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Abstract: Orf is an important viral disease that affects goats and sheep and results in large economic losses. The aim of this study 
was to investigate the prevalence of orf and identify the potential risk factors of this disease in the main breeding areas of China. 
Among 1,241 blood samples collected from goats without clinical signs of orf, 433 samples (34.89%) were positive for orf virus 
infection, which was detected by polymerase chain reaction (PCR) targeting a partial B2L sequence of the viral genome. Moreover, a 
total of 874 buccal swab samples were collected, of which 64 samples (7.32%) were positive for the orf virus on the basis of PCR 
detection. According to logistic regression, all of the variables, including age, breed, location and farm management, had significant 
impacts on the prevalence of orf. Lambs under intensive management in Yunnan province were more susceptible to orf virus 
infection than animals in other groups. Anglo-Nubian goats were at more risk of orf positivity than other breeds, whereas Saanen 
dairy goats were at significantly less risk. In summary, as the first epidemiological study of orf in China, this investigation suggested 
that orf is a neglected disease that requires more attention in the future.  
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1. Introduction 

Orf, also known as contagious pustular dermatitis, 

contagious ecthyma, sore mouth or scabby mouth, is 

an important viral disease with a worldwide 

distribution. Orf primarily affects sheep and goats and 

substantially decreases animal welfare, resulting in 

erythematous macules, papules, vesicles, pustules and 

scabs around the lips and nostrils [1, 2]. Orf infection 

in kids and lambs results in more severe disease than 

in adult animals, because it impairs lambs’ ability to 

suck and graze [3]. Up to 100% morbidity and 10% 

mortality from orf has been observed in lambs [4]. 

The annual economic losses from orf have been 

reported to be up to 10 million pounds based on 2.167 

million sheep affected by orf; this estimate includes 

live weight loss, premature culling, treatment and 

control costs [2]. In addition, orf is a zoonotic disease. 

Orf has been reported in humans, presenting as 

papules and pustular lesions on the hands, fingers and 
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faces of subjects who had direct or indirect contact 

with infected animals, such as dairy farm workers, 

veterinarians and religious slaughter participants [5]. 

Thus, more attention should be paid to this disease. 

However, information regarding the prevalence of orf 

in China is limited, and approximately 141.36 million 

goats and 143.68 million sheep are bred according to 

the China statistical yearbook [6]. 

Orf virus (ORFV), a member of the family 

Poxviridae genus Parapoxvirus, is the causal agent of 

orf [5]. The genome of ORFV is a 138-kbp linear 

double-stranded DNA containing 132 putative genes 

[7]. Of these genes, the B2L gene encodes the major 

envelope protein, which is 42 kDa, highly 

immunogenic and able to induce both antibody and 

cell-mediated responses [8]. Moreover, the F1L gene 

encodes a major heparin binding protein involved in 

virus binding to the cell in the early stages of infection; 

it is a possible subunit vaccine for ORFV [9, 10]. The 

virus interferon resistant gene (VIR) encodes a 

double-stranded RNA binding protein that is 

expressed early and inhibits the antiviral activity 
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induced by interferons [11]. All of these genes are 

highly conserved among ORFV isolates and have 

been used for the identification, molecular 

characterization and phylogenetic analysis of ORFV 

[12, 13]. 

In this study, the sensitivity of B2L, F1L and VIR 

gene-based polymerase chain reaction (PCR) assays 

for ORFV detection was evaluated. Based on the PCR 

detection method, the prevalence of orf in goats in 

China was investigated by using conventional PCR 

targeting a partial B2L sequence and also assessed the 

potential risk factors accounting for the high 

prevalence of orf. 

2. Materials and Methods 

2.1 Animals and Sampling 

A total of 1,265 goats for meat and milk production 

were randomly selected from Shaanxi, Shandong and 

Yunnan provinces of China between May 2012 and 

October 2014 (Fig. 1 and Table 1). A total of 1,241 

healthy goats without clinical signs were included in 

this study; an additional 24 animals with ORFV 

symptoms were included as controls (Fig. 2). 

Ethylenediamine tetraacetic acid 

(EDTA)-anticoagulated blood from all the animals 

along with 874 buccal swabs from the healthy goats 

were collected, transported to the laboratory and 

stored at 4 °C. The swabs were suspended in 0.5 mL 

of sterile phosphate-buffered saline and incubated 

overnight at 4 °C, followed by swirling. Then, the 

suspension was stored at 4 °C for DNA extraction. 

