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Summary
After oral inoculation with a highly cell-
culture-adapted strain of porcine epidemic
diarrhea virus, shedding was detected by
reverse transcription-polymerase chain re-
action and restriction fragment length
polymorphism for up to 6 days in 3-day-
old piglets, 9 days in 2-week-old pigs, and
3 days in late-term pregnant sows.
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(PEDV), an enveloped, single-
stranded RNA virus1,2 in the family

Coronaviridae, causes severe diarrhea in
swine. The main and only obvious clinical
sign of porcine epidemic diarrhea (PED) is
watery diarrhea. Mortality may be as high
as 80%, but averages 50%.3,4 Piglets up to
1 week of age may die from dehydration
after 3 to 4 days. In Europe, weaned pigs
and even adult pigs have been severely af-
fected, while disease in suckling pigs in the
same herds was mild, even in the absence
of immunity.5 The virus is transmitted in
feces from infected pigs.6 Detection of
PEDV antigen in feces after inoculation
varies with virulence and inoculated dose.7

In a previous study, PEDV strain DR13
was isolated and serially passaged in Vero
cell cultures.8 The highly adapted virus was
differentiated from wild-type viruses by
reverse transcriptase-polymerase chain reac-

tion (RT-PCR) and restriction fragment
length polymorphism (RFLP).8,9

The objective of this study was to describe
fecal shedding of PEDV strain DR13, de-
tected by RT-PCR and RFLP, after oral
inoculation of piglets and older pigs. Pre-
liminary work showed that when 3-day-old
piglets were inoculated with the parent
strain (ie, non-attenuated DR13), mortality
was high and time between inoculation
and death was short. Therefore, 2-week-old
pigs were the main focus of the shedding
study in young animals.

Materials and methods
Virus propagation
Strain DR13 (PEDV parent strain) was
harvested from a suspension of whole minced
small intestine from infected neonatal pigs.
A continuous Vero cell line (ATCC CCL-81)
was maintained in α-minimum essential
medium (MEM) supplemented with 5%
fetal bovine serum, penicillin (100 units
per mL), streptomycin (100 µg per mL),
and amphotericin B (0.25 µg per mL). The
cell-attenuated strain DR13 was propagated
as previously described.10,11

Oral inoculation and fecal
sampling
Experiment One. A total of four 3-day-old
piglets (Yorkshire × Landrace × Duroc)
that were PEDV-seronegative (serum neu-
tralization12 titer 1:≤ 2) were employed to
investigate fecal shedding after inoculation
with cell-culture-adapted (100 passages)
strain DR13 (P100; Table 1). The sham-
inoculated controls were housed separately.
Rectal swabs were collected daily (three
cotton-tipped swabs per pig) until 10 days
postinoculation (PI).

Experiment Two. A total of 16 healthy, 2-
week-old mixed-breed pigs were randomly
divided into four treatment groups (Table
1). Groups were orally inoculated with
strain DR13 either unpassaged (Parent) or
passaged 75 (P75) or 100 times (P100), or

Resumen – Excreción fecal de un virus de
diarrea epidémica porcina altamente
adaptado al cultivo celular después de la
inoculación oral en cerdos 

Después de la inoculación oral con una
cepa altamente adaptada al cultivo celular
del virus de la diarrea epidémica porcina, se
detectó excreción por medio de la
trascripción inversa de la reacción en cadena
de la polimerasa y el polimorfismo de
restricción de longitud fragmentaria hasta
por 6 días en lechones de 3 días de edad, 9
días en cerdos de 2 semanas de edad y 3 días
en hembras gestantes al final del periodo.

Résumé – Excrétion fécale d’un virus de la
diarrhée épidémique porcin très adapté au
culture cellulaire après de l’inoculation
orale dans les porcs

Après de l’inoculation orale avec une souche
très adapté au culture cellulaire du virus de
la diarrhée épidémique porcin, l’excrétion a
été détecté par la transcription inverse de la
réaction en chaîne du polymérase et le
polymorphie de restriction de la longueur
du fragment pour 6 jours dans porcelets de
3 jours, 9 jours dans les porcelets de 2
semaines, et 3 jours dans les truies gestants
à la fin du gestation.
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were sham-inoculated (Control). Rectal
swabs were collected daily until 10 days PI.

