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Severe outbreaks of porcine epidemic diarrhoea virus (PEDV) have continued to re-emerge world-
wide. Because of the high mortality rate of suckling piglets in PEDV outbreaks, the disease causes
significant economic losses in the pig industry. The limited pre-existing immunity against this virus
is thought to cause an explosive increase in infection in pig farms. This study aimed to evaluate the
clinical symptoms of PEDV after intentional exposure (feedback). During the first few days of the
outbreak in a breeding pig farm, 14 sows showed watery diarrhoea, and the disease subsequently
spread rapidly throughout the barn. Pigs that were intentionally exposed to PEDV (n=251) showed
watery diarrhoea (46.6%), reduced appetite (17.5%), and vomiting (6.0%). However, 75 exposed pigs
(29.9%) showed no clinical signs of disease. Four weeks after the feedback challenge, 34 sows gave
birth to litters of piglets, which survived with no diarrhoea. Five weeks after the start of the outbreak,
PEDV was not detected in any of the examined samples, including environmental swabs. Thus, early
diagnosis, prompt establishment of herd immunity, and strict application of biosecurity are good
practices to reduce the mortality rates among new-born piglets and control economic losses in pig
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The porcine epidemic diarrhoea virus (PEDV) is a
highly contagious, enveloped, single-stranded positive
RNA virus of the genus Alphacoronavirus in the family
Coronaviridae (Jung and Saif, 2015; Lee, 2015; Lee et al,
2019; Jung et al, 2020). Since its first reported appear-
ance in the United Kingdom in 1971 (Wood, 1977), this
virus spread to other European countries through the
1970s and the 1980s (Pijpers et al, 1993; Tobler et al,
1994), Asian countries in the 1990s (Kweon et al, 1993;
Chen et al, 2010), and the United States (Stevenson et
al, 2013; Schulz and Tonsor, 2015) in 2013. While PED
outbreaks occur periodically in these countries, the out-
breaks in the United States occurred and rapidly spread

across the country as well as neighbouring countries
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farms showing PEDV outbreaks.
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such as Canada and Mexico. The disease has caused
the death of more than 8 million new-born piglets, re-
sulting in losses of 97 billion USD in the pork industry,
with the losses over a year-long epidemic in the United
States amounting to millions of dollars (Schulz and Ton-
sor, 2015). The first PEDV epizootic in the Republic of
Korea occurred in 1992. Specifically, a PEDV outbreak
occurred in the national herd and killed approximately
25,000 piglets in 146 cases during 2013~2014, and an
outbreak was reported in the subsequent year (Kim et
al, 2015). Outbreaks on seronegative farms are clini-
cally characterised by the sudden occurrence of severe
watery diarrhoea and/or vomiting and significantly re-
duced appetite, which affects pigs of all ages, although
the severity of PED differs according to the age of the
pigs (Stevenson et al, 2013: Jung and Saif, 2015). While
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adult pigs typically recover, PEDV can kill 80%~100%
of piglets, causing substantial economic losses (Jung et
al, 2020). Faecal-to-oral transmission is the major route
for direct transmission of PEDV (Jung and Saif, 2015).
Indirect transmission also occurs frequently within and
between farms via other contaminated fomites, in-
cluding transport trailers, farm workers’ hands, boots,
and clothes, and feed totes used for transporting bulk
feed or feed ingredients (Jung and Saif, 2015; Kim et
al, 2015). PEDV infection can be costly and difficult to
control and often prevents efficient production in the
intensive swine industry. Immunisation of pregnant
sows is important for controlling and reducing the
mortality of suckling piglets against PED (Jung and Saif,
2015; Langel et al, 2020). Although no specific treat-
ment is available for PED, live and inactivated PED vac-
cines have been used for 10 years to provide protection
against PED in Korea as well as other sites of PED out-
breaks (Gao et al, 2013). Many commercial vaccines are
considered effective and have been widely used, but not
all animals develop sufficient lactogenic immunity (Song
et al, 2015). The most common practice used to initiate
herd immunity in pig farms in the US during the 2013~
2017 epidemic, when no PEDV vaccines were avail-
able, was the use of whole-herd feedback by using a
load-close-exposure protocol and feedback-stimulated
lactogenic immunity via the gut-mammary-sIgA axis
in sows, which afforded prolonged, passive immune
protection of piglets against PEDV infection (Jung and
Saif, 2015). However, a standard feedback protocol with
consistently high efficacy has not been proposed for
any type of pig-production system. Thus, we aimed to
measure the clinical response to intentional exposure to

PEDV in breeding sows.

