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Abstract 

Introduction: A real-time RT-PCR method for identification and quantification of porcine epidemic diarrhoea virus 

(PEDV) strains in China was developed. Material and Methods: Based on the conserved sequence of the PEDV nucleocapsid 

(N) gene, a primer pair and probe were designed to establish a TaqMan-MGB real-time RT-PCR assay for quantitative detection 

of the virus. The sequence was cloned into the pMD18-T vector and a series of diluted recombinant plasmids were used to 

generate a standard curve with an R2 value of 0.999. Results: The developed quantitative PCR assay detected viral titres as low 

as 0.1 TCID50 with high specificity and no cross-reaction with other porcine viruses (PoRV, TGEV, PRRSV, or CSFV). The 

intra-batch and inter-batch coefficients of variation were both less than 1%, which indicated good reproducibility. Thirty clinical 

diarrhoea samples obtained from pigs in Shanghai and Fujian were analysed using this quantitative PCR assay. Out of these 

samples, 93.3% were found to be PEDV positive. Conclusion: This approach is suitable for clinical sample identification and 

pathogenesis studies. 
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Introduction 

The first case of porcine epidemic diarrhoea 

(PED) was reported in the UK in 1971 (14). The 

disease was caused by the porcine epidemic diarrhoea 

virus (PEDV). Outbreaks of PED are seasonal, usually 

occur in autumn and spring, and result in a high 

mortality among infected piglets (4). Clinical 

symptoms of PED are: watery diarrhoea, vomiting, and 

weight loss (22). PED is spreading by faecal-oral 

transmission and is contagious for newborn piglets 

within the first week, with a high mortality rate of 

approximately 90%–100% due to extremely watery 

diarrhoea (13). 

PEDV is an alphacoronavirus, comprising an 

enveloped positive-strand RNA (2). The genome of 

PEDV is approximately 28 kb, with seven open reading 

frames (ORFs) encoding release complex, spike, 

membrane, small membrane, and envelope proteins 

(17). Since 2010, outbreaks of a new and highly 

virulent PED have spread across China, showing 

various mutations of N-terminus of S gene. As 
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polygenetic analysis demonstrated, there are at least 

two prevalent genogroups of PEDV across China (3, 5, 

6, 11-13, 23, 27). Because of the low adaptation to cell 

culture, it is difficult to differentiate PEDV from other 

enteric viral pathogens using cell culture isolation (16). 

In addition, due to the high frequency of mutations, 

various PEDV epidemic strains cannot be correctly 

identified using conventional primers for PCR assay 

(1). Real-time RT-PCR with specific primer pair and 

probe is a more specific and sensitive technique for the 

identification of the presence of the virus in field 

samples, and also provides the capacity to quantify the 

virus (15). Similar assays have been developed for 

PEDV detection of prevalent Korean PEDV by 

designing primers against N gene (10) and against  

S gene of Chinese-prevalent strains (26). In the 

presented study, we established a real-time RT-PCR 

method that can be used to identify and quantify both 

classical and epidemic PEDV strains in China. In order 

to detect both prevalent strains, we developed a rapid 

and sensitive TaqMan real-time RT-PCR assay based 

on highly conserved sequence on N gene. The results of 

this assay indicate that they are accurate and rapid, and 

thus they have proven to be a useful tool for studying 

epidemiology and phenotypic properties of PEDV. 

Material and Methods 

Clinical samples, viruses, and cell lines. Porcine 

faecal samples were obtained from pig farms in Fujian 

Province and Shanghai Municipality, China. PEDV 

HLJ/2011 strain, porcine reproductive and respiratory 

syndrome virus (PRRSV) HuN4-F112 strain, 

transmissible gastroenteritis virus (TGEV), classical 

swine fever virus (CSFV), porcine rotavirus (PoRV), 

and Vero cell lines were from the collection of the 

Zoonosis and Comparative Medicine Laboratory, 

Shanghai Jiao Tong University. 

Reagents and equipment. The following reagents 

were used: ExTaq DNA polymerase, dNTPs, pMD18-T 

plasmid (TaKaRa, Japan); RNeasy kit (Qiagen, 

Germany), reverse transcription kit (Thermo, USA), 

plasmid extraction kit, and agarose gel DNA extraction 

kit (Omega, USA). E. coli DH5α was from the 

collection of our laboratory. Tests were performed on  

a Veriti 96-well thermal cycler (Applied Biosystems, 

USA) and a Mastercycler ep realplex (Eppendorf, 

Germany). 

