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ABSTRACT

In the last decade, many porcine epidemic diarrhoea (PED) outbreaks have been reported by several countries in
Asia whereas only a few Member States of the European Union (EU) have reported PED clinical cases and/or
PED virus (PEDV)-seropositive animals. This alphacoronavirus was first reported in the USA in May 2013,
followed by rapid spread throughout the country and outbreaks reported by several countries in the Americas.
The recent PEDV-EU isolates have high level of sequence identity to PEDV-Am isolates. Based on nucleotide
sequencing, multiple variants of PEDV are circulating in Europe, the Americas and Asia but any difference in
virulence and antigenicity is currently unknown. Serological cross-reactivity has been reported between PEDV
isolated in Europe and in the Americas; however no data regarding cross-protection are available. The impact of
different PEDV strains is difficult to compare between one country and another, since impact is dependent not
only on pathogenicity but also on factors such as biosecurity, farm management, sanitary status or herd immune
status. However, the clinical signs of PEDV infections in naive pigs are similar in different countries with
mortalities up to 100% in naive newborn piglets. The impact of recently reported PED outbreaks in Asia and the
USA seems to be more severe than what has been described in Europe. Infected animals, faeces, feed and objects
contaminated with faeces are matrices that have been reported to transmit PEDV between farms. Infectious
PEDV has been detected in spray-dried porcine plasma (SDPP) in one study but the origin of the infectious
PEDV in SDPP is not clear. Detection of porcine deltacoronavirus (PDCoV) has been reported in a few countries
but only limited testing has been done. Based on the currently available information, it seems that PDCoV would
have a lower impact than PEDV.
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SUMMARY

Following a request from the European Commission, the EFSA Panel on Animal Health and Welfare
(AHAW Panel) was asked to deliver a scientific opinion on porcine epidemic diarrhoea virus (PEDV)
and porcine deltacoronavirus (PDCoV).

The approach used for this scientific opinion consisted of extensive literature searches (finalised by the
end of September 2014), followed by extraction of the relevant information and a description of the
current knowledge in accordance with the terms of reference. Data gaps and a lack of scientific
evidence are identified and specified. Regarding the risk assessment of potential entry routes of PEDV
and PDCoV into the European Union (EU), it was agreed with the European Commission that this
scientific opinion would describe the currently available scientific evidence and identify data gaps, but
a full risk assessment would not be performed. The following paragraphs summarize the knowledge
first concerning PEDV and then concerning PDCoV, in relation to the terms of reference of the
mandate.

PED

In the last decade, many porcine epidemic diarrhoea (PED) outbreaks have been reported by several
countries in Asia. Only a few Member States of the EU have been reported PED clinical cases and/or
PEDV-seropositive animals, the overall impact being very limited. This alphacoronavirus was first
reported in the USA in May 2013, followed by a rapid spread throughout the country and outbreaks in
several countries in the Americas. Vaccination has been used for many years in several Asian
countries and might have influenced the epidemiological situation. New vaccines have been granted
conditional licences in 2014 in the USA and no vaccines have been used in Europe.

Using a collection of 33 full-length PEDV genome sequences, it has been shown that all PEDV
sequences (including the prototypic European isolate CV777) are closely related (the identity between
the US and non-US strains varies between 96.3 and 99.5%) and that it was possible to group these into
different clusters and sub-groups. Sequences from viruses circulating in Asia were present within each
of the clusters and subgroups, indicating that a range of different viruses are circulating in Asia. All
the US PEDV sequences were clustered into one group, but a sub-division of an original strain and a
new variant strain can be made. Analysis of the European PEDV sequences is very limited, since there
are only a few sequences available from viruses circulating in the 1970-80’s, and the only others are
from viruses circulating recently in Germany and Italy. There is high sequence identity between these
very recently circulating German and Italian viruses and the US PEDV strains, but more studies are
required in order to compare the virulence of these different viruses. Additional sequence data are
required to understand PEDV evolution in Europe and the possible link with PEDV strains circulating
in other parts of the world.

