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Impact of a porcine epidemic diarrhea outbreak on swine productivity in Japan:
a retrospective cohort study
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ABsTRACT. The objective was to investigate porcine epidemic diarrhea (PED) outbreak that occurred in 2014 in Japan and its effects on herd-
level productivity using a data recording system (PigINFO). The study herds were selected from farrow-to-finish herds (n=99) that entered
in the PigINFO system between July 2013 and March 2015. From 1 April to 30 June 2014 (PED epidemic), any herds with clinical signs
of PED and feces positive for porcine epidemic diarrhea virus (PEDV) on polymerase chain reaction analysis and/or immunohistochemical
staining were defined as PED-positive (n=38). They were further classified into those with long PED periods (L-PED-positive; n=28) and
those with short PED periods (S-PED-positive; n=10). Herds with no clinical signs of PED were classified as PED-negative (n=61). Herd-
level production data, including preweaning mortality (%; PRWM), postweaning mortality (%; POWM), pigs weaned per litter (PWL), pigs
born alive per litter, litters per mated female per year and pigs marketed per sow (MP), were calculated every 3 months during study period.
During the PED epidemic, L-PED-positive herds had significantly higher PRWM and POWM than PED-negative herds, and L-PED-
positive and S-PED-positive herds had significantly lower PWL. During October—December 2014, L-PED-positive herds had significantly
fewer MP than PED-negative herds. The PED outbreak increased mortality and consequently reduced the numbers of marketed pigs. The
rapid control of an outbreak is important for reducing the financial losses arising from PED infections.
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Porcine epidemic diarrhea (PED) was first reported in the
United Kingdom in 1971 [16]. The clinical signs of PED are
acute diarrhea, vomiting, dehydration and high mortality in
neonatal piglets, resulting in significant economic losses [5].
Outbreaks of PED continued in Europe during the 1980s and
1990s [5]. In October 2010, a severe outbreak of PED oc-
curred in >10 provinces in southern China, and >1,000,000
piglets died [13]. PED outbreaks were subsequently reported
in other Asian countries, including Korea [6], Taiwan [7] and
Thailand [11], and were then reported in European countries,
including Germany in 2014 [4] and Belgium in 2015 [15].
PED was identified in the United States for the first time in
May 2013 [12] and spread rapidly to approximately 50% of
the US swine breeding herds from July 2013 to July 2014
[3]. The PED isolates collected in the United States were
genetically similar to those obtained in Asian [2, 6, 7, 10]
and European countries [4, 15], indicating potential trans-
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continental transmission.

In Japan, PED was first confirmed at one swine farm in
1982 [14]. In 1996, a large PED epidemic occurred in 102
affected herds, and 39,539 pigs died [10]. From 1997 to
2006, only sporadic cases of PED were reported (1-3 cases/
year), and no cases were reported from 2007 to 2012 [10].
On 1 October 2013, a new case of PED was reported in a
herd located in Okinawa Prefecture. From December 2013
to February 2014, the first PED epidemic (0-25 cases/week)
was reported, primarily involving herds located on the
southern island of Japan. From March to June 2014, a more
severe PED epidemic (5-100 cases/week) was reported
among herds throughout Japan [10]. By the end of August,
these two PED epidemics had affected 817 herds, detected
in 38 prefectures [9] and caused serious economic damage
to the swine industry, as in the United States.

Although many case reports have described PED out-
breaks and compared PED viruses genetically, very little in-
formation is available regarding the effects of PED outbreaks
on swine productivity and economic factors. The objective
of this study was to summarize the characteristics of the PED
infections in the second epidemic in Japan using data from
herds belonging to the clients of consulting veterinarians.
We also investigated the effects of the herd-level PED status
on productivity using a data recording system (PigINFO)
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recently developed for Japanese swine producers [17].
MATERIALS AND METHODS

