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ABSTRACT 

A one-step RT-PCR assay was developed successfully for universal detection of Pakistani FMDV serotypes A, O and 

Aisa1 using newly designed universal primers MF5/MR3 that amplified complete VP1 coding gene and its PCR 

products can be used for direct sequencing. The assay amplified 995 bp region of the FMDV serotypes A, O and Asia1 

directly from field samples including whole VP1 capsid protein-coding gene. Remarkably, PCR products acquired from 

this technique can be used in second PCR as DNA template for typing of serotypes O, A and Asai1 using serotype-

specific primers. This second PCR enhanced the detection sensitivity of the assay evidently. In this study, this assay was 

used to identify and characterize FMDV isolates (n=34) collected from different outbreaks in Pakistan from 2014 to 

2017. All the isolates (n=34) were successfully detected and categorized into serotype O (n=14), serotype A (n=5) and 

serotype Asia1 (n=15).This new assay will help in general detection in first PCR reaction (products of this PCR can be 

used for direct sequencing) while typing in second multiplex PCR. Therefore, amplified product can be used for 

detection, serotyping, sequencing, cloning, and other molecular studies of Pakistani, West Eurasian as well as universal 

FMDV’s strains. 
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INTRODUCTION 

 Foot-and-mouth disease (FMD) is one of the 

most economically important and highly contagious viral 

diseases of domesticated and wild cloven-hoofed animals 

i.e. cattle, sheep, goats, and pigs (Jamal and Belsham 

2013). This disease is endemic in Asia, Africa and South 

America wherein huge economic losses occur due to low 

milk production, deprived growth rate, mortality in young 

calf and trade restrictions to FMD-free countries 

(Bachanek-Bankowska et al., 2016; Ambagala et al., 

2017). Moreover, FMD-free countries have also 

incursions of disease outbreaks causing considerable 

damage to livestock i.e. outbreaks in Japan, Korea (2000 

and 2010), Netherlands (2001), United Kingdom (2001 

and 2007), and Bulgaria (2010-11) (Reid et al., 2014). 

 The etiological agent of FMD is Foot-and-mouth 

disease virus (FMDV) that belongs to genus Aphthovirus 

and family picornaviridae. This virus has single-stranded, 

positive sense, 8400 base pairs (bp) long genome that is 

surrounded by small non enveloped capsid made up of 

four structural proteins (VP1,VP2,VP3 and VP4) 

(Belsham 2005; Carrillo et al., 2005). The virus exists in 

seven immunologically distinct serotypes i.e. O, A, 

Asia1, C, SAT (South African territories) I, SAT II and 

SAT III. These serotypes are widely distributed 

worldwide such as serotype O and A are distributed 

throughout the world, Asia1 mostly in Asia, SAT 

serotypes are restricted to African countries and serotype 

C to Europe (Davies 2002; Reid et al., 2014). 

Interestingly, immunity against one serotype does not 

give protection against other serotypes and also 

sometimes fail to protect against different viral strains 

within same serotype (Paton et al., 2005). VP1 protein 

present on capsid surface has a significant role in 

protective immunity and specificity of serotypes due to 

the presence of important immunological sites in this 

protein such as G-H loop and C-terminus (Jackson et al., 

2002; Jamal et al., 2011c). Furthermore, theVP1 

nucleotide sequence is also employed to assess the 

evolution and movement of viral strains in the majority of 

out breaks (Kasanga et al., 2015). Phylogenetic analysis 

of VP1 gene sequences helped to categorize each 

serotype of FMDV into different subtypes (Lee et al., 

2012). The disease is characterized clinically by the 

presence of vesicular lesions in the mouth, tongue, feet, 

and coronary band. However, this disease cannot be 

differentiated only on the basis of clinical signs due to the 

resemblance with other vesicular diseases i.e. vesicular 

stomatitis. Therefore, laboratory confirmation is essential 

to validate the presence of virus (Ranjan et al., 2014). 