2.2 Isolation of Genomic DNA 

DNA extraction from whole blood was performed 

as previously described with modifications of the 

method in Ref. [14]. Briefly, whole blood was diluted 

at a 1:1 ratio with distilled water and then lysed with 

an equal volume of 6 M NaI, followed by extraction 

with chloroform/isoamyl alcohol. After centrifugation, 

genomic DNA was precipitated with a 0.6 

volume-to-volume ratio of isopropanol and washed 

with 70% ethanol. Then, the DNA pellet was 

dissolved in 20 μL of Tris-EDTA buffer (100 mM 

Tris-HCl,  1 mM Na2EDTA,  pH 8). The  quantity  and 
 

 
Fig. 1  Map of the main breeding areas of China involved in this investigation.  
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Table 1  Association between selected risk factors and positivity of orf in blood samples of goat in China.  

Risk factors No. of samples No. and % of positive β SE P Exp(β) 
95.0% CI for Exp(β) 

Lower Upper 

Goat breeds 

Anglo-Nubian goat 48 31 (64.58%) -1.200 0.515 0.020 0.301 0.110 0.826 

Guanzhong dairy goat 344 117 (34.01%) -0.248 0.226 0.272 0.780 0.501 1.215 

Laoshan dairy goat 49 24 (48.98%) 0.256 0.349 0.464 1.291 0.651 2.560 

Saanen dairy goat 567 188 (33.16%) -0.709 0.223 0.001 0.492 0.318 0.762 

Wendeng dairy goat 19 14 (73.68%) 0.435 0.589 0.460 1.545 0.487 4.903 

White cashmere goat 214 59 (27.57%) - - - - - - 

Location 

Shaanxi 1,060 320 (30.19%) - - - - - - 

Shandong 68 38 (55.88%) - - - - - - 

Yunnan 113 75 (66.37%) 1.813 0.329 0.000 6.127 3.218 11.667 

Age (year) 

< 1 172 106 (61.63%) 1.009 0.205 0.000 2.743 1.837 4.096 

≥ 1 1,069 327 (30.59%) - - - - - - 

Management 

Intensive farm 1,109 407 (36.70%) 1.193 0.287 0.000 3.297 1.880 5.780 

Extensive farm 132 26 (19.70%) - - - - - - 

Constant - - -1.856 0.308 0.000 0.156 - - 

CI: confidence interval; SE: standard error. 
 

 
Fig. 2  Typical clinical symptoms of orf in goats.  
 

quality of the DNA samples were assessed using a UV 

spectrophotometer (Q3000, Quawell, USA). 

Viral DNA was extracted from buccal swabs from 

the goats as previously described in Ref. [15].  

Briefly, the swab suspension was incubated in a  

lysis buffer containing 4 M guanidinium   

thiocyanate acid for 10 min at room temperature, and 

the cold isopropyl alcohol was added to precipitate  

DNA. The mixture was centrifuged at 14,000 ×g   

for 10 min at 4 °C, and the DNA pellet was washed 

with 70% ethanol and dissolved in 10 μL of 

Tris-EDTA buffer for use. The quantity and quality  

of the DNA samples were assessed as described  

above. 



Orf in Goats in China: Prevalence and Risk Factors 

 

119

2.3 Development and Application of PCR 

Primers that amplify specific segments of the B2L, 

F1L and VIR genes were described by Li et al. [16]. 

The components of the PCR reaction mixture were as 

follows: 2.5 µL 10× PCR buffer, 25 ng template DNA, 

0.2 mM dNTPs, 1.5 mM MgCl2, 0.4 µM of primer and 

0.05 U/µL Taq polymerase (TaKaRa, Dalian, China). 

The PCR program had an initial denaturation at 94 °C 

for 5 min, followed by 35 cycles consisting of 30 s at 

94 °C, 30 s at 56 °C, 35 s at 72 °C and a final 

extension at 72 °C for 10 min. The amplified PCR 

products were electrophoresed on 2% agarose gels and 

visualized with ethidium bromide staining. The 

purified PCR products were sequenced by GenScript 

Corp. (Nanjing, China), and the sequences for each 

gene were aligned with published data in databases to 

confirm the presence of ORFV. DNA isolated from 

ORFV-infected primary bovine testis cells was used 

as a positive control, and samples with goat DNA or 

without genomic DNA were included as negative 

controls. Other Parapoxvirus isolates, including 

Capripox virus and Sheeppox virus, were included in 

the PCR assay to assess the specificity of the designed 

primers. The sensitivity of the PCR was evaluated by 

using serial 10-fold dilutions of mock-infected 

primary bovine testis cells (105.2 TCID50/mL), and the 

detection limit of the PCR reactions was defined as 

the highest fold dilution producing a detectable PCR 

product.  