Study population: The study herds were selected from
among farrow-to-finish herds that had been entered in the
PigINFO system (n=119) between July 2013 and March
2015 (study period). Data associated with the porcine epi-
demic diarrhea virus (PEDV) infections in each herd were
investigated by 15 veterinarians belonging to the Japan
Association of Swine Veterinarians (JASV). From 1 April
to 30 June 2014 (PED epidemic), any herds with clinical
signs of PED and feces that tested positive for PEDV with
polymerase chain reaction and/or immunohistochemical
staining at local livestock hygiene centers were defined as
PED-positive. Herds that showed no clinical signs of PED or
were negative for PEDV on the abovementioned laboratory
tests were classified as negative. Herds for which there was
no information on PED status, with missing data, or in which
PED was confirmed before 31 March 2014 were excluded
from the study. The final sample sizes in the PED-positive
and PED-negative groups were 38 and 61 herds, respec-
tively. For all PED-positive herds, the participating veteri-
narians recorded the types of barns in which the pigs showed
clinical symptoms. In the PED-positive herds, the dates of
the initial PED diagnosis and the disappearance of clinical
signs from the herd were also recorded by the veterinarians.
The PED period for each PED-positive herd was defined
as the number of days between the initial PED diagnosis
and the disappearance of clinical signs. The PED-positive
herds were then further classified into those with a long PED
period (>30 days; L-PED-positive; n=28) and those with a
short PED period (<30 days; S-PED-positive; n=10). This
cutoff value (30 days) for the PED period was determined
by visually inspecting the distribution of PED periods. Thus,
the targeted herds were classified into three groups (PED-
negative, L-PED-positive and S-PED-positive), and their
productivity, characterized with the production parameters
described below, was compared during the study period.

Production parameters: The herd-level production data
were obtained every 3 months from the PigINFO system
[17]. For each herd, the numbers of sows and mated gilts
were counted at the end of each month, and the average
female inventory (AFI) for each herd was defined as the
average number of sows and mated gilts in 2014. The herd-
level productivity data, such as preweaning mortality (%;
PRWM), postweaning mortality (%; POWM), pigs weaned
per litter (PWL), pigs born alive per litter (PBA), litters per
mated female (LMFY) and numbers of marketed pigs (/sow/
year; MP), were calculated based on the definitions as de-
scribed previously [17]. To calculate MP, the data obtained
from each 3-month period were converted to 1-year data by
multiplying them by 4. Data handling was conducted based
on a research contract between the National Institute of Ani-
mal Health of Japan and JASV.

Data analysis: AFI and all the productivity parameters
were initially tested for the normality of their distributions
by visually inspecting histograms of the data and with the

Shapiro—Wilk test. Log-transformations were performed
for variables that were not normally distributed, and these
were then retested for normality. For variables, such as
AFI, PRWM and POWM, the log-transformed data were
normally distributed and were used for subsequent analy-
ses. Group mean comparisons of the log-transformed AFI
were made with Scheffe’s test. Analysis of variance, with
repeated measures, was used to determine the differences
in the productivity parameters among the three groups, the
study periods and their interactions. If the interactions were
significant for any of the parameters, analysis of covariance,
with log-transformed AFI as the covariate, was performed
among the three groups at different time points. Multiple
comparisons were made to detect differences between the
means of the groups at different time points using Bonfer-
roni’s test. Statistical differences were defined as P<0.05.
All statistical analyses were performed with SPSS version
21.0.0.0 for Windows and R version 2.13.0 (R Foundation
for Statistical Computing, 2011).

