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Introduction

Summary

Outbreaks of porcine epidemic diarrhoea (PED) were reported across Europe
during the 1980s and 1990s, but only sporadic outbreaks occurred in recent years.
PED virus (PEDV) spread for the first time into the USA in 2013 and has caused
severe economic losses. Retrospectively, it was found that two different strains of
PEDV have been introduced into the United States, both are closely related to
strains circulating in China where a new wave of the disease occurred from 2010
onwards. Since autumn 2014, new outbreaks of PED have occurred in Europe. In
this study, weaned piglets were inoculated with an early European isolate (Br1/87)
or faecal/intestinal suspensions derived from pigs infected with a recent European
strain of PEDV (from Germany) or a US strain of PEDV. No evidence for infec-
tion resulted from inoculation of pigs with the German sample that contained
high levels of PEDV RNA; there were no clinical signs, excretion of viral RNA or
anti-PEDV antibody production. In contrast, all the pigs in the other two groups
showed evidence of infection. Mild clinical signs of disease, mainly diarrhoea,
occurred in piglets inoculated with the Br1/87 and US PEDV strains. PEDV RNA
was detected throughout the intestine in euthanized animals at 4 days post-
inoculation. In addition, within these animals, low levels of viral RNA were
detected in lungs and livers with higher levels in spleens. Seroconversion against
PEDV occurred in all surviving infected animals within 10 days. PEDV RNA
excretion occurred for at least 2 weeks. The US PEDV RNA was detected at low
levels in serum samples on multiple days. It is apparent that current diagnostic
systems can detect infection by the different virus strains.

appeared for the first time in the USA in 2013 (Chen et al.,
2014). Retrospectively, it has been shown that two closely

Porcine epidemic diarrhoea (PED) was initially recognized
in the UK in 1971 and is caused by infection with a coron-
avirus (PED virus), a member of the Alphacoronavirus
genus. The disease is characterized by diarrhoea and vomit-
ing leading to severe dehydration with high mortality
among young piglets and hence severe economic losses.
During the 1980s and 1990s, the disease spread within Eur-
ope and also to Asia and caused significant problems (re-
viewed in Jung and Saif, 2015). A new wave of PED virus
(PEDV) infections occurred from 2010 onwards in China
and adjacent countries (Sun et al., 2012) and the virus

related variants of PEDV, termed ‘INDEL’ and ‘non-
INDEL’ that reflect the presence or absence of specific
insertions and deletions within the S-gene sequence, were
introduced into the United States at that time (Huang
et al., 2013; Vlasova et al., 2014; Wang et al., 2014).
Recently, new cases of PED have occurred within several
countries in Europe and the circulating viruses are geneti-
cally similar to the INDEL’ strains found in the USA and
China (Hanke et al., 2015); these viruses have been sug-
gested to cause less severe disease than the ‘non-INDEL’
strains (Wang et al., 2014) and this has been supported by
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recent experimental studies (Yamamoto et al., 2015). How-
ever, it is apparent that the nature and severity of the dis-
ease can vary significantly even with apparently very similar
virus strains and thus, other factors must also determine
the outcome of the infection. These can include the age,
immune status and general health status (EFSA (European
Food Standards Agency), AHAW Panel (EFSA Panel on
Animal Health and Welfare), 2014). Sequence analysis of
the recent PED viruses circulating in the United States,
China and Europe has been reported (Chen et al., 2014;
Vlasova et al., 2014; Wang et al., 2014; Hanke et al., 2015).
Some initial animal studies using the recent PEDV strains
to determine the characteristics of the infection have been
performed (Jung et al., 2014; Madson et al., 2014; Craw-
ford et al., 2015; Jung et al., 2015; Yamamoto et al., 2015)
and also previously animal experiments with an early Euro-
pean strain have been described (Debouck et al., 1981).
The experiments described here extend these studies and
also demonstrate the efficacy of current diagnostic systems
to detect and monitor infections by distinct PEDVs viruses.

