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Abstract 

Introduction: Orf virus (ORFV) is a prototype Parapoxvirus species in the Poxviridae family that causes serious 

zoonotic infectious disease. Goat skin fibroblast (GSF) cells are the major host targets of ORFV. Interleukin 8 (IL-8) and 

tumour necrosis factor (TNF)-α are known to play a vital role in immune response during viral infections. However, the 

manner of variation over time of their level of expression in GSF cells remains unclear. Material and Methods: In this study, 

quantitative enzyme-linked immunosorbent assay chips were used to detect changes in the levels of these cytokines expressed 

and secreted in GSF cells after ORFV infection. Results: Results showed that the expression of IL-8, TNF-α, and decorin was 

upregulated in the cell lysates, and that secreted decorin and IL-8 were significantly increased in cell supernatant. 

Conclusion: The results provided possible approaches to elucidation of how ORFV infection initiates host cell immune 

response. 
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Introduction 

Orf virus (ORFV), a prototype species of the 

Parapoxvirus genus of the Poxviridae family, causes 

an infectious disease which naturally affects sheep 

and goats, and occasionally humans, cats, and some 

wild animals (8, 15). A recent study showed that 

ORFV can also be transmitted among humans (20). 

The infection in sheep and goats results in  

a debilitating mucocutaneous disease known as 

contagious ecthyma or orf which is characterised by 

proliferative lesions of the lips and muzzle, around the 

nostrils, and in the oral mucosa (14). ORFV infection 

is self-limited and generally lasts one to two months; 

however, it can be highly lethal when there is a mixed 

or secondary infection with other pathogens in lambs 

or kids (11). The disease has worldwide distribution 

and results in large economic losses. 

ORFV has an envelope and a linear double-

stranded DNA genome of approximately 134–139 kb 

long (4). The ORFV genome includes a large 

relatively conserved central core, which encodes 

transcription- and replication-related proteins, and 

inverted terminal repeats (ITRs) at each end, which 

encode virulence factors generally (27). These factors 

are mainly involved in modulating the immune 

response of the host. The orf virus interferon-

resistance gene (OVIFNR) encodes a protein resistant 

to type I interferon response (12). The vIL-10 gene 

production inhibits maturation of dendritic cells (DCs) 

and transcription of the T helper 1 (Th1) cell 

cytokines (16). Granulocyte-macrophage colony-

stimulating factor (GM-CSF) inhibitory factor (GIF) 

from ORFV suppresses functions of interleukin (IL)-2 

and GM-CSF (3).  

Cytokines play a vital role in immune response  
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during viral infection, and some are implicated in 

ORFV infection. IL-8, also known as CXCL8, is  

a proinflammatory cytokine that is secreted at the 

infection site to recruit neutrophils and regulate 

pathological angiogenesis (17, 22). Tumour necrosis 

factor-α (TNF-α) is a multifunctional cytokine 

involved in regulating the processes of inflammation, 

immunity, apoptosis, and anti-tumour mechanism 

through its receptor (25). TNF-α influences the 

activation and migration of antigen-presenting cells 

(6). Decorin is a small leucine-rich proteoglycan that 

is involved in many pathological and physiological 

processes. It plays a key role in collagen 

fibrillogenesis (21), organisation of the extracellular 

matrix, activation of several tyrosine kinases (23), and 

leukocyte recruitment (24). It is interesting that ORFV 

infects the same host repeatedly although the host 

responds to the infection with a rapid immune and 

inflammatory reaction (10). Mechanisms by which 

ORFV elicits the host immune response might also 

influence cytokine expression. 

Several studies have explored the consequence of 

cytokines being present in serum, blood, or immune 

cells after ORFV infection (9, 18). However, the 

changes in cytokine levels in their target cells in the 

early stages after infection have not been studied. 

Observation of these changes is critical to clarifying 

the signals through which ORFV-infected cells 

initiate the immune response. In this article,  

we detected the changes of several cytokines in  

the early stages after ORFV infection using  

a quantitative enzyme-linked immunosorbent assay 

(ELISA) chip. 

Material and Methods 

Cells and viral infection. Goat skin fibroblast 

(GSF) primary cells (purchased from the Kunming 

Cell Bank, Chinese Academy of Sciences) were 

grown in Dulbecco’s modified Eagle’s medium 

(DMEM) containing 10% foetal bovine serum (FBS) 

at 37°C with 5.0% CO2. ORFV LY/2012/China  

strain (isolated and stored by State Key Laboratory  

of Veterinary Etiological Biology, China) was 

propagated in GSF cells, and the cell-free supernatant 

of the cell culture was used for the experiment.  

For infection, cell monolayers of GSF cells were 

grown in six-well plates until 80% confluence was 

reached. The cells were then infected with ORFV  

(2.0 ×106 TCID50 per well) in DMEM without FBS 

and incubated at 37°C for 1 h, after which the  

liquid was replaced by fresh DMEM with 2% FBS. 

Equal volumes of phosphate-buffered saline (PBS) 

were added to the culture and the control well.  

An Olympus CKX41 microscope was used to  

observe the morphology of GSF cells infected with 

ORFV. 

