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Abstract 

Introduction: Foot-and-mouth disease is a highly infectious viral disease affecting all cloven-footed domestic animals. The 

three foot-and-mouth disease virus (FMDV) serotypes A, O and SAT2 are at present the greatest threat to susceptible animals in 

Egypt. The aim of the present study was, for the host factors associated with different FMDV infections in cattle during the acute 

phase, to compare these factors’ influence on the expression of the IL-10, TLR-2, TNF-α, CXCL10, CD48, NFATC4 and IFNG 

inflammatory and immune-related genes. Materials and methods: Vesicular fluid and epithelium samples were obtained from at 

least three infected cattle on the same affected farm during three different FMDV outbreaks and were used for serotyping of the 

virus and for expression analysis of host genes. A two-step RT-PCR was used for diagnosis of the virus with primers specific for 

each serotype. Results: In quantitative PCR analysis, the expression patterns of TLR-2 and IFNG were prominent, while NFATC4 

expression was absent in all FMDV-infected cattle. The highest expression of CD48 was associated with increased expression of 

other inflammatory and immune-related genes (IL-10, TLR-2, TNF-α and IFNG), which may be an indication of rapid virus 

clearance. Conclusion: The use of vesicular fluid and epithelium for investigation of viral and immune-related gene expression 

levels in acute FMDV infection is possible. Host-dependent variation in the expression of the studied genes was observed in 

different FMDV serotype outbreaks. 
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Introduction 

Foot-and-mouth disease (FMD) is a highly 

infectious cross-border disease that affects domestic and 

wild cloven-hoofed animal species; its occurrence has 

inflicted economic losses multiple times (15). The effect 

of the disease differs considerably between endemic and 

non-endemic and developed and developing countries 

(2, 22). 

Foot-and-mouth disease is caused by a small, non-

enveloped, single-stranded RNA virus belonging to the 

Picornaviridae family and Aphthovirus genus. Three 

strains of the FMD virus (A, O and SAT2) are the causes 

of the disease circulating in Egypt (5). It has seven 

known distinct worldwide serotypes (A, O, C, Asia 1 and 

South African Territories (SAT1–3)) (13, 17, 18). FMD 

outbreaks occur by contact with infected animals, 

mechanically by contaminated agents from infected 

farms or through airborne transmission by wind carrying 

the virus even from thousands of kilometers away  

(6, 21). 

Natural immunity plays an essential role in virus 

circulation among animals and explains the inability of 

some animals to clear the virus among them (8, 9). Foot-

and-mouth disease virus (FMDV) corrupts the early 

immune response through its effects on innate immune 

mechanisms (8). It causes inhibition of secretion of 

antigen-presenting cells and their precursors through 

impairing cytokine-driven pathways, promotes viral 

replication and delays the adaptive T cell response (9), 

and consequently degrades immune function. Infection 

with one of the seven FMDV serotypes does not confer 
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immunity to other serotypes or to divergent strains 

within that serotype (7, 8). However, an animal which 

survives is still immune to the first serotype for an ample 

period of time. Additionally, repeated infections with 

other FMD serotypes may arouse moderate clinical 

responses or grant some protection (7, 8). 

Foot-and-mouth disease viral RNA levels, tissue-

specific distribution and local cytokine expression vary 

(14, 19). Stenfeldt et al. (25) microscopically determined 

the localisation of FMD virus in the basal epithelial 

layers of the dorsal soft palate (DSP) and pharynx. 

Basically, as the ideal sample type, epithelium or 

vesicular fluid is used for laboratory diagnosis of the 

virus and is collected from intact or recently ruptured 

vesicles on the tongue, buccal mucosa or feet (31). 

To address the lack of data on the host response 

induced in FMD outbreaks with distinct serotypes as 

their aetiological agents, the principle aim of the present 

study was to compare the host factors associated with 

different FMDV infections through the assessment of 

the differences in the expression of some inflammatory 

and immune-related genes (IL-10, TLR-2, TNF-α, 

CXCL10, CD48, NFATC4 and IFNG) in cattle during the 

acute phase of FMD infection. Also, the study proposes 

to gauge the benefits of the use of vesicular fluid and 

tissue for diagnosis of the virus and for assessment of the 

expression of immune-related gene expression in the 

infected cattle. 