Although differences in the virulence of PEDVs have been suggested in the scientific literature, there
are not enough data available at the moment to compare their phenotypic characteristics. Comparing
the virulence/pathogenicity of different PEDV isolates would require comparative animal experiments.
No experimental animal studies have been reported describing the cross-protection between different
PEDV strains. Serological cross-reaction between the virus isolated in Europe (PEDV-EU) and that
isolated in the Americas (PEDV-Am) has been described including neutralizing antibodies raised
against the early PEDV-EU towards PEDV-Am.

The impact of recently reported PED outbreaks in Asia (after 2010) and the USA seems to be more
severe than that described in Europe. However, it is difficult to compare the impact between one
country and another, since impact is dependent not only on the pathogenicity of the virus but also on
parameters such as the production system, biosecurity, the time of detection of an outbreak, farm
management, herd size, the immune status of the population and herd sanitary status (e.g. presence of
other infectious agents). The severity of disease associated with PEDV within a herd is variable and is
highly dependent on the age of the infected pigs and on the level of immunity in the population. Based
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on the scientific evidence available at the moment, the clinical disease of a PEDV infection in naive
animals seems to be the same in different countries, with mortalities up to 100% in PEDV-naive
newborn piglets. An apparent low impact of recent PED outbreaks caused by viruses with high
sequence identity to US PEDV, has been reported in Italy and Germany. Factors which might
influence the impact of a possible introduction of a US PEDV and spread of the virus into Member
States include the level of cross-protection between different PEDVs and the seroprevalence
(population immunity), both of which are currently unknown but are expected to vary between
Member States. More knowledge on these factors is required before an accurate impact assessment
can be performed.

Infected live animals and faeces have been reported to transmit PEDV. Infectious virus can survive in
slurry, but at present there are no data available on the role of this matrix in PEDV transmission. High
levels of infectious PEDV are shed in faeces and can contribute to contamination of various objects
(e.g. vehicles, humans) and feed. Transmission of PEDV via feed has been shown, but more data are
required to assess the source of PEDV contamination in feed. PEDV RNA has been detected at low
levels in the serum fraction of whole blood but there are no data reporting infectious virus in this
matrix to date. It is reported that spray-drying of porcine plasma (SDPP) can inactivate PEDV.
However, the influence of variations in spray-drying processes has not been validated sufficiently for
PEDV. Infectious PEDV has been detected in SDPP in one study but the origin of the infectious
PEDV in SDPP is not clear (faecal cross contamination or inadequate spray-drying). Faecal cross-
contamination of blood during collection at slaughterhouses cannot be excluded. Infectious virus has
been detected in air collected under experimental conditions and so PEDV might be transmitted via
the air for short distances. Low levels of PEDV RNA have been detected in semen but there are no
data available on the presence of infectious virus in this matrix. Currently, there are no available data
on the presence of PEDV in embryos, pork meat or other porcine derived feed components such as red
blood cells, hydrolysed proteins, fat, gelatine and collagen. It can be assumed that porcine swill,
particularly untreated pig intestines, can contain infectious PEDV, but there are no data available at
the moment on the role of this matrix in PEDV transmission.

PDCoV

Detection of PDCoV has been reported in Hong Kong, the USA, Canada and China but only limited
testing has been done. Serological tests specific to PDCoV and aimed at determining the immune
status of the pig population have recently been developed and are currently in the process of
validation.

Based on the currently available field observations from the USA, the current view is that PDCoV
infections would have a lower impact than PEDV. However, the interpretation of field data is difficult
since co-infections with PEDV or other intestinal pathogens are common. It is expected that further
analysis of very recently performed experiments will provide a better understanding of the
pathogenesis and clinical symptoms associated with PDCoV infection.

The available reports from the USA and Canada do not suggest a significant impact on animal health
within these countries and no zoonotic potential of the virus has been reported. Therefore, the current
knowledge of PDCoV leaves open questions on whether it can be classified as an emerging disease.

