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Abstract  

RF virus (ORFV), which belongs to the Poxviridae family, is the source of the extremely 
contagious disease known as Contagious Ecthyma (CE) or Orf in sheep and goats. In 

Bangladesh, CEV continually exists in goats and is associated with mortality and weight loss. To 
extract, identify, and characterize the circulating ORFV from goats suspected of having CE, a study 
was conducted. Based on the age, sex, and season of the goats, a total of 100 CE suspect samples 
were collected from goats in various parts of Bangladesh, such as Dhaka, Rajshahi, Bandarban, 
Meherpur, Mymensingh, and Chuadanga. After that, DNA was extracted, and a PCR test was run to 
amplify the ORFV VIR and GIF genes. Isolation of the virus was performed using Lamb testicular 

cell (LTC) for detecting these two genes. The univariate linear regression model showed a higher 
prevalence in Mymensingh district (70%) and subsequently lower prevalence in Bandarban districts 
(50 %). The prevalence was higher in the younger age group of 6–12 years (77.27%), with female 
goats (63.49%) and the winter season (75.61%) being the most susceptible. Three to seven days post 
inoculation (dpi), rounding and detaching appearance were seen in PCR-positive samples of ORFV 
with two isolates (GIF and VIR) in primary lamb testicular cells (LTC). Sequencing of these two 
isolates results in 99-100% homology to each other and our circulating isolates are closely related 
with some Indian and Chinese variants. In conclusion, it can be stated that contagious ecthyma (Orf) 

is prevalent in Bangladesh and more genomic analysis should be performed for control. 
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Introduction  

The Orf virus, which is a member of the genus 

Parapoxvirus of the family Poxviridae, is the source 
of the highly contagious viral disease known as 

contagious ecthyma (CE) in goats and sheep [1]. 

Goats, sheep, alpacas, camels, reindeer, deer, 

pronghorn antelope, wapiti, and seal squirrels are 

among the animals affected by CE, also known as 

Orf, infectious pustular dermatitis, or scabby mouth 

[2]. With surgical intervention, the condition mostly 

affects the lips, breasts, gums, and oral cavity, 

resulting in a tumor-like appearance [3]. The 

ubiquitous nature of the virus is found in Norway [4], 

China [5], India [6], Iraq [7], Ethiopia [3], Argentina 

[8], USA [9] Pakistan [10], and also in Bangladesh 

[11]. CE is a common widespread viral disease of 

small ruminants affecting all age groups and both 

sexes [3, 6]. In some areas of Bangladesh morbidity 
is about 23.89% and mortality may reach up to 

1.02% [12]. Despite the low fatality rates associated 

with self-limiting ORFV infections, major outbreaks 

have been known to have mortality rates as high as 

20–90% [13]. But CE also has low mortality and 

high morbidity; nonetheless, in young animals, 

mortality is significant because they cannot suckle 

[14]. Based on 2.167 million afflicted sheep, an 

English report estimated that production losses and 

treatment costs could reach $10 million and $4.62 

per head, respectively, indicating serious economic 

problems [15].  
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The major way that the infectious ecthyma virus 

is spread is via direct contact with infected animals, 

and the virus can live for many years in the 

environment [2]. Infected animals are also the 

source of transmission of the virus due to abrasions 

around the buccal cavity during the feeding of dry 

and spiny fodder [16]. CE or ORFV contains 

different virulence factors and envelop proteins namely 

highly immunogenic B2L genes, GIF gene that is an 

apoptosis inhibitor, IL-10-like gene, and vascular 

endothelial growth factors (VEGF) [1, 17]. ORFV 
mainly encodes for 132 genes including high GC 

content with 138,000bp long genetic elements. [1,18].  

Viruses of it mainly remain in desiccated scabs 

for a long time and it is also resistant to soil and 

weather conditions. As it is a viral disease and 

treatment is not very effective, vaccination may 

prevent it better [19]. Vaccine production for the orf 

virus is now a burning demand to reduce the 

morbidity and mortality of goats and sheep thus 

reducing the tremendous losses in our economy. 