Materials and Methods

All animal work was approved and conducted according to
the requirements of the Danish Animal Experiment Inspec-
torate which meet the provisions of the ‘European Union
Directive 2010/63/EU’.

Weaned piglets (ca. 5 weeks old) were divided, at ran-
dom, into groups 1, 2 and 3, each with 5 animals. The pigs
were inoculated (orally), on post-infection day (PID) 0,
with a virus suspension (2 mls) within secure biocontain-
ment facilities. Group 1 received the Vero cell culture-
grown European isolate of PEDV Br1/87 (very closely
related to the prototypic CV777 strain (Bridgen et al.,
1993; Wang et al., 2014)) that was obtained from the Cen-
tral Veterinary Laboratory, Weybridge, U.K,, in 1987. It
was subsequently passaged three times in Vero cells in the
presence of trypsin (10 ug/ml); the virus stock used in these
studies had a titre of 10%® TCID/ml, as measured by
immune staining of infected Vero cells. Group 2 was inocu-
lated with a suspension derived from a sample of faeces that
was homogenized (10% w/v suspension) and clarified by
centrifugation. The sample originated from a PEDV-
infected pig that was submitted to a diagnostic laboratory
for routine examination and was kindly supplied by Sandra
Blome (Friedrich Loeffler Institute, Germany). Pigs in
Group 3 were inoculated with a 10% (w/v) clarified homo-
genate of intestine and faeces from a pig in Iowa infected
with PEDV (a ‘non-INDEL’ strain); this material was
kindly provided by APHIS, Ames, 1A, USA. The ‘non-
INDEL’ status was verified by sequencing the S gene (data
not shown). Each inoculum contained high levels of PEDV
RNA as determined using a modified real-time RT-qPCR

Experimental Infection of Pigs by PEDVs

assay. Briefly, RNA was extracted from samples using a
Magna Pure LC robot with a Magna Pure LC Total Nucleic
Acid kit (Roche) and eluted in nuclease-free water (50 ul).
RT-qPCR assays used a one-step RT-PCR kit (Qiagen) with
the primers and probe described by Kim et al. (2007)
together with the primers and probe described by Chen
et al. (2014) (note: the reverse primers are identical in each
primer set and both probes were labelled with the same flu-
orophores). The assays were run for 40 cycles.

Throughout the period of the experiment, the rectal tem-
peratures of the pigs were measured and recorded on a daily
basis. In addition, following inoculation, the animals were
monitored daily for clinical signs and a score evaluated
using seven parameters relevant to PED infection: (i) well-
being: 0 = normal, 1 = slightly depressed/hesitates to rise,
2 = depressed/lies down, 3 = lethargic, (ii) appetite: 0 =
greedy/hungry, 1 = eats slowly/only tastes food, 2 = does
not eat, (iii) body tension: 0 = relaxed/straight back, 1 =
stiffness/bent back, (iv) body shape: 0 = full stomach/round
body, 1= empty stomach/thin body, (v) defaecation:
0 = soft faeces/normal amount, 1 = thin/non-formed fae-
ces, 2 = watery diarrhoea, (vi) vomiting: 0 = no, 1 = yes,
(vii) leftovers in feeding trough: 0 = trough empty/clean,
1 = food only partially eaten, 2 = trough still full/nothing
eaten. In total, a maximum score of 12 could be assigned to
an individual pig on a single day.

