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Development of one-step reverse transcription PCR assay for detection
of porcine epidemic diarrhoea virus in pigs
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ABSTRACT

The present study aimed to develop an in-house one-step reverse transcription (RT) PCR assay as a diagnostic
preparedness for the detection of porcine epidemic diarrhoea virus (PEDV) in pigs. Primers and gene construct targeting
the nucleoprotein gene of PEDV were designed and synthesised. /n vitro transcribed (IVT) RNA synthesised from
linearised plasmid DNA containing the gene of interest was used as the positive control for the development of the RT-PCR
assay. The RT-PCR protocol was optimised using different concentrations of molecular reagents, the gradient of annealing
temperatures and other thermal cycling conditions. Analytical sensitivity of the RT-PCR assay was determined using
10-fold serial dilutions of the IVT-RNA directly and of the RNA extracted from swine faeces spiked with the IVT-
RNA. The developed RT-PCR assay had analytical sensitivity of 939 and 2682 RNA copies at 107 and 10 dilutions in
IVT-RNA directly and RNA extracted from spiked faeces, respectively. The RT-PCR assay was found to be specific for
PEDYV, without any amplification for classical swine fever virus, swine influenza virus, porcine reproductive and respiratory
syndrome virus and transmissible gastroenteritis virus. All the known negative field faecal samples (n=126) of pigs tested
negative by the developed RT-PCR. The one-step RT-PCR assay developed in the present study will be highly useful in
specific diagnosis of the disease in the event of its future ingression, and will also aid in monitoring of PED in Indian swine
population.
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Porcine epidemic diarrhoea (PED) is a highly contagious
non-zoonotic enteric viral disease of pigs caused by
PED virus (PEDV), the Alphacoronavirus of the family
Coronaviridae and characterised by watery diarrhoea,
dehydration and weight loss (Saif et al. 2012). PEDV
can infect pigs of all ages with a very high morbidity and
mortality that can reach up to 100% in neonatal piglets.
PED was firstly recorded during early 1970s in United
Kingdom. Since then, several epidemics of PED have been
reported from different continents. In Asia, PED has been
reported from Japan (Lee 2015, Diep et al. 2018a), South
Korea (Lee 2015, Jang et al. 2023), Thailand (Puranaveja
et al. 2009, Stott et al. 2017), Vietnam (Diep et al. 2018b),
China (Li et al. 2021, Zhang et al. 2023), Taiwan (Lin ef al.
2014, Tsai et al. 2020) and Philippines (Paraguison-Alili
and Domigo 2016).
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PED is a transboundary viral disease that can readily
spread to neighbouring or distant countries even across
continents. Transmission of PEDV among pigs occurs
usually by a direct faecal-oral route or by indirect routes.
Except for one report on seroprevalence of PED from
Assam (Barman et al. 2003), there is no information
so far on its clinical existence in Indian pig population.
Due to high prevalence of PED in China and other Asian
countries, north-eastern states of India are at high risk for
transboundary introduction of this disease.

There is no specific treatment other than symptomatic
treatment of diarrhoea, dehydration and control of
secondary infections. Rapid and specific diagnosis coupled
with implementation of appropriate biosecurity measures
are known to be effective in controlling PED in endemic
countries, and to prevent its introduction from disease-
prevailing countries to disease-free countries.

In view of the possible transmission and/ or emergence
due to non-rigid human and animal movement across the
north-eastern border into India, there was a need to develop
a diagnostic preparedness for rapid diagnosis of PED to
implement suitable control measures. Therefore, the
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present study was aimed to develop a sensitive one-step
reverse transcription PCR assay for rapid diagnosis of PED
in pigs.

MATERIALS AND METHODS

Designing of primers and synthetic construct: The one-
step reverse transcription (RT)-PCR assay was developed
and validated as per the methods described by Song ef al.
(2006) and Niu ef al. (2022).

Nucleoprotein (N) gene was selected based on its
conserved nature across various strains of PEDV for
designing the primers and synthetic gene construct. N gene
sequences of PEDV are available in the NCBI GenBank
database were aligned and the primers were designed using
Primer3 (v. 0.4.0) online software tool (Koressaar and
Remm 2007, Untergasser et al. 2012). To include variable
nucleotides for wider coverage, the degenerate nucleotides
were added in the primer sequences at the variable
sites. Two sets of primers were designed. Set 1 included
forward primer— GGGTGCCATTATCCCTCTATG,
reverse primer— CTCCACGACCCTGGTTRTTT with an
expected product size of 519 bp. Set 2 included forward
primer-GGGTGTTTTCTGGGTTGCTA, reverse primer-
GATTTAAGGGCATCCTTGACAG with an expected
product size of 417 bp. N gene construct of 798 bp (position
1-798) size was designed. The primers and synthetic
gene construct were synthesised commercially (Eurofins
Genomics India Pvt. Ltd., Bengaluru, India).