The farm was a 200-sow breed-to-wean facility closed
to the introduction of live gilts, with a policy of vac-
cination against PED/TGE in pregnant sows and a

shower-in-shower-out site with excellent management

and biosecurity. Workers who specialised in pig farms
visited the farm for repairing feeding equipment in a
breeding room a week before the outbreak. The clinical
signs of the outbreak began with watery foetid diar-
rhoea in three pregnant sows in a breeding room on 23
March 2020. The antibiotic treatment initiated was inef-
fective. The next day, 14 sows in the same barn showed
similar diarrhoea, and 18% (27/251) of the pigs, includ-
ing boars, showed diarrhoea within a week. In diagnos-
tic investigations, faecal samples from rectal swabs were
randomly collected from 20 pigs with watery diarrhoea,
and 11 samples showed positive results for PEDV in an
RT-PCR test. Nucleotide analyses of the virus showed
the highest similarity (99.4%) to the PEDV strains re-
ported in 2013 from the US (Fig. 1). Strict application
of biosecurity protocols was recommended, including
movement restriction of animals, separated workers,
and minimal sharing of tools on the farm. Cleaning and
disinfection were conducted daily until the virus was
undetectable. We developed a plan to manage and con-
trol all breeding herds (including hogs) and immunise
pregnant sows to protect new-born piglets with im-
munity against PEDV infection. The diarrhoea faeces
were collected from virus-infected sows known to be
PEDV-positive by RT-PCR, mixed with food and water,
and fed to all breeding herds on the farm. The feedback
of pooled diarrhoeic faeces from affected animals was
continued for all adult pigs until they showed clini-
cal signs. Pigs with no symptoms continued to receive
the feedback for 2 weeks. After a week, 10 rectal swab
samples, including five samples each from pigs with and
without diarrhoea, showed PEDV on 4 April.

Statistical analyses were performed using SPSS soft-
ware version 21 (IBM, Armonk, NY, USA). For all analy-
ses, P values were derived from Pearson’s chi-squared
test for clinical signs according to age groups (vacci-
nated/non-vaccinated) and individual breeds. Statistical

significance was set at P<0.05.
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RESULTS

Only one pig with diarrhoea still released the virus,
and no virus was detected in pigs that were asymptom-
atic. Virus infection did not seriously affect the adult
pigs, who showed return of appetite and cessation of
the diarrhoea within 3~14 days after the feedback.
During the virus exposure period, some weaned piglets
(age >5 weeks) showed diarrhoea in the weaning rooms.
Pooled faecal samples were collected from eight wean-
ing rooms, and the samples from two rooms showed
PEDV. Antibiotic treatment was initiated in all piglets

to prevent secondary bacterial infections. Additionally,
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Fig. 1. Phylogenetic analysis of
the three PEDV strains (W7500,
W7550, W7396) used in this study
that showed 99.4% similarity to the
PEDV strain USA/Colorado/2013
(KF272920). PEDV, Porcine epidemic
diarrhoea virus.