Sample collection. The GSF cells and 

supernatants were collected at 0.5, 1, 2, 4, 8, and 12 h 

after ORFV infection. The cell-free supernatants were 

obtained by centrifugation at 2000 g for 5 min. The 

cell lysates were washed three times with phosphate 

buffer and then prepared with lysis buffer 

(RayBiotech, USA) with 1 × protease inhibitor 

cocktail (Thermo Scientific, USA). Lysates were 

homogenised twice by vortex and stored at −80°C 

before use in the experiment. 

Cytokine quantification. Several cytokines in 

the cell lysates and supernatants were detected using 

Ovine Cytokine Array 1 (cat. no. QAO-CYT-1, 

RayBiotech, USA) according to the manufacturer’s 

instructions. The samples and diluted standard protein 

were added to the wells of a glass slide and incubated 

overnight at 4°C for better reaction of the antibody 

array chip and samples. Biotinylated secondary 

antibodies (which functioned as detectable antibodies) 

were then added and successively incubated  

after decanting the liquid from the wells and  

washing five times with wash buffers I and II 

included in the kit. Cy3 equivalent dye-streptavidin 

was added to combine with the biotin label of the 

secondary antibodies. The concentration of cytokines 

was measured as the mean fluorescence intensity of 

the streptavidin-bkg signal. Signals were detected 

using the GenePix 4000B Microarray Scanner 

(Molecular Devices, USA) through Cy3 channel 

(wavelength – 532 nm, resolution – 42 um). Standard 

curves were generated from the serial dilutions of the 

cytokine standards. 

Results 

The GSF cell morphological changes are shown 

in Fig. 1. The concentrations of the samples were 

calculated by the standard curves. IL-8, TNF-α, and 

decorin were detectable in the samples and their 

concentrations in the cell lysates increased after 

ORFV infection. IL-8 and decorin reached their peak 

at almost the same time, but TNF-α was still rising at 

the time of the last sample collection (Fig. 2). The 

increase in IL-8 and decorin levels in the cell 

supernatant is presented in Fig. 3. However, TNF-α 

was not detected in cell-free supernatants. 

IL-8, TNF-α, and decorin levels in samples 

collected at indicated time points after ORFV 

infection or from controls were detected by cytokine 

array. Data are expressed as the mean and standard 

deviation of three replicates. 

IL-8 and decorin levels in samples collected at 

indicated time points after ORFV infection or in 

controls were detected by cytokine array. The data are 

expressed as the mean and standard deviation of three 

replicates. 
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Fig. 1. The GSF cell morphological changes at indicated time points after ORFV infection  

A – 0.5 h, B – 1 h, C – 2 h, D – 4 h, E – 8 h, F – 12 h 
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Fig. 2. Changes in interleukin-8 (IL-8), tumour necrosis factor-α (TNF-α), and decorin levels in cell 

lysates after ORFV infection 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 3. Changes in interleukin-8 (IL-8) and decorin levels in cell-free supernatant after ORFV infection  
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Discussion 

ORFV is an epitheliotropic virus that naturally 

infects and proliferates in goat and sheep skin. After 

ORFV infection, dendritic cells, neutrophils, T cells, 

and B cells accumulate at the infection site (13). ORFV 

encodes several genes that inhibit the immune response 

of the host by inhibiting apoptosis, interferon 

production, inflammatory reaction, and NF-kB 

signalling (5, 7, 12, 26). Cytokines, which play an 

important role in the innate immune response after viral 

infection, might also be affected by the virus. In this 

paper, we detected differential expression of cytokines 

in GSF cells after ORFV infection. 

Previous studies have indicated that IL-8 is 

responsible for neutrophil recruitment (2). In the 

current study, IL-8 increased both in the cell 

supernatant and promoted cell lysates after ORFV 

infection, which is in accordance with a former study 

which showed that neutrophils are recruited at the 

ORFV infection site in vivo (1). 

The level of TNF-α also increased after ORFV 

infection, which is in accordance with the results of 

Anderson et al. (1), who, using an in situ hybridisation 

method, demonstrated that TNF-α mRNA increased 

after ORFV infection in vivo. In the cell lysates, the 

concentration of TNF-α was on a rising trend during 

sample collection. TNF-α was detectable only in cell 

lysates and not in cell-free supernatant, potentially 

explicable by its concentration in the supernatant not 

achieving the detection limit. 

Decorin was detected in all samples of ORFV-

infected cells and in the control but its levels increased 

with ORFV infection. Decorin has diverse functions, 

such as regulating extracellular matrix organisation, 

cell growth, and immune response (24). However, the 

change in extracellular matrix after virus infection has 

not been studied so far. Decorin has also been shown to 

associate with immune cell infiltration and cell cycle 

arrest in some diseases (19, 28). An increase in decorin 

levels might play a role in recruiting immune cells 

against virus infection. The concentration of IL-8 and 

decorin reached their peak at almost the same time after 

ORFV infection, which may show that both of them 

were induced at the same stage. 

ORFV infection can cause major skin damage 

either directly by the virus or by the cytokines and 

chemokines secreted by the host cells. These changes 

in TNF-α, IL-8, and decorin might be involved in both 

the initiation of the antiviral immune response and the 

pathogenesis of the virus. 

In conclusion, this study demonstrated that the 

early stage of ORFV infection increased IL-8, decorin, 

and TNF-α levels. This result indicates the response of 

the target cells of ORFV after their infection. The 

elevated level of cytokines after infection reported here 

is a finding which contributes to further studies on  

the pathogenesis of ORFV and its interaction with  

the host. 
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