Primers and probes. The nucleocapsid (N) gene 

sequences of seven different PEDV strains (CV777, 

Brl/87, CH/S, ZJCZ4, CHGH1, BJ-2012-1, and 

HLJ/2012) were aligned using Mega 5 software, and 

Oligo 6 software was used to design a pair of primers 

for amplification of a 169 bp PCR product based on the 

conserved sequence of the N gene of PEDV ZJCZ4 

(GenBank No. JX524137). A probe sequence was 

designed based on a sequence between the forward and 

reverse primers, with FAM fluorescence group at the 

5′-end and an MGB quenching group at the 3′-end. The 

sequences of the primers and probe were as follows: 

forward primer (PEDV-U): 5′-ATGGCAACAATA 

GGTCTA3′; reverse primer (PEDV-L): 5′-GAC 

TGGTTCCTGTTATTG-3′; probe: FAM-CCAAGT 

AACAACAGAGGCAATAACCAG-MGB. 

Preparation of RNA transcript controls. 

Supernatants of cultured Vero cells inoculated with 

PEDV HLJ/2011 strain were centrifuged at 10 000×g 

for 10 min. Viral RNA was prepared from 140 μL of 

the supernatant using the RNeasy® Viral RNA kit 

(Qiagen, Germany) according to the manufacturer’s 

instructions with the following slight modification: the 

viral RNA was eluted in 50 μL of H2O. Total RNA was 

prepared from faecal specimens using the RNeasy® 

Viral RNA kit (Qiagen, Germany); the samples were 

diluted (×100) in phosphate buffered saline following 

the manufacturer’s instructions.  

Reverse transcription of the prepared total RNA 

was performed with RevertAid First Strand cDNA 

Synthesis kit (Thermo, USA) using PEDV-U and 

PEDV-L as primers to amplify the target sequence. The 

following RT-PCR conditions were used: initial 

denaturation for 5 min at 95°C, with a subsequent  

45-cycle amplification comprising denaturation at 95°C 

for 30 s, annealing at 50°C for 30 s, and extension  

at 72°C for 1 min. The target DNA sequence was 

purified from the PCR products, ligated into the pMD-

18T plasmid (TaKaRa, Japan), and transformed into E. 

coli DH5α strain. After blue-white screen and 

confirmation by PCR, reference plasmid was extracted 

with a plasmid extraction kit (Omega, USA) and the 

plasmid copy number was titrated by NanoDrop 2000 

UV-Vis Spectrophotometer (Thermo, USA). 

Reference plasmid was 10 times diluted with 

dH2O to prepare solutions at concentrations from 10-3 

to 10-7 copies/μL. The TCID50 value of the virus was 

titrated and calculated by Reed and Muench method 

(18). Dilutions (106 to 10-1 TCID50) of the virus were 

prepared in H2O before total RNA was isolated and 

reverse transcribed as described earlier in this section. 

Real-time PCR condition. One microlitre of 

reference plasmid (from 1.53 × 109 to 1.53 × 103 

copies/μL dilutions) was used as a template in the real-

time PCR assay, mixed with 2.5 μL of 10 × ExTaq 

Buffer (Mg2+ plus), 2.5 μL of dNTP mixture (2.5 mM 

each), 1 μL of PEDV-U and PEDV-L (250 μM), 0.2 μL 

of Ex Taq (5 U/μL), 0.5 μL of probe (10 pmol/μL), and 

16.3 μL of ddH2O. The following amplification 

conditions were used: initial denaturation for 2 min  

at 94°C, with subsequent amplification (40 cycles) 

comprising denaturation at 94°C for 20 s, and 

annealing at 50°C for 1 min. 

Conventional PCR condition. To compare the 

accuracy of diagnosis, a conventional PCR using 

primers specific for N gene was used for testing 30 

field faecal samples. Total RNA extraction and reverse 

transcription were described above. One microlitre of 

total RNA was used for PCR amplification by Taq 
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polymerase (TaKaRa, Japan) with primers: forward 

primer (NU): 5’-GGTACTTGC AAACAATGCTGT-3’; 

reverse primer (NL): 5’-TCT GGGATGTCTTTA 

AGGTCA-3’, enabling to obtain the product of  

a 740 bp fragment. After PCR amplification, samples 

were loaded in 1% agarose gel for electrophoresis.  