rigid disinfection was performed once daily to reduce or
eliminate the virus from the environment. All affected
piglets recovered soon, and no deaths occurred during
this period. Four weeks after the feedback challenge,
34 sows gave birth to litters of piglets. The sows and
suckling piglets showed no remarkable clinical signs,
and none of the new-born piglets died of diarrhoea.
Protective immunity (100% survival rate of the piglets
challenged with field virulent virus) was induced in all
breeding groups inoculated orally during the PEDV out-
break. Serum samples from sows that gave birth were
collected and evaluated for neutralising antibodies. The

neutralising antibody titres in the serum samples were
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<8 to 64 in all infected sows. Among the 224 pigs that
received feedback, 46.6% showed at least one of the
symptoms, including diarrhoea, vomiting, or loss of ap-
petite, within 5 days, while 66.52% showed symptoms
within 10 days (Fig. 2). The number of pigs with clinical
responses is shown in Table 1. Diarrhoea, vomiting, and
loss of appetite were observed in 46.6% (n=117), 6.0%
(n=15), and 17.5% (n=44) of the pigs, while 29.9% (n=75)
showed no clinical signs. All boars that had never been
vaccinated showed clinical signs, while only 62.1% of
the sows that were vaccinated showed signs. Addition-
ally, significant differences were observed in the clinical
response to feedback among the breeds in this study
(P<0.000) (Table 2).

In this study, we evaluated the appearance of clinical
signs during the feedback protocol for PEDV eradica-
tion in a breeding pig farm. The clinical symptoms in
vaccinated female and unvaccinated male pigs differed
significantly. Although both modified live and killed
vaccines against PEDV are commercially available in
Korea, the continuing PED epidemics indicate the low
effectiveness of domestic vaccines (Lee et al, 2019). PED
caused by PEDV is also becoming increasingly serious

in China, and current vaccines have been shown to be
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ineffective on most swine farms (Li et al, 2014). In the
US, the variable efficacies of PEDV vaccines capable of
eliciting lactogenic protective immunity may lead mul-
tiple production systems to adapt feedback exposure
protocols to protect against disease (Chasey and Cart-
wright, 1978; Jung and Saif, 2015). In the farm in this
study, although sows were vaccinated before childbirth,
field virus infections occurred; symptoms such as diar-
rhoea appeared even after feedback, and the virus was
excreted in faeces. Faecal virus excretion in sows is a
very important factor influencing the viral infection of
piglets as PEDV-mediated diarrhoea and the high pig-

let mortality rates cause substantial losses in the swine

Comparison of clinical responses after intentional ex-
posure to PEDV-contaminated faeces between vaccinated sows
and non-vaccinated boars

Sows*  Boars* (Non-
Category (Vaccinated) Vaccinz(ilt\tled) Total

Pigs with clinical signs

Diarrhoea (%) 65(25.9) 52(20.7) 117 (46.6)

Vomiting (%) 15 (6.0) 0(0) 15 (6.0)

Anorexia (%) 43 (21.7) 1(1.9) 44 (17.5)
Subtotal 123 (49.0) 53 (21.1) 176 (70.1)
Pigs without clinical signs

No clinical sign (%) 75 (37.9) 0(0) 75 (29.9)
Total 198 (78.9) 53 (21.1) 251 (100)
*P<0.000.

PEDV, porcine epidemic diarrhoea virus.

70%
60%
50%
40%

30%

Cumulative proportion of a
total of 224 pigs that received feed-
back and showed clinical response
within 10 days after receiving the
PEDV feedback challenge. PEDV,
porcine epidemic diarrhoea virus.

Proportion of Pigs with Clinical Signs (%)
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Number of adult pigs with and without clinical response after intentional exposure to PEDV-contaminated faeces according to

pig breeds
Breeds** A* B#*

Pig with clinical signs

Vomiting (%) 1(2.1) 0(0)

Diarrhoea (%) 15(31.9) 6 (50.0)

Anorexia (%) 9(19.1) 1(8.3)
Subtotal 25(53.2) 7 (58.3)
Pigs without clinical signs

No clinical sign (%) 22 (46.8) 5@4L1.7)
Total 47 (100) 12 (100)

*P<0.005. **P<0.000.
PEDV, porcine epidemic diarrhoea virus.