PDCoV RNA has been detected in porcine intestinal samples, faeces and feed, but no information on
the presence of PDCoV in slurry, semen, embryos, porcine whole blood, SDPP, other porcine-derived
feed components or air is currently available. It could be anticipated that the presence and survival of
PDCoV in different matrices is comparable to that of other intestinal porcine coronaviruses such as
PEDV and transmissible gastroenteritis virus.
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BACKGROUND AS PROVIDED BY THE EUROPEAN COMMISSION

Porcine epidemic diarrhea (PED) is a diarrheal disease of swine that was historically associated with a
coronavirus of the Alphacoronavirus genus.

The PED virus (PEDV) appeared in Europe in the early 1970s, when the disease was detected for the
first time in the United Kingdom in a pig holding affected by acute diarrhea in fattening pigs and
sows. Afterwards, the disease has been detected in several countries in Europe causing outbreaks of
watery diarrhea in swine of all age groups with high mortality in neonatal pigs. At the time of its
emergence in Europe PED was confused with transmissible gastroenteritis (TGE), a diarrheal disease
of pigs caused by a coronavirus of the same group as the one of PED. However, the two coronaviruses
did not show a direct antigenic relationship and thus the two viruses were considered two different
etiological agents. Then, in the 1980's and 1990's the evolution of the two viruses was rather different.
In fact, as regards as TGEV, a mutant of the virus with tropism for the respiratory tract appeared in the
pig population and become widespread in the world inducing a cross protecting immunity to TGEV
that led to a gradual disappearance of TGEV, and the associated enteric disease. Instead, PED
remained enzootic in the European pig population and the severity of the clinical disease was related
to the immune-status of the affected herd. In cases where the disease agent was introduced into a non-
immune, fully susceptible population, clinical symptoms were severe, and mortality in neonatal piglets
could reach up to 80%.

In the 1980's and 1990's outbreaks of PED became less frequent in Europe, while the virus persisted in
the pig population and occasionally limited outbreaks were reported in some countries. Serological
surveys conducted in some Member States showed that the prevalence of the virus had become low
but it appeared to persist in some localized pockets of infection.

The last documented evidence of the presence of the disease in Europe has been reported in ltaly,
where in the period 2005 — 2006 sixty-three outbreaks of PED occurred in the Po Valley. The disease
affected pigs of all age groups, closely resembling the acute form observed in the seventies, when the
disease emerged for the first time in Europe. Before that only sporadic outbreaks were observed in that
area, affecting only grower and finisher pigs.

Although PED was first identified in Europe, in the nineties the disease has become increasingly
problematic in many Asian countries, including Korea, China, Japan, the Philippines, and Thailand.
Afterwards, in May 2013 PED was identified for the first time in the United States and since then it
has spread rapidly in the US, apparently causing severe economic losses, at present 27 states have
been affected. Recent studies have shown that all PEDV strains detected in the United States are
clustered within the same sub-genogroup and they are closely related to a strain previously detected in
China. In 2014 PED has also been reported in Canada, Peru', Japan and Mexico.

The PEDV currently circulating in the United States seems to be highly pathogenic, at least for certain
categories of animals, and it appears that it causes significant production losses in the pig sector. An
effective treatment does not exist, other than the control of secondary infections. Prevention is mainly
based on the application of strict management and bio-security practices. Authorized vaccines exist
only in Japan, South Korea and China but not in Europe and in the United States.

PED is not a notifiable disease in the EU and it is not amongst the OIE listed diseases. Moreover,
contrary to the situation in the United States, currently there is no evidence that the disease is causing
significant health or production problems in the European pig farming system. As a matter of fact last
documented evidence of the presence of the disease was reported in Italy in 2006.

In addition, in February 2014 a new porcine Deltacoronavirus (PDCoV), similar to a coronavirus
detected in Hong Kong in 2012, has been detected for the first time in the United States, where the
virus has been identified in a breeding pig holding in lowa with a history of acute severe diarrhea.

EFSA Journal 2014;12(10):3877 5
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Furthermore, in March 2014, the PDCoV has been identified also in samples from six Ontario pig
farms, in Canada.