Selected pigs (2 animals from each Group) were eutha-
nized on PID 4. A third pig from Group 3 was also eutha-
nized at the same time for welfare reasons due to accidental
injury and lameness unrelated to the PED infection. Tissue
samples were collected separately, at necropsy, from the
jejunum, ileum and colon of each pig. In addition, samples
from the liver, lung and spleen of each pigs were collected
and stored frozen (—80°C) until analysed further (see
below). The surviving pigs were maintained until PID 28,
and blood samples were collected on pre-selected days
(PID 0, 7, 10, 14, 17, 21, 24 and 28). The presence of anti-
PEDV antibodies in the sera was determined using an in-
house blocking ELISA (analogous to that used for PRRSV
(Serensen et al.,, 1997) using cell culture-grown PEDV
(Br1/87) as antigen and a biotin-conjugated pig anti-PEDV
polyclonal antibody (B. Strandbygaard and A. Betner,
unpublished data). The bound biotinylated antibody was
detected using avidin-conjugated horseradish peroxidase
(eBioscience) plus 3,3’,5,5 -tetramethylbenzidine substrate
and the OD measured at 450/630 nm. The cut-off value for
a positive reaction is set at 40% blocking.

Sera collected from the PEDV-infected pigs on PID 21
were used in an immunoperoxidase staining test (IPT) to
verify their ability to cross-recognize PEDV antigens within
Vero cells infected with the Br1/87 strain. These assays were
performed essentially as described for the detection of anti-
PRRSV antibodies (Batner et al., 1994).
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The presence of PEDV RNA in faecal swab (fs), serum
and tissue (10% (w/v) homogenate) samples was deter-
mined by RT-qPCR using the assay described above.
Selected samples were also assayed for the presence of rota-
virus RNA using an assay described previously (Pang et al.,
2004) with an AgPath ID kit (Applied Biosystems).

Results

Prior to inoculation of the pigs, the virus suspensions were
assayed for the presence of PEDV RNA using a single real-
time RT-qPCR assay that efficiently recognizes both the
early European PEDV RNA and recent US PEDV RNA (see
Table S1). The assay using the primers and probe described
by Kim et al. (2007) shows a markedly greater sensitivity
for the early European PEDV than for the US PEDV, while,
in contrast, the assay using the reagents described by Chen
et al. (2014) recognizes the US PEDV more efficiently than
the early European PEDV. The combined assay, as used
here, recognizes the two different types of PEDV with a
similar efficiency as the optimal single assays. This com-
bined assay produced Ct values of about 20, 13 and 15 for
the Br1/87, German and US samples, respectively (i.e. there
is a high level of viral RNA in each sample and especially
the German and US samples). The virus suspensions
derived from intestinal and faecal material were also
assayed for the presence of rotavirus RNA; a low level of
rotavirus RNA was detected in the US sample (see below);
however, no rotavirus RNA was detected within the Ger-
man inoculum.

Clinical signs of infection

Following inoculation of the pigs, the animals were closely
monitored. As described above, two or three pigs from each
Group were euthanized on PID 4 and tissue samples were
collected at necropsy for further analysis. The remaining
animals were maintained until PID 28, with collection of
blood samples (on pre-selected days) and faecal swab sam-
ples. At PID 28, these pigs were also euthanized. Through-
out the course of the study, rectal temperatures remained
fairly constant and none of the pigs developed fever (data
not shown).

Among the pigs in Group 1 (numbered 1-5), inoculated
with the Br1/87 strain, 3 showed slight depression on PID 4
and, of these, 2 had diarrhoea of varying consistency, these
(pigs 1 and 3) were selected for euthanasia. The highest
clinical score for any one pig in this Group was 4 (pig 3
only) and this was reached on PID 4. In contrast, pig 5
showed no signs of disease at any time until euthanized on
PID 28. At PID 4, necroscopic examination of the two
euthanized pigs (1 and 3) from Group 1 showed that the
small intestine (jejunum) was dilated by gas or fluid and
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there was an accumulation of watery contents. Further-
more, within the colon region, watery fluid was observed in
one of the pigs (pig 3).

No signs of clinical disease were apparent at any stage in
pigs from Group 2 (inoculated with German sample). No
unusual signs were observed during necroscopic examina-
tion of the pigs (6 and 10) from Group 2 that were eutha-
nized at PID 4, consistent with the lack of clinical signs of
disease.

