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Porcine epidemic diarrhoea virus (PEDV) is an emerging enteropathogen,
causing great economic losses in the pig industry. After many years of quies-
cence, PEDV was detected in Hungary in 2016 with a recombination in its S gene.
In order to determine the extent of this change, an attempt was made to isolate the
recombinant PEDV. This study was extended with a variety of samples collected
from three separate farms with newly identified PEDV in 2018. The recombinant
PEDV from 2016 was isolated successfully along with three viruses from 2018,
and one isolate from the new cases was used for whole genome determination.
Whole genome sequence alignment revealed the highest identity with recombi-
nant Hungarian and Slovenian PEDV within the low-pathogenic European virus-
es. This suggests that these recombinant PEDV are circulating in this area and
may spread to other parts of the continent.
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combination

Enteric diseases induced by viruses are highly prevalent and have great
economic importance in the swine industry (Zhang et al., 2013). Nowadays one
of the most important enteropathogenic agents is porcine epidemic diarrhoea vi-
rus (PEDV), which is a coronavirus possessing an approximately 28-kb-long
positive-sense, single-stranded RNA genome (Woo et al., 2010). PEDV was first
discovered in the 1970s in England and became a regular cause of diarrhoea in
swine, but was reduced to sporadic cases in Europe at the end of the 20th century
(Pensaert and Martelli, 2016). In contrast, PEDV is still the main pathogen asso-
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ciated with enteric diseases in Asia since its first detection (Wang et al., 2018).
At the beginning of this decade, severe outbreaks caused by highly pathogenic
variants occurred in China (Li et al., 2012). In 2013, genetically similar virulent
PEDYV appeared in North America that had been free from this disease previous-
ly (Huang et al., 2013). At the same time, clinically milder variants were also
identified and named S INDEL strains based on the insertions and deletions in
their S gene compared to the highly virulent non-S INDEL viruses (Vlasova et
al., 2014). Currently both strains are circulating in the United States, while there
are only a few cases in Europe.

In 2016, an outbreak with low mortality occurred in Hungary, where a vi-
rus generally similar to recent European PEDVs with a recombination in its S
gene was found (Valké et al., 2017). The reported recombination event involved
a swine enteric coronavirus (SeCoV), which possesses the S gene from PEDV
within a backbone of transmissible gastroenteritis virus (TGEV) (Belsham et al.,
2016). After this outbreak an attempt was made to isolate this recombinant virus
and to search for PEDV in other farms with diarrhoea throughout the country.

PEDV was confirmed with real-time PCR using Viroreal Kit PEDV&SDCV
(Ingenetix GmbH, Vienna, Austria) in three distinct Hungarian farms in 2018,
involving a farrow-to-finish pig farm (Farm A) and two fattening operations
(Farms B and C). Morbidity of suckling piglets reached 100%, while mortality
peaked at 40% among piglets less than one week old in Farm A. Lack of appetite
and grey skin tone were typical signs in weaned pigs and fatteners resulting in a
considerable setback of weight gain, even though diarrhoea was apparent in only
about 10% of the animals. Rectal and environmental swabs, intestines, faeces,
and blood samples were collected from eight boars, sows, gilts, four- and one-
week-old piglets, respectively. Clinical signs of diarrhoea and considerable
weight variability in pigs were observed in Farm B. Vomiting was not noticed
and no mortality occurred. Rectal and environmental swabs, oral fluid and blood
samples were collected from five different pigsties. Six carcasses of pigs with a
weight range of 21 to 68.5 kg were sent for routine pathological examinations
from Farm C without further information provided.

Virus isolation was attempted from an intestinal sample containing HUN/
5031/2016 (Accession No. KX289955) along with 16 PCR-positive (oral fluid,
intestinal content, rectal swab and faecal) samples from the three farms. The
methods described by Chen et al. (2014) were used with slight modifications.
Vero cells were cultured and maintained in Dulbecco’s Modified Eagle Medium
(DMEM) supplemented with 10% fetal bovine serum (FBS) and 5% antibi-
otic/antimycotic 100x (Biowest, France). Confluent Vero cells on 25-cm” flasks
were washed with phosphate-buffered saline (PBS) and inoculated with 200 pl
sample and 7 ml postinoculation medium, which did not contain FBS but was
supplemented with 10 pg/ml trypsin compared to the maintenance medium. In-
oculated cells were incubated at 37 °C with 5% CO, and were checked daily for
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cytopathogenic effect (CPE). All flasks were frozen and thawed three times on
the seventh or earlier day depending on the appearance of CPE. The tissue cul-
ture fluids were examined for the presence of PEDV N gene as described previ-
ously (Li et al., 2013).