RESULTS

In the 38 PED-positive herds, PED was diagnosed in
23 herds in April, in 14 herds in May and in one herd in
June. The median PED period was 43.5 days (range, 13 to
>90 days). During the PED epidemic, clinical signs were
identified in farrowing barns (36 herds, 94.7%), nursery
barns (25 herds, 65.8%), finishing barns (23 herds, 60.5%)
and pregnant sow barns (29 herds, 76.3%). The means and
confidence intervals (CI) for AFI in the PED-negative, S-
PED-positive and L-PED-positive herds were 580 (95%
CI, 378-782), 464 (95% CI, 234-695) and 1,259 (95%
CI, 620-1897), respectively, and the L-PED-positive herds
had significantly higher AFI than the PED-negative herds
(P<0.05). In the repeated-measure analysis, the time factor
and the interaction between time and group were significant
for PRWM, POWM, PWL and MP. However, only the time
factor was significant for PBA and LMFY. The expression
as “time factor was significant” means average values of all
3 groups differ significantly among different time points.
For example, the average preweaning mortality was signifi-
cantly higher in April-June 2014 than at other time points.
The mean values of all the parameters differed significantly
at different time points, so the time factor was significantly
associated with all the variables investigated in this study.
The expression as “interaction between time and groups
was significant” means some groups (S-PED-positive and
L-PED-positive groups) had significantly lower or higher
values for these variables at specific time points compared
with the other group (PED-negative group). For example,
the average preweaning mortality in April-June was sig-
nificantly lower in the PED-negative group than in the L-
PED-positive group, even though it did not differ among the
groups at the other sampling times, which can be explained
by the interaction between time and group. We observed
significant time—group interactions for PRWM, POWM,
PWL and MP, in that the values for these parameters were
significantly lower in specific groups (S-PED-positive and
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Fig. 1. Average preweaning mortality. a, b: points with different let-

ters differ significantly (P<0.05). N.S.: not significantly different
(P>0.05). A (lower vertical line with capsule):lower value of 95%
confidence interval for PED-negative group. B (higher vertical line
with capsule):higher value of 95% confidence interval for L-PED-
positive group. C (higher vertical line without capsule):higher
value of 95% confidence interval for S-PED-positive group.

L-PED-positive) than in the other group (PED-negative) at
specific time points.

During the PED epidemic, L-PED-positive herds had sig-
nificantly higher PRWM and POWM than the PED-negative
herds, but no significant difference was observed between
the S-PED group and the other groups (Figs. 1 and 2). The
L-PED-positive and S-PED-positive herds had significantly
lower PWL than the PED-negative herds during the PED
epidemics (Fig. 3). No significant difference was observed
in PBA or LMFY among the groups during the study pe-
riod (Figs. 4 and 5). During October—December 2014, the
L-PED-positive herds had significantly fewer MP than the
PED-negative herds, whereas the S-PED-positive herds did
not differ significantly from the other groups (Fig. 6).

DISCUSSION

This study demonstrates that the L-PED-positive herds
had significantly reduced productivity, characterized by
higher PRWM and POWM and lower PWL, during the PED
epidemic. We observed similar result in the S-PED-positive
herds, and the lack of significant differences between the
S-PED-positive and other groups might be attributable
to the small sample size (n=10) of this group. Among the
PED-positive herds, the maximum PRWM was 45%, which
was close to that of another study (21.7%) [8], but lower
than those reported in other studies, in which piglets under
2 weeks of age displayed much higher mortality (>90%)
[7, 12]. This discrepancy might be attributable to differences
in the ages of the suckling pigs targeted for investigation, the
methods used to calculate suckling pig mortality in the dif-
ferent studies, virulence between different strains and farm
managements between different countries.

Reduced productivity, characterized by PRWM, POWM
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Fig. 2.  Average postweaning mortality.
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Fig. 3. Average pigs weaned per litter.

and PWL, was only observed during April-June 2014, which
indicates that in many of the PED-positive herds, the out-
breaks were controlled within a short period. This finding
agrees with those reported in the United States, in which
many PED-infected herds reached their baseline production
levels within 12.6 weeks [3]. This may be because the herds
rapidly developed immunity and therefore recovered from
the severe POWM after the PED outbreak [3]. Alternatively,
the owners of the herds targeted in the present study may
have taken urgent preventive action, because they used con-
sulting veterinary services.