Under the present immunological pressure, genetic 
changes in the dominant strains might not, however, 

shield the host from reinfection with inactivated and 

attenuated vaccinations [19, 20]. To choose vaccine 

strains and modify immunization protocols, 

information on regional pandemic strains is 

desperately needed. Furthermore, there is a chance 

that attenuated vaccinations will cause virulence 

reversion, viral propagation, cross-species and 

transregional transmission of ORFV, and co-

prevalence of various strains [20, 21]. These results 

highlight the need for more thorough and organized 

epidemiological data and genetic ORFV information 
to create better preventative and control measures for 

the CE/ORFV virus circulating in Bangladeshi goats. 

Thus, the purpose of this work was to determine the 

prevalence and risk factors for CEV in Bangladeshi 

goats as well as to isolate, identify, and characterize 

it molecularly. 

Material and Methods 

Study sites and period  

The study was conducted with the collection of 

suspected samples from Dhaka, Rajshahi, Bandarban, 

Meherpur, Mymensingh, and Chuadanga districts in 
Bangladesh (Fig. 1) from July 2020 to June 2022. 

Samples and methods of sampling  

From the research locations, a total of 100 dried 

scabs, papular secretions, and crust samples from 

goats suspected of having CEV were gathered (Fig. 

2). A questionnaire was used to gather some 

information through in-person interviews with the 

owners regarding locations, age, sex, and seasons. 

After that, every sample was gathered aseptically, put 

into sterile, individual falcon tubes with PBS, labeled 

appropriately, and stored in an ice box. The samples 

were then sent right away to the Bangladesh 

Livestock Research Institute's Small Ruminants 

Research Laboratory in Savar, Dhaka. Before being 

used, the field samples were either processed right 

away or kept at -80°C. 

Preparation of inoculum 

Using sterile scissors and forceps, about 25 mg of the 

sample was chopped. It was then triturated and 

homogenized with phosphate-buffered saline (pH 

7.4) in a sterile pestle and mortar, and then 

centrifuged at 1500 rpm for 15 minutes. After that, 

the supernatant was gathered and kept for later use at 
-80°C. 

Isolation of CEV in LTC 

The 25 cm2 tissue culture flask was used to 

cultivate LTC cells, and the flask was watched for 

three to four days. Once the cell monolayers were 

discovered, two flasks were infected with the 

previously prepared, antibiotic-treated inoculum, 

while one flask was preserved as a control. Penicillin 

(10,000 UI/ml) and streptomycin (100 lg/ml) were 

introduced after an hour of incubation at 37°C in a 

maintenance medium (Eagle MEM, Sigma, USA) 
without fetal calf serum (FCS). For a maximum of 

five to seven days after vaccination, the flask was 

incubated at 37 °C and checked every day to see if 

any cytopathic effects (CPE) had been shown [17]. 

The test sample was conducted alongside a negative 

control. To identify the virus from the culture 

supernatant, PCR was performed. 

Identification of CEV by PCR 

DNA extraction and PCR  

Following the manufacturer's recommendations, 

DNA was extracted from clinical samples (scabs, 

crusts) and cell culture isolated virus using a DNA 
extraction kit (Monarch® Genomic DNA 

Purification Kit, New England, USA). Genomic 

DNA was amplified using VIR-UP 5’-

ATGGCCTGCGAGTGCG-3’; VIR-DN: 5’-

GAAGCTGATGCCGCAGTTGT-3’ (Li et. al 2013) 

and GIF5: GCT CTA GGA AAG ATG GCG TG; 

GIF 6: GTA CTC CTG GCT GAA GAG CG [9]. 

The PCR was run in a reaction volume of 25μl. 