Experiment Three. Strain DR13 (P100)
was tested as described (Table 1) in a total
of 16 Yorkshire × Landrace sows in four
commercial swine herds (using five of the
500 sows in Herd A; five of the 300 sows
in Herd B; three of the 1300 sows in Herd
C; and three of the 1200 sows in Herd D).
Before inoculation, Herds A and B were
PCR-negative for PEDV, and Herds C and
D were PCR-positive. In each herd, an
equal number of controls were sham-in-
oculated. Three rectal swabs per sow were
collected daily until 5 days PI.

Housing and animal care
Three-day-old piglets and 2-week-old pigs
were housed at a university facility in envi-
ronmentally controlled nurseries with slatted
metal flooring and mechanical ventilation.
One self feeder and one nipple waterer were
provided in each 1.3-m × 1.3-m (1.69 m2)
pen. Piglets were housed two per pen and
were fed commercial milk replacer. Two-
week-old pigs were housed four per pen
with ad libitum access to feed and water.

Sows were housed individually in gestation
stalls in modern commercial swine facili-
ties. Sows had free access to water and were
fed three times a day.

All animal experiments complied with the
current laws of Korea. Care and treatment
of animals were conducted in accordance
with protocols and guidelines of the Seoul
National University Institutional Animal
Care and Use Committee.

Detection of PEDV and differen-
tiation of cell-culture-adapted
PEDV from field isolates
Three cotton swabs were resuspended in 1
mL of MEM. Tubes were vortexed, and the
suspension clarified by centrifugation for
10 minutes at 4800g to eliminate large fe-
cal debris.9 Reverse transcription using re-
verse primer and RT-PCR9 and differentia-
tion of PEDVs8 were performed as
previously described.

Results
Experiment One. Porcine epidemic diar-
rhea virus was detected by RT-PCR in fecal
samples from inoculated piglets for 6 days
PI, but never in samples from control pigs.

Experiment Two. Fecal samples from in-
oculated pigs were RT-PCR-positive for
PEDV for 8 days PI in the P75 group, 7
days PI in the P100 group, and 9 days PI
in the Parent group. No pigs were positive
on the day of inoculation or on day 10 PI,
and Controls were never positive.

Experiment Three. In Herd A, PEDV was
detected in fecal samples from four of five
inoculated sows on day 2 PI, and in one
sow on day 3 PI. In Herd B, PEDV was
detected in fecal samples from all five sows
1 and 2 days PI, and from two of these
sows on day 3 PI. In both Herds A and B,
detected virus had the same RFLP pattern
as that of the inoculum.

In Herd C, wild-type PEDV was detected
in fecal samples from one sow on the day
of inoculation, but not thereafter. Fecal
samples from that sow and the two others
were PCR-positive for the cell-adapted
strain DR13 on days 1 and 2 PI. The
RFLP patterns of the wild-type PEDV and
the cell-adapted strain DR13 (100 pas-
sages) are shown in Figure 1.

In Herd D, wild-type PEDV was detected
in fecal samples from all three sows on the
day of inoculation, and one of these sows
continued to shed only the wild-type strain
on days 1 through 5 PI. The other two
sows were PCR-positive for both the wild-
type and cell-adapted strains until days 2
and 3 PI, respectively.

All fecal samples from controls in all four
herds were PCR-negative for PEDV at all
collection points. No pigs died during this
study.

Discussion
In this study, it was possible to monitor
fecal shedding of PEDV under commercial
conditions because the inoculating strain of
PEDV could be differentiated from wild-
type PEDV. The short shedding period in
sows might have been associated with age
dependency, interference by PEDV anti-
body, or virus attenuation. In Herd D, the
two sows that shed both the cell-adapted
and wild-type PEDV might have been co-
infected with wild virus after oral inocula-
tion with the cell-culture-adapted strain
DR13. The third sow in Herd D, that shed
only wild-type PEDV, might have been
infected with wild-type virus before inocu-
lation, ie, few susceptible enterocytes were
available for replication of the cell-culture-
adapted PEDV. Alternatively, errors in oral
inoculation, fecal sampling, or virus detec-
tion may have occurred in this sow.