After optimization, DNA isolated from 1,265 blood 

samples and 874 buccal swab samples were analyzed 

by using the PCR assay based on a partial B2L 

sequence. 

2.4 Statistics Analysis 

A binary logistic regression model was used, and a 

backwards-stepwise elimination procedure of 

variables was performed to identify significant risk 

factors contributing to the prevalence of orf in goats. 

These variables included age, breed, location and 

management. P < 0.05 in the likelihood ratio test was 

considered to be statistically significant. All analyses 

were performed using SPSS for Windows (version 

17.0, Chicago, IL, USA). 

3. Results 

In this study, a PCR assay was successfully 

established to amplify amplicons of 540, 437 and 264 

bp for the B2L, F1L and VIR genes, respectively. As 

shown in Fig. 3a, the threshold sensitivity for each 

PCR was determined to be as high as 105 fold 

dilution of mock-infected primary bovine testis cells  

(100.2 TCID50/mL), at which the amplified product of  
 

 
Fig. 3  The sensitivity of the PCR evaluated by using serial 
10-fold dilutions of mock-infected primary bovine testes 
cells (105.2-100.2 TCID50/mL) (a) and the specificity of the 
PCR detected (b). 
Lane M: 700-bp Trans DNA marker I; lane 1 and 2: positive 
control; lane 3-7: DNA from the collected blood samples; lane 
8 and 9: DNA of other Parapoxvirus isolates including 
Capripox virus and Sheeppox virus; lane 10: negative control.  

(a) 

(b) 
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B2L was observed more clearly than that of the F1L or 

VIR gene. For this reason, the B2L gene was selected 

for development of a reliable PCR assay for the 

diagnosis of ORFV infection. The specificity of PCR 

amplification of the B2L gene-specific primers was 

confirmed by the absence of amplification of control 

DNA from other related Parapoxvirus (Fig. 3b). 

Among the 24 blood samples collected from goats 

with clinical symptoms of orf, 23 samples were found 

to be positive for ORFV by using the optimized PCR 

targeting the B2L gene. Of the 1,241 blood samples 

collected from goats without clinical symptoms of orf, 

433 samples (34.89%) were ORFV positive. The 

proportion of goats infected with ORFV was the 

highest among the Wendeng dairy goats (73.68%) and 

the lowest among the White cashmere goats (27.57%). 

The prevalence of orf varied among the investigated 

provinces, with the values in Shaanxi, Shandong and 

Yunnan of 30.19%, 55.88% and 66.37%, respectively. 

In total, 172 and 1,069 goats fit the lamb and adult 

categories, respectively. The ORFV-positive rate in 

the lambs and adults was 61.63% (106) and 30.59% 

(327), respectively. The prevalence of orf on farms 

under intensive grazing management was 36.70%, 

whereas this value was 19.70% on extensive organic 

farms. The descriptive epidemiology of orf in this 

study is provided in Table 1. 

According to the logistic regression, all variable 

factors, including age, breed, location and farm 

management, had significant effects on the prevalence 

of orf. A final logistic regression model was 

constructed and fit the data well (χ2 = 1.184, df = 4, P 

= 0.881) according to Hosmer-Lemeshow 

goodness-of-fit. The presented incidence model 

showed that lambs (Exp(β) = 2.743, 95% confidence 

interval (CI) = 1.837-4.096, P = 0.000) under 

intensive management conditions (Exp(β) = 3.297, 95% 

CI = 1.880-5.780, P = 0.000) in Yunnan province 

(Exp(β) = 6.127, 95% CI = 3.218-11.667, P = 0.000) 

were more susceptible to ORFV infection than animals 

in other groups. Anglo-Nubian goats (Exp(β) = 0.301, 
 

Table 2  The prevalence of orf in samples from ovine 
buccal swabs in China.  

Location No. of samples No. and % of positive 

Shaanxi 661 61 (9.23%) 

Shandong 67 1 (1.49%) 

Yunnan 146 2 (1.37%) 

Total 874 64 (7.32%) 
 

95% CI = 0.110-0.826, P = 0.020) had a higher risk of 

ORFV infection than the other breeds in this study, 

whereas Saanen dairy goats (Exp(β) = 0.492, 95% CI 

= 0.318, 0.762, P = 0.001) had lower risk. 

In addition to blood samples, a total of 874 buccal 

swab samples were collected, out of which ORFV was 

detected in 64 (7.32%) samples by using the PCR 

assay for the B2L gene. The prevalence of orf was 

higher in Shaanxi province (9.23%) compared with 

Shandong province (1.49%) and Yunnan (1.37%) 

province (Table 2). 