Material and Methods 

Sample collection. The samples were collected 

from clinically infected cattle from private farms in 

Behera and Kafer El Sheikh governorates during three 

different outbreaks in February 2017, November 2017, 

and February 2018 (two different farms). Vesicular fluid 

and epithelium samples were collected from the buccal 

mucosa and tongue of the infected cattle. To reduce 

animal suffering, sample collection took place only once 

and the sample served for both virus isolation and host 

gene expression assessment. The area over the vesicles 

was washed with phosphate buffered saline (PBS), and 

the samples were mixed with equal amounts of glycerol, 

0.04 M phosphate buffer (pH 7.2–7.6), and antibiotic mixture 

(penicillin-streptomycin (10,000 U/mL- Gibco™)) in 

sterile screw-capped tubes. The samples were marked 

with the date of collection, sex, and age of the animal 

and were kept, transported and submitted to the 

laboratory in an ice box and stored at −80°C until RNA 

isolation. Sampling was carried out following the 

procedures described by the OIE (31). All procedures 

and experiments were accepted by the local animal use 

ethics committee of the Faculty of Veterinary Medicine, 

the Alexandria University Institutional Animal Care and 

Use Committee. 

 

 

Table 1: Serotype-specific primer sequences for FMD virus detection 

Primer 
Sequence 

5′–3′ 

Amplicon size  
(bp) 

Annealing temp 

(°C) 

Universal FMD 

primer 

F - CCTACCTCCTTCAACTACGG 

R - GAAGGGCCCAGGGTTGGACTC 

216 48 

Serotype O  F - AGCTTGTACCAGGGTTTGGC 

R - GCTGCCTACCTCCTTCAA 

633 

 

46 

Serotype SAT2 F - TGGGACACMGGIYTGAACTC 

R - ACAGCGGCCATGCACGACAG 

1145 50 

Serotype A  F - TACCAAATTACACACGGGAA 

R - GACATGTCCTCCTGCATCTG 

863–866 

 

55 

 

 

Table 2: Cattle primer sequences for gene expression 

Primer 
Sequence 

5′–3′ 

Amplicon size 
(bp) 

Annealing temp 
(°C) 

CXCL10 F - AGTGGAAGCCCCTGCAGTAAA 

R - AGTCCCAGCCTTGCTACTGACA 

117 56 

IL-10 F - CCAAGCCTTGTCGGAAATGA 

R - GTTCACGTGCTCCTTGATGTCA 

94 60 

IFNG F - TCTTCTCAAGCCTCAAGTAACAAGT 

R - CCATGAGGGCATTGGCATAC 

103 56 

HPRT F - GCCGACCTGTTGGATTACAT 

R - ACACTTCGAGGGGTCCTTTT 

289 56 

TLR-2 F - CCATTGACAAGAAGGCCAT 

R - AACCCTTCCTGCTGAGTCTCAT 

107 56 

NFATC4 F - AACCACTGCCCCTCTCTGAAAC 

R - CCTCGACCCCAGATCACAAAGA 

107 56 
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Isolation and detection of foot-and-mouth virus 

RNA. RNA was extracted from the vesicular fluid and 

epithelium using a QiAmp Viral RNA Mini Kit (Qiagen, 

Hilden, Germany) according to the manufacturer’s 

instructions. The isolated RNA was immediately used in 

a reverse transcription (RT) reaction for synthesis of 

cDNA, using a SensiFAST™ cDNA Synthesis Kit 

(Bioline, London, UK) following the manufacturer’s 

instructions. The reaction mixture consisted of 5 µL of 

isolated RNA, 4 μL of 5X RT buffer, 1 µL of reverse 

transcriptase and RNase/DNase free water to make  

a final volume of 20 µL. The thermal cycler program 

was carried out at 25°C for 10 min, 42°C for 15 min and 

4°C as the holding temperature. A conventional PCR 

was used to amplify cDNA corresponding to the VP1 

gene with FMDV universal primer and serotype-specific 

primers as shown in Table 1. The amplified PCR 

products were electrophorosed on 1.5% agarose gel, and 

the bands were visualised and photographed on a UV 

transilluminator (InGenius gel documentation system, 

Syngene, Cambridge, UK). 

Host RNA isolation and cDNA synthesis. 

Extracted RNA from the previous step was also used for 

synthesis of cDNA for assessment of the host immune-

related genes by using the SensiFAST™ cDNA 

Synthesis Kit as described in the previous step with  

a 3 µL aliquot of the RNA. The host cDNA was verified 

by Bos taurus hypoxanthine phosphoribosyl transferase 1 

(HPRT1) as a cattle housekeeping gene and then stored 

at −20°C until further use. 

Expression analysis of selected genes in FMD-

infected cattle using quantitative real-time PCR.  

A quantitative real-time PCR was carried out to reveal 

the expression profiles of the IL-10, TLR-2, TNF-α, 

CXCL10, CD48, NFATC4, and IFNG inflammatory and 

immune-related genes using Sensi-FAST™ SYBR 

green with low ROX (Bioline) according to the 

manufacturer’s instructions. The thermal program was 

set as an initial denaturation (95°C for 10 min) followed 

by 40 cycles of 95°C for 15 s and the annealing 

temperatures shown in Table 2 for 15 s. The levels of 

mRNA were normalised against the amount of HPRT1 

mRNA (endogenous control), and the relative level was 

determined by the comparative threshold cycle 2^(-ΔΔct) 

method (23). Three calves of approximately three 

months of age (non-vaccinated and uninfected) were 

used as a control (normaliser). 