Sub-cloning of gene construct: Synthetic gene construct
was sub-cloned in pTZ57R/T vector. Briefly, the N gene of
PEDV in the synthetic construct was released by restriction
endonuclease (RE) digestion using EcoRl and Hindlll.
The released insert was gel purified and ligated into
pTZ57R/T vector (Thermo Fisher Scientific, Waltham,
Massachusetts, USA). After ligation, it was transformed
into Escherichia coli IM109 competent cells and grown
overnight in Luria-Bertani (LB) agar plate containing
ampicillin (100 pg/ mL) at 37°C. Recombinant colonies
(white) were picked and tested for the gene insert by
PCR. Positive colonies were selected and propagated in
LB broth containing ampicillin (100 pg/ mL) in a shaking
incubator at 37°C. The plasmid DNA was extracted
from the recombinant colonies using PureYield Plasmid
Miniprep System (Promega Corporation, Madison, USA)
and linearised by RE digestion using EcoRI.

In vitro transcription (IVT) of RNA: Linearised DNA
was precipitated using 0.5 M EDTA, 3M sodium acetate in
absolute ethanol. The precipitated DNA was purified by the
Phenol-chloroform method (Sambrook and Russell 2001).
Purified DNA was checked for the presence of N gene by
PCR before proceeding for IVT-RNA synthesis. IVT-RNA
was synthesised using T7 RNA polymerase (nMESSAGE
MMACHINE™ T7 Transcription Kit, Invitrogen, USA)
(Milligan et al. 1987). RNA was purified by Phenol:
Chloroform: Isopropanol method (Sambrook and Russell
2001). Pelleted RNA was dissolved in nuclease free water.
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The IVT-RNA was treated with 8 U of DNase (TURBO™
DNase, Invitrogen, USA) and incubated at 37°C for
75 min to digest the residual DNA. DNase was inactivated
by treating with ammonium acetate.

Testing of IVT-RNA: The presence of specific RNA
(PEDV N gene) was assessed by performing one-step
RT-PCR. The RT-PCR product was analysed by agarose gel
electrophoresis. The RT-PCR product in excised gel was
purified by QIAquick Gel Extraction Kit (Qiagen, Hilden,
Germany) following the Manufacturer’s instructions and
subjected to nucleotide sequencing by Sanger’s method for
confirmation. The absence of residual DNA in IVT-RNA
was confirmed by performing PCR.

Quantification of IVI-RNA: The IVT-RNA was
quantified by Qubit 4 Fluorometer (Thermo Fisher
Scientific, Waltham, Massachusetts, USA). Quantified
RNA was expressed in copy number. The IVT-RNA was
diluted 10-fold in nuclease free water and stored in small
aliquots at -80°C.

Optimisation of RT-PCR assay: One-step RT-PCR
amplification was performed by adding 4 pL of AMV/
Tf1 5% reaction buffer, 0.2 mM dNTPs, 0.75 mM MgSO4,
AMV reverse transcriptase (2 U), 7fl DNA polymerase
(2 U) using Access RT-PCR System (Promega Corporation,
Madison, USA), 10-20 picomoles of each primer and 2 uL
of IVT-RNA of different 10-fold dilutions as template for
20 pL reactions. The RT-PCR protocol was optimised with
varying annealing temperatures (47-57°C), thermal cycling
conditions (35 and 39 cycles) (Table 1). The RT-PCR

Table 1. RT-PCR thermal cyclic conditions used for optimisation

Thermal cycler steps Temperature (°C) Time Cycle (n)
cDNA synthesis 45 30 min 01

Initial denaturation 95 10/5/3 min 01
Cyclic denaturation 95 30/20 s 35/39
Annealing 47-57 30s

Extension 72 45/30 s

Final extension 72 7/5 min 01

products were analysed by agarose gel electrophoresis.