4. Discussion 

The overall prevalence of orf (34.89%) in goats in 

this study was lower than the prevalence of 60% in 

Hubei province in China as diagnosed based on 

clinical symptoms [17]. Higher morbidity from orf 

(61%) has been reported in the Central Himalayas 

(29.48° N, 79.65° E) [18]. However, the prevalence 

detected in the current study was higher than that in 

England, which has been calculated as 1.88% for ewes 

and 19.51% for lambs [19].  

The occurrence of orf was influenced by multiple 

factors in logistic regression analysis in the present 

study, including age, breed, location of the farm and 

management. Consistently with results from previous 

studies, lambs, especially suckling lambs and lambs 

after weaning, are more susceptible to ORFV than 

ewes [5, 20]. This difference might be explained by 

the incomplete immunity and presence of orphan 

lambs. The immunity of lambs is incomplete, mainly 

due to their immature immune system and imperfect 

immunity. Passive immunity to ORFV mediated by 

antibodies via colostrum from vaccinated ewes is 

considered to be a possible solution, but no protective 
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effect has been observed in lambs receiving passive 

immune protection, as demonstrated by challenge with 

ORFV, which still caused disease [21, 22]. In the 

intensive farms of this study, most of the lambs were 

isolated from ewes and hence were orphaned. More 

importantly, these orphan lambs were flocked and 

bred together, and the ORFV-infected lambs, which 

could have contaminated their environment and 

caused new infections, were rarely separated from the 

healthy animals. Hence, high morbidity was observed 

not only in lambs but also in adults.  

Goats are generally more susceptible and develop 

more severe cases of orf than sheep [5, 23]. Boer goats 

and crosses are more susceptible to ORFV infection 

and develop severe disease according to existing 

reports [24]. In this study, Anglo-Nubian goats were 

more susceptible to orf, whereas Saanen dairy goats 

appeared to be more resistant to ORFV infection. The 

inconsistency between the present and previous 

studies might be due to the limited sample size in this 

study, particularly for Wendeng dairy goats, Laoshan 

dairy goats and Anglo-Nubian goats. More samples 

collected from each goat breed should be included in 

the future to confirm this phenomenon. 

In this study, morbidity from orf was increased in 

intensive management compared with extensive farm 

management. Notably, Hosie [20] has suggested that 

major outbreaks of orf are generally associated with 

intensive farming systems. In intensive management 

of goats in China, goats are usually restricted to small 

pens with high density, which results in reduced 

activity. This intensive management would not benefit 

goats regarding improving their immunity. Instead, 

this management causes a favorable environment for 

the spread of viruses. In addition, the degree of weed 

infestation should be considered [19]. Goats 

maintained under an intensive management system are 

typically fed with forage crops and maize silage, 

which might cause wounding around the mouth, 

whereas extensive conditions offer good grassland for 

goats to graze. Although the intensive management of 

goats has shortcomings, more intensive management 

could be a favorable option for sustainable 

development policy under the high population 

pressure.  

 The farms with the highest orf morbidity in this 

study were located in Yunnan province, Southwestern 

China (22°-28° N, 97°-105° E). Yunnan province, 

particularly Kunming city, is characterized by a 

comfortable spring-like climate year round. ORFV is 

likely to survive for several months in such an 

environment, because extreme temperature and UV 

light can inactivate this virus [23]. To further 

investigate this issue, the physico-chemical properties 

of Parapoxvirus should be more thoroughly studied 

and updated, and more samples should be collected 

from Yunnan province, Shandong province, as well as 

the entire country. 

The results in this study indicate that the prevalence 

of ORFV infection was considerably increased when 

detected based on the blood positive rate for virus 

rather than swab samples. This finding suggests that 

the prevalence of orf may be underestimated, because 

no clinical symptoms have been observed in 

subclinically infected animals. Subclinical ORFV 

infection indeed occurs, because ORFV can transmit 

from clinically normal ewes to susceptible sheep and 

may serve as a source for new outbreaks, because fatal 

orf in lambs following long distance transportation has 

been reported [4, 25]. However, a relatively low 

positive rate in swabs could be explained by the fact 

that ORFV is not detectable 30 d after challenge in 

either newly regenerated epidermis or the remnants of 

surface scabs, although it is present in scabs overlying 

healing lesions by day 20 [1].  

5. Conclusions 

The prevalence of orf in goats in China was high. 

And there were many risk factors that influenced the 

prevalence of orf, including age and breed of animals, 

feeding, location and management of the farm. Orf is 

a neglected disease in China, particularly in the main 
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breeding areas, and is underestimated by both farmers 

and veterinarians. This investigation adds a new 

dimension to the significance of the disease. 
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