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Abstract

Porcine epidemic diarrhoea (PED) is a non-zoonotic viral disease of pigs caused by a coronavirus and
characterised by watery diarrhoea and weight loss. PED is not notifiable to the EU or World
Organisation for Animal Health listed but it is notifiable at the national level in Finland, France, Ireland
and Sweden. PED case reports from seven countries and PED surveillance and monitoring activities in
thirteen countries were reported. This information was combined with an extensive literature review to
provide an update on global PED occurrence, circulating strains and impact in 2014–2015. PED
confirmed cases have been reported in North America, South America, Asia and Europe. PED virus
(PEDV) sequences originating from EU pig herds indicate that the strains currently in circulation share
nearly 100% sequence identity and have greater than 99% sequence identity with the reference
INDEL (insertion/deletion) strain USA/OH851/2014. In 2014–2015, greater genetic variability has been
reported in strains circulating in Asia compared with EU Member States and a non-INDEL strain has
been detected in the Ukraine in 2014. Data on impact confirms that mortality is higher in suckling
piglets and diarrhoea is observed in all age groups. The reported impact is in agreement with that
reported in EFSA AHAW Panel (2014) indicating that the impact of recently reported PED outbreaks in
Asia and the USA seems to be more severe than that described in EU countries, although the impact
of different PEDV strains is difficult to compare between one country and another, as impact is
dependent not only on pathogenicity but also on factors such as biosecurity, herd size, farm
management, sanitary status or herd immune status.
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1. Introduction

1.1. Background and Terms of Reference as provided by the requestor

In recent years, many porcine epidemic diarrhoea (PED) outbreaks caused by different virus strains
have been reported by several countries worldwide with various degrees of impacts on pig production.
Only a few Member States of the European Union (EU) have shared information or reported PED clinical
cases and/or PEDV seropositive animals, the overall impact of PED in the Union being very limited.

The recent EFSA Scientific Opinion on PED and emerging porcine deltacoronavirus reports that the
Czech Republic, Italy, Hungary, Germany and the United Kingdom have reported PED recently with
mainly quite mild clinical cases and/or PED virus (PEDV) being isolated or PED seropositive animals
being found. In the past weeks information has been made available about sporadic occurrence of PED
infected animals in the Netherlands and possibly in other Member States.

PED is not a notifiable disease in the EU and it is not among the World Organisation for Animal
Health-listed diseases. There is no evidence that the disease is causing significant health or production
problems in the European pig farming system. The current epidemiological situation requires risk
managers to obtain up-to-date consolidated information on the distribution and consequences of PED
in the EU and worldwide.

Therefore, in the context of Article 31 of Regulation (EC) No 178/2002, the European Commission
would like to ask EFSA to provide scientific assistance to the Commission following these terms of
reference:

1) Guidance on PED data to be collected in Member States in order to optimise the coordination
necessary to address the requests below. This may include a basic harmonisation of the case
definition, the eligible diagnostic methods, the desired data sets and the frequency of
reporting, as well as guidance on epidemiological investigations to facilitate data collection
and to carry out the relevant epidemiological analysis.

2) An analysis of the epidemiological data and metadata available in the Member States and in
recent scientific literature within and outside the EU, focusing on the occurrence of infection
with different PEDV strains/types, as well as on the actual morbidity and mortality rates and
severity of clinical disease so as to quantify the direct impact on pig production.

In addition, the outcome of the analysis of the above data should allow EFSA to predict possible
epidemiological trends of the evolution of the disease within and outside the EU.

1.2. Additional information

1.2.1. Pig production in Europe

Eurostat (2014) reports that the pig-producing countries of Europe can be divided into groups
based on the type of production and level of commercialisation.

Large-scale fattener herds, characterised by having more than 400 pigs and no sows, are mainly
found in Belgium, Denmark, Germany, Spain, Italy, Luxembourg, the Netherlands, Finland, Sweden
and the United Kingdom. These 10 countries represent three quarters of EU pork meat production and
69% of the EU pig herd. Fattener herds with more than 400 pigs represent around 1.1% of the pig
farms in Europe.

Small-scale/backyard pig farms, characterised by less than 10 pigs, are mainly found in Romania,
Hungary, Croatia, Slovenia, Lithuania, Latvia, and Bulgaria. In these countries, pigs are often raised for
personal consumption. Small/backyard farms account for 73% of the pig farms in Europe.

Large-scale breeder herds, characterised by more than 400 pigs and 100 sows, are also found in
the Czech Republic, Estonia, Ireland, Greece, Cyprus and Portugal. These countries represent half of
the EU sow herd and 0.6% of the pig farms in Europe.

In other countries, for example in Poland, there is a transition from backyard pig farming to larger
commercial operations.

In Figures 1 and 2 the difference in farm structures between countries can be clearly seen when
the density of pig holdings is compared with the density of piglet heads. When interpreting the results
presented in this document, it is important to consider the diversity of pig production and the
economic importance of pig production in certain countries.
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2. Data and methodologies

2.1. Data

The Chief Veterinary Officers (CVOs) of the EU Member States and the EFSA Scientific Network for
Risk Assessment in Animal Health and Welfare were contacted for nominations of experts in the field of
pig health and PED. The nominated experts and their affiliation are listed in Appendix B. Over a series of

Number of piglet heads
per square kilometer

0 - 0.15

0.16 - 1.07

1.08 - 2.13

2.14 - 4.33

4.34 - 9.99

Source: EUROSTAT farm structures survey 2010 (http://ec.europa.eu/eurostat/web/agriculture/data/main-tables)

Figure 1: Number of piglet heads per square kilometre in Europe.

Number of pig holdings
per square kilometer

0 - 0.59

0.6 - 1.18

1.19- 2.31

2.32 - 4.81

4.82 - 40.45

Source: EUROSTAT farm structures survey 2010 (http://ec.europa.eu/eurostat/web/agriculture/data/main-tables)

Figure 2: Number of pig holdings per square kilometre in Europe.
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four web conferences, data-reporting guidelines (Annex A) and procedures were discussed and agreed.
The reporting guidelines describe two data models. The first data model (Herd Level) allowed the
reporting of pig herds which meet the PED case definition (see Section 2.2.1). This data model was used
to collect temporal and spatial information, a description of the production system, reported mortality
and morbidity and availability of sequencing data. The second data model (Reporting of serological
surveys and other testing) allowed the reporting of monitoring and surveillance activities for PED in
European Economic Area (EEA) countries. The data were submitted using Microsoft® Excel templates via
the EFSA Data Collection Framework (DCF1). Austria, Belgium, Spain, France, Italy and the Netherlands
reported Herd Level data, while Austria, Belgium, Denmark, Finland, France, Ireland, the Netherlands,
Norway, Sweden and the United Kingdom reported data on PED testing activities. Germany provided
information only on the number of herds meeting the case definition not through the DCF, but by e-mail.
No data were submitted from Bulgaria, Croatia, Cyprus, Czech Republic, Greece, Hungary, Latvia,
Lithuania, Luxembourg, Malta, Poland, Portugal, Romania, Slovakia and Slovenia.

2.2. Methodologies

2.2.1. Guidance on PED data to be collected

In response to Term of Reference (ToR) 1, guidance on PED data to be collected was developed in
consultation with experts of the EFSA Network on PED. The data-reporting guidelines which describe the
two data models and the terminology definitions can be found in Annex A. In order for a herd to be
reported for the Herd Level data collection, it had to meet the PED case definition. Data were provided
for herds affected between 1 January 2013 and 30 September 2015. The second data model could be
used to report the results of serological surveys and other PEDV testing not covered by the case
definition (for example, negative results or testing of healthy pigs for monitoring or trade purposes).
Results could be reported for any time period of testing and for testing of previously stored sera.
Outbreaks already included in the Scientific Opinion of the EFSA Panel on Animal Health and Welfare, on
PED and emerging porcine deltacoronavirus (EFSA AHAW Panel, 2014) did not need to be reported.

PED case definition, for Herd-level data collection

Confirmed cases: Following suspicion based on clinical signs (described in Annex A), a confirmation
of viral infection is necessary, by any of the following tests: RT-PCR, antigen enzyme-linked
immunosorbent assay (ELISA), immunohistochemistry, electron microscopy, immunoelectron
microscopy or virus isolation.

Herd case definition: Any herd with one or more confirmed cases.

Age categories

Morbidity, mortality and diagnostic testing information was requested separately for each of
the following age categories, suckling piglets (newborn to weaning), weaned pigs (from weaning up to
60–80 days of age), fatteners (70–90 days of age, approximately 30–40 kg to slaughter) and adults
(breeding pigs, including both sows and boars).

Survey type and sampling strategy, for serological and other PEDV testing

Using the second data model, data from the following types of surveys could be reported (full
definitions can be found in Annex A): monitoring-active (based on random sampling), monitoring-
passive, surveillance-active (targeted surveillance involving planned collection of precise field
data), surveillance-passive (secondary use of data routinely collected for some other purpose),
survey (a study involving a sample of units selected, randomly, from a larger, well-delineated
population) and clinical investigations (results obtained as a result of outbreak investigation).

Regarding the sampling strategy, one of the following options could be selected: objective
sampling (random sample), selective sampling (risk-based sample), suspect sampling (linked to
clinical signs) and convenient sampling (units are selected only on the basis of feasibility or ease of
data collection). Definitions can be found in Annex A.

The data were analysed using SAS® Enterprise Guide® software Version 5.1 (SAS Institute Inc.,
Cary, NC, USA) and ArcMap 10.2 (Esri, Redlands, CA, USA).

1 http://www.efsa.europa.eu/en/datexsubmitdata/datexdatacollframework.htm
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2.2.2. Literature review

An extensive literature review was undertaken in order to collate information on PED for the time
period between October 2014 and October 2015. More recent publications identified by the EFSA
Network on PED have been included as indicated in footnotes to the respective literature review
summary tables. The primary purpose of the extensive literature review was to obtain data in order to
update tables 2, 7 and 8 of the ‘Scientific Opinion on porcine epidemic diarrhoea and emerging porcine
deltacoronavirus’ of the EFSA Panel on Animal Health and Welfare (AHAW), published in 2014 (EFSA
AHAW Panel, 2014).

The protocol for the extensive literature review is described in Appendix C. The review was
designed to address three main questions:

Question 1: Where have cases/outbreaks of pigs with laboratory confirmation of PED been reported in
2014–2015?

Question 2: Sequence identity of full length and partial sequence data of PED isolates from pigs
worldwide in 2014–2015 and their similarity to INDEL strain USA/OH851/2014, INDEL strain GER/
L00719/2014 and/or CV777 or other strains (e.g. USA/Colorado/2013)

Question 3: What is the impact on pig production of PED reported worldwide for pigs with laboratory
confirmation of PED – mortality, morbidity and duration of disease in the four age classes (suckling,
weaned, fatteners, adults).

Fourteen bibliographic databases were queried in order to identify information on PED that has
been published within the specified time period, appropriate to address these three questions.
Additionally, the CVOs of the EU Member States were asked to provide any relevant information on
country reports on PED that may have been published within the last few months. In addition a search
was performed on websites of Veterinary Authorities, other governmental organisations and
International Organisations and disease reporting databases as well as a search using Google, in order
to identify web sites which contained .pdf files reporting on PED. Information to be retrieved was
limited to publications in English, German, French, Italian and Spanish.

The information extracted from the reviewed literature can be found in Appendix A.

3. Assessment

In response to ToR 2, countries reported data via the DCF. These data and the results of the
literature review are summarised in the sections below.

3.1. Occurrence of PED in 2014–2015

The literature review identified 19 reports of PEDV detection published between October 2014 and
October 2015, while two additional reports published after October 2015 have been also included in
the respective table, in order to include information that was made available after the literature review.
PEDV-confirmed cases/outbreaks have been reported in North America (USA, Canada), South America
(Colombia), Asia (Japan, China, South Korea, Thailand, Taiwan, Vietnam) and Europe (Portugal, Spain,
Slovenia, Germany, France, Belgium, Italy, Ukraine) (Appendix A).

PED is only notifiable in the following Member States: Finland, France, Ireland and Sweden (and is
likely to become notifiable in the United Kingdom from late 2015/early 2016). The EFSA Network on
PED representing EEA countries voluntarily reported 245 case reports of pig herds meeting the PED
case definition and 71 pig herds with PCR confirmation of PEDV-genome were reported via e-mail by a
private laboratory. The PEDV-confirmed cases were reported by Austria, Belgium, Spain, France, Italy,
the Netherlands and Germany. Laboratory testing for PED is often not centralised within each MS and
there exists a diverse range of laboratories testing for PED both in the private and public sector; there
is also no official EU reference laboratory for this disease.

Belgium, Spain, Italy, Germany and the Netherlands are among the largest producers of pork in
Europe, while globally, China, USA, Brazil, Germany and Vietnam are among the highest producers of
pork (number of heads in average 2012–2013).2 Farms in these countries are generally large
commercial operations under continuous veterinary supervision.

2 FAOSTAT: http://faostat3.fao.org/browse/Q/QA/E
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Based on the data reported by the EFSA Network on PED via the DCF, Figure 3 shows the PED case
reports by date of sampling and type of production system, prior to 30 September 2015. For the
reported herds, the first confirmed sample was taken in March 2014. A greater number of case reports
were reported in the beginning of 2015 and this could be due to an increasing number of clinical
cases, increased vigilance for signs or changes in laboratory protocols and the range of tests applied to
samples. In May 2015, the number of PED case reports decreased until August 2015, while a slight
increase was again observed in September 2015. As the disease in not notifiable to the EU (only at
national level in a few countries), any temporal distribution should only be considered to be indicative
as there are likely to be infected herds which have not been reported or tested. Forty-three percent of
case reports were finisher herds and 31% were grower-producer herds; all pig herds were raised
indoors with only 3% having outdoor access. As clinical signs are more noticeable in piglets, it is
surprising that the majority of herds for which confirmed cases were reported are finishers; however,
this production system is the dominant type of pig production in the reporting countries; moreover,
frequent movements of animals both on and off farm in rearing herds may increase the risk of PEDV
introduction.

Based on the low number of case reports that have been submitted for the 2014–2015 period, the
number of PED-affected herds in the EU is very low.

3.2. Virus strains circulating in 2014–2015

The literature review retrieved information on full length PEDV genome sequences from virus
strains from pigs in Belgium, France, Germany, Ukraine, USA, Mexico, China, Japan, South Korea,
Taiwan, Thailand and partial sequences (predominantly the S gene), from strains sampled in China,
Korea, Portugal, Vietnam and the USA (Appendix A). In addition, the EFSA Network on PED provided
information on full-length sequences of strains from France and Spain and partial sequences of strains
obtained in Austria, Belgium, Spain, Italy and the Netherlands.

Vlasova et al. (2014) reported that sequencing and analysis of 74 strains from North America
resulted in two distinct clades. Within Clade II there is a cluster of PEDV variants with insertions and
deletions (INDEL) in the S gene (USA/Indiana12.83/2013 and USA/OH851/2014 fall within this cluster)
which share 99.8–100% identity with each other and 96.2–96.7% identity to the strains initially
detected in North America. The reference INDEL strain USA/OH851/2014 was isolated from a farm in
Ohio (USA) in January 2014 where sows were known to be infected but piglets showed minimal to no
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Figure 3: Reported porcine epidemic diarrhoea-confirmed herds by month of sampling and
production type
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clinical signs and no piglets had died (Wang et al., 2014). This PEDV variant is characterised by three
deletions and one insertion in the S gene.