 Control of FMD outbreaks is reliant on the rapid 

detection of clinical cases of the disease, for which fast 
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and sensitive diagnostic technique is required (Hoffmann 

et al., 2009). In the routine, FMD is diagnosed based on 

clinical signs, followed by viral isolation and its 

identification by targeting the highly conserved regions 

of the genome such as 5’UTR and 3D in RT-PCR 

assay(Callahan et al., 2002; Reid et al., 2002; Moniwa et 

al., 2007)). After this serotyping is carried out using 

different PCR formats that detect the virus serotypes by 

targeting VP1 (1D) region (Meyer et al., 1991; Laor et 

al., 1992; Rodríguez et al., 1992; Rodríguez et al., 1994; 

Vangrysperre and De Clercq 1996; Callens and De 

Clercq 1997; Habib et al., 2014). This whole process is 

very lengthy and time-consuming(Suryanarayana et al., 

1999). 

 In Pakistan, FMD is endemic and outbreaks due 

to serotype O, A and Asia1 occurs on regular basis (Klein 

et al., 2008; Jamal et al., 2010; Jamal et al., 2011a; Jamal 

et al., 2011b; Jamal et al., 2011c; Waheed et al., 2011; 

Brito et al., 2013; Jamal and Belsham 2013; Knowles et 

al., 2015; Ali et al., 2017; Ullah et al., 2017). Different 

studies are conducted in the country to control the disease 

through vaccination (Akram et al., 2013; Muhammad et 

al., 2013). 

 In countries like Pakistan, where FMD is 

endemic and multiple serotypes are in circulation 

development of molecular-based methods for early 

detection are of utmost importance. In the present study, 

new primer pair (MF-5 and MR-3) was designed in the 

conserved regions (1C and 2B) for universal detection of 

Pakistani FMDV strains using clinical samples regardless 

of the serotype A, O and Asia1. This new RT-PCR 

method will help in general detection in first PCR 

reaction (products of this PCR can be used for direct 

sequencing) while typing in second multiplex PCR. 

Therefore, amplified product can be used for detection, 

serotyping, sequencing, cloning, and other molecular 

studies of Pakistani, West Eurasian as well as universal 

FMDV’s strains. This RT-PCR method may act as an 

effective tool for molecular characterization studies of 

FMD in Pakistan. 

MATERIALS AND METHODS 

Samples and RNA extraction: Total 34 samples from 

clinically infected animals were collected from different 

outbreaks. Along with clinical samples, three pandemic 

strains (O/NIAB/PUN/PAK/01/2014, A/NIAB/ 

PUN/PAK/17/2014, ASIA/ NIAB/PUN/PAK/154/2016) 

were also used for the optimization of the test. Clinical 

samples were placed in glycerolized buffered saline. 

RNA was extracted from clinical samples by using Favor 

Prep® viral nucleic acid extraction kit (Favorgen, Biotech 

Corporation, Taiwan) according to manufacturer’s 

protocol. Total RNA was eluted in 40 µl of elution buffer 

and stored at -70°C. 

 

 
Figure 1. The schematic layout of FMDV genome. PCR amplification of universal (MF-5/MR-3), as well as 

serotype-specific primers, were schematically shown alongwith their expected product sizes. 
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Oligonucleotide primers: New universal primers MF-5 

(5’-GCTGCTGACTACGCGTACAC-3’) and MR-3(5’-

CCAGTGGCCAGTTCCTCAAA -3’) were designed on 

conserved genome regions 1C and 2B by the alignment 

of FMDV sequences (n=100) of serotypes O, A and 

Asia1. Conserved regions among all the selected strains 

(n=100) were selected for primer design (Figure 2, Figure 

3). These primers cover the entire VP1 region amplifying 

995bp double standard DNA product of serotypes O, A 

and Asia1 (Figure 1). The primers were commercially 

synthesized by Eurofins genomics, USA. Moreover, 

previously reported serotype-specific primers were used 

in typing PCR for serotypes O, A and Asia1 (Table 1) 

(Vangrysperre and De Clercq 1996) for typing of FMDV. 

 

 
Figure 2. Multiple alignment of complete genome sequences of 100 strains of FMDV obtained from GenBank 

against newly designed primer MF5. Dots represents matching of the sequences at primer binding site. 
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Figure 3. Multiple alignment of complete genome sequences of 100 strains of FMDV obtained from GenBank 

against newly designed primer MR3. Dots represents matching of the sequences at primer binding site. 
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Table 1. Sequence of oligonucleotides used in this study. 