Statistical analysis. Statistical analysis referred to 

the minimum number of copies per microlitre of 

constructed reference plasmid that can be measured in 

this assay, comparing Ct value to negative control. 

Specificity referred to detecting PEDV from several 

different swine viral total cDNA samples, by 

comparing their Ct value as well. Repeatability referred 

to the precision and robustness of the assay using 

different dilutions of the same reference plasmid 

repeatedly. One microlitre of each reference plasmid 

sample in 105, 106, and 107 copies/μL was used as 

template for this assay; each sample was measured 

three times and mean and standard deviation of Ct 

values were calculated. 

Results 

Development of real-time RT-PCR standard 

curves. A standard curve was generated by the Veriti 

96-well thermal cycler after 40 cycles of reference 

plasmid reaction. Each point represents Ct value of 

different concentration of reference plasmid, from 1.53 

× 109 to 1.53 × 103 copies/μL dilutions (Figs 1, 2). 

Equation of this standard curve is Y = -3.358LogX + 

37.49 (R2 = 0.999, efficiency = 0.98). 

Sensitivity evaluation. The analysis of total RNA 

of PEDV-HLJ/2011 in the range from 106 to 10-1 

TCID50 showed that this assay has the capacity to detect 

virus sample with a minimum 10-1 TCID50 titre (Fig. 3). 

Specificity evaluation. Using PoRV, TGEV, 

PRRSV, PEDV-HLJ/2011 and non-infected Vero cells 

total RNA as templates in real-time RT-PCR assays it 

was shown that only PEDV cDNA was detected, while 

amplification of cDNA from other viruses and non-

infected Vero cells cDNA was negative (Fig. 4). 

Repeatability evaluation. Real-time RT-PCR 

assay was used to test 105, 106, and 107 copies of the 

plasmid samples in three independent experiments. The 

low intra- and inter-batch standard deviation (SD) and 

coefficient of variation (CV), which was less than 5% 

of the results obtained, indicated that this assay has 

good repeatability (Table 1). 

Diagnostic accuracy. Thirty faecal samples were 

tested using the PEDV-U/PEDV-L primer pair for 

conventional or real-time RT-PCR assays. Using the 

conventional RT-PCR method, 25 (83.3%) samples 

were identified as PEDV positive, while 28 (93.3%) 

samples were identified as PEDV positive using the 

real-time RT-PCR method (Figs 5, 6). 
 

Fig. 1. TaqMan-MGB fluorescent quantitative RT-PCR amplification plots for PEDV detection (left to right: 1.53 × 109- 1.53 × 103 

copies of reference plasmid)  
 
 

Table 1. Repeatability evaluation of TaqMan-MGB real-time RT-PCR assay 

Samples Copies 
Repeat 

times 

Intra-batch Ct value Inter-batch Ct value 

Mean SD CV (%) Mean SD CV (%) 

Sample 1 107 3 18.28 0.85 4.6 18.76 0.32 1.7 

Sample 2 106 3 21.35 0.71 3.3 21.47 0.66 3.0 

Sample 3 105 3 25.21 0.93 3.7 25.24 0.72 2.9 
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Fig. 2. Standard curve of TaqMan-MGB fluorescent quantitative RT-PCR for PEDV detection (left to right: 1.53 × 109- 

1.53 × 103 copies of reference plasmid)  
 
 

 
Fig. 3. Sensitivity evaluation of TaqMan-MGB fluorescent quantitative RT-PCR for PEDV detection (left to right: 106–10-1 TCID50 titre 

of PEDV cDNA)  
 

 
Fig. 4. Specificity evaluation of TaqMan-MGB fluorescent quantitative RT-PCR for PEDV detection (A: PEDV; B: PoRV; C: TGEV;  

D: CSFV; E: PRRSV; F: Vero cells)  
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Fig. 5. Conventional PCR analysis of clinical samples (M: DNA Marker DL2000; Lanes 1–30: faecal samples; +: positive control; -: negative 

control)  
 

 

 