Phylogenetic analysis of full-length genome sequences from EU MS indicated that INDEL strain USA/
OH851/2014 shared greater than 99% sequence identity with the German, French, Belgian and Spanish
strains (Hanke et al., 2015; Grasland et al., 2015; Stadler et al., 2015; Theuns et al., 2015) (Table 1).

The German INDEL strain GER/L00719/2014 isolated from a fattening pig farm in May 2014 (Hanke
et al., 2015) had 99.9% identity with strain no. KR011756 from France (Grasland et al., 2015). The
Belgian strain (BEL/15V010/2015) had 99.9% identity with L00721 also isolated in Germany in 2014
and 97% identity with the older European strain CV777 (Theuns et al., 2015).

In Italy, comparative analysis of partial sequences of the RdRp and M genes and the total spike
(S1) gene of the circulating strains responsible for the outbreaks in 2014 showed a high nt identity
with the S-INDEL strain USA/OH851/2014 from the USA (98.7, 99.8, 99.3–99.5%, respectively) and
with the strains detected in Germany (100, 100, 99.7%) (Boniotti et al., 2016). This differs from the
PEDV strains previously circulating from 2007 to 2012 in Italy, which showed a high genetic variability.

In the Netherlands, partial sequence analysis (orf1b + S segment, 1,400 bp) of 11 PCR products
from 11 farms showed that all viruses were > 99.5% similar to the German isolate and the US INDEL
USA/OH851/2014 strain.

In Austria, sequencing of the complete or nearly complete S gene (> 4 kb) obtained from affected
farms showed over 99.5% sequence identity to other recent PEDV strains from Western and Central
Europe (Steinrigl et al., 2015).

In Portugal, analysis of amplified sequences of the S gene shared a very high (99.0%) identity with
the INDEL strain USA/OH851/2014 and were identical (100%) to the strains recently reported in
Germany (Mesquita et al., 2015).

Greater genetic diversity is seen in Asian strains compared to European MS strains (Table 1).
Analysis of 38 full genome sequences from Japan found 4 strains, which clustered with North American
INDEL strain in Clade II and that 34 clustered with Korean and North American strains in Clade I
(Suzuki et al., 2015). The authors concluded that recent PED outbreaks in Japan were caused by PEDV
that has a common origin with those circulating in other swine-producing countries. Also in Japan, a
strain isolated from the Tottori Prefecture had highest sequence identity to Iowa 103 and clustered
with the North American isolates in Clade I (Masuda et al., 2015; Murakami et al., 2015). The authors
speculated that the large deletion in the S gene may affect virulence. A full-length genomic sequence
from an isolate obtained from pigs with diarrhoea in South Korea in March 2014 has 99.7% sequence

Table 1: Summary of whole genome phylogenetic sequence analysis of porcine epidemic diarrhoea
virus isolates from USA, Asia and Europe isolated in 2014–2015, reported in Table A.2 of
Appendix A

Origin
Comparison to USA

strains
Similarity

(%)
Comparison to

European strains
Similarity

(%)
Similarity (%)
to strain CV777

Belgium
2015

USA/OH851/2014 99.4 GER/L00721/2014 99.9 97

France
2014

USA/OH851/2014 99.4 GER/L00719/2014 99.9

Germany
2014

USA/OH851/2014 99.4–99.5

Spain 2014 USA/OH851/2014 > 99
Ukraine
2014

USA/Kansas29/2013,
USA/Colorado30/2013

99.8 GER/L00719/2014 98.5 96.5

USA 2014 USA/Colorado/2013 > 99
South
Korea 2014

USA/OH851/2014 99.7

Japan
2013–2014

USA and Korean (Clade I)
INDEL Clade II

99.77–99.99
98.65–99.96

Japan
2014

Iowa103
North America Clade I
North America Clade II
US INDEL strains

99.87
99.73–99.87
99.64–99.69
98.90–99.45
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identity with INDEL strain USA/OH851/2014. In Taiwan, phylogenetic analysis of nine S gene
sequences indicated that strains from three farms in early 2014 have highest sequence identity within
Clade I strains (Sung et al., 2015).

Strains isolated from 5 regions in China between 2011 and 2014 were sequenced and the 11 whole
genomes exhibited nucleotide sequence identities ranging from 97.5% to 99.7%, with no insertions or
deletions (Sun et al., 2015). These strains clustered with strains from China and North America which
had been isolated after 2008. These genomes of PEDV field isolates from China showed a wide range
of genetic variation and highlight the risk of further PEDV outbreaks caused by novel variants.

In the USA, a strain isolated in Minnesota in January 2014 had nucleotide identities of 99.9% to
USA/Colorado/2013 strain and clustered within Clade II (Marthaler et al., 2014). The clinical
presentation was reported as equal to or more severe than the presentation of cases caused by the
prototype PEDV Colorado/2013.

Closer to the EU, a strain (Ukraine/Poltava01/2014) isolated from an outbreak in a farm in
Poltrava in the Ukraine in 2014 had 99.8% sequence identity to strains USA/Kansas29/2013 and
USA/Colorado30/2013 and only 98.5% sequence identity with the German strains all of which
cluster within Clade II. This Ukraine strain is, therefore, distinct from the strains currently circulating
in the MS.

Descriptive epidemiology for the herds where a full length genome sequence or published partial
sequences are available indicated that the impact is variable between farms (Table 2) even though the
sequence identity is high between these PEDV strains. From the literature review there is limited
information available about the production systems, breeds and ages of the animals, clinical signs and
impact and conclusions of the outbreak investigation. The linking of epidemiology and outbreak data
with sequence data is required to understand the contribution of insertion/deletion events to PEDV
virulence and impact and predict epidemiological trends.

3.3. Impact of PED infections within farms

The data model allowed the reporting of the proportion of animals with clinical signs and the
number of dead animals for the four age classes (suckling piglets, weaned pigs, fatteners and adult
animals) as well as the duration of clinical signs on the affected holding (in days). Box-and-whisker
plots of the percentage of symptomatic animals and of PED-associated mortality by age category are
shown in Figures 4 and 5. The descriptive statistics for these values are presented in Table 3. It is
important to note the number of missing values; for all variables this is high and very high for the
mortality figures. For various reasons, follow-up visits to, or contact with, confirmed holdings to collect
information on the severity or otherwise of the disease may not occur. It is for this reason that impact
analysis is difficult for diseases which are not notifiable and this is particularly problematic if the impact
is low. Additionally, impact analysis would need to consider baseline values, in the absence of the
disease, accounting for production types and age classes, and this information is often missing. High
proportions of missing data (in particular for mortality) may be an indicator for disease with low
production impact. Due to missing data, the results should be viewed with caution; however, based on
the reported data, there is some indication that mortality was higher in the suckling piglet age group
with a mean of 18%, and the range of mortality in this age group from 0% to 84% was greater than
in other age groups. The mean proportion of pigs with clinical signs was between 48% and 60%
across the four age groups. The impact indicators reported (morbidity, mortality, duration of clinical
signs) varied between farms. The duration of clinical signs on the farm for affected herds was between
6 and 90 days with a mean of 23 days.

In addition to the data submitted by the EFSA Network on PED; information on the impact of PED
on pig production was retrieved from the literature review and is summarised in Table A.3 in
Appendix A. This table includes information from France, Germany, Spain, Canada, the USA and
Colombia. Usually, morbidity and mortality were higher in piglets than in adult animals, in some cases
reaching 100%. The duration of clinical signs of the disease was very variable, ranging from 2 days in
individual adult animals to up to 15 weeks in some piglet groups.

Documenting production losses usually requires the analysis of high quality data that have been
collected in combination with suitable baseline production values. A few studies have attempted to
quantify PED impact in production terms. This information can be found in Table A.3 in Appendix A.
Effects reported include reduced feed consumption (and, respectively, milk output in affected
post-partum sows), reduced average daily weight gain and increased feed conversion ratio, a longer
fattening period, reduced number of piglets per litter and reproductive losses (abortions, returns to
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heat, etc.). Two studies reported that the period for performance indicators to return to the values
observed before the outbreaks were 6 and 20 weeks, respectively (Dastjerdi et al., 2015; Stadler
et al., 2015).

The reported impact is in agreement with EFSA AHAW Panel (2014) which indicates that the impact
of recently reported PED outbreaks in Asia and the USA seems to be more severe than that described
in EU countries, but the impact of different PEDV strains is difficult to compare between one country
and another, as it is dependent not only on pathogenicity but also on factors such as biosecurity, herd
size, farm management, sanitary status or herd immune status.

Table 3: Descriptive statistics for impact indicators for reported herds with confirmed porcine
epidemic diarrhoea

Age group Outcome
No. of
herds

Herds with
missing

information (%)

Minimum of
the outcome

(%)

Mean
outcome

(%)

Median
outcome

(%)

Maximum
of the

outcome
(%)

Suckling Symptomatic 64 55 0 59.7 50 100

Mortality 45 69 0 18 11 83.9
Weaned Symptomatic 55 67 0 48 40 100

Mortality 34 80 0 2.2 1.25 8
Fatteners Symptomatic 82 67 0 51.7 50 100

Mortality 53 79 0 0.8 0 16
Adult Symptomatic 67 53 0 57.4 60 100

Mortality 50 65 0 0.01 0 0.2

The bottom and top edges of the box indicate the intra-quartile range, the marker inside the box indicates the
mean value and the line inside the box indicates the median value, the whiskers that extend from each box
indicate the range of values that are outside of the intra-quartile range.

Figure 4: Box-and-whisker plot of the percentage of pigs with clinical signs by age category
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3.4. Suspected sources of PEDV infection and disease control methods

Concerning possible suspected sources of PEDV infection for affected farms and specific disease
control methods applied in relation to PED, the information reported for confirmed herds is categorised
in Table 4. Among the six countries that reported relevant information in Table 4, five indicated
transportation as a suspected source of PEDV infection. Concerning disease control measures,
management, biosecurity and/or cleaning and disinfection measures were reported in all countries that
reported herds with confirmed PED (through the DCF – for Germany this information is not available,
as it reported only the number of confirmed cases by e-mail). From the literature review it seems that
biosecurity plays an important role in prevention and that particular attention should be paid also to
the cleaning of transportation trucks.

Table 4: Suspected sources of PEDV infection and disease control methods in herds with confirmed
PED. Compilation of some of the reported responses

Country

Suspected source of PEDV infection Disease control methods

Transportation
of animals or
of manure or
collection of
carcasses

Proximity and/
or connections
to other farms
or businesses

Introduction
of infected
animals

Personnel
of the

farm or of
other

companies

Management
and/or

biosecurity
measures and/
or cleaning and
disinfection

Exposure of
sows to

contaminated
faeces from

piglets or sows

Austria +

Belgium + +

France + +

Italy + +

Netherlands + + + + +

Spain + + + + + +

PEDV: porcine epidemic diarrhoea virus; PED: porcine epidemic diarrhoea.

The bottom and top edges of the box indicate the intraquartile range, the marker inside the box indicates the
mean value and the line inside the box indicates the median value, the whiskers that extend from each box
indicate the range of values that are outside of the intraquartile range, points that are a distance of more than
1.5 9 intraquartile range from the box are considered to be outliers.

Figure 5: Box-and-whisker plot of porcine epidemic diarrhoea-associated mortality by age category
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3.5. Surveillance and monitoring activities for PED in Europe

Austria, Belgium, Denmark, Estonia, Finland, France, Germany, Ireland, Italy, the Netherlands,
Norway, Sweden and the United Kingdom reported surveillance and monitoring activities. Among these
countries, Denmark, Finland, Ireland, Norway and the United Kingdom did not confirm any PED cases
in their country’s pigs through these activities between June 2013 and 30 September 2015.

Activities based around serological testing for PED are listed in Tables 5 and 6. Table 6 describes
surveys reporting the results as prevalence estimates. Sweden has had an active surveillance
programme for PED between 1993 and 2005, but is not now performing surveillance for PED. Denmark
had active surveillance using an in-house ELISA to detect PEDV-specific antibodies which tested
approximately 2,500 swine sera each year between 2000 and 2006 with no positive results reported
during this period of time. In the Netherlands, in 2014, a retrospective serological survey of 838 serum
samples from sows obtained from herds and slaughterhouses resulted in two positive samples as
determined by an indirect ELISA and subsequent confirmation using a virus neutralisation test. In
Belgium, in 2014, sow serum samples from 12 herds randomly selected from each province were tested
using an immunoperoxidase monolayer assay (IPMA) method and no samples tested positive.

The United Kingdom reported the results of a seroprevalence survey conducted in 2013 using
serum samples obtained at the slaughterhouse (Table 6). The results showed that a small proportion
(9%) of the pigs sampled at the slaughterhouse were seropositive to PEDV using a blocking ELISA
(Cheney et al., 2014). The blocking ELISA test used for this survey (van Nieuwstadt and Zetstra, 1991)
is known to be capable of detecting antibody to virulent US and historic Great Britain PEDV strains;
however, the authors identified some uncertainties with respect to the antibody results and false-
positive results are recognised to occur. As indicated in Table 7, there have been no PED PCR-positive
samples from diarrhoeic UK pigs tested in passive surveillance activities from 2013 to 2015.

AFBI Stormont Veterinary laboratory tested 200 randomly selected sera obtained from pigs in
Northern Ireland mainly at slaughter during late 2014 and 2015, for the purpose of evaluating a
commercial antibody ELISA kit. No samples tested positive.

France conducted a prevalence survey in 2014 of serum samples from 300 breeding sows in 30
herds using an indirect ELISA test (Table 6). The test performance parameters were estimated from
pig farms samples from Canada. After correcting for herd clustering and test sensitivity and specificity
the frequency of seropositive sows was 3.6% with a 95% confidence interval of 1.55–6.47%.

Austria, Belgium, Denmark, Estonia, Finland, France, Ireland, Italy and the United Kingdom
reported activities related to laboratory testing (of potentially infected materials, e.g. intestine, faeces,
rectal swabs) where PED was suspected on farms with clinical signs (Table 7). In Belgium, in 2015,
faecal samples and intestinal content from suspect carcasses were tested by RT-PCR and one positive
result was obtained; ELISA analysis of serum from some of the herds also tested positive (Table 7 and
Table 5, respectively). France is performing a passive surveillance on herds presenting clinical signs
(surveillance programme implemented as the disease is notifiable as an emergent disease since July
2014). In Germany, there are no official surveillance or monitoring activities for PED but private
laboratories are providing testing upon request.

There is uncertainty about the sensitivity and specificity of existing antibody tests when used for
the assessment of exposure to emerging PEDV strains. Many tests were developed using strains
circulating in Europe in the 1970s and 1980s (for example, CV777 isolated from a swine breeding farm
in Belgium in 1977 (Pensaert and de Bouck, 1978)) and the ability to detect the new strains from
outside Europe requires further investigation.

As a consequence, there has been a ring-test performed between five EU national veterinary public
health institutes, organised by DTU National Veterinary Institute, Denmark (partners within CoVetLab;
CVI, Central Veterinary Institute, the Netherlands; Animal & Plant Health Agency (APHA),UK; ANSES,
Agence nationale de s�ecurit�e sanitaire, de l’alimentation, de l’environnement et du travail, France; SVA,
National Veterinary Institute, Sweden). An interlaboratory comparison of assays for detection of
antibodies against PEDV has been conducted using a single panel of sera (> 50 samples) collected
from the field both in Europe and in the USA and also from animal experiments including infections by
PEDVs from both Europe and the USA. A variety of assays, based on either IPMA or ELISA
technologies, including a commercial test kit, were included in the ring-test.