 

Primer Sequence (5’-3’) Specificity Product size (bp) References 

1F GCCTGGTCTTTCCAGGTCT 
All Types 328 

(Reid et al., 

2000) 1R CCAGTCCCCTTCTCAGATC 

P38 GCTGCCTACCTCCTTCAA Type O, Forward 351 

(Vangrysperre 

and De Clercq 

1996) 

P74 GACACCACTCAGGACCGCCG 

Type Asia1, Forward 242 
P75 GACACCACCCAGGACCGCCG 

P76 GACACCACACAAGACCGCCG 

P77 GACACGACTCAGAACCGCCG 

P87 GTCATTGACCTCATGCAGACCCAC 

Type A, Forward 677 

P88 GTTATTGACCTCATGCAGACCCAC 

P89 GTCATTGACCTCATGCACACCCAC 

P90 GTCATTGACCTCATGCAGACTCAC 

P91 GTCATTGACCTCATGCAAACCCAC 

P92 GTCATTGACCTTATGCAGACTCAC 

MF-5 GCTGCTGACTACGCGTACAC 
Type O, A, Aisa1 

Forward 
995 This study 

MR-3 CCAGTGGCCAGTTCCTCAAA 
Type O, A, Aisa1 

Reverse 

 

One-step RT-PCR: One-step RT-PCR was performed 

on RNA extracted from clinical samples by using Verso 

1-step RT-PCR Hot-Start Kit (Thermo Scientific, USA). 

Briefly, 25 µl reaction mixture was prepared to contain 

0.5 µl Verso enzyme mix, 12.5 µl 1-step PCR Hot-Start 

Master Mix (2X), 1.25 µl RT enhancer, 0.5 µl universal 

MF5/MR3 primers (10 mM each). In thispremix,5µl of 

RNA template and4.75µlnuclease-free water was added. 

It was incubated at 56º C for 15 min, followed by 95º C 

for 15 minutes. Then 30 cycles of 95º C for 20 sec, 55º C 

for 30 sec and 72º C for 1 min were repeated. Final 

extension was carried out at 72º C for 10 min. 

Typing of Pakistani FMDV serotypes O, A and Asia: 

A second PCR was performed using 995bp PCR product 

as template(amplified using universal primer pair 

MF5/MR3) as a template for serotype-specific PCR 

reaction using serotype-specific forward primers (P38-

P92) (Vangrysperre and De Clercq 1996) and universal 

MR-3 as reverse primer for typing of FMDV serotypes O, 

A and Asia1 (Table 1). PCR conditions were the same as 

published in our previous study (Habib et al., 2014). 

Sensitivity and specificity analysis: The sensitivity of 

MF-5/MR-3 primer pair was compared with previously 

reported universal consensus primer pair (1F/1R) (Reid et 

al., 2000) on three pandemic strains (O/NIAB/ PUN/ 

PAK/ 01/2014, A/NIAB/PUN/PAK/17/2014, 

ASIA/NIAB/PUN/PAK/154/2016)  by making a ten-fold 

serial dilution of the templates in PCR assay. 

For specificity analysis, primer sets were subjected to 

other viruses such as Infectious Bursal disease virus 

(IBDV) and Peste Des Petites Ruminants virus (PPRV) in 

RT-PCR assay. 

Sequence Analysis: PCR products were subjected to 

direct sequencing using BigDye® Terminator v3.1 cycle 

sequencing kit (Applied Biosystems) and ABI PRISM 

3730xl Genetic Analyzer develop by Applied 

Biosystems, USA. The sequences obtained were 

assembled and aligned using Bioedit alignment editor 

(Hall 1999) against downloaded FMDV sequences. 

RESULTS 

 Optimization of one-step RT-PCR was done by 

using three Pandemic strains (O/NIAB/ PUN/ PAK/ 01/ 

2014, A/NIAB/ PUN/ PAK/ 17/2014, Asia1/ NIAB/ 

PUN/ PAK/ 154/ 2016). In all three strains, amplification 

of entire VP1 region was successful, yielding995bp 

intense band. 