The clinical signs associated with the occurrence of PDCoV are similar or identical to those caused by
PEDV in the Americas. In some cases it appears that both the PEDV and the PDCoV were detected in
the same farm where an epidemic of diarrhoea in pigs was ongoing. However, the role of this
emerging virus in the ongoing epidemic of diarrhea in pigs in North America is still unclear.

Currently there is no evidence of the presence of the new emerging Deltacoronavirus in the European
pig farming system.

Therefore, in order to better determine the extent of the problem and be prepared to face the possible
re-emergence of the disease, the Commission needs specific advice to assess the risks posed by the
PED strains currently circulating in Third Countries to evaluate their possible impact on the health
status of pig holdings in Europe and on their production. The possible pathways of virus introduction
into the EU should be evaluated as well. Furthermore, the appearance of the new porcine
Deltacoronavirus needs attention as this emerging disease could make the picture even more
complicated.

TERMS OF REFERENCE AS PROVIDED BY THE EUROPEAN COMMISSION

In view of the above, and in accordance with Article 29 of Regulation (EC) No 178/2002, the
Commission asks EFSA for a scientific opinion on:

1. The current epidemiological situation in North America and Asia and elsewhere in the world
as regard PED and the new porcine Deltacoronavirus.

2. Characterization of the new porcine Deltacoronavirus as an emerging disease, especially as
regards the severity of the disease induced.

3. Possible differences between the European classical PED Alphacoronavirus strains and the
ones currently circulating in the rest of the world, in particular in the Americas, and possible
existence of cross protecting immunity.

4. Impact of the different PED Alphacoronavirus strains and of the new porcine
Deltacoronavirus in pigs in different immunological scenarios.

5. Risk assessment of potential entry routes of PED and the new porcine Deltacoronavirus in the
EU ranking them on the basis of the level of risk with a view to enhance risk mitigation,
prevention and preparedness.

EFSA Journal 2014;12(10):3877 6
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ASSESSMENT

1. Introduction

This scientific opinion describes specific aspects of the porcine epidemic diarrhoea virus (PEDV) and
porcine deltacoronavirus (PDCoV), which belong to the genera alphacoronavirus and
deltacoronavirus, respectively.

PED was observed in Europe in 1971 and reported for the first time one year later (Oldham, 1972),
and PEDV was described as the causative agent of PED by Pensaert and Debouck (1978). During the
1970s and 1980s, the virus spread throughout Europe, causing outbreaks of watery diarrhoea in swine
of all ages. However, during the 1980s and 1990s, the number of PED outbreaks decreased markedly
in the region. Some European countries (i.e. Scandinavian countries) have never reported outbreaks or
the detection of PEDV. Only few severe outbreaks have been reported since the 1980s in Europe and
so the impact on the swine production has been limited. In contrast, PEDV has been circulating in
Asia for several decades. It was demonstrated for the first time during the 1980s in China (Xuan et al.,
1984) and Japan (Takahashi et al., 1983). It was also confirmed in South Korea in 1992-1993 (Kweon
et al., 1993) and in Thailand in 1995 (Srinuntapunt et al., 1995). According to the literature, PEDV
was wide spread throughout the Asian continent and became an endemic infection during the 1990s.
Feeding natural PEDV-infected material (e.g. piglet faeces and minced piglet intestine) to gestating
sows has been used in Europe® and Asia (and later also in the Americas) to prime the immune
response and promote lactogenic immunity in exposed dams to protect suckling piglets (Ayudhya et
al., 2012).

This scientific opinion will further describe the epidemiological situation of PEDV infection based on
information reported in the last 10 years (2004-2014), including the spread of PEDV to the Americas®.
The virus may be present in more countries than those mentioned in this scientific opinion, as
underreporting might exist.

In contrast, PDCoV was only recently described (Woo et al., 2012). Detection of PDCoV has currently
only been reported in Hong Kong, the USA and Canada (see section 2.3).