12.75μl of GoTaq Master Mix, 1μl of forward and 

1μl of reverse primer (each 10 pmol), 5.25μl of 

nuclease-free water, and 5μl of template DNA made 
up the reaction mixture. First, denaturation at 950C 

for five minutes was followed by 35 cycles of 

denaturation at 940C for fifteen seconds, annealing at 

620C for fifteen seconds, and extension at 720C for 

seventy-five seconds. For 20 minutes, the last 

extension was run at 720C. To analyze the DNA 

band, the 1% agarose gel electrophoresis was 

performed using ethidium bromide and pictured 

under a UV transilluminator (GEP-UV1, Infitek, 

China). A 30-minute runtime at 100 volts was used. 

Sequencing and phylogeny analysis 
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PCR-positive culture fluids were considered for 

the sequencing of GIF and VIR genes, respectively. 

The PCR products were purified by PureLinkTM 

Quick PCR Purification kit (ThermoFisher, USA). 

Then the purified PCR products were sent to the 

Molecular Division, National Institute of 

Biotechnology, Bangladesh for both forward and 

reverse direction of partial sequencing of GIF and 

VIR genes using Sanger sequencing. Obtained raw 

sequences from cycle sequencing were read by 

BioEdit 7.2 and proofread by aligning with reference 
genome derived from the GenBank database. The 

final consensus sequences were made from the 

bidirectional sequences in FASTA file format which 

were then BLAST searched to check maximum 

similarity. The final sequences of the FASTA format 

were compared with the published sequences of CEV 

of respected genes deposited in the GenBank 

database. Next, the sequences were aligned by the 

MUSCLE algorithm in MEGA 11 [21] with other 

related sequences collected. The phylogenetic tree of 

both viruses was constructed using the software 
package MEGA X (37). Then these aligned 

homogenous sequences were exported in FASTA file 

format and mega file format for diversity and 

phylogenetic analysis. Subsequently, phylogenetic 

trees based on nucleotide sequences were constructed 

for the CEV using the Neighbor-Joining methods 

with 1,000 bootstrap replicates in MEGA11 and 

edited in Fig Tree v1.4.4. The sequences were 

submitted to the NCBI GenBank database under 

assigned accession numbers OR452355.1, 

OR452356.1, OR452357.1, OR452358.1, and 

OR452360.1. 

Statistical analysis 

The record of the animal data like age, sex, 

location, and seasons were analyzed for the 

determination of prevalence rate, 95% CI, and odds 

ratio (OR) by univariate linear regression in STATA 

18 software (Stata Corp, USA). 

Results 

Prevalence of Contagious ecthyma (CE) on 

different parameters regarding locations, age, sex, 

and seasons showed a higher prevalence in 

Mymensingh (70%, 95% CI: 34.75-93.32) on which 
lower prevalence showed in Meherpur (50%, 95% 

CI: 18.70-81.29). Statistically, the results revealed 

that there is a significant difference in different areas 

with 95% confidence intervals (Table 1). Sex-wise 

prevalence showed that female goats are more prone 

to CE than male goats. Among 63 female goats, 40 

(63.49%, 95% Cl: 50.40-75.26) were found positive 

whereas among 37 male goats 17 (45.95%, 95% CI: 

29.48-63.07) were found positive (Table 1). So, there 

is a significant difference between the male and 

female goats. Considering the age, the goats with the 

highest prevalence was found in the age group 6 to 
12 months whereas the lowest prevalence was found 

in the age group of 1 to 3 years. Subsequently, the 

prevalence rate in the age group 1 to 3 months was 

45.71% (95% CI: 28.82-63.35) whereas >3 to 6 

months was 62.50%, (95% CI: 35.43-84.80), >1-3 

years 50%, (95% CI: 21.09-78.90), and > 3 years 

53.33 % (95% CI: 26.58-78.73) respectively. The 

statistical analysis shows that goats get more 

infection during the winter season (75.61%95% CI: 

59.69-87.63) than in two other seasons of summer 

(50%, 95% CI: 31.88-68.11) and in the rainy season 

(60%, 95% CI: 19.40-57.63).  