Differences were found in the ability of the various assays to detect anti-PEDV antibodies and also
the specificity of the assays seemed to be variable. An ‘in-house’ blocking ELISA used at DTUVet,
Denmark was used as reference and seemed to have the overall highest sensitivity and specificity. In
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this ‘in-house’ blocking ELISA, a cell culture-grown isolate of PEDV (BR1/87) was used as antigen in
combination with a pig polyclonal anti-PEDV antiserum. More than 2,000 pig sera from Denmark
(which has not experienced cases of PED) tested negative in this assay, but pigs experimentally
infected with PEDV (both EU and US strains) were shown to seroconvert within 10 days post-infection.
Other tests, including a commercial test kit commonly used in many European laboratories were found
to have lower specificity and/or sensitivity, giving rise to false positive or negative results.

There is uncertainty about serological test performance; therefore, negative or positive results
without confirmation of the presence of the virus and/or possibly existing relevant clinical or
epidemiological information should be interpreted with caution.

4. Conclusions

In collaboration with experts nominated by the CVOs of the EU Member States and the EFSA
Scientific Network for Risk Assessment in Animal Health and Welfare, data collection and reporting
guidelines for two data models were developed, one at herd level, used to report data for an
epidemiological analysis and the second used to collect data to describe surveillance and monitoring
activities. During this process, a harmonised case definition was agreed for PED-confirmed herds based
on clinical signs and laboratory confirmation of the PEDV.

The data collected by the EFSA Network on PED were combined with data retrieved from an
extensive literature review covering the period of October 2014–October 2015 and collated information
on PEDV occurrence, circulating strains and impact.

PED-confirmed cases/outbreaks have been reported in North America, South America, Asia and
Europe in 2014–2015. Herds meeting the case definition for PED were reported voluntarily by Austria,
Belgium, Spain, France, Italy, the Netherlands and Germany. Thirteen countries reported PED
surveillance and monitoring activities and among these, Denmark, Finland, Ireland, Norway and the
United Kingdom did not confirm any PED cases in their country’s pigs through these activities between
June 2013 and 30 September 2015. No data were submitted from Bulgaria, Croatia, Cyprus, Czech
Republic, Greece, Hungary, Latvia, Lithuania, Luxembourg, Malta, Poland, Portugal, Romania, Slovakia
and Slovenia.

Sequencing of virus isolates from EU pig herds indicated that the strains currently in circulation
shared nearly 100% sequence identity and had greater than 99% sequence identity with the reference
INDEL strain USA/OH851/2014. Italy has reported that the observed high sequence identity contrasts
with PEDV strains previously circulating from 2007 to 2012 in Italy, which showed a high genetic
variability. However greater genetic variability is observed in Asia compared with EU MS and a non
INDEL strain has been detected in an outbreak in Ukraine in 2014. This highlights the possibility of
further outbreaks in pig populations naive to a novel PEDV variant.

Data provided by the EFSA Network on PED and information from the literature review confirmed that
mortality is higher in suckling piglets and diarrhoea is observed in all age groups for strains circulating
globally in 2014–2015. Two published studies reported the time period required for the return of
production to pre-outbreak levels, and this was variable for the described outbreaks (6 and 20 weeks,
respectively) (Stadler et al., 2015, Dastjerdi et al., 2015).

These findings are in agreement with those reported in EFSA AHAW Panel, (2014) that the impact
of recently reported PED outbreaks in Asia and the USA seems to be more severe than that described
in EU countries, but the impact of different PEDV strains is difficult to compare between one country
and another, as impact is dependent not only on pathogenicity but also on factors such as biosecurity,
herd size, farm management, sanitary status or herd immune status.

5. Recommendations

• Increase awareness of clinical signs; high morbidity diarrhoea in pigs of any age is a good
indicator of the need for PEDV testing.

• Biosecurity, in particular for vehicles, is important to prevent introduction of the virus on farm.
• Maintain vigilance as the EU pig herd is likely to be susceptible to novel PEDV variants.
• Link PEDV genome sequence data to epidemiological and outbreak investigation information in

order to predict the contribution of insertion/deletion events to PEDV virulence and impact.
• Transparency and open communication concerning the occurrence of outbreaks of PED

between farms and between countries is key for prevention of the spread of the virus and for
effective response.

Updated epidemiological data on PED
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• Impact analysis requires a comparison with baseline values, where no disease is present and
therefore more specialised studies might need to be conducted in order to clarify the disease
impact in a farm.

References
ANPROGAPOR – Direcci�on General de Sanidad de la Producci�on Agraria, 2014. Impact of PEDV outbreaks on pork

production. Unpublished report.
Alvarez J, Sarradell J, Morrison R and Perez A, 2015. Impact of porcine epidemic diarrhea on performance of

growing pigs. PLoS ONE, 10, e0120532.
Boniotti BM, Papetti A, Lavazza A, Alborali G, Sozzi E, Chiapponi C, Faccini S, Bonilauri P, Cordioli P and Marthaler

D, 2016. Porcine epidemic diarrhea virus and discovery of a recombinant swine enteric coronaviruses, Italy.
Emerging Infectious Diseases, 22, http://dx.doi.org/10.3201/eid2201.150544.

Bowman AS, Krogwold RA, Price T, Davis M and Moeller SJ, 2015. Investigating the introduction of porcine
epidemic diarrhea virus into an Ohio swine operation. BMC Veterinary Research, 11, 38.

Cheney T, Powell L, Steinbach F and Williamson S, 2014. Study of Porcine Epidemic Diarrhoea Virus in UK Pigs at
Slaughter in 2013. Animal Health and Veterinary Laboratories Agency, http://development.bpex.org.uk/?R-and-D/
Pig-Health/pedv.aspx

Cheun-Arom T, Temeeyasen G, Srijangwad A, Tripipat T, Sangmalee S, Vui DT, Chuanasa T, Tantituvanont A and
Nilubol D, 2015. Complete genome sequences of two genetically distinct variants of porcine epidemic diarrhea
virus in the Eastern Region of Thailand. Genome Announcements, 3.

Chiou HY, Huang YL, Deng MC, Chang CY, Jeng CR, Tsai PS, Yang C, Pang VF and Chang HW, 2015. Phylogenetic
analysis of the spike (s) gene of the new variants of porcine epidemic diarrhoea virus in Taiwan. Transboundary
and Emerging Diseases. doi: 10.1111/tbed.12357

Collin EA, Anbalagan S, Okda F, Batman R, Nelson E and Hause BM, 2015. An inactivated vaccine made from a
U.S. field isolate of porcine epidemic disease virus is immunogenic in pigs as demonstrated by a dose-titration.
BMC Veterinary Research, 11, 62.

Dastjerdi A, Carr J, Ellis RJ, Steinbach F and Williamson S, 2015. Porcine epidemic diarrhea virus among farmed
pigs, Ukraine. Emerging Infectious Diseases, 21, 2235–2237.

EFSA AHAW Panel (EFSA Panel on Animal Health and Welfare), 2014. Scientific Opinion on porcine epidemic
diarrhoea and emerging pig deltacoronavirus. EFSA Journal 2014; 12(10):3877, 68 pp. doi:10.2903/
j.efsa.2014.3877

EUROSTAT, 2014. Pig farming in the European Union: considerable variations from one Member State to another.
Statistics in Focus, ISSN 2314-9647.

Grasland B, Bigault L, Bernard C, Quenault H, Toulouse O, Fablet C, Rose N, Touzain F and Blanchard Y, 2015.
Complete genome sequence of a porcine epidemic diarrhea S gene Indel strain isolated in France in December
2014. Genome Announcements, 3, e00535–15.

Hanke D, Jenckel M, Petrov A, Ritzmann M, Stadler J, Akimkin V, Blome S, Pohlmann A, Schirrmeier H, Beer M and
H€oper D, 2015. Comparison of porcine epidemic diarrhea viruses from Germany and the United States, 2014.
Emerging Infectious Diseases, 21, 493–496.

Kim S-H, Kim I-J, Pyo H-M, Tark D-S, Song J-Y and Hyun B-H, 2007. Multiplex real-time RT-PCR for the
simultaneous detection and quantification of transmissible gastroenteritis virus and porcine epidemic diarrhea
virus. Journal of Virological Methods, 146, 172–177.

Kim YK, Lim SI, Lim JA, Cho IS, Park EH, Le VP, Hien NB, Thach PN, Quynh do H, Vui TQ, Tien NT and An DJ, 2015a.
A novel strain of porcine epidemic diarrhea virus in Vietnamese pigs. Archives of Virology, 160, 1573–1577.

Kim SH, Lee JM, Jung J, Kim IJ, Hyun BH, Kim HI, Park CK, Oem JK, Kim YH, Lee MH and Lee KK, 2015b. Genetic
characterization of porcine epidemic diarrhea virus in Korea from 1998 to 2013. Archives of Virology, 160,
1055–1064.

Knuchel M, Ackermann M, M€uller HK and Kihm U, 1992. An ELISA for detection of antibodies against porcine
epidemic diarrhoea virus (PEDV) based on the specific solubility of the viral surface glycoprotein. Veterinary
Microbiology, 32, 117–134.

Lavazza A, Tittarelli C and Cerioli M, 2015. The use of convalescent sera in immune-electron microscopy to detect
non-suspected/new viral agents. Viruses, 7, 2683–2703.

Laranjo M, Allepuz A, Pleguezuelos P, L�opez S, Casal J, Segal�es J, Mart�ın M and Pujols J, 2015. Estudio
epidemiologico prospectivo en granjas con brotes recientes de diarrea epidemica porcina, 95 pp. Unpublished
report.

Lee S, Park GS, Shin JH and Lee C, 2014. Full-genome sequence analysis of a variant strain of porcine epidemic
diarrhea virus in South Korea. Genome Announcements, 2.

Makita K, Toyomaki H, Sekiguchi S, Sasaki Y and Sueyoshi M, 2015. Spatio-temporal analysis of spread of porcine
epidemic diarrhea (PED) in Kagoshima and Miyazaki Prefecture. Japan Journal of Veterinary Epidemiology, 19,
24–25.

Updated epidemiological data on PED

www.efsa.europa.eu/efsajournal 21 EFSA Journal 2016;14(2):4375

http://dx.doi.org/10.3201/eid2201.150544
http://devel�op�ment.bpex.org.uk/?R-and-D/Pig-Health/pedv.aspx
http://devel�op�ment.bpex.org.uk/?R-and-D/Pig-Health/pedv.aspx
http://dx.doi.org/10.1111/tbed.12357
http://dx.doi.org/10.2903/j.efsa.2014.3877
http://dx.doi.org/10.2903/j.efsa.2014.3877


McCarty M, Petznick T, Kuster C, Bower L, Zhang J, Yoon K-J and Madson D, 2015. Case report describing the clinical
course of porcine epidemic diarrhea in a commercial boar stud and return of the stud to service after whole-herd
inoculation with porcine epidemic diarrhea virus. Journal of Swine Health and Production, 23, 264–271.

Marthaler D, Bruner L, Collins J and Rossow K, 2014. Third strain of porcine epidemic diarrhea virus, United
States. Emerging Infectious Diseases, 20, 2162–2163.

Masuda T, Murakami S, Takahashi O, Miyazaki A, Ohashi S, Yamasato H and Suzuki T, 2015. New porcine epidemic
diarrhoea virus variant with a large deletion in the spike gene identified in domestic pigs. Archives of Virology,
160, 2565–2568.

Mesquita JR, Hakze-van der Honing R, Almeida A, Lourenço M, van der Poel WHM and Nascimento MSJ, 2015.
Outbreak of porcine epidemic diarrhea virus in Portugal, 2015. Transboundary and Emerging Diseases, 62,
586–588, doi:10.1111/tbed.12409

Misener M, 2015. Technologies to meet market demands. Proceedings of the London Swine Conference
Production, 5–10.

Murakami S, Miyazaki A, Takahashi O, Hashizume W, Hase Y, Ohashi S and Suzuki T, 2015. Complete genome
sequence of the porcine epidemic diarrhea virus variant Tottori2/JPN/2014. Genome Announcements, 3.

van Nieuwstadt AP and Zetstra T, 1991. Use of two enzyme-linked immunosorbent assays to monitor antibody
responses in swine with experimentally induced infection with porcine epidemic diarrhea virus. American
Journal of Veterinary Research, 52, 1044–1050.

Ojkic D, Hazlett M, Fairles J, Marom A, Slavic D, Maxie G, Alexandersen S, Pasick J, Alsop J and Burlatschenko S,
2015. The first case of porcine epidemic diarrhea in Canada. Canadian Veterinary Journal, 56, 149–152.

Oka T, Saif LJ, Marthaler D, Esseili MA, Meulia T, Lin CM, Vlasova AN, Jung K, Zhang Y and Wang Q, 2014. Cell
culture isolation and sequence analysis of genetically diverse US porcine epidemic diarrhea virus strains
including a novel strain with a large deletion in the spike gene. Veterinary Microbiology, 173, 258–269.

Park S, Kim S, Song D and Park B, 2014. Novel porcine epidemic diarrhea virus variant with large genomic
deletion, South Korea. Emerging Infectious Diseases, 20, 2089–2092.

Pensaert M and de Bouck P, 1978. A new coronavirus-like particle associated with diarrhea in swine. Archives of
Virology, 58, 243–247.

Pi~neros R and Mogoll�on Galvis JD, 2015. Coronavirus in pigs: significance and presentation of swine epidemic
diarrhea virus (PEDV) in Colombia. Revista de Medicina Veterinaria, 29, 73–89.

Song D, Chen Y, Peng Q, Huang D, Zhang T, Huang T, Zhang F, Zhou X and Tang Y, 2014. Full-length genome
sequence of a variant porcine epidemic diarrhea virus strain, CH/GDZQ/2014, responsible for a severe outbreak
of diarrhea in piglets in Guangdong, China, 2014. Genome Announcements, 2.

Song D, Zhou X, Peng Q, Chen Y, Zhang F, Huang T, Zhang T, Li A, Huang D, Wu Q, He H and Tang Y, 2015a.
Newly emerged porcine deltacoronavirus associated with diarrhoea in Swine in China: identification, prevalence
and full-length genome sequence analysis. Transboundary and Emerging Diseases, 62, 575–580. doi:10.1111/
tbed.12399

Song D, Huang D, Peng Q, Huang T, Chen Y, Zhang T, Nie X, He H, Wang P, Liu Q and Tang Y, 2015b. Molecular
characterization and phylogenetic analysis of porcine epidemic diarrhea viruses associated with outbreaks of
severe diarrhea in piglets in Jiangxi, China 2013. PLoS ONE, 10, e0120310.

Sozzi E, Alborali L, Luppi A, Lelli D, Moreno A, Cordioli P and Brocchi E, 2007. ELISA con anticorpi monoclonali per
la diagnostica sierologica della diarrea epidemica suina (PED). Atti Convegno SIPAS, 33, 415–420.

Sozzi E, Luppi A, Lelli D, Moreno Martin A, Canelli E, Brocchi E, Lavazza A and Cordioli P, 2010. Comparison of
enzyme-linked immunosorbent assay and RT-PCR for the detection of porcine epidemic diarrhoea virus.
Research in Veterinary Science, 88, 166–168.