A new virus isolate named HUN/S236/2018 was used for full-length ge-
nome determination. PCR was performed as described previously (Song et al.,
2015). All PCR products were submitted to BaseClear B.V. (Leiden, The Nether-
lands) or to Biomi Ltd. (G6do116, Hungary) for sequencing in both directions by
Sanger methodology. Sequences were edited, analysed and the complete genome
was assembled with DNASTAR software version 15.2 (DNASTAR, Inc., Madi-
son, Wisconsin, USA). The complete genome sequence was submitted to Gen-
Bank under the accession number MH593900. Alignments of HUN/S236/2018
strain along with PEDV sequences retrieved from GenBank were built and a
phylogenetic tree (Fig. 1) was computed using the software MEGA version 6.0
(Tamura et al., 2013). Aligned sequences were edited and analysed by using Bio-
Edit version 7.2.5 (Ibis Biosciences, Carlsbad, California, USA). Recombination
was analysed by using the RDP4 package (Martin et al., 2015).

Virus isolation was successful from the intestinal sample containing the al-
ready sequenced virus HUN/5031/2016 (Accession No. KX289955) and from
three novel intestinal content samples from Farm C.

The isolate HUN/S236/2018, producing the largest amount of amplicons
in the N-gene-specific PCR was chosen for full-length genome analysis. The full
genome sequence of this new Hungarian isolate with a length of 28,009 base
pairs and 41.85% G+C content shared the highest identity of 99.6% with
HUN/5031/2016 (Accession No. KX289955) and SLOreBAS-1/2015 (Accession
No. KY019623). In phylogeny reconstruction, it appeared in the clade of other
recently detected S INDEL PEDVs (Fig. 1).

Similar results were found at the S gene level, where the highest identity
with the aforementioned two PEDV's was 99.5%, while it did not reach 99% with
other viruses. Focusing on the section between positions 248 and 640, where a
recombination event was found in HUN/5031/2016 (Valko et al., 2017), the
identity between the two Hungarian strains reached 99.1%. A somewhat lower
sequence identity (of 98.8%) was observed with two Slovenian recombinant
PEDVs (Accession No. KY019623 and KY019624), while sequence identities of
only 96.1% were found with a SeCoV from Slovakia (Accession No. KX689261),
95% with SeCoVs from Italy (Accession No. KR061459) and Germany (Acces-
sion No. LT545990), and about 89% with other European PEDVs. Recombina-
tion was verified by several detection methods and the minor parent contributing
the smaller fraction of the sequence was identified as SeCoV Italy/213306/2009
(Accession No. KR061459), while the major parent remained unknown.

Previously, only a single PEDV outbreak had occurred in a small farrow-
to-finish farm in Hungary in 2016. No additional cases have been reported ex-
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cept these three confirmed outbreaks in 2018. Moreover, interestingly, no coro-
naviruses were found either during our recent survey conducted in 20162018 to
assess the frequency of different viruses in porcine diarrhoea cases in Hungary
(Valké et al., 2019).