Statistical analysis. Statistical analysis was done 

using GraphPad Prism software version 6 (GraphPad 

Software, San Diego, CA, USA). One-way analysis of 

variance (ANOVA) was used for comparison of each 

gene expression level with the control level. The results 

were obtained as fold change mean ± standard deviation, 

and the significance level was set at a probability value 

of p ˂ 0.05. 

Results  

FMDV serotype determination in the infected 

cattle. Conventional PCRs were performed to determine 

the FMDV serotypes following a confirmatory PCR 

using a universal FMDV primer to confirm infection. 

The PCR generated a single band corresponding to the 

expected size for the universal FMDV primer (216 bp) 

(Fig. 1A). With serotype-specific primers, amplification 

was successful for serotype O twice in February and 

November 2017 with an amplicon size of 633 bp, and 

for serotype SAT2 on two different farms in February 

2018 with an amplicon size of 1145 bp (Fig. 1B and C). 

Serotype A was not detected in any studied sample. 

Expression of selected inflammatory and 

immune-related genes. Initially, the quality of cattle 

cDNA from the vesicular epithelium was verified and 

the cDNA was successfully amplified using the HPRT 

gene as a cattle housekeeping gene (Fig. 1D). Variations 

in the expression level of the selected genes in the 

infected cattle were reported. The most commonly 

expressed genes in all outbreaks were TLR-2 and IFNG, 

followed by CD48 and TNF-α. Expression of the TNF-α 

gene was most abundant in the cattle infected with  

O serotype 2 (Fig. 2B) and SAT2 serotype 2 (Fig. 3A). 

CD48 expression was strongest in O serotype 2 (Fig. 2B) 

and SAT2 serotype 2 (Fig. 3A) infections. Additionally, 

the IL-10 gene showed increased expression in the  

same serotype infections along with SAT2 serotype 1 

(Fig. 2B), however, its expression was downregulated in 

O serotype 1 (Fig. 2A). 

 
Fig. 1. Electrophoresis of PCR product of FMD virus. A: FMDV universal primer; B: O serotype; C: SAT2 serotype in clinically 

infected cattle; D: PCR product of bovine HPRT1 from vesicular fluid; M – DNA Ladder (1.5 Kb); lanes 1–3 – PCR products 
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Fig. 2. The relative expression level of some inflammatory and immune-related genes in cattle infected with FMD virus (O serotype) in two 

different serotypes: O serotype 1 in February 2017 and O serotype 2 in November 2107. The fold change of the expressed genes was 
calculated relative to the control group (non-vaccinated and uninfected). The fold change for the control group was 1 

 

 

 
Fig. 3. Relative expression levels of some inflammatory and immune-related genes in cattle infected with FMD virus (SAT-2 -serotype) 

serotypes 1 and 2, representing two different farms. The fold change of the expressed genes was calculated relative to the control group  
(non-vaccinated and uninfected). The fold change for the control group was 1 

 

 

Levels of IL-10, TNF-α, and NFATC4 tended to 

decrease compared to the control level (=1) in O 

serotype 1–positive cattle samples (Fig. 2A), while those 

positive for SAT2 serotype 1 showed a decrease in 

CXCL10 and NFATC4 relative to the control level  

(Fig. 3A). 

Discussion  

Several studies reported different tissue distribution 

of FMD virus during acute and persistent infection (3, 

19). In our study, we reported strong expression of the 

HPRT1 cattle housekeeping gene (Fig. 1D) in the 

vesicular fluid and vesicular epithelium of acutely 

infected cattle. 

Toll-like receptors (TLRs) are conserved immune 

cell-surface receptors which are instrumental in 

pathogen recognition and innate immune stimulation. 

They recognise preserved molecules known as 

pathogen-associated molecular patterns, which derive 

from microorganisms (11). The expression pattern of 

TLR-2 in the samples from outbreak cattle with any of 

the FMDV serotypes in our study is high because 

recognition of the virus by TLRs initiates signal 

transduction pathways, which stimulates the expression 

of genes that control innate immune responses (27). 

IL-10 is an anti-inflammatory cytokine; it can 

modulate immune processes and inhibit cellular 

responses via a variety of mechanisms. Zhang et al. (33) 

compared levels of IL-10 between FMD outbreak 

herdmates and found very low and elevated amounts. 

They correlated elevated IL-10 at the beginning of 

infection with FMDV with carrier status and little IL-10 

at the same stage with non-carrier status. The expression 

profiles of IL-10 in our data differed by infecting 

serotype: the animals infected with FMDV O serotype 2 

and SAT2 serotypes and 2 had higher levels of IL-10 

expression as they may be infection carriers. 