In many of the PED-positive herds, the clinical signs
of PED were observed in the nursery and finishing barns,
which is consistent with the evidence of higher POWM in
the PED-positive herds. This finding is also consistent with
that of a previous report [8], but contradicts to that of another
study [7], in which no mortality was observed in stages other
than the suckling stage. These different results may be at-
tributable to differences in the swine management systems
used. For example, most of the herds targeted in the present
study were farrow-to-finish systems, which are at higher
risk of introducing pathogens into the postweaning stages
than other production systems. The increased POWM in the
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Fig. 4. Average pigs born alive per litter.
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Fig. 6. Average pigs marketed per sow per year. Data obtained for 3

months were converted into annual data by multiplying them by 4.

PED-positive herds in the present study was similar to that
reported in a retrospective cohort study in which pigs that
survived PED infection showed a 10% increase in postwean-
ing mortality [1].

The L-PED-positive herds had significantly higher AFI
than the PED-negative herds. This may be because herds
with larger size required more time and efforts to control
PED. The L-PED-positive herds had higher PBA and LMFY
than in the PED-negative herds, although these differences
were not significant. This indicates that the L-PED-positive
herds are more common among larger herds, which usually
involve more intensive production systems and more rigor-
ous biosecurity measures. Many participating veterinarians
commented that the first PED cases in their regions appeared
in herds with excellent biosecurity controls (personal com-
munication), which is inconsistent with the standard theories
regarding many other infectious swine diseases, and consti-
tutes a mysterious aspect of the PED outbreaks in Japan.

In the present study, the levels of PBA and LMFY in
the PED-positive herds did not decline during the PED
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Fig. 5. Average litters per mated female per year.

epidemic. A previous observational study indicated that only
pregnant sows and gilts infected with PED at 0-30 days
of pregnancy had smaller litters, whereas those infected at
other points during the gestation period were not affected
by PED [11]. If litter sizes are only reduced by PEDV infec-
tion within a particular gestational stage, the calculation of
herd-level PBA, as used in the present study, may be insuf-
ficient to demonstrate the actual effects of PED status on the
subsequent litter size.

In Japanese pork markets, MP generally increased be-
tween October—December 2013 (Fig. 6), mainly because
fattening pigs grow faster in this season. However, the
L-PED-positive herds, and to a lesser extent the S-PED-
positive herds, had fewer MP than the PED-negative herds
during this period in 2014 (Fig. 6), approximately 180 days
(fattening period) after the PED epidemic. This was a direct
consequence of the reduced number of weaned pigs, caused
by piglet death and slaughtering during the PED epidemic.
The fact that the S-PED-positive herds had higher MP than
the L-PED-positive herds indicates that the rapid control of
an outbreak (<30 days) is economically justified because it
increases the number of pigs available for marketing.

The difference in MP between the PED-negative and
L-PED-positive herds in October-December 2014 was
3.88 pigs/sow/year, which was equivalent to 0.97 pigs/
sow/3 months. During October—December 2014, the average
price of marketed pigs in the L-positive-herds was $332/pig
(data not shown). Therefore, the estimated average loss for
an L-PED-positive herd caused by the PED outbreak, based
only on the fewer pigs marketed, is estimated to be $314/sow
($322 x 0.97). Using the mean AFI (1,259) for the L-PED-
positive herds, the estimated average loss from the reduced
MP caused by the PED outbreaks per L-PED-positive herd
was $395,326 ($314/sow x1,259), which is a significant
loss for pig producers. In addition to the losses mentioned
above, the potential reduced productivity described by the
reduced daily weight gain and feed conversion rate have
been reported previously [1]. Other indirect losses, including
the costs of vaccines and disinfectants, animal movement re-
strictions and additional labor cost for disease control, were



EFECTS OF PORCINE EPIDEMIC DIARRHEA ON SWINE HERDS

also estimated.

To the best of our knowledge, this is the first report of the
direct effects of a PED outbreak on the subsequent numbers
of pigs marketed. We are continuously recording the pro-
duction parameters of these herds with our data-recording
system PigINFO and plan to investigate the potential risk
factors for PED outbreaks. Sporadic PED continues to oc-
cur in 2015, and the strict biosecurity measures against PED
must be strengthened because PED outbreaks cause serious
economic losses.
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