industry. Therefore, we mainly focused on reducing
the mortality of new-born piglets. Experimental infec-
tion using feedback of PEDV-infected material by oral
dosing has been described previously (Stevenson et al,
2013; Jung and Saif, 2015; Clement et al, 2016; Langel et
al, 2016; Egelkrout et al, 2020). Similarly, during PEDV
outbreaks in farms, pregnant sows have been intention-
ally exposed to virus-contaminated materials such as
faeces and/or the intestinal tissue of affected animals
to stimulate lactogenic immunity and reduce the dura-
tion of outbreaks (Pensaert and Yeo, 2006). This method
involves closing the herd to introductions and then ex-
posing all present animals through feedback to facilitate
simultaneous infection of all sows. However, this meth-
od can cause complications such as prolonged post-
exposure PEDV shedding during lactation leading to
infection in piglets (Goede and Morrison, 2016). More-
over, gilts exposed to the virus earlier (day 19~22) or
later (day 96~97) in the gestation period may show less
protective immunity, as evidenced by 87.2% and 55.9%
survival rates of their piglets, respectively (Langel et al,
2016). Sows given feedback or orally inoculated with
virulent PEDV during mid-gestation may also discon-
tinue faecal PEDV shedding prior to farrowing (Langel
et al, 2019). In our study, virus shedding was undetect-
able 4 weeks after starting feedback in pregnant sows,
and no new-born piglets died. Although the protective
mechanism underlying feedback-induced immunity

is not fully established, it may be attributable to virus
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C D E Total

14 (25.9) 0(0) 0(0) 15 (6.0)
29 (53.7) 10 (31.3) 57 (53.8) 117 (46.6)
11 (20.4) 11 (34.4) 12 (11.3) 44 (17.5)
54 (100) 21 (65.6) 69 (65.1) 176 (70.1)
0(0) 11 (34.4) 37 (34.9) 75 (29.9)
54 (100) 32 (100) 106 (100) 251 (100)

replication in the mucosal epithelium and the transfer
of mucosal effectors of protective immunity from the
exposed sow to the piglet through milk or colostrum.
The PEDV-specific IgA antibody levels in the colostrum/
milk of dams can indicate the extent of passive immu-
nity of their piglets (Langel et al, 2016), and differences
in the frequency and duration of feedback protocols
could influence the titre of neutralising antibodies
against PEDV. In one study, 100% of sows that received
feedback three times a week showed positive results for
PEDV neutralising antibodies in serum samples by the
fluorescent focus neutralisation (FFN) test at 6th week,
while 95% of sows that received feedback once a week
showed sero-positivity at the same time point (Clement
et al, 2016). In our study, virus neutralisation antibodies
against PEDV increased 8- to 64-fold in the sow serum
samples. Thus, the lactogenic immunity status of sows
was improved by feedback, even though we could not
determine the neutralising antibody level in colostrum
from sows. Several factors can influence PED outbreaks
on farms, including low immunity levels of sows, and
introduction of PEDV due to inadequate biosecurity. Ef-
forts to eradicate PEDV from farm environments should
include closing the herd to introductions and exposing
all animals through the feedback program to infect all
sows simultaneously. This can stimulate sufficient herd
immunity, which, in conjunction with aggressive envi-
ronmental cleaning and restricted movement of sows

and pigs, can eliminate the virus from the premises.
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After the clinical signs subside, it could be more im-
portant for PEDV-uninfected pigs once a herd is found
infected. PEDV can survive in dry feed for 7 days and
in wet feed for 28 days when stored at room tempera-
ture (Govyal S., 2014). Thus, environmental control plays
a key role in stopping the continuous circulation and
transmission of PEDV in farms. In this study, we segre-
gated the pig-breeding area, divided the workers, and
recommended against sharing of tools. Daily disinfec-
tion was performed to minimise the remaining virus
in the environment: thus, no virus was detected in the
environment and sow faeces when the sows gave birth,
and none of the piglets died due to diarrhoea. A coordi-
nated approach is essential to prevent PEDV introduc-
tion, promote early detection of PEDV, control disease,
and minimise the spread of infection. Early diagnosis,
establishment of herd immunity, and strict application
of biosecurity standards are good practices to diminish
the mortality of new-born piglets and economic losses

in pig farms.
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