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ABSTRACT.  Two pairs of PCR primers were designed to perform nested PCR targetting of a 540 bp fragment of the nucleocapsid (N)
protein gene (N gene) of porcine epidemic diarrhea virus (PEDV).  The N gene of PEDV was amplified with 4 PEDV strains and 11 small
intestines of PEDV-infected piglets collected from 2 farms in Kagoshima prefecture, Japan.  Nucleotide sequences of the PCR products
from a Korean and two Japanese strains (KKN96-1 and S1) of PEDV isolated in 1993 and 1996, respectively, were almost identical.
These results suggest that the PCR is an available tool for detection of PEDV from pigs in the field, and that the two Japanese strains
(KKN96-1 and S1) were genetically similar to the Korean strain.—KEY WORDS: nested PCR, nucleocapsid protein gene, porcine epidemic
diarrhea virus.
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strain isolated in 1993 [13] and our isolates designated KKN
96-1 and S1 strains isolated in 1996 from the small intestines
of newborn piglets with diarrhea collected from N and S
farms in Kagoshima prefecture, respectively, by methods
described previously [8], were used in this study.  The
TGEV TO160 [4], SH [5], and Adt-44 (unpublished data)
strains, and the hemagglutinating encephalomyelitis virus
(HEV) ONS-204 strain [6] were also used.

Viral RNA was extracted from these tissue culture-
adapted viruses and small intestinal contents from piglets
using TRIZOL LS Reagent (GIBCO BRL Life Technologies
Inc., U.S.A.).

cDNA was synthesized in a 20 µl reaction mixture
containing extracted RNA, 50 mM Tris-HCl (pH 8.3), 75
mM KCl, 10 mM DTT, 3 mM MgCl2, 0.5 mM each of
dATP, dGTP, dCTP and dTTP, 200 U of SUPERSCRIPT™
II RNase H– Reverse Transcriptase (GIBCO BRL) and 2
µM PEDV/N-R primer (Fig. 1).  The reaction mixture was
incubated at 42°C for 50 min and heated at 70°C for 15 min
to denature the reverse transcriptase.

The oligonucleotide primers for PCR, PEDV/N-F, PEDV/
N-R, PEDV/N-F2 and PEDV/N-R2 primers, are shown in
Fig. 1.

Five µl of cDNA served as the first PCR template.
Primers PEDV/N-F and PEDV/N-R, 2.5 U of Taq
polymerase (Takara), 0.25 mM dNTPs, 2.5 mM MgCl2, 50
mM KCl, and 10 mM Tris HCl (pH 8.3) were added to the
template in a final volume of 50 µl.  The reaction procedure,
under a programmed temperature control system (MJ
Research, Inc., Massachusetts, U.S.A.) is shown in Fig. 1b.
Five µl of the product from the first PCR served as the
template for the second PCR.  The same mixtures except
template were used for the second PCR.  The cycling
parameters of the second PCR are shown in Fig. 1b.  After
amplification, 10 µl of each sample was subjected to agarose
gel electrophoresis with or without restriction enzyme
digestion.

To confirm the specific amplification of the N genes of
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Porcine epidemic diarrhea (PED) virus (PEDV) causes
acute enteritis in pigs of all ages, with a pathological impact
on pig farming in many countries [3, 19].  The clinical
signs of PEDV are characterized by severe diarrhea in pigs
and transmissible gastroenteritis (TGE) virus (TGEV) causes
similar clinical signs making PED and TGE, difficult to
differentiate from each other [18, 19].

In Japan, a PED-like disease first occurred in a farm in
February, 1982 [24].  Subsequently, outbreaks of PED or
PED-like disease were widely observed during the early
1980s [12].  In February, 1996, epidemics of diarrhea in
piglets caused by PEDV infection suddenly broke out on
numerous farms in Kagoshima prefecture, Japan.

In Korea, etiological surveys of porcine acute diarrhea in
1992 and 1993 revealed that PEDV infections were
widespread [14].

Immunofluoresence and ELISA tests for the detection of
PEDV antigens and antibodies have been developed already
[2].  Recently, the polymerase chain reaction (PCR) has
come into general use for the rapid detection of microbial
pathogens and clinical diagnostics because of its high
specificity and sensitivity [16].  The nucleotide sequence of
the N gene shows high homology among the same species
of coronavirus.  And additionally, the N gene has the
advantage of replication in virus infected cells [22, 23].
Therefore, the N gene could be a suitable target gene for
PCR [26].

Here we report the development of a nested reverse
transcriptase PCR (RT-PCR) targeting a 540 bp fragment of
the N gene of PEDV for the detection of PEDV RNA in
small intestinal contents of pigs.  Comparison of necleotide
sequences of the N gene between Japanese and Korean
strains was also investigated.

The PEDV CV777 strain [18], JMe2 strain [10], a Korean
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PEDV using the detection primers, two PEDV strains, three
TGEV strains and one HEV strain were applied as templates
for RT-PCR (Fig. 2a).  The predicted 540-bp band was
detected in the PEDV CV777 and Korean strains, but not in
either TGEV or HEV (Fig. 2a).  The PEDV JMe2 strain
was also positive by RT-PCR, and the 540-bp band could
be detected up to 103TCID50/ml of the JMe2 strain in this
assay (data not shown).  The PCR-amplified DNAs were
confirmed by restriction enzyme digestion with Dra I, Eco
RI and Pst  I (Table 1) and nucleotide sequence
determination [11] (Fig. 3).  The sizes of the fragments of
the Korean strain after digestion with Dra I and Eco RI
were consistent with those of the CV777 strain, but the
Korean strain was not digested with Pst I (Table 1).