The approach used for this scientific opinion consisted of extensive literature searches (finalised by the
end September 2014), followed by extraction of the relevant information and a description of the
current knowledge, in accordance with the terms of reference (TOR). Data gaps and a lack of scientific
evidence are identified and specified. PEDV isolated in Europe, Asia or the Americas will be referred
to as PEDV-EU, PEDV-As and PEDV-Am, respectively, independent of the year of isolation.
Regarding the risk assessment of potential entry routes of PEDV and PDCoV into the EU, it was
agreed with the European Commission that this scientific opinion would describe the currently
available scientific evidence and identify data gaps, but that a full risk assessment would not be
performed.

2. Epidemiological situation regarding PEDV and PDCoV

2.1. Collection of information

In order to describe the current epidemiological situation for PEDV and PDCoV (TOR1), information
has been collected on cases and seroprevalence reported during the last 10 years in Europe, Asia and
the Americas via an extensive literature review (see Appendix A), as well as through institutional
contacts and a search of grey literature on the internet. Detailed information is provided in
Appendix B.

® Feeding manure or the intestines of diseased pigs to animals in the EU, is not allowed under Animal By-Product Legislation
(Regulation (EC) No 767/2009 Annex IlI: List of materials whose placing on the market or use for animal nutritional
purposes is restricted or prohibited as referred in Article 6.

® There is one report of a coronavirus-like agent in Quebec (Turgeon et al., 1980), but there is no proof that this was PEDV.
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2.2. Occurrence of PEDV

2.2.1. Europe

In the Czech Republic, Rodak et al. (2004) reported that 27 out of 219 faecal samples from diarrhoeic
piglets (< 21 days old) were positive for PEDV. One year later, using a competitive blocking enzyme-
linked immunosorbent assay (ELISA), PEDV antigens were detected in 15 faecal samples (out of 80
tested) from 6 farms (out of 38 farms with clinical diarrhoea) (Rodak et al., 2005). However, to our
knowledge, there is no other information regarding PEDV occurrence (outbreaks) within the country
after this particular report.

The only well-documented epidemic of PEDV in Europe during the last 10 years was reported in the
Po Valley, northern Italy (Martelli et al., 2008). It occurred between May 2005 and June 2006 in an
area densely populated with pigs. The outbreak started with four cases occurring in fattening farms in
May (n=2), June (n=1) and July (n=1). No clinical cases were detected during August and September.
In October, two new cases appeared: the first in a fattening unit and the second in the nursery of a
three-site production unit. The disease spread during the winter of 2005-2006, affecting more than 60
farms including fattening units as well as farrow-to-finish or farrow-to-weaner farms. Some PEDV-
positive farms (35 out of 476) were detected between mid-2006 and the end of 2007, but the disease
progressively disappeared (Sozzi et al., 2010). From 2008 to 2014, only sporadic outbreaks were
observed in grower and finisher herds: 71 cases in 58 different farms, out of 1 563 cases of enteritis
(4.54%) (see Table 2 and Table 3 in Appendix B). Over the period 2007-2014, mild clinical signs
involved pigs of all ages and mortality was observed in piglets only in the PEDV positive farms in
Italy (Sozzi et al., 2014).

In Hungary, 12 piglets from one farm were PEDV-positive in 2009 (see Table 2 in Appendix B). No
report was found describing these cases.

In Estonia, during 2010, an outbreak of PED was suspected and reported but was not confirmed. Some
additional cases were suspected in 2011 and 2012 (see Table 2 in Appendix B). No report was found
describing these cases.

In mid-2014, two independent PEDV outbreaks were reported in fattening farms in Germany: one in
North-Rhine Westphalia and one in Baden-Wirttemberg (Henninger and Schwarz, 2014; personal
communication, Sandra Blome, Friedrich Loeffler Institute, Riems, Germany, October 2014).