Stadler J, Zoels S, Fux R, Hanke D, Pohlmann A, Blome S, Weissenb€ock H, Weissenbacher-Lang C, Ritzmann M
and Ladining A, 2015. Emergence of porcine epidemic diarrhea virus in southern Germany. BMC Veterinary
Research, 11, 142.

Steinrigl A, Revilla Fern�andez S, Stoiber F, Pikalo J, Sattler T and Schmoll F, 2015. First detection, clinical
presentation and phylogenetic characterization of Porcine epidemic diarrhea virus in Austria. BMC Veterinary
Research, 11:310. doi:10.1186/s12917-015-0624-1

Sun M, Ma J, Wang Y, Wang M, Song W, Zhang W, Lu C and Yao H, 2015. Genomic and epidemiological
characteristics provide new insights into the phylogeographical and spatiotemporal spread of porcine epidemic
diarrhea virus in Asia. Journal of Clinical Microbiology, 53, 1484–1492.

Sung MH, Deng MC, Chung YH, Huang YL, Chang CY, Lan YC, Chou HL and Chao DY, 2015. Evolutionary
characterization of the emerging porcine epidemic diarrhea virus worldwide and 2014 epidemic in Taiwan.
Infection, Genetics and Evolution, 36, 108–115.

Suzuki T, Murakami S, Takahashi O, Kodera A, Masuda T, Itoh S, Miyazaki A, Ohashi S and Tsutsui T, 2015.
Molecular characterization of pig epidemic diarrhoea viruses isolated in Japan from 2013 to 2014. Infection,
Genetics and Evolution.

Theuns S, Conceic~ao-Neto N, Christiaens I, Zeller M, Desmarets LMB, Roukaerts IDM, Acar DD, Heylen E,
Matthijnssens J and Nauwynck HJ, 2015. Complete genome sequence of a porcine epidemic diarrhea virus
from a novel outbreak in Belgium, January 2015. Genome Announcements, 3, e00506–15. doi:10.1128/
genomeA.00506-15.

Updated epidemiological data on PED

www.efsa.europa.eu/efsajournal 22 EFSA Journal 2016;14(2):4375

http://dx.doi.org/10.1111/tbed.12409
http://dx.doi.org/10.1111/tbed.12399
http://dx.doi.org/10.1111/tbed.12399
http://dx.doi.org/10.1186/s12917-015-0624-1
http://dx.doi.org/10.1128/genomeA.00506-15
http://dx.doi.org/10.1128/genomeA.00506-15


Tian PF, Jin YL, Xing G, Qv LL, Huang YW and Zhou JY, 2014. Evidence of recombinant strains of porcine epidemic
diarrhea virus, United States, 2013. Emerging Infectious Diseases, 20, 1735–1738.

Toplak I, Stukelj M, Rihtaric D, Hostnik P and Grom J, 2015. First detection of porcine diarrhea virus in Slovenia, 2015.
USDA, Animal and Plant Health Inspection Service, 2015. Swine Enteric Coronavirus Disease (SECD) Situation

Report – Nov 26, 2015.
Vlasova AN, Marthaler D, Wang Q, Culhane MR, Rossow KD, Rovira A, Collins J and Jung K, 2014. Distinct

characteristics and complex evolution of PEDV strains, North America, May 2013–February 2014. Emerging
Infectious Diseases, 20, 1620–1628.

Vui DT, Thanh TL, Tung N, Srijangwad A, Tripipat T, Chuanasa T and Nilubol D, 2015. Complete genome
characterization of porcine epidemic diarrhea virus in Vietnam. Archives of Virology, 160, 1931–1938.

Wang L, Byrum B and Zhang Y, 2014. New variant of porcine epidemic diarrhoea virus, United States. Emerging
Infectious Diseases, 20, 917–919.

Wang Y, Gao X, Yao Y, Zhang Y, Lv C, Sun Z, Wang Y, Jia X, Zhuang J, Xiao Y, Li X and Tian K, 2015. The
dynamics of Chinese variant porcine epidemic diarrhea virus production in Vero cells and intestines of 2-day old
piglets. Virus Research, 208, 82–88.

Yamakawa DVMM, 2014. 2014 Porcine Epidemic Diarrhea (PED) Joint FAO/OIE Workshop on Swine Disease
Control in Asia.

Yang DQ, Ge FF, Ju HB, Wang J, Liu J, Ning K, Liu PH, Zhou JP and Sun QY, 2014. Whole-genome analysis of
porcine epidemic diarrhea virus (PEDV) from eastern China. Archives of Virology, 159, 2777–2785.

Zhang X, Pan Y, Wang D, Tian X, Song Y and Cao Y, 2015. Identification and pathogenicity of a variant porcine
epidemic diarrhea virus field strain with reduced virulence. Virology Journal, 12, 88.

Abbreviations

CVO Chief Veterinary Officer
DCF Data Collection Framework
EEA European Economic Area
ELISA enzyme-linked immunosorbent assay
INDEL insertion/deletion
IPMA immunoperoxidase monolayer assay
MS Member States
PED porcine epidemic diarrhoea
PEDV porcine epidemic diarrhoea virus
RT-PCR reverse transcription polymerase chain reaction
ToR Term of Reference

Updated epidemiological data on PED

www.efsa.europa.eu/efsajournal 23 EFSA Journal 2016;14(2):4375



A
p
p
en

d
ix

A
–
T
ab

le
s
su

m
m
ar

is
in
g
in
fo
rm

at
io
n
fr
o
m

th
e
ex

te
n
si
ve

lit
er

at
u
re

re
vi
ew

T
ab

le
A
.1
:

In
fo
rm

at
io
n
on

PE
D
V
oc
cu

rr
en

ce
in

th
e
pe

rio
d
20

14
–2

01
5
ob

ta
in
ed

by
an

ex
te
ns
iv
e
se
ar
ch

of
th
e
sc
ie
nt
ifi
c
lit
er
at
ur
e
an

d
re
le
va

nt
w
eb

si
te
s

C
o
u
n
tr
y

R
eg

io
n

T
im

e
p
er

io
d
o
f

o
u
tb

re
ak

s
N
u
m
b
er

o
f
re

p
o
rt
ed

ca
se

s
D
ia
g
n
o
st
ic

m
et
h
o
d
s

N
u
m
b
er

o
f
p
o
si
ti
ve

/
te
st
ed

sa
m
p
le
s

R
ef
er

en
ce

R
ef
ID

(a
)

Eu
ro
pe

Be
lg
iu
m

Ja
nu

ar
y
20

15
Fa

rm
:
1

RT
-q
PC

R
Th

eu
ns

et
al
.
(2
01

5)
27

6
Fr
an

ce
N
or
th
er
n
Fr
an

ce
D
ec
em

be
r
20

14
H
er
d:

1
Se

qu
en

ci
ng

G
ra
sl
an

d
et

al
.
(2
01

5)
23

00

G
er
m
an

y
Fe

de
ra
lS

ta
te

of
Ba

de
n-
W
ue

rt
te
m
be

rg
M
ay

20
14

RT
-P
CR

H
an

ke
et

al
.
(2
01

5)
79

Po
rt
ug

al
So

ut
he

rn
an

d
Ce

nt
ra
l

re
gi
on

s
Ja
nu

ar
y,

20
15

–
Ap

ril
,
20

15
Fa

rm
s:

44
RT

-P
CR

55
/8
4

M
es
qu

ita
et

al
.
(2
01

5)
17

5

Sp
ai
n

8
Au

gu
st

20
14

–
29

M
ay

20
15

Fa
rm

s:
10

RT
-q
PC

R
27

8/
96

2
La

ra
nj
o
et

al
.
(2
01

5)
24

25

Sl
ov

en
ia

D
ec
em

be
r
20

14
–

Fe
br
ua

ry
20

15
Fa

rm
s:

2
RT

-P
CR

To
pl
ak

et
al
.
(2
01

5)
26

21

U
kr
ai
ne

Po
lta

va
Su

m
m
er

20
14

Fa
rm

:
1

RT
-P
CR

D
as
tj
er
di

et
al
.
(2
01

5)
26

20
As

ia

Ja
pa

n
H
ok

ka
id
o
(1
)

To
ho

ku
(2
)

Ka
nt
o
(3
)

Ch
ub

u
(4
)

Ki
nk

i(
5)

Ch
ug

ok
u/
Sh

ik
ok

u
(6
)

Ky
us
yu

/O
ki
na

w
a
(7
)

1
O
ct
ob

er
20

13
–

31
Au

gu
st

20
14

(1
)
Fa

rm
s:
23

/P
ig
s:
14

27
(2
)
Fa

rm
s:
81

/P
ig
s:
56

39
7

(3
)
Fa

rm
s:
22

5/
Pi
gs
:1
27

93
4

(4
)
Fa

rm
s:

14
0/
Pi
gs
:
45

57
8

(5
)
Fa

rm
s:

0/
Pi
gs
:0

(6
)
Fa

rm
s:
19

/P
ig
s:

58
63

(7
)
Fa

rm
s:
32

9/
Pi
gs
:

37
29

42
To

ta
lF

ar
m
s:

81
7/
55

70
To

ta
lP

ig
s:

ap
pr
ox

im
at
el
y

1,
22

7,
00

0/
9,
68

5,
00

0

RT
-P
CR

Ya
m
ak

aw
a
(2
01

4)
25

36

Ja
pa

n
Ka

go
sh
im

a
an

d
M
iy
az
ak

3
D
ec
em

be
r
20

13
–
24

Ju
ly

20
14

3
Cl
us
te
rs

de
te
rm

in
ed

by
Be

rn
ou

lli
m
od

el
:

Ka
no

ya
cl
us
te
r,

re
pr
od

uc
tio

n
fa
rm

s:
24

/3
5

M
iy
ak

on
oj
o
cl
us
te
r,

in
te
gr
at
ed

fa
rm

s:
32

/8
1

M
iy
az
ak

in
or
th

cl
us
te
r,

in
te
gr
at
ed

fa
rm

s:
10

/4
5

M
ak

ita
et

al
.
(2
01

5)
13

53

U
p
d
at
ed

ep
id
em

io
lo
gi
ca
l
d
at
a
o
n
P
ED

w
w
w
.e
fs
a.
eu

ro
p
a.
eu

/e
fs
aj
o
u
rn
al

24
EF
SA

Jo
u
rn
al

20
16
;1
4(
2)
:4
37
5



C
o
u
n
tr
y

R
eg

io
n

T
im

e
p
er

io
d
o
f

o
u
tb

re
ak

s
N
u
m
b
er

o
f
re

p
o
rt
ed

ca
se

s
D
ia
g
n
o
st
ic

m
et
h
o
d
s

N
u
m
b
er

o
f
p
o
si
ti
ve

/
te
st
ed

sa
m
p
le
s

R
ef
er

en
ce

R
ef
ID

(a
)

Th
ai
la
nd

Ea
st
er
n
Th

ai
la
nd

20
13

–2
01

4
Tw

o
PE

D
V
va

ria
nt
s
fr
om

3-
da

y-
ol
d
pi
gs

w
ith

PE
D

Vi
ru
s
is
ol
at
io
n

Ch
eu

n-
Ar
om

et
al
.

(2
01

5)
36

Ta
iw
an

Ce
nt
ra
la

nd
So

ut
he

rn
Ta

iw
an

Ea
rly

20
14

RT
-P
CR

Pi
gl
et
s:

ni
ne

1-
to

7-
da

y-
ol
d
de

ad
pi
gl
et
s

fr
om

3
fa
rm

s

Ch
io
u
et

al
.
(2
01

5)
38

Ch
in
a

Ji
an

gx
i

20
14

–
M
ar
ch

20
15

RT
-P
CR

In
20

14
,
12

9/
19

4
In

20
15

,
28

/5
6

So
ng

et
al
.
(2
01

5a
)

24
8

So
ut
h
Ko

re
a

Ky
un

gp
oo

k
Pr
ov

in
ce

M
ar
ch

20
14

Fa
rm

:
1

RT
-P
CR

-P
ED

V/
TE

G
V

Le
e
et

al
.
(2
01

4)
22

68

Vi
et
na

m
6
pr
ov

in
ce
s
in

th
e

no
rt
h
an

d
1
in

th
e

ce
nt
ra
lr
eg

io
n
of

Vi
et
na

m

N
ov

em
be

r
20

13
–

Ap
ril

20
14

RT
-P
CR

30
/1
60

Ki
m

et
al
.
(2
01

5a
)

11
1

Th
e
Am

er
ic
as

U
ni
te
d
St
at
es

of
Am

er
ic
a

5
Ju
ne

20
14

–
21

N
ov

em
be

r
20

15
PC

R
18

27
Co

nfi
rm

ed
Po

si
tiv

e
Pr
em

is
es

(b
)
(c
um

ul
at
iv
e

si
nc

e
Ju
ne

5,
20

14
),

52
4
Pr
es
um

pt
iv
e

Po
si
tiv

e(
c)

Pr
em

is
es

(c
um

ul
at
iv
e

si
nc

e
Ju
ne

5,
20

14
).

Fr
om

5
Ju
ne

20
14

to
N
ov
,
20

15
:

73
15

5
Bi
ol
og

ic
al

ac
ce
ss
io
ns

te
st
ed

,
12

98
4
PE

D
V
Po

si
tiv

e,
17

.7
%

Po
si
tiv

e

U
SD

A,
An

im
al

an
d

Pl
an

t
H
ea

lth
In
sp
ec
tio

n
Se

rv
ic
e
(2
01

5)

30
00

U
ni
te
d
St
at
es

of
Am

er
ic
a

O
hi
o,

M
ic
hi
ga

n,
Ill
io
no

is
an

d
Io
w
a

M
ay

20
13

–
Fe

br
ua

ry
20

14
RT

-q
-P
CR

,
IF
A,

EM
,

Se
qu

en
ce

an
al
ys
is

9/
88

O
ka

et
al
.
(2
01

4)
22

73

U
p
d
at
ed

ep
id
em

io
lo
gi
ca
l
d
at
a
o
n
P
ED

w
w
w
.e
fs
a.
eu

ro
p
a.
eu

/e
fs
aj
o
u
rn
al

25
EF
SA

Jo
u
rn
al

20
16
;1
4(
2)
:4
37
5



C
o
u
n
tr
y

R
eg

io
n

T
im

e
p
er

io
d
o
f

o
u
tb

re
ak

s
N
u
m
b
er

o
f
re

p
o
rt
ed

ca
se

s
D
ia
g
n
o
st
ic

m
et
h
o
d
s

N
u
m
b
er

o
f
p
o
si
ti
ve

/
te
st
ed

sa
m
p
le
s

R
ef
er

en
ce

R
ef
ID

(a
)

U
ni
te
d
St
at
es

of
Am

er
ic
a

O
hi
o

Ja
nu

ar
y
20

14
Co

nfi
rm

ed
di
se
as
e
w
as

pr
es
en

t
on

m
ul
tip

le
si
te
s

w
ith

in
an

d
ac
ro
ss

br
ee

di
ng

an
d
po

st
w
ea

ni
ng

pr
od

uc
tio

n
flo

w
s

RT
-P
CR

Bo
w
m
an

et
al
.
(2
01

5)
22

U
ni
te
d
St
at
es

of
Am

er
ic
a

N
or
th
ea

st
N
eb

ra
sk
a

Ja
nu

ar
y
20

14
Bo

ar
s
in

on
e
bo

ar
d
st
ud

PC
R

M
cC

ar
ty

et
al
.
(2
01

5)
10

49

Ca
na

da
Q
ue

be
c:

(1
)
R
� eg

io
n
de

G
ra
nb

y,
M
on

t� e
r� e
gi
e,

(2
)
St
-D

en
is
-s
ur
-

R
ic
he

lie
u,

M
on

t� e
r� e
gi
e,

(3
)
St
-A
im

� e,
M
on

t� e
r� e
gi
e,

(4
)
St
-L
ib
oi
re
,

M
on

t� e
r� e
gi
e,

(5
)
St
-H

ug
ue

s,
M
on

t� e
r� e
gi
e,

(6
)
M
on

t� e
r� e
gi
e
O
ue

st
(7
)
M
on

t� e
r� e
gi
e

22
Fe

br
ua

ry
20

14
–
5
Fe

br
ua

ry
20

15
(1
)
2
si
te
s

(2
)
4
si
te
s

(3
)
2
si
te
s

(4
)
1
si
te
s

(5
)
1
si
te
s

(6
)
1
si
te
s

(7
)
1
si
te
s

M
is
en

er
(2
01

5)
25

70

O
nt
ar
io

22
Ja
nu

ar
y
20

14
–

20
Fe

br
ua

ry
20

15
76

ca
se
s

PE
I
(P
rin

ce
Ed

w
ar
d

Is
la
nd

)
Fe

br
ua

ry
20

14
Fa

rm
:
1

M
an

ito
ba

Fa
rm

s:
5

As
se
m
bl
y
ya
rd
s:
3

Co
lo
m
bi
a

H
ui
la

7
M
ar
ch

20
14

–
9

Ju
ne

20
14

75
0
ca
se
s
in

12
ou

tb
re
ak

s
R
R
T-
PC

R
Pi
~ ne

ro
s
an

d
M
og

ol
l� o
n

G
al
vi
s
(2
01

5)
13

95

U
p
d
at
ed

ep
id
em

io
lo
gi
ca
l
d
at
a
o
n
P
ED

w
w
w
.e
fs
a.
eu

ro
p
a.
eu

/e
fs
aj
o
u
rn
al

26
EF
SA

Jo
u
rn
al

20
16
;1
4(
2)
:4
37
5



C
o
u
n
tr
y

R
eg

io
n

T
im

e
p
er

io
d
o
f

o
u
tb

re
ak

s
N
u
m
b
er

o
f
re

p
o
rt
ed

ca
se

s
D
ia
g
n
o
st
ic

m
et
h
o
d
s

N
u
m
b
er

o
f
p
o
si
ti
ve

/
te
st
ed

sa
m
p
le
s

R
ef
er

en
ce

R
ef
ID

(a
)

Co
lo
m
bi
a

Cu
nd

in
am

ar
ca

8
M
ar
ch

20
14

–
9

Ju
ne

20
14

24
75

ca
se
s
in

30
ou

tb
re
ak

s
R
RT

-P
CR

Pi
~ ne

ro
s
an

d
M
og

ol
l� o
n

G
al
vi
s
(2
01

5)
13

95

To
lim

a
4
Ap

ril
20

14
–
9

Ju
ne

20
14

3
ca
se
s
in

1
ou

tb
re
ak

Bo
ya

c� a
24

Ap
ril

20
14

–
9

Ju
ne

20
14

27
ca
se
s
in

1
ou

tb
re
ak

Sa
nt
an

de
r

12
M
ay

20
14

–
9

Ju
ne

20
14

72
ca
se
s
in

1
ou

tb
re
ak

(a
):

R
ef
ID

is
an

in
te
rn
al

re
fe
re
nc

e
id
en

tifi
ca
tio

n
nu

m
be

r
w
hi
ch

is
us
ed

fo
r
ea

sy
id
en

tifi
ca
tio

n
of

th
e
re
fe
re
nc

es
in
cl
ud

ed
in

ea
ch

of
th
e
ta
bl
es

(b
):

Pu
bl
is
he

d
in

N
ov

em
be

r
20

15
(c
):

A
co
nfi

rm
ed

po
si
tiv

e
pr
em

is
es

is
a
pr
em

is
es

w
he

re
pi
gs

te
st
ed

po
si
tiv

e
an

d
ha

ve
cl
in
ic
al

si
gn

s.
A
pr
es
um

pt
iv
e
po

si
tiv

e
pr
em

is
es

is
a
pr
em

is
es

w
he

re
pi
gs

te
st
ed

po
si
tiv

e
bu

t
ha

ve
no

n-
sp
ec
ifi
c,

un
kn

ow
n,

or
no

cl
in
ic
al

si
gn

s
co
ns
is
te
nt

w
ith

SE
CD

.
Pl
ea

se
se
e
th
e
of
fic
ia
lS

EC
D

Ca
se

D
efi

ni
tio

n
fo
r
m
or
e
in
fo
rm

at
io
n
(w

w
w
.a
ph

is
.u
sd
a.
go

v/
an

im
al
-h
ea

lth
/s
ec
d)

w
w
w
.e
fs
a.
eu

ro
p
a.
eu

/e
fs
aj
o
u
rn
al

27
EF
SA

Jo
u
rn
al

20
16
;1
4(
2)
:4
37
5

U
p
d
at
ed

ep
id
em

io
lo
gi
ca
l
d
at
a
o
n
P
ED

www.aphis.usda.gov/animal-health/secd


T
ab

le
A
.2
:

In
fo
rm

at
io
n

on
se
qu

en
ce

di
ff
er
en

ce
s
be

tw
ee

n
po

rc
in
e
ep

id
em

ic
di
ar
rh
oe

a
vi
ru
s
(P
ED

V)
st
ra
in
s
re
po

rt
ed

in
20

14
-2
01

5
an

d
ob

ta
in
ed

by
an

ex
te
ns
iv
e
se
ar
ch

of
th
e
sc
ie
nt
ifi
c
lit
er
at
ur
e

C
o
u
n
tr
y
(r
eg

io
n
)

D
at
e
o
f

is
o
la
ti
o
n

S
am

p
le

d
es

cr
ip
ti
o
n
an

d
se

q
u
en

ce
in
fo
rm

at
io
n

S
tr
ai
n
se

q
u
en

ce
d

R
ef
er

en
ce

R
ef
ID

(a
)

Eu
ro
pe

Be
lg
iu
m

Ja
nu

ar
y
20

15
An

ou
tb
re
ak

of
di
ar
rh
oe

a
oc
cu

rr
ed

in
a
fa
tt
en

in
g
pi
gs
fa
rm

Fu
ll-
le
ng

th
ge

no
m
e
an

al
ys
is
–
BE

L/
15

V0
10

/2
01

5
w
as

m
os
t
cl
os
el
y
re
la
te
d
to

st
ra
in

G
ER

/L
00

72
1/
20

14
(9
9.
9%

nu
cl
eo

tid
e
si
m
ila
rit
y)
,
an

d
th
e
pr
ot
ot
yp

e
U
S

IN
D
EL

st
ra
in

O
H
85

1
(9
9.
4%

).
In

co
nt
ra
st
,
BE

L/
15

V0
10

/2
01

5
w
as

le
ss

cl
os
el
y

re
la
te
d
to

st
ra
in

CV
77

7
(9
7.
0%

)

BE
L/
15

V0
10

/2
01

5
(G

en
Ba

nk
ac
ce
ss
io
n

nu
m
be

r:
KR

00
34

52
)

Th
eu

ns
et

al
.

(2
01

5)
27

6

Fr
an

ce
(N

or
th
er
n
Fr
an

ce
)

D
ec
em

be
r

20
14

Fu
ll-
le
ng

th
ge

no
m
e
an

al
ys
is
–
Th

e
st
ra
in

w
as

fo
un

d
to

be
ge

ne
tic

al
ly

re
la
te
d

to
th
e
re
ce
nt

G
er
m
an

st
ra
in

G
ER

/L
00

71
9/
20

14
(9
9.
9%

id
en

tit
y)

an
d
w
ith

U
SA

/I
nd

ia
na

12
.8
3/
20

13
(9
9.
8%

id
en

tit
y)
,
a
U
S
st
ra
in

de
te
ct
ed

in
Ju
ne

20
13

.
Th

e
U
SA

/O
H
85

1/
20

14
st
ra
in

sh
ar
ed

99
.4
%

id
en

tit
y
w
ith

th
e
G
er
m
an

an
d

Fr
en

ch
is
ol
at
es
.
Th

e
Fr
en

ch
an

d
G
er
m
an

PE
D
V
is
ol
at
es

ar
e
m
or
e
re
la
te
d
to

th
e
U
SA

/I
nd

ia
na

12
.8
3/
20

13
st
ra
in

th
an

to
th
e
U
SA

/O
H
85

1/
20

14
is
ol
at
e

PE
D
V
FR

/0
01

/2
01

4
to

FR
/0
03

/2
01

4
(G

en
Ba

nk
ac
ce
ss
io
n

nu
m
be

r:
KR

01
17

56
)

G
ra
sl
an

d
et

al
.

(2
01

5)
23

00

G
er
m
an

y
(F
ed

er
al

St
at
e

of
Ba

de
n-

W
ue

rt
te
m
be

rg
)

M
ay

20
14

Fu
ll-
le
ng

th
ge

no
m
e
an

al
ys
is
–
Th

e
st
ra
in
s
sh
ar
e
a
ve

ry
hi
gh

id
en

tit
y
(9
9.
5%

)
w
ith

th
e
ne

w
va

ria
nt

O
H
85

1
re
ce
nt
ly

re
po

rt
ed

fr
om

th
e
U
ni
te
d
St
at
es
.

H
ow

ev
er
,
di
ff
er
en

ce
s
ex

is
t
th
at

di
st
in
gu

is
h
th
e
st
ra
in
s
fr
om

G
er
m
an

y
fr
om

th
e

hi
gh

ly
vi
ru
le
nt

PE
D
V
st
ra
in
s
th
at

ca
us
ed

th
e
m
aj
or

lo
ss
es

in
th
e
U
ni
te
d
St
at
es

G
ER

/L
00

71
9/
20

14
an

d
G
ER

/L
00

72
1/
20

14
(G

en
Ba

nk
ac
ce
ss
io
n

nu
m
be

r:
LM

64
50

57
-8
)

H
an

ke
et

al
.

(2
01

5)
79

G
er
m
an

y
(S
ou

th
-

W
es
te
rn

G
er
m
an

y)
M
ay

an
d

N
ov

em
be

r
20

14

Fu
ll-
le
ng

th
ge

no
m
e
an

al
ys
is
–
Co

m
pa

ra
tiv

e
an

al
ys
es

of
th
e
fu
ll-
le
ng

th
ge

no
m
es

re
ve

al
ed

up
to

98
.7
%

id
en

tit
y
w
ith

cu
rr
en

tly
ci
rc
ul
at
in
g
hi
gh

ly
vi
ru
le
nt

U
S
st
ra
in
s
an

d
st
ra
in
s
fr
om

Ch
in
a.

St
ra
in
s
w
er
e
m
os
t
cl
os
el
y
re
la
te
d

to
S
IN

D
EL

PE
D
V
st
ra
in
s
de

sc
rib

ed
in

th
e
U
S
(9
9.
4%

id
en

tit
y
w
ith

O
H
85

1)
.

M
uc

h
lo
w
er

ov
er
al
ls
im

ila
rit
y
w
as

fo
un

d
be

tw
ee

n
th
e
cu

rr
en

t
G
er
m
an

S
IN

D
EL

st
ra
in
s
an

d
th
e
Eu

ro
pe

an
is
ol
at
e
CV

77
7
fr
om

th
e
la
te

19
70

s

G
ER

/L
00

71
9/
20

14
,

(G
en

Ba
nk

ac
ce
ss
io
n

nu
m
be

r:
LM

64
50

58
)

L0
07

21
/G

ER
/2
01

4,
(G

en
Ba

nk
ac
ce
ss
io
n

nu
m
be

r:
LM

64
50

57
)

K1
4/
14

(G
en

Ba
nk

ac
ce
ss
io
n
nu

m
be

r
L0

08
55

)
K1

6/
14

(G
en

Ba
nk

ac
ce
ss
io
n
nu

m
be

rs
:

L0
09

06
,
L0

09
07

,
L0

09
08

)

St
ad

le
r
et

al
.

(2
01

5)
25

6

U
p
d
at
ed

ep
id
em

io
lo
gi
ca
l
d
at
a
o
n
P
ED

w
w
w
.e
fs
a.
eu

ro
p
a.
eu

/e
fs
aj
o
u
rn
al

28
EF
SA

Jo
u
rn
al

20
16
;1
4(
2)
:4
37
5

http://www.ncbi.nlm.nih.gov/nuccore/KR003452
http://www.ncbi.nlm.nih.gov/nuccore/KR011756
http://www.ncbi.nlm.nih.gov/nuccore/LM645057
http://www.ncbi.nlm.nih.gov/nuccore/LM645058
http://www.ncbi.nlm.nih.gov/nuccore/LM645058
http://www.ncbi.nlm.nih.gov/nuccore/LM645057
http://www.ncbi.nlm.nih.gov/nuccore/L00855
http://www.ncbi.nlm.nih.gov/nuccore/L00906
http://www.ncbi.nlm.nih.gov/nuccore/L00907
http://www.ncbi.nlm.nih.gov/nuccore/L00908


C
o
u
n
tr
y
(r
eg

io
n
)

D
at
e
o
f

is
o
la
ti
o
n

S
am

p
le

d
es

cr
ip
ti
o
n
an

d
se

q
u
en

ce
in
fo
rm

at
io
n

S
tr
ai
n
se

q
u
en

ce
d

R
ef
er

en
ce

R
ef
ID

(a
)

It
al
y
(N

or
th
er
n
It
al
y)

Ju
ly

20
14

Co
m
pa

ra
tiv

e
an

al
ys
is
of

pa
rt
ia
ls
eq

ue
nc

es
of

th
e
R
dR

p
an

d
M

ge
ne

s
an

d
th
e

to
ta
ls
pi
ke

(S
1)

ge
ne

sh
ow

ed
a
hi
gh

nt
id
en

tit
y
w
ith

th
e
S-
IN

D
EL

st
ra
in

O
H
85

1
fr
om

U
S
(9
8.
7%

,
99

.8
%
,
99

.3
–9

9.
5%

,
re
sp
ec
tiv

el
y)

an
d
w
ith

th
e

st
ra
in
s
de

te
ct
ed

in
G
er
m
an

y
(1
00

%
,
10

0%
,
99

.7
%
)

PE
D
V/
It
al
y/
17

85
09

/
20

14
;

PE
D
V/
It
al
y/
20

08
85

/
20

14
G
en

Ba
nk

ac
ce
ss
io
n

nu
m
be

rs
:
KT

02
73

97
-8
;

KT
02

74
13

-4
;

KT
02

74
29

-3
0

Bo
ni
ot
ti
et

al
.

(2
01

6)
(b
)

26
22

Po
rt
ug

al
(S
ou

th
er
n
an

d
Ce

nt
ra
lr
eg

io
ns
)

Ja
nu

ar
y
20

15
Co

m
pa

ra
tiv

e
an

al
ys
es

of
a
44

0
bp

re
gi
on

of
th
e
sp
ik
e
pr
ot
ei
n
ge

ne
of

PE
D
V

re
ve

al
ed

a
ve

ry
hi
gh

(9
9.
0%

)
id
en

tit
y
w
ith

th
e
ne

w
PE

D
V
va
ria

nt
O
H
85

1
of

th
e
U
S.