KY019623 Slovenia 2015 SLOreBAS-1

KY019624 Slovenia 2015 SLOreBAS-2
KX289955 Hungary 2016 HUN/5031/2016
MH593900 Hungary 2018 HUN/S236/2018
KY111278 Italy 2016 1842/2016 ITA

LT898435 Romania 2015 L01330-K25_15-02_2015
KR011756 France 2014 FR/001/2014

KU297956 Slovenia 2015 SLO/JH-11/2015

KR003452 Belgium 2015 15V010/BEL/2015
KJ645635 USA 2013 Indiana12.83

KM392232 USA 2013 lowa106

KJ399978 USA 2014 OH851

KM403155 South Korea 2014 KNU-1406-1
KC196276 China 2011 CH/ZMDZY/11
KC210145 China 2012 AH2012

KP403954 Ukraine 2014 Poltava01

KJ645708 Mexico 2013 MEX/104

KMO077139 USA 2014 Minnesota188

LC022792 Japan 2014 Tottori2/JPN

KF468752 USA 2013 MN

100~ KF468754 USA 2013 1A2

KJ645700 Mexico 2014 MEX/124

KP765609 China 2013 FL2013

AF353511 Belgium 1978 CV777

0.002

Fig. 1. Neighbour-joining phylogenetic tree computed with MEGAG6 using the Maximum Compo-
site Likelihood method based on full-length genome alignment of multiple PEDV sequences down-
loaded from GenBank. Bootstrap values calculated on 1000 replicates above 70% are indicated
along the branches. Scale bar indicates nucleotide substitutions per site. Accession number, coun-
try, year of detection and the name of each virus are shown. Hungarian PEDV strains are indicated
in bold

The possible source of the infection is unclear. The farm that had experi-
enced PED in 2016, terminated operation after the clinical signs had ceased,
therefore its role in the recent cases is unlikely. Farm A imported boars a few
weeks before the clinical onset of the disease, and boars may transfer PEDV with
their semen as well (Gallien et al., 2018). However, there was no outbreak on the
exporting farm and the results of the molecular biological examinations did not
support this introduction route either. Farms A and B are connected through the
same slaughterhouse, so transport vehicles might have had a role in the spread of
the infection. Neither farms are connected to Farm C, where potential introduc-
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tion routes were not investigated thoroughly, as the owner of the farm rejected
further co-operation after the initial diagnosis had been made.

Besides the earlier sequenced virus, three additional strains were isolated
from samples of Farm C. Two recombinant strains of PEDV from pigs with diar-
rhoea from Slovenia shared the highest sequence identity with our newly isolated
strain. No further data concerning the recombination event or details on the disease
outbreak in Slovenia have been published yet. Based on the GenBank records, the-
se Slovenian viruses were identified in samples collected prior to the Hungarian
outbreak in 2016, which suggests that the recombinant virus appeared in Slovenia
first. We assume that these recombinant viruses started to circulate in the adjacent
areas, resulting in their reappearance in Hungary in 2018 and their introduction to
Italy, where these variants became dominant by 2017 (Boniotti et al., 2018).

Based on the phylogenetic analysis of whole genome sequences, PEDVs
can be divided into two genogroups, G1 and G2. Low pathogenic S INDEL
PEDVs form a distinct subgroup within G2, including American and European
viruses (Pizzurro et al., 2018). PEDV HUN/S236/2018 grouped together with these
S INDEL viruses along with SLOreBAS-1/2015 (Accession No. KY019623), as
shown in Fig. 1. Analysis of the S gene showed similar results, although the re-
combinant section had higher identity with a SeCoV detected in Slovakia in 2015
(Mandelik et al., 2018), even though the minor parent was identified as an Italian
SeCoV (Accession No. KR061459). Detection of new SeCoV in the area should
clarify the origin of the novel recombinant PEDV isolated by us.

Low pathogenic PEDVs appear to be circulating in Europe, as only one
case of PED with high mortality occurred in Ukraine in 2015 (Dastjerdi et al.,
2015). However, the appearance of further genetic variations should be expected,
as coronaviruses are especially prone to mutations and recombination leading to
changes in the clinical severity of the disease as well (Su et al., 2016). For study-
ing the connection between genetic changes and the pathogenesis, the isolation
and in vitro propagation of the viruses would be indispensable, although this has
proved to be a challenge regarding PEDV (Chen et al., 2014). To the best of our
knowledge, only two strains have been isolated to date in Germany among re-
cently detected European PEDVs, but neither of them is a recombinant (Hanke et
al., 2015). Further experiments with our recombinant isolates might help to elu-
cidate whether the changes in that specific region of the S gene can influence the
pathogenesis of PEDV, for example through altered receptor binding.
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