Spiking of swine faecal samples with IVT-RNA: For
faecal spiking, 20% (w/v) homogenates of swine faeces
(previously tested negative for PEDV genome) were
made in sterile phosphate buffered saline and clarified by
centrifugation. The clarified faecal homogenates (140 uL)
were spiked with 10 pL of the IVT-RNA of each 10-fold
dilution. The RNA was extracted from the spiked faecal
samples using QIAamp Viral RNA Kit (Qiagen, Hilden,
Germany). The extracted RNA was tested for the presence
of PEDV N gene by performing RT-PCR as described
above.

Analytical sensitivity and analytical specificity of RT-
PCR assay: Analytical sensitivity of the optimised RT-PCR
assay was determined based on end point detection of RNA
template directly from IVT-RNA and from RNA extracted
after faecal spiking. Analytical sensitivity was calculated



May 2024]

using the formula given here.

mass of ssSRNA (g)/ (length of
Moles of ssSRNA (mol) = ssRNA (nt) x 321.47 g/mol) +
18.02 g/mol)

RNA copy number = moles of ssSRNA x 6.02214 x 10%
molecules/mol

The analytical specificity of the optimised RT-PCR
assay was assessed using known RNA template specific to
classical swine fever virus (CSFV), swine influenza virus
(SIV), porcine reproductive and respiratory syndrome virus
(PRRSV) (genotype 1 (EU) and 2 (NA)) and transmissible
gastroenteritis virus (TGEV). Moreover, 126 faecal
samples collected from pigs (seronegative to PED) were
also tested by the optimised RT-PCR protocol.

RESULTS AND DISCUSSION

Sub-cloning of PEDV gene construct in pTZ57R/T
vector was done successfully. PCR amplification carried
out with the plasmid DNA extracted from recombinant
colonies confirmed the presence of PEDV N gene insert
(Supplementary Fig. 1). Based on the results of initial
evaluation of primers for optimum amplification, primer
set 2 was selected for further optimisation of amplification
reactions by RT-PCR. The presence of amplification
by RT-PCR, and the absence of amplification by PCR
indicated the absence of DNA impurity in IVT-RNA. The
RT-PCR product was confirmed to be PEDV N gene (gene
construct) by Sanger’s sequencing. Synthesised IVT-RNA
was quantified as 2 pg per mL. Each pL (2 ng) of the IVT-
RNA was estimated to contain 7.796 femtomole (7.796 x
1015 mole) equal to 4.695 x 10° copies of RNA.

The RT-PCR protocol was optimised using different
annealing temperatures. There was no difference in band
intensity on annealing temperatures ranging from 47°C to
57°C. The RT-PCR reactions showed amplification up to
10¢ and 107 dilutions of IVT-RNA template after 35 and
39 cycles, respectively (Fig. 1). An annealing temperature
of 52°C, and 39 amplification cycles were selected as
optimum for the RT-PCR protocol. Optimised one-step
RT-PCR conditions are as follows: reverse transcription
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of RNA at 45°C for 30 min followed by denaturation at
95°C for 3 min which was then succeeded by 39
amplification cycles of denaturation at 95°C for 20 s,
annealing at 52°C for 30 sec, extension at 72°C for 30 s
and the final extension at 72°C for 5 min. The optimised
protocol of the developed RT-PCR assay took 1 h 45 min
for the completion of amplification including initial cDNA
synthesis step. The developed RT-PCR assay revealed an
analytical sensitivity of 939 RNA copies showing visible
band of amplification at 107 dilution of IVT-RNA (2 uL)
directly. After spiking of faecal samples with IVT-RNA,
the analytical sensitivity was found to be 2682 RNA
copies at 10° dilution of RNA template (Fig. 2). The
RNA copies in different dilutions of IVI-RNA and of
RNA extracted after faecal spiking are shown in Table 2.
There was no amplification with the RNA templates of
CSFV, SIV, PRRSV and TGEV, showing specificity of
the developed RT-PCR assay for the detection of PEDV
genome (Supplementary Fig. 2). Moreover, all clinically
known negative field samples were tested negative by the
developed RT-PCR assay.

PED is a transboundary disease, which can be readily
spread to neighbouring or distant countries even across the
continents. Since PED is not a notifiable disease to World
Organization for Animal Health (WOAH/formerly OIE),
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Fig. 2. RT-PCR amplification using different dilutions of RNA
extracted after spiking of faecal samples.