In pigs inoculated with the US PEDV sample (Group 3,
numbered 11-15), all 5 animals showed slight depression
on PID 3 and PID 4. The pigs 11, 13 and 14 had watery
diarrhoea on PID 4 and reached a clinical score of 4; each
of these pigs were euthanized on that day. As with the pigs
from Group 1, at PID 4, necroscopic examination of these
three euthanized pigs from Group 3 showed that the jeju-
num was dilated by gas or fluid and there was an accumula-
tion of watery contents. In addition, the colon of all three
pigs contained watery fluid as well. No further disease was
apparent in the surviving pigs kept until PID 28.

Serology

Serum samples were obtained from each animal on pre-
selected days. As expected, no antibodies against PEDV
were detected in any of the pigs at PID 0. One of the ani-
mals in groups 1 and 3 had seroconverted against PEDV by
PID 7 and all surviving pigs in these Groups had done so
by PID 10 and remained seropositive at PID 28 (Fig. la
and ¢). In contrast, pigs inoculated with the German sam-
ple did not seroconvert against PEDV (Fig. 1b), consistent
with the lack of clinical disease and suggesting a lack of
infection.

Excretion of viral RNA

The presence of PEDV RNA in faecal swab (fs) samples was
determined by RT-qPCR (Table 1).

No PEDV RNA was present in fs samples from the pigs
(6-10) in Group 2 at any stage (results not shown), again
indicative of a lack of infection by PEDV.

As expected, no PEDV RNA was present in fs samples at
PID 0 from the pigs in groups 1 (inoculated with Br1/87)
and 3 (inoculated with the US PEDV) either (Table 1).
However, the detection of Br1/87 RNA was achieved in fs
samples from pig 3 on PID 2 and from all 5 animals within
Group 1 on PID 3. The highest level of PEDV RNA in fs
samples from this Group was found in pigs 1 and 3 on PID
4; these pigs also showed the clearest clinical disease. Lower
levels of PEDV RNA were excreted in faeces from one pig
in this Group until at least PID 18. The US PEDV RNA was
detectable in fs samples from two animals (pig 14 and pig
15, in Group 3) on PID 1 and was found at higher levels
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Fig. 1. Detection of anti-PEDV antibodies in pigs following oral inoculation. Serum samples were collected on the indicated days from pigs in Group
1 (Br1/87, panel a), Group 2 (German sample, panel b) and Group 3 (US PEDV, panel ) that were kept for the whole duration of the experiment and
assayed for the presence of anti-PEDV antibodies using an in-house blocking ELISA. The threshold for a positive reaction is set at 40% blocking (indi-
cated by horizontal line). [Colour figure can be viewed at wileyonlinelibrary.com]

Table 1. Detection of PEDV RNA in samples from inoculated pigs

Br1/87 PEDV (Group 1)

US (non-INDEL) PEDV (Group 3)

Pig 1 Pig 2 Pig 3 Pig4 Pig 5 Pig 11 Pig 12 Pig 13 Pig 14 Pig 15
PID fs ser fs ser fs ser fs ser fs ser fs ser fs ser fs ser fs ser fs ser
0 _ — _ _ _ — — _ _ _ — — _ _ — — _ _ _ —
1 - - - - - - - - 29 38
2 - - - - 32 38 - - - - 16 39 24 31 27 - 17 36 23 -
3 33 33 17 28 30 17 22 20 18 30
4 27 - 32 - 17 - 30 - 33 - 15 - 16 32 16 - 18 39 24 29
6 - 26 36 17 16
7 35 34 36 35 35
8 35 36 26 25 18
10 36 - 32 33 32
14 36 - - - - - 34 37 27 39
16 - 40 - 34 39
18 36 - - 37 33
21 - - - - -
24 - - - - -
28 - - - - -

RNA was extracted from faecal swab (fs) and serum (ser) samples collected from the individual pigs, in groups 1 and 3, on the indicated days post-
infection (PID) and assayed by RT-gPCR for the presence of PEDV RNA. Samples giving no Ct value (no PEDV RNA detected) are indicated by a (-), and
Ct values are given to the nearest integer. The grey blocks indicate that the animals were euthanized on PID 4. Empty cells indicate no samples were
collected on that day. Similar samples were collected and analysed from Group 2 (pigs 6-10), but all were negative throughout the study, and so the

results are not shown.