DNA fragments of CEV were amplified using 

primer pairs of specific sizes and identified as 

effective for amplifying CE viral DNA that gives the 

band at 549bp and 400bp (Figure 3). Granulocyte-

macrophage-colony-stimulating factor (GM-CSF) 

and interleukin-2 inhibition factor (GIF) were 

expressed by the target genes GIF5 and GIF6. Three 

days post-inoculation (dpi) in LTC were confirmed 

to be PCR-positive samples following confirmation 

of isolation in cell cytopathic effect (CPE) (Figure 

4b). Nearly all of the cells started to round and 
separate at 7 dpi (Figure 4c). These virus-containing 

cells were then removed and kept at -800C for 

additional attenuation and propagation. The virus 

was then confirmed again using PCR with the real 

band size. The isolate under study is found to be 

closely related to Bangladeshi ORFV isolates, as 

shown by phylogenetic analysis using neighbor-

joining methods. The VIR and GIF genes of the 

Bangladeshi isolates showed all the members of 

ORFV clustered into different distinct groups (Figs. 

5a and 5b). The GIF coding gene sequences 

(OR452357.1/ORFV/Goat/Bangladesh/BLRI-05/ 
2021, OR452359.1/ORFV/Goat/ Bangladesh/ BLRI-

02/2021 and OR452360/ORFV/Goat/ Bangladesh/ 

BLRI-01/2021) generated in the present study 

showed a 99.98 to 99.99% similarity of nucleotide 

among them. It was found that 99.97 to 99.99% and 

99.99 to 100% were identical to the nucleotide 

sequences of India and China, respectively (Figure 

6a). For the VIR coding gene sequences 

(OR452355/ORFV/Goat/Bangladesh/BLRI-01/2021 

and OR452356/ORFV/Goat/Bangladesh/BLRI-

02/2021), it was revealed that 99.98% similarity of 
NT between the isolates, whereas the isolates were 

99.94 to 99.97% similar to other isolates of India 

(Fig. 6b). 

Discussion 

Contagious ecthyma is a viral disease that affects 

young small ruminants globally and can lead to 

major health issues [3]. Due to a lack of 

immunizations and preventative measures, CE is an 

endemic disease in Bangladesh and makes 

individuals more susceptible. The present study 

prevails the recent data with the prevalence of this 

disease with different parameters and also with 
molecular detection of isolates and phylogenetic 

analysis of strain of contagious ecthyma virus. In this 
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study prevalence rate of contagious ecthyma found in 

Bangladesh was 57 %. Regarding the age of goats, 6 

to 12 months old goats (77.27%) were more prone to 

be affected by contagious ecthyma which can be 

compared with [12] where 41.42% of goats aged 

between 7-12 months were prevalent with contagious 

ecthyma. Considering the other age group from 1-3 

years (50%) was less susceptible than 3-6 months 

(62.50%) which can be compared with the findings 

of [12] where 2 months of age goat showed 24.29%, 

2-3 years showed 8.57% and >3 years showed 8.57% 
prevalence with contagious ecthyma. Other similar 

studies also stated that young goats <1 year old were 

more prone to CE than other age group [4, 22, 23].  

Season-wise variation was also observed in this 

study where contagious ecthyma in Bangladesh 

mainly occurs during the winter season with 

extensive lesions on the mouth of goats. In our study, 

the most vulnerable season for the occurrence of the 

disease is winter where 75.61% of goats were 

affected, whereas 50% were in summer and 37.04% 

in the rainy season, and this finding can be compared 
with other author's findings [23] where authors found 

a higher prevalence of CE in the winter season 

compared to other seasons. This finding may also be 

compared with [12] where 78.57% of cases occur 

during the winter season than other seasons. 

However, these findings are contrary to some 

researchers who found a higher prevalence of CE 

during the early summer [2]. This could happen due 

to differences in agroecological zones and different 

breeds used for the study. Three days post 

inoculation (dpi) in LTC were found to be PCR-

positive samples following confirmation of isolation 
in cell cytopathic effect (CPE) [17]. CPE is made up 

of intracytoplasmic or intranuclear aggregation as 

well as the rounding and detaching of cells [11]. 

