct from that cause the disease in sheep
and goats and support the previous finding which failed to
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experimentally infect sheep and goats with an isolate of CPPV (Abu-El-
zein et al., 2004).

According to De La Concha-Bermejillo et al. (2003) natural
cross-infection of orf between sheep and goats can occur, but the
experimental transmission of infection from one species to another may
not be successful. Explanations behind the failure of cross-infection of
ORFV between sheep and goats, despite the genetic similarity could be
the host factors as certain breeds of sheep and goats are more susceptible
to the disease (Nandi et al., 2011).

5. Conclusion

The present study demonstrated that the gross lesion produced by
PPV in sheep, goats, and camels is generally similar, yet the PPVs
circulating in eastern Sudan in camels (PCPV) are genetically distinct
from those affecting sheep and goats (ORFV). The investigation helps in
our understanding of the diversity of PPV strains in Sudan and their as-
sociation with other strains globally. Contagious ecthyma in eastern
Sudan causes significant morbidities and mortalities and control mea-
sures, guided by the results of this investigation ought to be imple-
mented. Further studies should focus on whole-genome sequencing of
these PPVs which is anticipated to bring out a better understanding of the
origin of the CPPV. There is also a need to investigate and document the
ethnoveterinary practices employed by the herders for treating their sick
animals.
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