(Ct < 28) in samples from all 5 animals from PID 2
onwards (Table 1). Viral RNA continued to be excreted
from the surviving pigs until at least PID 18, albeit at a
reduced level.

The virus suspensions, derived from infected pigs, used
for the inoculation and also some of the fs samples gener-
ated in this experiment were also tested for the presence of
rotavirus RNA. Although rotavirus RNA was found by RT-
qPCR, at just detectable levels, in the US PEDV inoculum
as given to pigs in Group 3, no excretion of rotavirus RNA
could be detected in faecal samples from pigs 11-15 (col-
lected between PID 0 and PID 8) but was detected in the

© 2016 Blackwell Verlag GmbH e Transboundary and Emerging Diseases. 64 (2017) 1380-1386

ileum and jejunum of pig 14 (but not from pigs 11 and 13)
when they were euthanized at PID 4. As indicated above,
no rotavirus RNA was detected within the inoculum (Ger-
man sample) given to pigs in Group 2.

PEDV RNA in tissues

Pigs 1 and 3 (from Group 1) and pigs 11, 13 and 14 (from
Group 3) that each showed clear clinical signs of disease
were euthanized on PID 4. Two animals (pigs 6 and 10)
from Group 2 (without any clinical disease) were also euth-
anized at this stage. Tissues from the euthanized animals
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were analysed for the presence of PEDV RNA (Table 2).
High levels of viral RNA were detected throughout the
intestine of most of the inoculated pigs in groups 1 and 3
(although not in the jejunum of pig 1). Low levels of viral
RNA were detected in the lungs and livers of these animals
and rather higher levels (indicated by lower Ct values) were
found in some spleen samples (from pigs 11, 13 and 14, in
Group 3). No PEDV RNA was detected in the tissues from
pigs 6 and 10 in Group 2 (data not shown), again consis-
tent with the apparent lack of infection in this Group.

PEDV RNA detection in sera

As expected, no PEDV RNA was detected in the sera at PID
0 in any of the pigs from groups 1 and 3 (Table 1). Further-
more, no PEDV RNA was found in the sera from animals
in Group 2 at any stage, pre- or post-inoculation (data not
shown). However, significant levels of the US PEDV RNA
were detectable in the sera of pigs 12 and 15 (Ct < 32) at
PID 4 and indeed 4 of the 5 pigs in this Group had PEDV
RNA detectable in sera at some stage (note: serum samples
were collected on up to 8 separate occasions during the 28-
day duration of the experiment, as indicated in Table 1).
Indeed, PEDV RNA was also present in the serum at PID 7
and PID 14 in pigs 12 and 15, but no viral RNA was
detected in sera from any of the pigs at PID 21 or later. In
contrast, Br1/87 RNA was detected in sera collected on a
single day (PID 7) from pigs 2, 4 and 5 and a low level of
viral RNA was also detected in serum from pig 3 on PID 2.

Cross-recognition of Br1/87 PEDV antigens by anti-PEDV
antibodies using a cell staining assay

Sera collected on PID 21 from pig 5 (inoculated with Brl/
87) and from pig 15 (inoculated with the US PEDV) were

L. Lohse et al.

used to detect PEDV antigens in Vero cells infected with
the Br1/87 strain using an immunoperoxidase staining test.
Clear staining of the PEDV-infected cells was observed
using both sera (Fig. 2a and b), whereas no specific staining
was observed with a control, uninfected, pig serum
(Fig. 2¢). Thus, consistent with the ELISA data (see above),
the infection of pigs with either the Br1/87 strain or the US
PEDV induced antibodies which react with Br1/87 antigens
in the immunostaining test.