 The second multiplex typing PCR resulted in 

three different band sizes of 351, 242 and 677bp for 

serotype O, A and Asia1 respectively. Furthermore, 

detection sensitivity was increased as we performed the 

second PCR for typing of FMDV and strong bands were 

found for all the dilutions (Figure 4 C of I-III). Total 34 

clinical samples collected from infected animals and 

three Pandemic strains were subjected to present one-step 

RT-PCR assay. Out of total 34 samples, 14 was of 

serotype O, 5 of serotype A and 15 of serotype Asia1 

(data not shown). 

 The detection limit and sensitivity of newly 

designed primers and consensus primer pair 1F/1R (Reid 

et al., 2000)were found same in the one-step RT-PCR 

assay. Both assays were able to detect viral genome up to 

the dilution of 10-3, 10-2, 10-2 for pandemic strains of 

serotype O (O/NIAB/PUN/PAK/01/2014), serotype A 

(A/NIAB/PUN/PAK/17/2014) and serotype Asia1 



Ali et al.,  The J. Anim. Plant Sci. 28(5): 2018 

 1306 

(Asia1/NIAB/PUN/PAK/154/2016) respectively (Figure 

4  A and B of I-III). 

 The present RT-PCR assay was found specific 

for FMDV, as it was unable to detect IBDV and PPRV 

viruses. 

 

 
Figure 4. Sensitivity of one-step RT-PCR methods for FMDV strains O/NIAB/PUN/PAK/01/2014 (I), 

A/NIAB/PUN/PAK/17/2014 (II) and ASIA/NIAB/PUN/PAK/154/2016 (III). (Left to right) (A ) Lane M 

shows 100bp DNA ladder (VC 100bp Plus Vivantis®), while lane 1, , 2, 3, 4, 5, 6 and Nc depicts the 

amplification (320 bp) of 1, 10-1, 10-2, 10-3, 10-4, 10-5 dilutions of RNA and negative control respectively 

using consensus primer pair (1F/1R) (Reid et al., 2000) in one-step RT-PCR for FMDV. (B) Lane M 

shows DNA ladder (GeneRuler DNA Ladder Mix, Thermo Scientific), while lane 1, 2, 3, 4, 5, 6 and Nc 

depicts the amplification (1274 bp) of 1, 10-1, 10-2, 10-3, 10-4, 10-5 dilutions of RNA and negative control 

respectively using universal primer pair (MF6/MR3) in one-step RT-PCR for FMDV. (C) Second PCR 

amplification using the previously reported serotype-specific primers (Vangrysperre and De Clercq 1996) 

for serotyping of FMDV serotypes O, A, and Asia 1 (0.5 µl of the PCR products of the first one-step RT-

PCR was used as template for second amplification). 

 

Sequencing of the complete VP1 region using RT-

PCR products: Sequencing of the RT-PCR products was 

performed to confirm the detection ability of the assay for 

universal detection of Pakistani FMDV serotypes A, O 

and Asai1 using new primers MF5/MR3.ABI PRISM 

3730xl Genetic Analyzer developed by Applied Bio 
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systems, USA was used for the sequencing of the purified 

PCR products. To confirm the results nucleotide 

sequences were analyzed using BLAST website 

(http://www.ncbi.nlm.nih.gov). Results revealed that 

serotype O strains belonged to topo type ME-SA, 

serotype A viruses to Iran-05 lineage andserotype Asai1 

viruses to Group-VII (Sindh-08)(paper submitted). 

DISCUSSION 

 FMD is endemic in Pakistan and viruses 

belonging to serotype O, A and Asia1 are continuously 

circulating in the region as reported in recent studies 

(Jamal et al., 2010; Jamal et al., 2011a; Jamal et al., 

2011b; Jamal et al., 2011c; Waheed et al., 2011; 

Abubakar et al., 2015; Brito et al., 2017; Mahapatra et 

al., 2017).For containment and emergency vaccine, quick 

detection is necessary as it helps in tracking the 

emergence and spread of an outbreak. In present study 

one-step, RT-PCR method was developed and optimized 

for the detection of FMDV serotype O, A and Asia1 

circulating in Pakistan directly from clinical samples. 