To our knowledge no PEDV outbreaks have been reported in the literature from any other European
country during the last 10 years apart from the examples cited above (see Table 3 in Appendix B).
However, most of the countries have not implemented active monitoring for this particular disease. In
addition, antibody seroprevalence data are scarce and the sensitivity and specificity of the diagnostic
tests remain unknown. Data from limited testing were provided to EFSA by Member State
representatives (see Table 4 in Appendix B). All tested serum samples were PEDV antibody negative
in Denmark (n=£2500 per year, 2000-2006) and in Belgium (n=460, 2014), whereas an estimate of
PEDV-seroprevalence in slaughter pigs in Great Britain was 9.0% (95% confidence interval 6.3-11.7)
based on samples taken in slaughter houses in the framework of a Salmonella study (n=558, 2013)
(see Table 11 in Appendix E). A serosurvey in three Italian provinces revealed PEDV-specific
antibodies in 11 out of 21 farms with 7 to 52% of the tested animals being positive (Alborali et al.,
2014). However, the available data provide a low level of scientific evidence on the prevalence of
PEDV in Europe, considering that the sampling method is not optimal, the testing is limited and the
sensitivity and specificity of the diagnostic tests used is not well known. As only limited active
monitoring is performed, underreporting of the disease cannot be ruled out. Underreporting is more
likely for those cases with a low clinical impact, since more severe cases with significant impacts on
production and pig health would presumably be more thoroughly investigated. At present, among the
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EU Member States, PEDV is notifiable only in France, albeit on a temporary basis (Arreté Ministeriel
of 12 May 2014).

2.2.2. Asia

PEDV outbreaks have been reported from several countries of Asia during the last 10 years such as
Thailand (Puranaveja et al., 2009; Olanratmanee et al., 2010; Ayudhya et al., 2012; Temeeyasen et al.,
2014), Taiwan (Puranaveja et al., 2009; Lin et al., 2014), the Philippines (Morales et al., 2007), South
Korea (Lee et al., 2010) and southern provinces of Vietnam (Duy et al., 2011). In October 2010, a
large-scale outbreak of PEDV was reported in several provinces in southern China. PEDV also spread
to other regions of the country, particularly in the northwest (Wang et al., 2013a). It is now circulating
in at least 29 Chinese provinces (Feng, 2014). In October 2013, Japan confirmed a PEDV outbreak to
the World Organisation for Animal Health (OIE) (OIE, 2014e) after an absence of seven years in the
country. At present, 38 out of 47 prefectures are affected (Kawashima, 2014). Among 5 570 farms,
817 have been affected and at the peak of the epidemic, more than 100 newly affected farms per week
were reported (Kawashima, 2014). According to the information provided by Japan’s National
Institute of Animal Health, PEDV isolates from this outbreak are genetically related to the PEDV
isolates recovered from China and the USA in 2013. In addition, in late 2013, PEDV outbreaks were
reported in South Korea and Taiwan (Choi et al., 2014; Lee and Lee, 2014, Lin et al., 2014). In August
2014, Taiwan reported 34 PEDV-positive farms in central and southern regions of the country (OIE,
2014b). More details on the different outbreaks are provided in Table 2 in Appendix B.

Attenuated or Killed vaccines against PEDV, some of them combined with transmissible
gastroenteritis virus (TGEV) (bivalent vaccines), have been used in China since 1995 (Chen et al.,
2010). An attenuated virus vaccine using cell-culture-adapted PEDV has been administered on a
voluntary basis to sows in Japan since 1997 (Song and Park, 2012). Oral vaccination with cell-culture
attenuated vaccines has been used in South Korea since 2004 and in the Philippines since 2011 (Song
and Park, 2012). However, several publications question the efficiency and/or safety of PEDV
vaccines used in Asia (Ayudhya et al., 2012; Luo et al., 2012; Pan et al., 2012; Sun et al., 2012; Tian
et al., 2013). It has been reported that PEDVs that have caused disease in China are very closely
related to attenuated vaccine strains, which might be vaccine strains reverted to virulence (see section
3.2).

PED is a reportable disease in some countries of the region (i.e. Japan and South Korea). However, no
active monitoring is conducted in any affected country in the region. Only one published report from
Asia since 2004 included data on seroprevalence: 73.6% of the sows from 48 commercial farms
sampled were seropositive in South Korea (Oh et al., 2005).