Fig. 6. TaqMan-MGB real-time RT-PCR analysis of clinical samples (left to right: faecal samples 1–30 and negative control) 
 

 

Discussion 

Since the 1980s, few endemic PED cases have 

been reported; however, since autumn of 2010, a new 

mutated PED virus (PEDV) strain has been spreading 

across China. This strain induces a classical clinical 

syndrome, is highly contagious, and is responsible for 

high mortality rate of newborn piglets reaching as high 

as 90% (9). Several mutations were identified in this 

strain at the beginning of the outbreaks; consequently, 

it is difficult to detect PEDV in clinical samples using 

conventional primers for PCR. This has hindered the 

prevention and control of PED (18). The aim of this 

study was to develop a method for more specific and 

accurate detection of classical and epidemic PEDV 

strains in China. Based on an alignment of seven 

different PEDV strains and using the PEDV ZJCZ4 

sequence as a template, we designed a pair of primers 

and a probe within the conserved sequence of the N 

gene. We then used these reagents to develop  

a TaqMan-MGB real-time RT-PCR method with high 

sensitivity, specificity, and repeatability for the 

detection of PEDV. 

To date, techniques for PEDV detection are 

mainly based on conventional PCR (24), nested PCR 

(25), LAMP-PCR (20), and real-time RT-PCR. 

Conventional PCR and nested PCR methods are of 

low-sensitivity and are therefore often inefficient for 

the detection of PEDV in clinical samples. Although 

LAMP-PCR has a higher sensitivity and can be 

performed using any PCR apparatus, it is less specific 

than real-time RT-PCR (7).  

The most distinct difference between conventional 

PCR and real-time PCR is that with the fluorescent 

chemicals, signals of accumulation of amplified gene 

product can be detected by real-time PCR system. By 

comparing with standard curve, it is possible to 

quantify amplified molecules of the targeted gene (14).  

There are two types of real-time PCR, based on 

chemical dyes or fluorescently labelled oligo-
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nucleotides probe. SYBR Green is a commonly used 

fluorescent dye for real-time PCR, which can 

specifically bind to double-stranded DNA. Binding of 

SYBR Green and the intensity of fluorescence is 

proportional to the amount of amplified double-

stranded DNA during the PCR amplification (21). 

However, a drawback is that SYBR Green can also 

bind to primer-dimer or non-specific amplified DNA, 

resulting in false positive signals (8).  

Another commonly used real-time PCR approach 

is TaqMan-MGB. With fluorescent group on 5’ and  

a quenching group on 3’, a specific oligo-nucleotide 

probe within the amplified product is introduced into 

real-time PCR reaction. When the structure of a probe 

does not breakdown, the quenching group can absorb 

fluorescent signals from 5’, so the apparatus cannot 

detect the signal from the oligo-nucleotide probe. 

During PCR amplification, these two chemical groups 

on bonded probe will be cleaved by 5’to 3’ 

exonuclease, resulting in detectable fluorescent signal. 

Once a PCR product is amplified, one fluorescent 

signal will be detected by PCR apparatus. With this 

property, the increase in the fluorescent signal is the 

same as the amount of amplified DNA molecules. By 

comparing with standard curve, it is possible to 

calculate the number of copies of the amplified PCR 

product (1). This method enables precise quantification 

of virus particles from clinical samples, by calculating 

the number of copies of the target gene. With low 

autofluorescence and background, this method is more 

specific than other real-time PCR probes (1). In 

addition, low false positive rate in fluorescent probe 

method as compared to SYBR Green method is 

observed. Therefore, in the present study, we developed 

a real-time RT-PCR assay using TaqMan-MGB as the 

probe, which proved to be a useful approach for PEDV 

detection.  

Because the N gene of PEDV is conserved among 

different strains, it has been often chosen as a target for 

identification of the strain (18). Our probe of 27 kb was 

able to detect PEDV titres as low as 0.1 TCID50. In 

comparison with conventional PCR and using the same 

pair of primers, we showed that the developed method 

has higher sensitivity. 

In conclusion, the TaqMan-MGB real-time RT-

PCR assay developed in this study can be used to 

identify both classical and epidemic strains of PEDV in 

China, and is a useful technique available for studies of 

epidemiology and disease pathogenesis as well as for 

vaccine development. 
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