PCR-positive samples produced a VIR gene band of 

549 bp, which was consistent with the results of 

another researcher [24]. In contrast, GIF genes 

produced a 400 bp band that was consistent with the 

findings of previous researchers [9, 11, 25, 26].  

Bangladeshi isolates showed higher similarities 

percentage with Indian isolates (VIR) whereas other 

isolates (GIF) showed higher similarities percentage 
with China and Pakistani isolates. Phylogenetic 

analysis of VIR and GIF genes formed clustered with 

Indian and China isolates compared with the other 

parapoxviruses. The OR452355.1/ORFV/ 

Goat/Bangladesh/BLRI-01/2021 isolates grouped 

with Indian isolates whereas 

OR452357/ORFV/Goat/Bangladesh/BLRI-05/2021 

of GIF genes grouped with China 

KF726847.1/ORFV/ Goat/ China. Hypothetically the 

possible route of transmission of this virus for 

entrance is extremely difficult to predict. The 

importation of animals may be the possible route for 
the entrance of ORFV in Bangladesh. For this 

reason, close observation with special monitoring 

should be implemented in the near future.   

Conclusion 

Contagious ecthyma (CE) is circulating in 

different areas of Bangladesh. Winter season and 

young goats are more vulnerable to CE. Female goats 

are more susceptible than male goats. Sequence 

analysis and phylogenetically two isolates of 

contagious ecthyma virus have a close relationship 

and genetic variation with China and Indian isolates. 

The whole genome sequence should be performed 
for the in-depth genetic information of CEV 

circulating in Bangladesh as well as a potential 

vaccine development is recommended. Additionally, 

nationwide action should be taken for the prevention 

and control of CE for protecting the goat industry.  
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TABLE 1. Prevalence of contagious ecthyma virus from suspected field sample 

Variable Category No. of samples 

tested  

No. of Positive 

(%) 

95% CI SE OR 

Location Dhaka 30  15 (50) 31.29-68.70 0.091 1 

Rajshahi 15  10 (66.67) 38.38-88.17 0.121 1.33 

Bandarban 20  12 (60) 36.05-80.88 0.109 1.20 

Meherpur 10  5 (50) 18.70-81.29 0.158 - 

Mymensingh 10  7 (70) 34.75-93.32 0.144 1.40 

Chuadanga 15 8 (53.33) 26.58-78.73 0.128 1.06 

Age  1-3 Months 35 16 (45.71) 28.82-63.35 0.084 1 

>3-6 Months 16 10 (62.50) 35.43-84.80 0.121 1.36 

>6-12 Months 22 17 (77.27) 54.62-92.17 0.089 1.69 

>1-3 Year 12 6 (50) 21.09-78.90 0.144 1.09 

>3 Year 15 8 (53.33) 26.58-78.73 0.128 1.166 

Sex Male  37 17 (45.95) 29.48-63.07 0.081 1 

Female  63 40 (63.49) 50.40-75.26 0.060 1.383 

 

Season 

Summer 32 16 (50) 31.88-68.11 0.088 1.350 

Rainy 27 10 (37.04) 19.40-57.63 0.092 1 

Winter 41 31 (75.61) 59.69-87.63 0.067 2.041 

Total 100  57 (57%) 46.71-66.80 0.049  

SE- Standard error; OR- Odds Ratio, CI- Confidence interval  

 

 

 

Fig. 1. Location of sampling areas of Contagious ecthyma virus. 
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Fig.2. Typical clinical signs  (red circle) of Contagious ecthyma-affected goats (udder, leg and mouth). 

 

 
 

 

 

 

 

 

 

 

 

 
Fig. 3. Amplifications of VIR gene (549 bp) with 100bp ladder marker (M) (left) and GIF gene (400 bp) with 50bp 

ladder marker (M) (right) of contagious ecthyma virus.  

 

Fig. 4. Culture of contagious ecthyma virus (CEV) in LTC. (a) Shows the normal lamb testicular cell, (b) shows 

characteristic CPE at 3 DPI of CEV, and (c) shows characteristic CPE at 7 DPI of CEV. 