10 10°  10* 10° 10¢ 107 10* M

35 cycle

102 10° 10* 10° 10° 107 10°

Fig. 1. RT-PCR amplification using serial dilutions of IVT-RNA specific to PEDV N gene.
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Table 2. RNA copies in different dilutions of IVT-RNA and of
RNA extracted after faecal spiking

Serial dilution ~ Direct IVT-RNA  RNA from spiked faeces

RNA copies per ~ RNA copies per reaction
reaction
Undiluted 9.39 x 10° 2.682 x 10°
10! 9.39 x 108 2.682 x 108
107 9.39 x 107 2.682 x 107
107 9.39 x 10° 2.682 x 10°
10 9.39 x 10° 2.682 x 10°
107 9.39 x 10* 2.682 x 10*
10 9.39 x 10° 2,682 x 10°
107 "9.39 x 10? 2.682 x 10?
10 9.39 x10! 2.682 x 10!

“Detection limit.

quarantine and biosecurity measures might not be properly
implemented and that could facilitate PEDV transmission
between countries (Lee 2015). On account of the endemic
occurrence of PED in neighbouring countries like China
and due to non-rigid human and animal movement
across international borders, especially in north-eastern
states, there is a high risk of PEDV ingression into India.
Although, there is no information on clinical existence
of PED in Indian pig population except a report on its
serological evidence from Assam state (Barman et al.
2003), an active surveillance involving testing of target
pig population for genomic detection of the causative virus
(PEDV) by RT-PCR may give deep insights into current
status of PED in India. It may also help to devise suitable
and effective control strategies in proactive ways to control
the disease before its possible clinical occurrence in future
(Olech 2022).

An accurate and confirmatory diagnosis is the
prerequisite for the control or eradication of any infectious
disease. Though the presumptive diagnosis of PED can
be made on the basis of history and clinical signs of
the disease or by characteristic pathological findings at
necropsy, the clinical pictures of endemic PED are not so
characteristic to make a confirmatory diagnosis. Moreover,
three of the viral species of the genus Alphacoronavirus,
viz. PEDV, TGEV and swine acute diarrhoea syndrome
coronavirus (SADS-CoV), and one species of the genus
Deltacoronavirus, the porcine deltacoronavirus (PDCoV)
have affinity to infect pig enterocytes developing enteric
disecase with acute diarrhoea and vomiting, and thus,
grouped as swine enteric coronaviruses (Wang et al. 2019,
Yang et al. 2020). These four porcine enteric coronaviruses
produce indistinguishable clinical signs, with a high
morbidity and mortality in the infected pigs and thus, must
be differentiated with each other. Therefore, a differential
diagnosis is important and critical to control viral epidemic
diarrhoeas in pigs. Moreover, the PED must also be
differentiated from other diseases with similar clinical
manifestations such as rotavirus diarrhoea, infections
due to several bacteria (Escherichia coli, Clostridium
spp., Salmonella spp., Brachyspira spp., Lawsonia
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intracellularis, etc.) or by parasites (Cystoisospora suis,
Cryptosporidium spp., nematodes, etc.) (Saif ef al. 2012,
OIE 2014). Hence, confirmatory diagnosis of PED must
be established, which requires laboratory testing using one
or more specific diagnostic techniques. By virtue of high
sensitivity and specificity, molecular tests such as RT-PCR
are most commonly used for PED diagnosis in outbreak
situations, as well as for culling or quarantine purposes
(OIE 2014, Lee 2015). The RT-PCR is very useful for
testing of weaned and older pigs, which have low virus
load, exhibit mild clinical signs, or possess less prominent
lesions (Olech 2022).

PCR-based techniques have practical advantage by
virtue of reasonable specificity and sensitivity for testing
different clinical specimens or infectious materials, such
as faeces, rectal swabs, intestinal samples, oral fluid, etc.
(Jung and Saif 2015, Diel ef al. 2016). A number of one-
step or nested RT-PCR assays have been developed for the
detection of PEDV earlier (Zhou ef al. 2017, Olech 2022).

The current study presents a sensitive and specific RT-
PCR assay developed for detection of PEDV genome in
pigs. The developed RT-PCR assay is rapid, which can
be performed using nucleic acid derived from the clinical
faecal samples or from the intestinal tissues of the dead
pigs. The infrastructure for conventional RT-PCR can be
easily established in peripheral diagnostic laboratories. The
one-step RT-PCR assay developed in the present study will
be useful for diagnosis of PED in the events of its future
ingression, and also for further monitoring of PED in
Indian pig population.
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