Classification of the serotype A, O and Asia1 into 

subtypes is determined on the basis variation in the VP1 

region nucleotide sequences (Tosh et al., 2002; Knowles 

and Samuel 2003; Kitching et al., 2005; Knowles et al., 

2005; Valarcher et al., 2009). To amplify the entire VP1 

region we designed two universal primers in the 

conserved regions (1C and 2B) of serotype O, A and 

Asia1. These primers, when used in one-step RT-PCR, 

allowed the rapid, sensitive and specific amplification of 

entire VP1 region by directly using clinical samples. 

 In this method, amplified VP1 coding region 

PCR products can also be used for direct sequence, 

serotyping, cloning and other molecular epidemiological 

investigations without the need for cell culture and virus 

purification of serotype A, O and Asia1. As theVP1 

coding region is routinely used to establish the origin of 

an outbreak and to determine the genetic relationship 

between the reference and field strains (Reid et al., 2001), 

its large quantity is needed for a successful direct 

sequence of the clinical samples. The present one-step 

RT-PCR assay gives researchers arobust tool to discover 

emerging FMDV strains for molecular studies. These 

handy and convenient properties make present one-step 

RT-PCR assay based on VP1 coding region 

amplification, an ideal method that may provide a 

remarkable edge over the conventional FMDV detection 

methods (Habib et al., 2014; Reid et al., 2014; Khan et 

al., 2017). An extra benefit of the present one-step RT-

PCR assay is that, because the achieved VP1-PCR 

products (995 bp) amplify the whole VP1 coding gene, 

these products can be used as a template for the second 

PCR for typing FMDVs. This two-step PCR 

amplification increased the sensitivity of FMDV 

detection significantly mainly for field diagnosis, where 

the concentration of virus in samples is usually low. 

Negative controls are essential to avoid false-positive 

results due to contamination during sample handling, as 

double amplification is very sensitive and minute 

quantities of impurities can give false positive results. 

However, false-positive results were not found in this 

study. 

 In the present study, three previously 

characterized pandemic strains for type O 

(O/NIAB/PUN/PAK/01/2014), type A 

(A/NIAB/PUN/PAK/17/2014), and type Asia1 

(ASIA/NIAB/PUN/PAK/154/2016) was used for 

optimization and validation of the test. These strains 

belong to lineage Pan Asia II, Iran-05 and Group VII that 

were responsible for explosive outbreaks in Pakistan, 

Afghanistan, Turkey and Iraq during recent years 

(Knowles et al., 2005; Waheed et al., 2009; Jamal et al., 

2011a; Jamal et al., 2011b; Jamal et al., 2011c; Saeed et 

al., 2011; Waheed et al., 2011; Brito et al., 2013; Jamal 

and Belsham 2013; Knowles et al., 2015; Ullah et al., 

2017). The method used in this study successfully 

characterized all the three pandemic strains during direct 

sequencing. 

 In West Eurasia region FMD is endemic in 

Kazakhstan, Turkey, Afghanistan, Iran, Pakistan, Syria 

and Iraq. As the close relationship is found in previous 

studies among viruses circulating in this region 

(Schumann et al., 2008; Sumption et al., 2008; Jamal et 

al., 2010; Jamal et al., 2011a; Jamal et al., 2011b; Jamal 

et al., 2011c; Waheed et al., 2011; Brito et al., 2013; 

Knight‐Jones et al., 2016; Ullah et al., 2017) the present 

one-step RT-PCR method may be applied in these West 

Eurasia countries. Serotype C and SAT I, II and III 

(South African Territories) was not considered during 

universal primers (MF5/MR3) designing because they 

were not found circulating in Pakistan in any of recent 

studies. 

 To conclude, the present one-step RT-PCR 

method is a simple, robust and easy method to 

characterize and timely detect FMDV serotypes O, A and 

Asia1 by amplifying full VP1 coding region. This method 

may provide a quick way to study the molecular 

evolution of field strains circulating in Pakistan by direct 

sequencing of amplified DNA. This assay may be used to 

give understandings in the spread of novel FMDV strains 

belonging to serotypes O, A and Asia1at the molecular 

level that will help in quick response to control their 

spread. 
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