  

a b c 

  M     1     2      3      4     5 

549 bp 

M  1   2   3    4    5 

400 bp 
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Fig. 5. Phylogenetic relationship of GIF and VIR gene of contagious ecthyma virus. The tree was prepared using the 

neighbor-joining method. The red circle indicates isolated for this study. 

 

GIF gene 

(a) 

VIR gene 

(b) 
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(a) Pairwise comparison of GIF gene 

 

 

(b) Pairwise comparison of VIR gene   

Fig. 6. Similarity percent and divergence of the contagious ecthyma virus GIF and VIR genes isolated from 

Bangladesh in this study in comparison to other contagious ecthyma viruses. 

 

 

References 

1. Fleming, S.B., Wise, L.M. and Mercer, A.A. 
Molecular genetic analysis of orf virus: a poxvirus 
that has adapted to skin. Viruses, 7(3), 1505-1539 
(2015). 

2. Nandi, S., De, U.K. and Chowdhury, S. Current status 
of contagious ecthyma or orf disease in goat and 
sheep—A global perspective. Small Rumin. Res., 96 
(2-3), 73-82 (2011). 

3. Tedla, M., Berhan, N., Molla, W., Temesgen, W. and 
Alemu, S. Molecular identification and investigations 
of contagious ecthyma (Orf virus) in small ruminants, 
North west Ethiopia. BMC Vet. Res., 14, 1-8 (2018). 

4. Vikoren, T., Lillehaug, A., Akerstedt, J., Bretten, T., 
Haugum, M. and Tryland, M.A severe outbreak of 

contagious ecthyma (Orf) in a free-ranging musk ox 

(Ovibos Moschatus) population in Norway. Vet. 
Microbiol., 127, 10–20 (2008). 

5. Zhong, J., Guan, J., Zhou, Y., Cui, S., Wang, Z., and 
Zhou, S. Genomic characterization of two Orf virus 
isolates from Jilin province in China. Virus. Genes., 

55, 490-501 (2019). 

6. Kumar, R., Moudgil, P., Grakh, K., Jindal, N., 
Sharma, M. and Gupta, R. Epidemiology, clinical 

features, and molecular detection of orf virus in 
Haryana (India) and its adjoining areas. Trop. Anim. 
Health Prod., 54(5), 268 (2022). 

7. Aneed, A.A. and Alsaad, K.M. Study of contagious 
ecthyma in lambs of Basrah province, Iraq. Basra J. 
Vet. Res., 18(2), 27-55 (2019). 



EPIDEMIOLOGICAL DIVERSITY, ISOLATION AND MOLECULAR CHARACTERIZATION OF ORF... 

Egypt. J. Vet. Sci.  

2987 

8. Peralta, A., Robles, C.A., Micheluod, J.F., Rossanigo, 

C.E., Martinez, A., and Carosio, A. Phylogenetic 
analysis of ORF viruses from five contagious ecthyma 
outbreaks in Argentinian goats. Front. Vet. Sci., 5, 
134 (2018). 

9. Klein, J. and Tryland, M. Characterisation of 
parapoxviruses isolated from Norwegian semi-
domesticated reindeer (Rangifer tarandus tarandus). 
Virol. J., 2, 1-10 (2005) 

10. Hussain, I., Khan, M.U., Aslam, A., Rabbani, M., 
Masood, S. and Anjum, A. Identification, molecular 
characterization, and pathological features of orf virus 
in sheep and goats in Punjab province, Pakistan. Trop. 
Anim. Health Prod., 55(1), 24 (2023). 

11. Alam, J., Alam, M.S., Giasuddin, M., Monoura, P., 
Samad, M.A. and Al Faruque, M.H. Isolation, 
identification and molecular characterization of 
contagious ecthyma virus from goat and sheep. Bang. 