In
te
re
st
in
gl
y,

th
ea

m
pl
ifi
ed

se
qu

en
ce
s
sh
ow

ed
to

be
id
en

tic
al

(1
00

%
)

to
th
e
st
ra
in
s
re
ce
nt
ly

re
po

rt
ed

in
G
er
m
an

y
PE

D
V/
G
ER

/L
00

71
9/
20

14
an

d
PE

D
V/
G
ER

/L
00

72
1/
20

14

PE
D
V
Po

rt
ug

al
20

15
M
es
qu

ita
et

al
.

(2
01

5)
17

5

U
kr
ai
ne

(P
ol
ta
va

)
Su

m
m
er

20
14

Fu
ll-
le
ng

th
ge

no
m
e
an

al
ys
is
of

th
e
is
ol
at
e
sh
ow

ed
th
e
hi
gh

es
t
si
m
ila
rit
y
to

U
SA

/K
an

sa
s2
9/
20

13
an

d
U
SA

/C
ol
or
ad

o3
0/
20

13
(9
9.
8%

nu
cl
eo

tid
e
id
en

tit
y)
.

Th
e
nu

cl
eo

tid
e
id
en

tit
y
w
as

su
bs
ta
nt
ia
lly

lo
w
er

(9
8.
5%

)
w
he

n
co
m
pa

re
d
to

st
ra
in
s
is
ol
at
ed

in
G
er
m
an

y
in

20
14

an
d
CV

77
7
st
ra
in

(o
nl
y
96

.5
%

ho
m
ol
og

y)
.

U
kr
ai
ne

/P
ol
ta
va

01
/

20
14

(G
en

Ba
nk

ac
ce
ss
io
n
nu

m
be

r:
KP

40
39

54
)

D
as
tj
er
di

et
al
.

(2
01

5)
26

20
(c
)

Th
e
Am

er
ic
as

U
ni
te
d
St
at
es

of
Am

er
ic
a
(O

hi
o,

M
ic
hi
ga

n,
Ill
in
oi
s
an

d
Io
w
a)

Fr
om

M
ay

20
13

to
Fe

br
ua

ry
20

14

Ph
yl
og

en
et
ic

an
al
ys
is
on

bo
th
,
th
e
ne

ar
ly

fu
ll
ge

no
m
ic

se
qu

en
ce
s
an

d
pa

rt
ia
l

S
pr
ot
ei
ns
,
de

m
on

st
ra
te
d
th
at

th
e
8
PE

D
V
is
ol
at
es

[w
ith

th
e
ex

ce
pt
io
n
of

Io
w
a1

06
(P
V3

9)
st
ra
in
]
w
er
e
cl
us
te
re
d
w
ith

th
e
or
ig
in
al

U
S
PE

D
V
st
ra
in
s,

an
d

Io
w
a1

06
(P
V3

9)
w
as

cl
us
te
re
d
to
ge

th
er

w
ith

th
e
S
IN

D
EL

st
ra
in

O
H
85

1.
Fu

rt
he

r
an

al
ys
is
in
di
ca
te
d
th
at

th
e
m
aj
or

di
ff
er
en

ce
s
am

on
g
st
ra
in
s
w
er
e

m
ai
nl
y
in

th
e
N
-t
er
m
in
al

re
gi
on

of
th
e
S
pr
ot
ei
n
(a
a
1-
38

8
ac
co
rd
in
g
to

U
SA

/
Co

lo
ra
do

/2
01

3
st
ra
in

[G
en

Ba
nk

KF
27

29
20

].
Ba

se
d
on

th
e
an

al
ys
is
of

th
is

re
gi
on

,
th
e
ni
ne

st
ra
in
s
w
er
e
di
st
rib

ut
ed

be
tw

ee
n
tw

o
m
aj
or

di
st
in
ct

cl
us
te
rs
:

(1
)
a
m
aj
or

cl
us
te
rs
im

ila
r
to

th
e
or
ig
in
al

hi
gh

ly
vi
ru
le
nt

U
S
PE

D
V
st
ra
in
s;

an
d

(2
)
si
m
ila
r
to

S
IN

D
EL

U
S
PE

D
V
st
ra
in
,
O
H
85

1.

Cl
us
te
r
(1
):

PC
22

A-
P1

0,
PE

10
3(
PC

21
A)
-P
4,

PC
16

8-
P2

,
PC

17
0-
P2

,
PC

17
3-
P2

,
PC

17
7-
P2

,
PC

18
0-
P2

,
PC

18
2-
P2

,
(G

en
Ba

nk
ac
ce
ss
io
n

nu
m
be

rs
:
KM

39
22

24
-

23
1)
;

Cl
us
te
r
(2
):

Io
w
a1

06
(P
V3

9)
-P
1

(G
en

Ba
nk

ac
ce
ss
io
n

nu
m
be

r:
KM

39
22

32
)

O
ka

et
al
.
(2
01

4)
22

73

w
w
w
.e
fs
a.
eu

ro
p
a.
eu

/e
fs
aj
o
u
rn
al

29
EF
SA

Jo
u
rn
al

20
16
;1
4(
2)
:4
37
5

U
p
d
at
ed

ep
id
em

io
lo
gi
ca
l
d
at
a
o
n
P
ED

http://www.ncbi.nlm.nih.gov/nuccore/KT027397
http://www.ncbi.nlm.nih.gov/nuccore/KT027398
http://www.ncbi.nlm.nih.gov/nuccore/KT027413
http://www.ncbi.nlm.nih.gov/nuccore/KT027414
http://www.ncbi.nlm.nih.gov/nuccore/KT027429
http://www.ncbi.nlm.nih.gov/nuccore/KT027430
http://www.ncbi.nlm.nih.gov/nuccore/KP403954
http://www.ncbi.nlm.nih.gov/nuccore/KF272920
http://www.ncbi.nlm.nih.gov/nuccore/KM392224
http://www.ncbi.nlm.nih.gov/nuccore/KM3922231
http://www.ncbi.nlm.nih.gov/nuccore/KM392232


C
o
u
n
tr
y
(r
eg

io
n
)

D
at
e
o
f

is
o
la
ti
o
n

S
am

p
le

d
es

cr
ip
ti
o
n
an

d
se

q
u
en

ce
in
fo
rm

at
io
n

S
tr
ai
n
se

q
u
en

ce
d

R
ef
er

en
ce

R
ef
ID

(a
)

U
ni
te
d
St
at
es

of
Am

er
ic
a
(M

in
ne

so
ta
)

Ja
nu

ar
y
20

14
Ph

yl
og

en
et
ic

an
al
ys
is
on

bo
th
,
th
e
fu
ll
ge

no
m
ic

se
qu

en
ce
s
an

d
S
ge

ne
,
of

a
PE

D
V
is
ol
at
ed

fr
om

in
te
st
in
es

of
a
de

ce
as
ed

ne
on

at
al

pi
gl
et
.
Th

e
M
in
ne

so
ta
l1
88

st
ra
in

w
as

al
ig
ne

d
w
ith

th
e
ot
he

r
co
m
pl
et
e
ge

no
m
e
of

PE
D
V

av
ai
la
bl
e
in

G
en

Ba
nk

(n
=
11

3)
;
it
ha

d
a
99

.9
%

nu
cl
eo

tid
e
pe

rc
en

ta
ge

id
en

tit
y
to

Co
lo
ra
do

/2
01

3
an

d
cl
us
te
re
d
in

th
e
N
or
th

Am
er
ic
a
cl
ad

e
II

(F
ig
ur
e,

pa
ne

lA
,
ht
tp
:/
/w

w
w
nc

.c
dc

.g
ov

/E
ID

/a
rt
ic
le
/2
0/
12

/1
4-
09

08
-F
1.
ht
m
).

Th
e
sp
ik
e

ge
ne

se
gm

en
t
ha

d
a
99

.7
%

nu
cl
eo

tid
e
pe

rc
en

ta
ge

id
en

tit
y
(9
9.
4%

am
in
o

ac
id

id
en

tit
y)

w
ith

Co
lo
ra
do

/2
01

3
an

d
cl
us
te
re
d
w
ith

th
e
no

n-
N
or
th

Am
er
ic
a

IN
D
EL

st
ra
in
s
(F
ig
ur
e,

pa
ne

lB
)

U
SA

/M
in
ne

so
ta
18

8/
20

14
(G

en
Ba

nk
ac
ce
ss
io
n
nu

m
be

r:
KM

07
71

39
)

M
ar
th
al
er

et
al
.

(2
01

4)
16

6

U
ni
te
d
St
at
es

of
Am

er
ic
a
(I
ow

a)
M
ay

20
13

N
PL
-P
ED

v/
20

13
st
ra
in

w
as

is
ol
at
ed

fr
om

a
pi
g
w
ith

di
ar
rh
oe

a
an

d
co
m
pl
et
e

ge
no

m
e
se
qu

en
ci
ng

fo
un

d
>
99

%
nu

cl
eo

tid
e
id
en

tit
y
to

ot
he

rs
U
S
PE

D
V

[(
M
in
ne

so
ta

is
ol
at
e
M
N
(G

en
Ba

nk
ac
ce
ss
io
n
nu

m
be

r:
KF

46
87

52
)
an

d
an

is
ol
at
e
fr
om

O
hi
o
(G

en
Ba

nk
ac
ce
ss
io
n
nu

m
be

r:
KJ
40

88
01

)]

N
PL
-P
ED

V/
20

13
(G

en
Ba

nk
ac
ce
ss
io
n

nu
m
be

r:
KJ
77

86
15

)

Co
lli
n
et

al
.

(2
01

5)
41

U
SA

an
d
M
ex

ic
o

Fr
om

M
ay

20
13

to
Fe

br
ua

ry
20

14

O
ut

of
25

,7
62

di
ag

no
st
ic

sa
m
pl
es
,
a
to
ta
lo

f
74

PE
D
V-
po

si
tiv

e
sa
m
pl
es

(7
2

fr
om

th
e
U
ni
te
d
St
at
es
,
2
fr
om

M
ex

ic
o)

w
er
e
ra
nd

om
ly

se
le
ct
ed

fo
r
ge

no
m
e

se
qu

en
ci
ng

.
Fu

ll-
le
ng

th
ge

no
m
e
se
qu

en
ce
s
–
M
os
t
of

th
e
PE

D
V
st
ra
in
s
fr
om

th
e
U
.S
.

sh
ar
ed

co
m
pl
et
e
ge

no
m
e
nu

cl
eo

tid
e
id
en

tit
ie
s
of

98
.6
–1

00
%

an
d
w
er
e

di
st
rib

ut
ed

be
tw

ee
n
2
cl
ad

es
(I

an
d
II
).

Co
m
pa

re
d
w
ith

th
e
in
iti
al
ly

re
po

rt
ed

pr
ot
ot
yp

e
st
ra
in
s
fr
om

th
e
U
.S
.,
7
of

th
e
72

ne
w
ly

id
en

tifi
ed

U
S
st
ra
in
s
ha

d
an

S
IN

D
EL

.
Th

es
e
7
PE

D
V
st
ra
in
s
w
er
e
fr
om

4
U
S
St
at
es
,
sh
ar
ed

99
.8
–1

00
%

nt
id
en

tit
y
w
ith

ea
ch

ot
he

r
an

d
96

.2
%

nt
id
en

tit
y
w
ith

th
e
pr
ot
ot
yp

e
N
or
th

Am
er
ic
an

st
ra
in
s,

an
d
fo
rm

ed
a
se
pa

ra
te

cl
us
te
r
in

Cl
ad

e
II
.
Tw

o
is
ol
at
es

fr
om

M
ex

ic
o,

M
ex

ic
o1

24
/2
01

4
an

d
M
ex

ic
o1

04
/2
01

3,
be

lo
ng

ed
to

Cl
ad

es
I
an

d
II
,

re
sp
ec
tiv

el
y.

In
ad

di
tio

n,
ph

yl
og

en
et
ic

an
al
ys
is
co
nfi

rm
ed

a
re
ce
nt

co
m
m
on

an
ce
st
or

w
ith

PE
D
V
st
ra
in
s
fr
om

Ch
in
a
(A
H
20

12
)
an

d
al
lP

ED
V
st
ra
in
s
fr
om

N
or
th

Am
er
ic
a,

as
w
as

su
gg

es
te
d
pr
ev

io
us
ly
.

S
ge

ne
–
In

co
nt
ra
st

to
fin

di
ng

s
fr
om

co
m
pl
et
e-
ge

no
m
e
an

al
ys
is
,
fin

di
ng

s
fr
om

S
ge

ne
an

al
ys
is
in
di
ca
te
d
th
at

S
IN

D
EL

an
d
no

n-
S
IN

D
EL

PE
D
V
st
ra
in
s

fr
om

th
e
U
.S
.
w
er
e
m
os
t
cl
os
el
y
re
la
te
d
to

st
ra
in

CH
7Z

M
ZD

Y/
11

,
bu

t
no

t
to

st
ra
in

AH
20

12
,
fr
om

Ch
in
a.

Ad
di
tio

na
li
nf
or
m
at
io
n
ab

ou
t
E,

M
,
an

d
N
ge

ne
s
ar
e
pr
es
en

t
in

th
e
pa

pe
r.

U
S
PE

D
V
st
ra
in
s:

G
en

Ba
nk

ac
ce
ss
io
n

nu
m
be

rs
:
KJ
64

56
35

-
69

9
M
ex

ic
o
PE

D
V
st
ra
in
s:

M
ex

ic
o1

24
/2
01

4
(G

en
Ba

nk
ac
ce
ss
io
n

nu
m
be

r:
KJ
64

57
00

)
M
ex

ic
o
10

4/
20

13
(G

en
Ba

nk
ac
ce
ss
io
n

nu
m
be

r:
KJ
64

57
08

)

Vl
as
ov

a
et

al
.