The predicted 540-bp band was also detected for the KKN
96-1 strain (Fig. 2b), and restriction patterns of the PCR
products by Dra I, Eco RI and Pst I were the same as those
of the PCR products of the Korean strain (Table 1).  The
nucleotide sequence of the PCR product is shown in Fig. 3.
The homology of cDNAs between the KKN 96-1 and
CV777 strain was 97.2%.

Eleven samples of small intestines of PEDV-infected
piglets collected from two farms (N and S farms; confirmed
by seroconversion) in Kagoshima prefecture and 5 samples

of small intestines of piglets collected from a PEDV free
farm (T farm; confirmed by seroconversion) in Hyougo
prefecture were tested by RT-PCR to detect the N gene of
PEDV.  The N genes of the virus were detected from the N
farm (7/7) and the S farm (4/4), but not from the T farm (0/
5) (data not shown).

Restriction patterns of the PCR products from N-1 (small
intestinal contents of the N farm) and S-1 (small intestinal
contents of the S farm) were the same as those of the Korean
strain (data not shown).  Furthermore, the nucleotide
sequences of PCR products from the S1 strain (isolated from
S-1) were determined and compared with those of the
CV777 strain (Fig. 3).  The sequence homologies between
the S1 and CV777 strains were calculated as 97.4% at the
nucleotide level (Fig. 3).

The nucleotide sequences of the PCR products of the S1
and Korean strains were also compared.  The results showed
100% homology between these two strains (Fig. 3).

PED has been diagnosed by detection of virus and/or its

Fig. 2. (a) PCR amplification of the N genes of porcine
coronaviruses. Lane 1, PEDV CV777 strain; lane 2, PEDV
Korean strain; lane 3, TGEV SH strain; lane 4, TGEV Adt-44
strain; lane 5, TGEV TO160 strain; lane 6, HEV ONS-204
strain; lane 7, distilled water; lane M, marker DNA (ØX174
phage DNA digest with Hae III). (b) PCR amplification of
the N gene of PEDV. Lane 1, distilled water; lane 2, CV777
strain; lane 3, KKN 96-1 strain.

Fig. 1. (a) Schematic representation of the gene coding for the
N protein [1]. The positions of the oligonucleotide primers
used for PCR amplification are indicated by arrow heads. (b)
The program of temperature control system for PCR.

Table 1. The size of digested second PCR amplified
fragments

Enzyme pattern digested with

Virus strain Dra I Eco RI Pst I

CV777  0.31a), 0.23 0.50, 0.04 0.37, 0.17
Korean 0.31, 0.23 0.50, 0.04 0.54

KKN96–1 0.31, 0.23 0.50, 0.04 0.54

a) Kilobases.
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antigens in feces, or by demonstration of seroconversion,
using indirect immunofluorescence test (IIFT) [7, 20, 21],
immunofluorecence blocking test (IFBT) [27], enzyme-
linked immunosorbent assay (ELISA) blocking test [2] and
ELISA [9]; but these methods are time-consuming and
require expertise.  Recently, PCR has commonly been used
to detect genes of viruses, bacteria and protozoa [17, 25,
26], for time-saving and because of the limited availability
of samples.  In this study, two pairs of synthetic
oligonucleotide primers for PCR amplification, which are
localized within the mRNA coding the PEDV N protein,
were designed.  These primers could detect the N gene from
not only the PEDV CV777 strain but also the Korean and
Japanese strains.  The primers appeared to work specifically
for PEDV, since no detectable amplification of DNAs was
observed when the primers were applied to TGEV, HEV
and PEDV negative samples.

Kweon et al. developed a rapid method for detecting
PEDV by RT-PCR using the membrane (M) gene [15].  In
this report, we have described a nested PCR method using
the N gene to detect PEDV from small intestinal contents of
naturally infected pigs in order to develop a method with
higher sensitivity.  We employed the N gene for the PCR
target because the cells infected with coronavirus are most
abundant in virus mRNA encoding the N protein [22, 23].
By this method, we could detect the N gene of PEDV from
all samples of small intestines of piglets collected from
PEDV-infected farms.  Furthermore, we determined the
nucleotide sequences of the amplified products.  The

Fig. 3. The nucleotide sequence alignment of the N gene of the Korean, S1, KKN 96-1 and CV777 strains. Dots indicate
identical nucleotides.

nucleotide and amino-acide sequences between a Korean
and two Japanese strains (KKN96-1 and S1) were almost
identical.  These findings indicate that the N protein and its
gene are available for diagnosis of PEDV infections.

Recently, PEDV has been widespread in Japan and Korea.
Our data suggested that the Japanese strains isolated in 1996
are genetically very similar to the Korean strain isolated in
1993.  Further analysis of the genes of PEDV distributed in
other regions is required.

NOTE
The nucleotide sequence data reported in this paper have

been submitted to the DDBJ nucleotide sequence database
and have been assigned the accession numbers AB022288
(Korean), AB022288 (S1), and AB007451 (KKN96-1).
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