J. Lives. Res., 19(1-2), 97-106 (2012). 

12. Azad, M.T., Saha, S., Alam, M.S., Monoura, P., 
Giasuddin, M. and Islam, S.M. Epidemiological 
investigation and phylogenetic analyses of contagious 
ecthyma virus from goat in Bangladesh. Asian J. Med. 
Biol. Res., 2(4), 555-561 (2017). 

13. Scagliarini, A., Piovesana, S., Turrini, F., Savini, F., 
Sithole, F., and McCrindle, C.M. Orf in South Africa: 

endemic but neglected. Onderstepoort J. Vet. Res., 

79(1), 1-8 (2012).  

14. Windsor, P.A., Nampanya, S., Tagger, A., Keonam, 
K., Gerasimova, M., and Putthana, V. Is orf infection 
a risk to expanding goat production in developing 
countries? A study from Lao PDR. Small Rumin. Res., 

154, 123-128 (2017). 

15. Bennett, R. and ljpelaar, J. Updated estimates of the 

costs associated with thirty-four endemic livestock 
diseases in Great Britain: a note. J. Agric. Econ., 

56(1), 135-144 (2005). 

16. Bala, J.A., Balakrishnan, K.N., Abdullah, A.A, 
Adamu L., Bin, Noorzahari, M.S. and May, L.K. An 
association of Orf virus infection among sheep and 
goats with herd health programme in Terengganu 
state, eastern region of the peninsular Malaysia. BMC 

Vet. Res., 15, 250 (2019). 

17. Maan, S., Kumar, A., Batra, K., Singh, M., Nanda, T. 

and Ghosh, A. Isolation and molecular 
characterization of contagious pustular dermatitis 
virus from Rajasthan, India. Virus. Dis., 25(3), 376-
380 (2014). 

18. Delhon, G. Tulman, E.R., Afonso, C.L., Lu, Z., de la 
Concha-Bermejillo, A. and Lehmkuhl, H.D.  
Genomes of the parapoxviruses Orf virus and bovine 
papular stomatitis virus. J. Virol., 78(1), 166–167 

(2004). 

19. Bukar, A.M., Jesse, F.F., Abdullah, C.A., Noordin, 
M.M, Lawan, Z. and Mangga, H.K. 
Immunomodulatory strategies for parapoxvirus: 
current status and future approaches for the 
development of vaccines against orf virus infection. 
Vaccine, 9(11), 1341 (2021). 

20. Zhu, Z., Qu, G., Du, J., Wang, C., Chen, Y. and Shen, 
Z. Construction and characterization of a contagious 

ecthyma virus double-gene deletion strain and 
evaluation of its potential as a live-attenuated vaccine 
in goat. Front. Immuno., 13, 961287 (2022).  

21. Tamura, K., Stecher, G. and Kumar, S. MEGA11: 
molecular evolutionary genetics analysis version 11. 
Mol. Biol. Evol., 38(7), 3022-3027 (2021). 

22. Billinis, C., Mavrogianni, V.S., Spyrou, V. and 
Fthenakis, G.C. Phylogenetic analysis of strains of 

Orf virus isolated from two outbreaks of the disease in 
sheep in Greece. Virol. J., 9(1), 1-8 (2012). 

23. Rahman, M.H., Akther, S., Ali, M.Z. and Hassan, 
M.Z. Incidence of diseases in goats in Bangladesh. 
Bangladesh Vet., 37(1-2), 14-20 (2020). 

24. Li, H., Zhu, X., Zheng, Y., Wang, S., Liu, Z., and 
Dou, Y. Phylogenetic analysis of two Chinese orf 
virus isolates based on sequences of B2L and VIR 

genes. Archiv. Virol., 158, 1477-1485 (2013). 

25. Guo, J., Rasmussen, J. and Wünschmann, A. Genetic 
characterization of orf viruses isolated from various 
ruminant species of a zoo. Vet. Microbiol., 99, 81-92 
(2004). 

26. Chi, X., Zeng, X., Hao, W., Li, M., Li, W. and Huang, 
X. Heterogeneity among orf virus isolates from goats 
in Fujian Province, Southern China. PLoS One, 8(10), 

e66958 (2013).  

 