2.2.3. The Americas

PEDV was first identified within the USA in lowa in May 2013, although testing of historical samples
identified the earliest detection of the virus to have occurred in Ohio in April 2013. There was no
previous description of PEDV in the region before that time and therefore, this pig population could be
considered PEDV naive and fully susceptible to an infection with PEDV. Stevenson et al. (2013)
described the disease in the first affected farms. It is relevant to point out that these farms were not
related: they had no geographical connection (farms were separated by at least a 100 miles) and there
was no evidence of shared personnel or links between feed mills/feed suppliers or trucks/trucking
companies. PEDV rapidly spread throughout the country and was confirmed on farms from 32 states
by the end September 2014 (see Table 2 in Appendix B for more information). It is not clear at the
moment why PEDV spread so fast in the USA compared with other countries where the virus has been
introduced. According to data provided, epidemics peaked in February and March 2014 and the
number of positive submissions has been decreasing since then (see Figure 3 in Appendix B). PEDV is
now a reportable disease in the USA (since June, 2014)%. A PEDV subunit vaccine based on replicon

7 http://agriculture.gouv.fr/IMG/pdf/140512_categ_emergent_DEP_cleOf6c2e.pdf (accessed 1 August 2014)
8 http://www.usda.gov/wps/portal/usda/usdamediafb?contentid=2014/06/0113.xmI&printable=true (accessed 1 August 2014)
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particle technology®, using a single PEDV protein (the spike protein), as well as a PEDV vaccine with
killed virus™, have recently been granted a conditional licence in the USA™.

PEDV was detected in Mexico for the first time in July 2013 (Fajardo et al., 2014). The virus spread
through the country and, in May 2014, outbreaks were reported from 17 out of 32 federal entities
(OIE, 2014c). No updates were available as of September 2014.

In October 2013*, PEDV was identified for the first time in Peru (three outbreaks). In 2014, until
September, six outbreaks were identified in the Lima region and one was identified in the Ica region
(Quevedo-Valle, 2014). Preliminary studies suggested that Peruvian isolates are strongly related to
North American strains, although no data were provided (More-Bayona et al., 2014; Quevedo-Valle,
2014).

In November 2013, PEDV was also identified as the cause of outbreaks of diarrhoea in farms in the
Espaillat province, Dominican Republic. The isolates were closely related to US strains. This
information was reported in June 2014 (OIE, 2014d). By September 2014, PED outbreaks were
reported in seven of the 31 provinces of the country (Gémez, 2014).

In April 2014, Canada reported to OIE outbreaks of PEDV that started in January and affected 58
herds in four provinces. Again, sequencing of the PEDV genomes demonstrated that they were similar
to those circulating in the USA (OIE, 2014a; Pasick et al., 2014). PED is not a federally reportable
disease in the country although it is reportable in some of the provinces (e.g. Alberta*®, Manitoba and
Quebec'®). The latest case in this country was reported in July 2014, and passive monitoring through
the Canadian Swine Health Board™ indicates that no new PED cases are being detected in the country.

An acute outbreak of diarrhoea and death in lactating piglets was observed in Colombia in March
2014. A total of 45 farms (including backyard farms) from five administrative departments were
involved. PEDV isolates from Colombia were further characterized and found to be similar to PEDVs
described in the USA (OIE, 2014e). This event was reported to OIE in June 2014. By September 2014,
54 samples from six departments were confirmed via laboratory testing (Rativa, 2014).

Finally, a PEDV outbreak occurred in a commercial pig farm in Ecuador in July 2014 and was
reported to OIE in September 2014 (OIE, 2014f).

2.3. Occurrence of PDCoV

Viruses belonging to the genus deltacoronavirus were first reported in birds in 2009 (Woo et al.,
2009), whereas PDCoV was identified for the first time in Hong Kong, as published by Woo and
colleagues (2012).