(2
01

4)
29

4

U
p
d
at
ed

ep
id
em

io
lo
gi
ca
l
d
at
a
o
n
P
ED

w
w
w
.e
fs
a.
eu

ro
p
a.
eu

/e
fs
aj
o
u
rn
al

30
EF
SA

Jo
u
rn
al

20
16
;1
4(
2)
:4
37
5

http://wwwnc.cdc.gov/EID/article/20/12/14-0908-F1.htm
http://www.ncbi.nlm.nih.gov/nuccore/KM077139
http://www.ncbi.nlm.nih.gov/nuccore/KF468752
http://www.ncbi.nlm.nih.gov/nuccore/KJ408801
http://www.ncbi.nlm.nih.gov/nuccore/KJ778615
http://www.ncbi.nlm.nih.gov/nuccore/AH2012
http://www.ncbi.nlm.nih.gov/nuccore/KJ645635
http://www.ncbi.nlm.nih.gov/nuccore/KJ645699
http://www.ncbi.nlm.nih.gov/nuccore/KJ645700
http://www.ncbi.nlm.nih.gov/nuccore/KJ645708


C
o
u
n
tr
y
(r
eg

io
n
)

D
at
e
o
f

is
o
la
ti
o
n

S
am

p
le

d
es

cr
ip
ti
o
n
an

d
se

q
u
en

ce
in
fo
rm

at
io
n

S
tr
ai
n
se

q
u
en

ce
d

R
ef
er

en
ce

R
ef
ID

(a
)

As
ia

Ch
in
a
(J
ia
ng

xi
Pr
ov

in
ce
)

20
13

Fa
ec
al

an
d
in
te
st
in
al

sa
m
pl
es

w
er
e
co
lle
ct
ed

fr
om

su
ck
lin
g
pi
gl
et
s
w
ith

se
ve

re
w
at
er
y
di
ar
rh
oe

a,
vo

m
iti
ng

an
d
de

hy
dr
at
io
n
fr
om

di
ff
er
en

t
pr
em

is
es

Fu
ll-
le
ng

th
ge

no
m
e
an

al
ys
is
–
Th

e
nu

cl
eo

tid
e
id
en

tit
y
be

tw
ee

n
th
e
Ji
an

gx
i

PE
D
V
st
ra
in
s
an

d
st
ra
in
s
id
en

tifi
ed

po
st
-2
01

0
ra
ng

ed
fr
om

97
.3
%

to
99

.7
%
,

w
hi
le

th
e
nu

cl
eo

tid
e
id
en

tit
y
w
ith

th
os
e
de

te
rm

in
ed

an
te
-2
01

0
(C
V7

77
,

at
te
nu

at
ed

va
cc
in
e_

KC
18

99
44

,
SM

98
,
JS
20

08
,
JS
20

08
ne

w
an

d
LZ

C)
ra
ng

ed
fr
om

96
.3
%

to
97

.0
%

Th
e
tw

o
st
ra
in
s
sh
ow

ed
th
e
hi
gh

es
t
nu

cl
eo

tid
e
id
en

tit
y
(>

99
%
)
w
ith

si
x

ne
w
ly

co
nfi

rm
ed

U
S
st
ra
in
s
(I
A1

,
Co

/1
3,

U
SA

/I
nd

ia
na

,
IS
U
13

-2
20

38
-I
A-

ho
m
og

en
at
e,

IS
U
13

-2
20

38
-
IA
-P
9,

an
d
13

-0
19

34
9)

an
d
fiv

e
Ch

in
es
e
st
ra
in
s

(G
D
-B
,
AH

20
12

,
BJ
-2
01

1-
1,

CH
/Z
M
D
/Z
Y,

an
d
CH

-H
Z/
20

12
)
id
en

tifi
ed

po
st
-

20
10

,
su
gg

es
tin

g
th
es
e
PE

D
V
st
ra
in
s
m
ig
ht

ha
ve

ev
ol
ve

d
fr
om

th
e
sa
m
e

or
ig
in
.
In
te
re
st
in
gl
y,

a
co
m
pa

ris
on

an
al
ys
is
re
ve

al
ed

th
at

CH
/J
X-
1/
20

13
an

d
CH

/J
X-
1/
20

13
ha

d
99

.7
%

nu
cl
eo

tid
e
id
en

tit
y
to

th
e
st
ra
in

of
G
D
-B

(G
en

Ba
nk

ac
ce
ss
io
n
nu

m
be

r:
JX
08

86
95

)
is
ol
at
ed

fr
om

G
ua

ng
do

ng
,
an

ad
ja
ce
nt

pr
ov

in
ce

of
Ji
an

gx
i,
in

O
ct
ob

er
20

10
In

co
nc

lu
si
on

,
th
e
tw

o
Ji
an

gx
is
tr
ai
ns

de
fin

ed
in

th
is
st
ud

y
ha

d
a
cl
os
e

re
la
tio

ns
hi
p
w
ith

th
e
re
ce
nt

pr
ev

ai
lin
g
fie

ld
PE

D
V
st
ra
in
s
in

Ch
in
a
an

d
th
e

U
ni
te
d
St
at
es

S
ge

ne
se
qu

en
ce
s
–
Th

e
tw

o
Ji
an

gx
is
tr
ai
ns

ha
d
a
99

.8
%

nu
cl
eo

tid
e
id
en

tit
y

w
ith

ea
ch

ot
he

r,
an

d
96

.7
%

nu
cl
eo

tid
e
id
en

tit
y
w
ith

CV
77

7

CH
/J
X-
1/
20

13
an

d
CH

/
JX
-2
/2
01

3
(G

en
Ba

nk
ac
ce
ss
io
n
nu

m
be

rs
:

KF
76

05
57

an
d

KJ
52

60
96

)

So
ng

et
al
.

(2
01

5b
)

24
9

Ch
in
a
(Z
he

jia
ng

,
Ji
an

gx
i,
Sh

an
do

ng
an

d
H
ub

ei
pr
ov

in
ce
s
of

Ea
st
er
n
Ch

in
a)

Fr
om

Ja
nu

ar
y

20
12

to
Ju
ly

20
13

A
to
ta
lo

f
16

9
fa
ec
al

an
d
in
te
st
in
al

sa
m
pl
es

w
er
e
co
lle
ct
ed

fr
om

pi
gs

w
ith

ty
pi
ca
lP

ED
sy
m
pt
om

s
on

26
fa
rm

s
Co

m
pa

ra
tiv

e
ge

no
m
ic
,
ph

yl
og

en
et
ic

an
d
re
co
m
bi
na

tio
n
an

al
ys
es

w
as

de
te
rm

in
ed

fo
r
24

PE
D
V-
po

si
tiv

e
re
pr
es
en

ta
tiv

e
sa
m
pl
es

(t
w
en

ty
-o
ne

S-
O
R
F3

-
E-
M
-N

ge
ne

s,
tw

o
S
ge

ne
s,

an
d
on

e
fu
ll-
le
ng

th
ge

no
m
ic

cD
N
A)

Th
e
S
ge

ne
s
of

th
e
24

sa
m
pl
es

ha
ve

a
4,
16

1-
nt

se
qu

en
ce

th
at
,
co
m
pa

re
d

w
ith

th
e
pr
ot
ot
yp

e
CV

77
7
st
ra
in
,
sh
ow

s
97

.9
–1

00
%

se
qu

en
ce

id
en

tit
ie
s

An
al
ys
es

us
in
g
ne

w
an

d
kn

ow
n
se
qu

en
ce

da
ta

de
m
on

st
ra
te
d
th
at

th
e
AH

20
12

st
ra
in

is
lik
el
y
no

t
th
e
di
re
ct

pr
og

en
ito

r
of

em
er
ge

nt
U
S
PE

D
V
st
ra
in
s
du

rin
g

20
13

CH
/Z
JQ

Z-
2w

/2
01

2
CH

/Z
JH

Y-
2/
20

12
CH

/Z
JJ
S-
1Z

/2
01

2
CH

/J
XZ

S-
3H

/2
01

2
CH

/J
XZ

S-
2H

/2
01

2
CH

/Z
JX
S2

12
/2
01

2
CH

/Z
JH

ZH
Y-
6/
20

13
CH

/J
XJ
D
Z-
F/
20

12
CH

/Z
JJ
S-
2Z

/2
01

2
CH

/J
XZ

S-
3L

/2
01

2

Ti
an

et
al
.
(2
01

4)
22

69

U
p
d
at
ed

ep
id
em

io
lo
gi
ca
l
d
at
a
o
n
P
ED

w
w
w
.e
fs
a.
eu

ro
p
a.
eu

/e
fs
aj
o
u
rn
al

31
EF
SA

Jo
u
rn
al

20
16
;1
4(
2)
:4
37
5

http://www.ncbi.nlm.nih.gov/nuccore/JX088695
http://www.ncbi.nlm.nih.gov/nuccore/KF760557
http://www.ncbi.nlm.nih.gov/nuccore/KJ526096


C
o
u
n
tr
y
(r
eg

io
n
)

D
at
e
o
f

is
o
la
ti
o
n

S
am

p
le

d
es

cr
ip
ti
o
n
an

d
se

q
u
en

ce
in
fo
rm

at
io
n

S
tr
ai
n
se

q
u
en

ce
d

R
ef
er

en
ce

R
ef
ID

(a
)

CH
/J
XZ

S-
12

23
L/
20

12
CH

/S
D
ZD

-1
/2
01

2
CH

/S
D
ZD

-2
/2
01

2
CH

/H
uB

W
H
YQ

/2
01

2
CH

/Z
JQ

Z-
2/
20

12
CH

/Z
JH

Z-
1C

/2
01

2
CH

/Z
JH

Z-
2C

/2
01

2
CH

/J
XJ
D
Z-
1/
20

12
CH

/Z
JJ
S-
4X

/2
01

2
CH

/Z
JC
X-
1/
20

12
CH

/Z
JD

X-
1/
20

12
CH

/J
SZ

L-
2/
20

13
CH

/J
SZ

L-
3/
20

13
CH

/Z
JJ
S-
Z/
20

12
(G

en
Ba

nk
ac
ce
ss
io
n

nu
m
be

rs
:
KF

84
05

37
-

KF
84

08
58

,
KF

84
08

61
,

KF
84

08
62

)
Ch

in
a
(G

ua
ng

do
ng

in
So

ut
he

rn
Ch

in
a)

20
14

Th
e
fu
ll-
le
ng

th
ge

no
m
e
an

al
ys
is
of

a
va

ria
nt

po
rc
in
e
ep

id
em

ic
di
ar
rh
oe

a
vi
ru
s

(P
ED

V)
st
ra
in
,
CH

/G
D
ZQ

/2
01

4,
w
as

de
te
rm

in
ed

.
Th

e
is
ol
at
e
w
as

a
va
ria

nt
st
ra
in

w
ith

a
re
la
tiv

el
y
fa
r
re
la
tio

ns
hi
p
w
ith

th
e
PE

D
V
st
ra
in
s
pr
ev

io
us
ly

id
en

tifi
ed

in
th
e
sa
m
e
ar
ea

be
tw

ee
n
20

11
an

d
20

12
an

d
w
as

ge
ne

tic
al
ly

di
st
in
ct

fr
om

th
e
CV

77
7-
ba

se
d
va

cc
in
e
st
ra
in

cu
rr
en

tly
be

in
g
us
ed

in
Ch

in
a

Fu
ll-
le
ng

th
ge

no
m
e
an

al
ys
is
–
Ph

yl
og

en
et
ic

an
al
ys
is
de

m
on

st
ra
te
d
th
at

th
e

CH
/G

D
ZQ

/2
01

4
st
ra
in

ha
d
a
re
la
tiv

el
y
fa
r
re
la
tio

ns
hi
p
w
ith

fo
ur

va
ria

nt
PE

D
V

st
ra
in
s
(C
H
/G

D
-0
1,

CH
/G

D
G
Z/
20

12
,
G
D
-A
,
an

d
G
D
-1
)
id
en

tifi
ed

in
G
ua

ng
do

ng
be

tw
ee

n
20

11
an

d
20

12
,
in
di
ca
tin

g
th
at

CH
/G

D
ZQ

/2
01

4
w
as

ge
ne

tic
al
ly

di
st
in
ct

fr
om

th
es
e
st
ra
in
s.

Se
qu

en
ce

ho
m
ol
og

y
an

al
ys
is
sh
ow

ed
th
at

CH
/

G
D
ZQ

/2
01

4
ha

d
96

.7
%

nt
id
en

tit
y
w
ith

th
e
pr
ot
ot
yp

e
CV

77
7
st
ra
in

bu
t

sh
ar
ed

97
.8
–9

9.
0%

nt
id
en

tit
y
w
ith

th
e
va

ria
nt

PE
D
V
st
ra
in
s
th
at

ha
ve

em
er
ge

d
si
nc

e
20

10
in

Ch
in
a
an

d
98

.8
%

nt
id
en

tit
y
w
ith

tw
o
ne

w
ly

id
en

tifi
ed

U
S
st
ra
in
s

S
ge

ne
se
qu

en
ce
s
–
Th

e
S
pr
ot
ei
n
of

CH
/G

D
ZQ

/2
01

4
ha

d
93

.1
–9

8.
6%

nt
id
en

tit
y
w
ith

th
e
re
fe
re
nc

e
st
ra
in
s,

sh
ow

in
g
th
e
lo
w
es
t
id
en

tit
y
w
ith

th
e

CV
77

7-
ba

se
d
va
cc
in
e
st
ra
in

(N
C_

00
34

36
)
an

d
th
e
hi
gh

es
t
id
en

tit
y
w
ith

tw
o

Ch
in
es
e
st
ra
in
s
(B
J-
20

11
-1

an
d
JS
-H

Z/
20

12
)

CH
/G

D
ZQ

/2
01

4
(G

en
Ba

nk
:
KM

24
21

31
)

So
ng

et
al
.

(2
01

4)
25

0

U
p
d
at
ed

ep
id
em

io
lo
gi
ca
l
d
at
a
o
n
P
ED

w
w
w
.e
fs
a.
eu

ro
p
a.
eu

/e
fs
aj
o
u
rn
al

32
EF
SA

Jo
u
rn
al

20
16
;1
4(
2)
:4
37
5

http://www.ncbi.nlm.nih.gov/nuccore/KF840537
http://www.ncbi.nlm.nih.gov/nuccore/KF840858
http://www.ncbi.nlm.nih.gov/nuccore/KF840861
http://www.ncbi.nlm.nih.gov/nuccore/KF840862
http://www.ncbi.nlm.nih.gov/nuccore/NC_003436
http://www.ncbi.nlm.nih.gov/nuccore/KM242131


C
o
u
n
tr
y
(r
eg

io
n
)

D
at
e
o
f

is
o
la
ti
o
n

S
am

p
le

d
es

cr
ip
ti
o
n
an

d
se

q
u
en

ce
in
fo
rm

at
io
n

S
tr
ai
n
se

q
u
en

ce
d

R
ef
er

en
ce

R
ef
ID

(a
)

Ch
in
a
(J
ia
ng

su
pr
ov

in
ce
)

Ju
ly

20
13

A
PE

D
V-
po

si
tiv

e
sa
m
pl
e
fr
om

a
so
w

w
ith

ve
ry

m
ild

cl
in
ic
al

si
gn

w
as

us
ed

to
in
oc
ul
at
e
in

Ve
ro

ce
lls

to
is
ol
at
e
th
e
vi
ru
s

Th
e
ph

yl
og

en
et
ic

tr
ee

s
ba

se
d
up

on
ei
th
er

th
e
co
m
pl
et
e
ge

no
m
e
or

S
ge

ne
sh
ow

ed
th
at

th
e
FL

20
13

st
ra
in

be
lo
ng

s
to

th
e
ge

no
gr
ou

p
G
2b

st
ra
in
s

pr
ev

al
en

t
in

th
e
U
.S
.
an

d
Ch

in
a
cu

rr
en

tly
,
bu

t
ha

d
a
sh
or
t
de

le
tio

n
at

th
e
30
-

en
d
of

th
e
sp
ik
e
ge

ne

FL
20

13
(G

en
Ba

nk
:

KP
76

56
09

)
Zh

an
g
et

al
.