Discussion

This study has demonstrated the efficient experimental
infection of young pigs with an early European strain of
PEDV (Br1/87) and a recent, non-INDEL, strain of PEDV
from the USA. Clear evidence of infection occurred in all 5
pigs inoculated with each of these virus samples. In con-
trast, unfortunately, no apparent infection was achieved
within Group 2 using an inoculum derived from a faecal
sample from a recent case of PED in Germany despite the
presence of high levels of PEDV RNA in this sample. No
information on the collection and storage conditions of the
faecal sample prior to submission to the diagnostic labora-
tory is available, and various factors may have been delete-
rious for the infectivity of the PEDV in the sample. It
should be noted that the US PEDV sample was a homoge-
nate of intestine, as well as faecal material, and this differ-
ence compared with the German sample may, or may not,
be significant for its ability to cause infection.

Neither excretion of PEDV RNA nor induction of anti-
PEDV antibodies was detected in the pigs within Group 2.
Furthermore, it is clear that the diagnostic assays produced
negative results with the samples taken from all the experi-
mental animals prior to inoculation consistent with the lack
of any history of PEDV infection in Denmark. The relative

Br1/87 PEDV (Group 1)

US (non-INDEL) PEDV (Group 3)

Table 2. Detection of PEDV in tissues of inoc-
ulated pigs at PID 4

Tissue Pig1 Pig2 Pig3 Pigd Pig5 Pigll Pigl12 Pig13 Pig14 Pig15
lleum 32 20 19 17 16

Jejunum - 16 17 16 16

Colon 39 19 17 18 18

Lungs - - 39 37 37

Liver - 38 36 35 -

Spleen - 37 31 34 33

Pigs with clinical signs indicative of PED were euthanized on PID 4; RNA was extracted from the
indicated tissue sample homogenates (10% (w/v) suspension) and assayed, by RT-gPCR, for the
presence of PEDV RNA. Samples with no detectable PEDV RNA (no Ct) are indicated by a (-). Ct
values were rounded to the nearest integer. Grey blocks indicate animals that were maintained
until PID 28, and thus, no tissue samples were available at PID 4. Similar samples were collected on
PID 4 from two pigs (6 and 10) within Group 2, although these did not show any clinical signs.
None of these samples contained detectable PEDV RNA (no Ct value), and thus, the results are not

shown.

1384

© 2016 Blackwell Verlag GmbH e Transboundary and Emerging Diseases. 64 (2017) 1380-1386



L. Lohse et al. Experimental Infection of Pigs by PEDVs
- - ~ I == - . [ Y
(a)l #_ 'y (b) ‘ (c T Menl B »
v g R N ST T R
S ot ~ - * R s ", { .
- ' . o RO SRS
UALIINS B il TRat e (el T RN
‘ - <f [+ 1 M SO .
) § P W Vo R, s
By X ¥ o | A
: SR . . € Bnst
3 - - 1 > ® L ’-.‘ z ?;:’-'-' s . F
s '4 _‘ 1’ : ‘ » J a @ '-.“-1 " '-‘,. P s ,, i .
: g Ny { 5 4 - _."JM-' » oy ¥ agie
# PRV —— . VA= e ¢ SR 8 eTe A ut w4