In another study,5 PEDV antigens were
detected in fecal samples from 3 until 11
days PI, with peak excretion at 4 and 5 days.
Failure to detect viral antigen in fecal samples
from pigs inoculated with attenuated
PEDV has been previously reported,13,14

Table 1: Experiment design for oral inoculation of porcine epidemic diarrhea
virus1 strain DR13 in pigs of different ages

1    All 3-day and 2-week-old piglets were inoculated with 5 mL of virus suspension, and
sows with 1 mL. Strain DR13 was harvested from intestinal mucosa of infected pigs
and either administered as a 10% suspension (parent strain; 0 passages) or
propagated in Vero cells, with virus titers expressed as median tissue culture
infectious doses (TCID50) per mL. Controls were sham-inoculated with 5 mL (piglets)
or 1 mL (sows) of cell culture minimal essential medium.

2    NA = not applicable.
3    ND = not done. Virus titer of the parent strain not determined.
4    Pregnant sows 4 to 5 weeks before farrowing.
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and pigs infected with virulent virus shed
more virus for longer periods than pigs in-
oculated with cell-culture-adapted virus.8

However, in gnotobiotic pigs, replication
of attenuated virus occurred at any dose.15

These inconsistencies might be due to dif-
ferences in method of virus detection tech-
nique (eg, ELISA or RT-PCR). Detection
of PEDV in feces might be affected by the
reliability and sensitivity of the technique.16

Detection of viral antigen in feces after in-
oculation of PEDV was markedly influenced
by the virulence and the inoculation dose
of PEDV.7 Using the RT-PCR technique,
virus was detected from clinical samples
containing 107 TCID50 per mL.9 Age,
breed, nutrition, or fecal sampling might
also affect fecal shedding of PEDV, and the
normal intestinal microflora may interfere
with replication of cell-culture-adapted
PEDV.7

In this study, changes in RFLP patterns
were identified in PEDV strain DR13 after
75 passages; therefore, strain DR13 attenu-
ated to passage level 75 was used as inocu-
lum to identify the relationship between
pathogenicity and RFLP-marker change.
However, there was no apparent difference
in virus shedding when strain DR13 passaged

either 75 or 100 times was inoculated into
2-week-old pigs. In addition, the RFLP
marker of the attenuated strain DR13 was
maintained during pig passages. Attenua-
tion and immunogenicity of PEDV strain
DR13 (passage level 100) have been re-
ported previously.8 This cell-attenuated
DR13 could be used as a marker vaccine
that can be differentiated from other
strains of PEDV.

Implications
• Under the conditions of this study,

Vero cell-adapted PEDV strain DR13
can be differentiated from wild-type
PEDVs using RT-PCR and RFLP
technology.

• Cell-adapted strain DR13 has
potential as a PEDV marker vaccine.
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Figure 1: Restriction fragment length polymorphism patterns of porcine epidemic diarrhea virus (PEDV) isolates and cell-
adapted PEDV strain DR13 using restriction enzymes, HindIII and XhoII. From left to right: Lane M, 100 bp DNA ladder; Lanes
1 and 6, KPEDV-9, a strain used in commercial vaccines in South Korea; Lanes 2 and 7, wild type PEDV isolate B409; Lanes 3
and 8, parent strain DR13; Lanes 4 and 9, cell-adapted strain DR13 (passage level 100); Lane 5, control.
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Conversion tables

Weights and measures conversions

Temperature equivalents

°F = (°C × 9/5) + 32

°C = (°F - 32) × 5/9

Conversion chart, kg to lb
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1 tonne = 1000 kg

1 ppm = 0.0001% = 1 mg/kg = 1 g/tonne

1ppm = 1mg/L