However, the first association of PDCoV with a diarrhoeal disease was reported in February 2014 in a
sow herd in lowa. Viral enteritis was suspected based on clinical signs but neither PEDV nor TGEV
was detected. Surprisingly, all faecal samples tested positive when a pan-coronaviridae reverse
transcriptase polymerase chain reaction (RT-PCR) was performed. Further analysis using sequencing
allowed the confirmation of PDCoV (Li et al., 2014). Since then, according to a US Department of
Agriculture report of 19 June 2014, PDCoV has been detected on 277 farms distributed across 15
states (see Table 5 in Appendix B for more information). Sequence analysis of PDCoVs circulating in

°  http://www.harrisvaccines.com/documents/filelibrary/images/2014/AASV_2014 PED_E5CB3D11FD6AE.pdf (accessed
27 August 2014)
http://www.porknetwork.com/pork-news/Zoetis-granted-conditional-license-for-PEDv-vaccine-273753991.html

1 http://content.govdelivery.com/accounts/lUSDAAPHIS/bulletins/be33f9 (accessed 22 July 2014)

12 http:/www.senasa.gob.pe/RepositorioAPS/0/1/JER/ANRIEVIEP_ESTATUTUSZOO/BOLET%C3%8DN%200CTUBRE
9%202013.pdf (accessed 30 September 2014)
http://www.producer.com/2014/01/alberta-lists-ped-as-reportable-disease-in-hogs/ (accessed 1 August 2014)
http://www.agcanada.com/daily/manitoba-quebec-to-declare-ped-reportable (accessed 1 August 2014)

15 http://www.swinehealth.ca/PED-Alert.php (accessed 1 August 2014)
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several states revealed high sequence identity (Marthaler et al., 2013 and 2014a,b; Wang et al., 2014a).
In many farms, PEDV and PDCoV were simultaneously detected (Wang et al., 2014a, b) and further
research is needed to establish its role in swine disease. PDCoV infection was reported in April 2014
(OIE, 2014g). PDCoV is a reportable infection in the USA (June 2014)".

PDCoV has also been described in some Canadian farms with clinical signs of vomiting and diarrhea,
that tested negative for TGEV and PEDV during 2014. This infection is not federally reportable in
Canada at the moment, but it is reportable in several particular provinces (e.g. Alberta'’).

Recently, PDCoV has also been detected in 20 out of 143 samples collected in five Chinese provinces:
Heilongjiang, Liaoning, Tianjin, Shandong and Jiangsu (Feng, 2014).

Currently, there is no other description of PDCoV in any other country. However, given the recent
identification of PDCoV, it is likely that diagnostic capabilities are limited in many countries and,
hence, only very limited testing is carried out.

3. Differences between European, Asian and American PEDYV isolates

3.1. Collection of information

In order to describe possible differences between PEDV-EU, PEDV-As and PEDV-Am isolates and
the possible existence of cross-protecting immunity (TOR3), information has been collected on
sequences and phenotypic characteristics of PEDV isolates via an extensive literature review (see
Appendix A), as well as through a search of grey literature on the internet. Detailed information is
provided in Appendix C.

3.2. Description

Like other coronaviruses, PEDV has a positive-sense, single-stranded, RNA genome of about 28 000
nucleotides. The genome includes seven known open reading frames (ORFs) encoding both non-
structural proteins (including the replicase polyproteins (from ORFla and ORF1b)) and structural
proteins (including the spike (S), envelope (E), membrane (M) and nucleocapsid (N) proteins). The S,
E and M proteins are all present on the outside of virus particles and hence can be expected to be the
target of host antibody responses. The S protein (encoded by ORF2) is a large glycoprotein (1383
amino acids, ca.180-220 kDa) and is believed to play a major role in mediating virus attachment to
cells (for more information, see review by Song and Park, 2012). Multiple epitopes within the S
protein have been identified, which are recognized by neutralizing antibodies (see Table 6 of
Appendix C). The S protein has been the focus for the development of vaccines against PEDV, and
mutations within the S gene are associated with growth adaptation in vitro (Sato et al., 2011).
Differences in the S protein sequence may explain the ability (or not) of particular vaccines to confer
protection against different strains of PEDV. However, the M protein (20-30 kDa) also induces
antibodies that neutralize the virus in the presence of complement (Song and Park, 2012).

Prior to the development of next-g