Fig. 2. Immunostaining of PEDV antigens using sera from PEDV-infected pigs. Sera collected on PID 21 from pig 5 (inoculated with Br1/87) (panel a)
and from pig 15 (inoculated with the US PEDV) (panel b) and a negative control serum (panel c) were used to detect PEDV antigens produced by infec-
tion of Vero cells with the Br1/87 strain of PEDV using immunoperoxidase staining as described in the Methods section. [Colour figure can be viewed

at wileyonlinelibrary.com]

level of infectivity within the different samples used as
inoculum is not known as attempts to isolate PEDV in cell
culture from the supplied faecal/intestinal samples were not
successful (data not shown). However, it is clear that suffi-
cient virus was present in the cell culture-grown Br1/87 iso-
late and in the US PEDV sample to cause infection in all of
the inoculated animals. These infections were demonstrated
by a variety of means including the appearance of fairly
mild clinical disease, the presence of high levels of PEDV
RNA in the intestine (at PID 4) or the prolonged excretion
of PEDV RNA and the induction of anti-PEDV antibodies
within 10 days post-inoculation. The time course of sero-
conversion is consistent with previous results using the US
PEDV (Madson et al., 2014; Crawford et al., 2015).

In the current study, faecal shedding of PEDV RNA was
observed through to PID 18 in both infected Groups and
faecal shedding of PEDV RNA has been reported to occur
until PID 24 and even PID 42 but it is not known whether
infectious virus is shed beyond PID 21 (Madson et al.,
2014; Crawford et al., 2015).

PEDV RNA was detected in serum samples collected
from pigs in Group 3 (US PEDV) on multiple days from
PID 2 through to PID 14. A more restricted presence of
PEDV RNA was apparent in the sera from the Br1/87 inoc-
ulated pigs (Group 1) with viral RNA mainly detected at
PID 7. The presence of PEDV RNA in serum from acutely
infected pigs has been reported previously (Jung et al,
2014, 2015). A consistent observation is that the viral RNA
was found at a very much lower level in serum than in fae-
cal material and the RNA that is present in serum has not
yet been shown to be within infectious virus.

In pigs euthanized at PID 4, both the Br1/87 and the
US PEDV were found throughout the intestine. PEDV
RNA was also detected in the spleens of some of these
pigs (even in the absence of virus RNA in the serum) and
the level of viral RNA in the spleen was higher than in
liver or lungs. Thus, it does not seem possible to account
for the level of viral RNA within the spleen by the

© 2016 Blackwell Verlag GmbH e Transboundary and Emerging Diseases. 64 (2017) 1380-1386

presence of virus in the blood. In earlier studies, PEDV
antigens were not detected by immunostaining within the
spleen, liver or lungs of CV777-infected pigs (Debouck
et al., 1981) or in lungs of PEDV PC21A-infected pigs
(Jung et al.,, 2014), but the sensitivity of the RT-qPCR
assays used here is likely higher than the sensitivity of the
immunostaining procedures. It has been reported (Park
and Shin, 2014) that PEDV can replicate in pulmonary
macrophages in vivo and thus extra-intestinal replication
of PEDV seems possible (Jung and Saif, 2015). The results
presented here indicate that the US PEDV produced
slightly more severe clinical signs than the cell culture-
grown Brl/87 strain. Furthermore, the duration and
extent of virus excretion together with the presence of vir-
emia were all more marked in the US PEDV inoculated
Group. However, these differences may be due to use of
the cell culture-grown virus (potentially adapted) com-
pared with the field virus or possible differences in the
level of infectious virus used for the inoculation rather
than a real difference in properties of the strains.

Conclusions

Infection of piglets by the early European isolate of PEDV
(Br1/87, a close relative of the CV777 strain) and by a US
non-INDEL strain of the virus has been performed and it
has been possible to monitor infection by each strain using
a range of diagnostic assays for the presence of viral RNA
and the induction of anti-PEDV antibodies. The mild clini-
cal outcome observed in this study may be related to the
age of piglets used. Newborn piglets appear most severely
affected by the infection in the field, and hence, experimen-
tal infection of such piglets can be expected to produce a
more severe disease and even mortality. Indeed, the out-
come of PEDV infections in pigs appears to be dependent
upon a range of factors (see EFSA, AHAW Panel (EFSA
Panel on Animal Health and Welfare), 2014). Potential dif-
ferences in the pathogenicity of different strains of the virus
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require side-by-side comparisons with defined virus isolates
under carefully defined conditions.
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