The CD48 gene is a member of the CD2 subfamily 

of the immunoglobulin superfamily which produces  

a protein known as B-lymphocyte activation marker. It 
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is found on the surface of lymphocytes and other 

immune cells and participates in the activation and 

differentiation pathways in these cells, being the first  

B-cell specific cellular differentiation antigen (28, 32). 

We demonstrated that CD48 gene expression was 

increased in sample isolates collected during different 

FMDV serotypes infection with different levels of 

upregulation ranging from 195.61 to 50.42-fold for  

O serotype 1 and SAT2 serotype 1, and its expression 

varied from 0.22 to 2.28 in other two outbreaks  

(O serotype 2, and SAT2 serotype 2). Tissot et al. (29) 

suggested that increased CD48 expression occurs under 

inflammatory conditions, and that exposure to IFN-α, 

IFN-β and IFN-γ cytokines can increase its expression 

in peripheral blood mononuclear cells. Similarly we 

demonstrated that the highest CD48 accompanied  

O serotype 2 and SAT2 serotype 1 infection. When they 

were the infectious agents, both serotypes also coincided 

with a higher level of TNF-α expression. 

Tumour necrosis factor alpha is an important pro-

inflammatory cytokine that simultaneously is produced 

by the immune response and plays a major role in its 

regulation, being also an actor in host defense 

mechanisms. We also detected its high level when  

O serotype 2 and SAT2 serotypes 1 and 2 were the 

aetiological agents. Biswal et al. (4) demonstrated 

genetic and antigenic variation of foot-and-mouth 

disease virus which was reflected by different 

inflammatory and immune responses of infected cattle. 

Haagmans and Osterhaus (10) proposed a role for 

CXCL10 during virus infection wherein it is important 

for natural killer cell recruitment to limit viral replication 

during virus infection, and noted that the levels of 

CXCL10 in the early phase of the infection correlate with 

viral titre. The levels of expression in our study are  

2.74-, 11.25-, 1.67-, and 0.96-fold for the acute phase of 

the studied outbreaks. The highest level of this gene 

(11.25-fold), which occurred in O serotype 2 infection, 

was also associated with the highest expression of CD48 

(195.61-fold) and the IL-10, TLR-2, TNF-α and IFNG 

inflammatory and immune-related genes, which may be 

an indication of rapid clearance of the viral infection (16). 

The NFATC4 gene codes for the nuclear factor of 

activated T cells (NFAT) protein. The protein has  

an important role in the expression of IL-2 or IL-4 

cytokine genes in T cells. It could also regulate the 

activation, proliferation and the differentiation of the 

programmed death of T-lymphocytes (20). However, 

Razvi and Welsh (24) demonstrated that T lymphocyte 

programmed cell death during acute viral infection is  

a causal agent of virus-induced immune deficiency; 

therefore, the low expression of the NFATC4 gene in all 

the sample isolates from the studied outbreaks of FMD 

indicates the active immune status of the animals to 

different FMD outbreaks during acute infection. 

IFNG has an essential role in immune response to 

viral infection through enhancing macrophage activity 

and stimulating adaptive cell-mediated immunity (26). 

We demonstrated an increased level of IFNG in  

the different FMD outbreaks in our study. Similarly,  

Van Wyk et al. (31) reported increased expression of 

IFNG in animals during acute bovine viral diarrhoea 

virus infection. Additionally, Kang et al. (12) reviewed 

the direct antiviral mechanisms of IFNG and stated that 

it inhibits the entry of the virus during its invasion of the 

cytoplasm from the endosome. Furthermore, IFNG 

inhibits the acute infection of BK virus efficiently 

irrespective of the viral strain (1). 

Stenfeldt et al. (25) demonstrated a significant difference 

in the host response in cytokine mRNA expression in 

pharyngeal epithelial samples from FMDV-infected 

cattle, although they detected downregulation of IFN-β 

mRNA and upregulation of IFN-α mRNA, which is the 

opposite of our results. This may be attributed to 

different tissues used or different FMDV serotypes as 

aetiological agents. 

We conclude that the possibility exists of using 

vesicular fluid and epithelium for both diagnosis of the 

virus’s presence and estimation of immune-related gene 

expression in acute FMDV infection. It can also be 

stated that host differences in the expression of these 

genes are prominent with serotype-disparate FMDV 

infections. The expression of TLR-2 and IFNG is 

potentiated and the expression of NFATC4 is curtailed 

in all FMDV-infected animals irrespective of serotype. 

The highest expression of CD48 is associated with 

increased expression of the other inflammatory and 

immune related genes IL-10, TLR-2, TNF-α and IFNG, 

which may be an indication of rapid clearance of the 

viral infection. 
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