(2
01

5)
34

2

Ch
in
a
(r
eg

io
ns
,
w
he

n
sp
ec
ifi
ed

:
Ch

on
gQ

in
g,

Ji
an

gX
i,
Ji
an

gS
u,

Zh
eJ
ia
ng

,
Sh

an
D
on

g)

Fr
om

Ap
ril

20
11

to
M
ar
ch

20
14

N
in
e
in
te
st
in
al

ho
m
og

en
at
es

an
d
tw

o
fa
ec
es

sa
m
pl
es

w
er
e
co
lle
ct
ed

fr
om

pi
gs

th
at

ha
d
se
ve

re
di
ar
rh
oe

a
an

d
a
hi
gh

m
or
ta
lit
y
ra
te

at
11

fa
rm

s
Fu

ll-
le
ng

th
ge

no
m
e
an

al
ys
is
–
Th

e
11

w
ho

le
ge

no
m
es

ex
hi
bi
te
d
nu

cl
eo

tid
e

se
qu

en
ce

id
en

tit
ie
s
ra
ng

in
g
fr
om

97
.5
%

to
99

.7
%
,
w
ith

no
in
se
rt
io
ns

or
de

le
tio

ns
.
Th

e
ph

yl
og

en
et
ic

tr
ee

of
49

PE
D
V
ge

no
m
es

in
di
ca
te
d
th
at

th
e

PE
D
V
is
ol
at
es

co
ul
d
be

di
vi
de

d
in
to

tw
o
cl
us
te
rs
,
de

si
gn

at
ed

th
e
pa

nd
em

ic
gr
ou

p
an

d
th
e
cl
as
si
ca
lg

ro
up

.
Th

irt
y-
ni
ne

Ch
in
es
e
an

d
Am

er
ic
an

st
ra
in
s

is
ol
at
ed

af
te
r
20

08
co
m
pr
is
ed

th
e
pa

nd
em

ic
gr
ou

p.
Th

e
cl
as
si
ca
lg

ro
up

co
m
pr
is
ed

10
st
ra
in
s,

in
cl
ud

in
g
3
Ko

re
an

st
ra
in
s
(S
M
98

,
D
R
13

,
an

d
at
te
nu

at
ed

D
R
13

),
6
Ch

in
es
e
st
ra
in
s
(C
H
/S
,
LZ

C,
SD

-M
,
at
te
nu

at
ed

va
cc
in
e,

JS
20

08
,
an

d
JS
20

08
ne

w
),

an
d
1
Eu

ro
pe

an
st
ra
in

(C
V7

77
)

PE
D
V-
15

F
PE

D
V-
7C

PE
D
V-
8C

PE
D
V-
10

F
PE

D
V-
14

PE
D
V-
LY

PE
D
V-
CH

Z
PE

D
V-
LS

PE
D
V-
1C

PE
D
V-
LY
G

an
d

PE
D
V-
W
S

(G
en

Ba
nk

ac
ce
ss
io
n

nu
m
be

rs
:
KM

60
92

03
-

13
)

Su
n
et

al
.
(2
01

5)
26

1

Ch
in
a
(S
ha

ng
ha

i)
20

13
In
te
st
in
al

tr
ac
ts

w
er
e
co
lle
ct
ed

fr
om

de
ad

pi
gl
et
s
du

rin
g
an

ou
tb
re
ak

of
di
ar
rh
oe

a
on

a
br
ee

di
ng

fa
rm

in
Sh

an
gh

ai
in

20
13

Fu
ll-
le
ng

th
ge

no
m
e
se
qu

en
ci
ng

-
Id
en

tit
ie
s
ra
ng

in
g
fr
om

96
.6
%

to
99

.8
%

to
ot
he

r
st
ra
in
s;

th
e
hi
gh

es
t
le
ve

lo
f
si
m
ila
rit
y,

w
ith

JS
-H

Z2
01

2,
w
as

99
.8
%
.

Ba
se
d
on

an
al
ys
is
of

th
e
nu

cl
eo

tid
e
se
qu

en
ce
s
of

th
e
PE

D
V
O
R
F1

a
an

d
O
R
F1

b,
al
lo

f
th
e
PE

D
V
st
ra
in
sc
ou

ld
be

di
vi
de

d
in
to

th
re
e
gr
ou

ps
.
G
ro
up

1
co
m
pr
is
ed

on
e
Ch

in
es
e
st
ra
in

(L
ZC

),
on

e
Ko

re
an

st
ra
in

(S
M
98

)
an

d
on

e
Eu

ro
pe

an
st
ra
in

(C
V7

77
).

G
ro
up

2
co
ns
is
te
d
of

va
cc
in
e
st
ra
in
s
(a
tt
en

ua
te
d

D
R
13

)
an

d
tw

o
Ch

in
es
e
PE

D
V
fie

ld
st
ra
in
s
(S
D
-M

an
d
JS
20

08
).

G
ro
up

3
w
as

m
ad

e
up

of
vi
ru
le
nt

D
R
13

,
10

U
SA

st
ra
in
s
is
ol
at
ed

in
20

13
an

d
16

Ch
in
es
e

st
ra
in
s
(e
xc
ep

t
CH

/S
),

w
hi
ch

w
er
e
is
ol
at
ed

fr
om

Ch
in
a
du

rin
g
PE

D
ou

tb
re
ak

s
in

20
11

–2
01

3.
Th

e
S
ge

ne
sh
ar
ed

93
.8
–9

9.
4%

nu
cl
eo

tid
e
se
qu

en
ce

id
en

tit
y

w
ith

th
os
e
of

ot
he

r
PE

D
V
st
ra
in
s
(T
ab

le
2)
.
SH

Q
P/
YM

/2
01

3
be

lo
ng

ed
to

G
ro
up

3,
w
hi
ch

al
so

in
cl
ud

in
g
fo
ur

Ko
re
an

fie
ld

st
ra
in
s
(K
N
U
-0
80

2,
KN

U
-

09
02

,
CN

U
-0
91

22
2-
01

an
d
CN

U
-0
91

22
2-
02

)
fr
om

20
08

to
20

09
,
10

U
SA

fie
ld

is
ol
at
es

fr
om

20
13

,
an

d
15

Ch
in
es
e
st
ra
in
s,

w
hi
ch

w
er
e
is
ol
at
ed

du
rin

g
se
ve

re
PE

D
ou

tb
re
ak

s
in

Ch
in
a
du

rin
g
20

11
–2

01
3

SH
Q
P/
YM

/2
01

3
(G

en
Ba

nk
ac
ce
ss
io
n

nu
m
be

r:
KJ
19

63
48

)

Ya
ng

et
al
.

(2
01

4)
32

4

U
p
d
at
ed

ep
id
em

io
lo
gi
ca
l
d
at
a
o
n
P
ED

w
w
w
.e
fs
a.
eu

ro
p
a.
eu

/e
fs
aj
o
u
rn
al

33
EF
SA

Jo
u
rn
al

20
16
;1
4(
2)
:4
37
5

http://www.ncbi.nlm.nih.gov/nuccore/KP765609
http://www.ncbi.nlm.nih.gov/nuccore/KM609203
http://www.ncbi.nlm.nih.gov/nuccore/KM609213
http://www.ncbi.nlm.nih.gov/nuccore/KJ196348


C
o
u
n
tr
y
(r
eg

io
n
)

D
at
e
o
f

is
o
la
ti
o
n

S
am

p
le

d
es

cr
ip
ti
o
n
an

d
se

q
u
en

ce
in
fo
rm

at
io
n

S
tr
ai
n
se

q
u
en

ce
d

R
ef
er

en
ce

R
ef
ID

(a
)

Ch
in
a
(H

en
an

pr
ov

in
ce
)
Ja
nu

ar
y
20

13
Fo

ur
in
te
st
in
al

sa
m
pl
es

w
er
e
ob

ta
in
ed

fr
om

3-
da

y
ol
d
pi
gl
et
s
w
ith

di
ar
rh
oe

a
fr
om

on
e
fa
rm

S
ge

ne
nu

cl
eo

tid
e
se
qu

en
ce

–
Th

e
is
ol
at
e
ex

hi
bi
te
d
hi
gh

es
t
nu

cl
eo

tid
e

se
qu

en
ce

si
m
ila
rit
y
(9
9.
6%

)
to

st
ra
in
s
JS
-H

Z2
01

2
an

d
H
B-
20

12
-1

fr
om

Ch
in
a,

bu
t
m
os
t
cl
os
el
y
re
la
te
d
to

st
ra
in

CH
/X
CY

L/
11

.
Th

e
co
m
pl
et
e
S
ge

ne
of

PE
D
V

H
N
13

03
w
as

se
qu

en
ce
d
an

d
an

al
ys
ed

,
an

d
th
e
re
su
lts

sh
ow

ed
th
at

H
N
13

03
sh
ar
es

94
.0
%

an
d
92

.8
%

nu
cl
eo

tid
e
an

d
am

in
o
ac
id

id
en

tit
ie
s
w
ith

CV
77

7
va

cc
in
e
st
ra
in
,
re
sp
ec
tiv

el
y.

Ph
yl
og

en
et
ic

tr
ee

ba
se
d
on

S
ge

ne
in
di
ca
te
s
th
at

th
eH

N
13

03
st
ra
in

be
lo
ng

s
to

ge
no

ty
pe

II
a,

a
re
ce
nt
ly

pr
ev

al
en

t
ge

no
ty
pe

in
Ch

in
a
an

d
U
SA

H
N
13

03
(G

en
Ba

nk
ac
ce
ss
io
n
nu

m
be

r:
KR

08
05

51
)

W
an

g
et

al
.

(2
01

5)
30

6

Ja
pa

n
(T
ot
to
ri

pr
ef
ec
tu
re
)

O
ct
ob

er
20

14
Su

ck
lin
g
pi
gs

fr
om

se
ve

ra
ls
ow

s
sh
ow

ed
m
ild

di
ar
rh
oe

a
an

d
vo

m
iti
ng

in
a

br
ee

d-
to
-w

ea
n
fa
rm

Fu
ll-
le
ng

th
ge

no
m
e
se
qu

en
ce

–
Co

m
pa

ra
tiv

e
se
qu

en
ce

an
al
ys
is
sh
ow

ed
th
at

th
e
co
m
pl
et
e
ge

no
m
e
of

To
tt
or
i2
/J
PN

/2
01

4
st
ra
in

ha
d
99

.7
3–

99
.8
7%

,
99

.6
4–

99
.6
9%

an
d
98

.9
0–

99
.4
5%

nu
cl
eo

tid
e
se
qu

en
ce

id
en

tit
y
w
ith

th
os
e
of

N
or
th

Am
er
ic
an

cl
ad

es
I
an

d
II

an
d
U
S
S
IN

D
EL

PE
D
V
st
ra
in
s
us
ed

in
th
is
an

al
ys
is
,

re
sp
ec
tiv

el
y.

A
ph

yl
og

en
et
ic

de
nd

ro
gr
am

co
ns
tr
uc

te
d
us
in
g
th
e
se
qu

en
ce

da
ta

w
ith

ou
t
co
ns
id
er
in
g
ga

ps
in
di
ca
te
d
th
at

th
e
To

tt
or
i2

PE
D
V
st
ra
in

w
as

in
cl
ud

ed
in

a
cl
us
te
r
in

N
or
th

Am
er
ic
an

cl
ad

e
I
an

d
w
as

m
os
t
cl
os
el
y
re
la
te
d
to

U
S

PE
D
V
st
ra
in

Io
w
a1

03
S
ge

ne
se
qu

en
ce
s
–
Ph

yl
og

en
et
ic

an
al
ys
is
of

S
ge

ne
s
de

m
on

st
ra
te
d
th
at

th
e

To
tt
or
i2

PE
D
V
st
ra
in

be
lo
ng

ed
to

a
cl
us
te
r
in
cl
ud

in
g
th
e
re
fe
re
nc

e
PE

D
V

st
ra
in
s
an

d
sh
ow

ed
th
e
cl
os
es
t
ge

ne
tic

re
la
tio

ns
hi
p
to

th
e
U
S
PE

D
V
st
ra
in

TC
-

PC
17

7
(9
7.
89

%
id
en

tit
y
at

th
e
nu

cl
eo

tid
e
se
qu

en
ce

le
ve

l)

To
tt
or
i2
/J
PN

/2
01

4
(G

en
Ba

nk
ac
ce
ss
io
n

nu
m
be

r:
LC

02
27

92
)

M
as
ud

a
et

al
.

(2
01

5)
17

0

Ja
pa

n
(T
ot
to
ri

Pr
ef
ec
tu
re
)

O
ct
ob

er
20

14
A
un

iq
ue

ca
se

of
PE

D
,
as
so
ci
at
ed

w
ith

no
m
or
ta
lit
y
ra
te
s
am

on
g
pi
gl
et
s,

w
as

ob
se
rv
ed

in
To

tt
or
iP

re
fe
ct
ur
e

Fu
ll-
le
ng

th
ge

no
m
e
an

al
ys
is
–
Th

e
st
ra
in

ha
d
99

.7
3–

99
.8
7%

,
99

.6
4–

99
.6
9%

an
d
98

.9
0–

99
.4
5%

nt
id
en

tit
ie
s
w
ith

th
os
e
of

N
or
th

Am
er
ic
an

Cl
ad

es
I
an

d
II

an
d
U
S
S
IN

D
EL

PE
D
V
st
ra
in
s
us
ed

in
th
e
ph

yl
og

en
et
ic

an
al
ys
is
,
re
sp
ec
tiv

el
y.

Th
e
st
ra
in

w
as

cl
as
si
fie

d
in
to

a
cl
us
te
r
of

N
or
th

Am
er
ic
an

Cl
ad

e
I
an

d
w
as

m
os
t
cl
os
el
y
re
la
te
d
to

th
e
U
S
PE

D
V
st
ra
in

Io
w
a1

03
S
ge

ne
se
qu

en
ce
s
–
Th

e
st
ra
in

ha
d
th
e
cl
os
es
t
ge

ne
tic

re
la
tio

ns
hi
p
w
ith

th
e

U
S
PE

D
V
st
ra
in

TC
-P
C1

77
(9
7.
89

%
nt

id
en

tit
y)

To
tt
or
i2
/J
PN

/2
01

4
(G

en
Ba

nk
ac
ce
ss
io
n

nu
m
be

r:
LC

02
27

92
)

M
ur
ak

am
ie

t
al
.

(2
01

5)
22

49

U
p
d
at
ed

ep
id
em

io
lo
gi
ca
l
d
at
a
o
n
P
ED

w
w
w
.e
fs
a.
eu

ro
p
a.
eu

/e
fs
aj
o
u
rn
al

34
EF
SA

Jo
u
rn
al

20
16
;1
4(
2)
:4
37
5

http://www.ncbi.nlm.nih.gov/nuccore/KR080551
http://www.ncbi.nlm.nih.gov/nuccore/LC022792
http://www.ncbi.nlm.nih.gov/nuccore/LC022792


C
o
u
n
tr
y
(r
eg

io
n
)

D
at
e
o
f

is
o
la
ti
o
n

S
am

p
le

d
es

cr
ip
ti
o
n
an

d
se

q
u
en

ce
in
fo
rm

at
io
n

S
tr
ai
n
se

q
u
en

ce
d

R
ef
er

en
ce

R
ef
ID

(a
)

Ja
pa

n
(1
8
pr
ef
ec
tu
re
s)

Fr
om

O
ct
ob

er
20

13
to

M
ay

20
15

Fu
ll-
le
ng

th
ge

no
m
e
an

al
ys
is
–
Th

e
38

PE
D
V
st
ra
in
s
cl
us
te
re
d
in
to

tw
o
m
aj
or

cl
ad

es
,
N
or
th

Am
er
ic
a
(N

A)
Cl
ad

e
I
(n

=
26

)
an

d
N
A
Cl
ad

e
II

(n
=
12

),
ea

ch
in
cl
ud

in
g
re
ce
nt

PE
D
V
st
ra
in
s
fr
om

th
e
U
S
an

d
ot
he

r
co
un

tr
ie
s.

Th
e
co
m
pl
et
e

ge
no

m
es

of
th
e
Ja
pa

ne
se

PE
D
V
st
ra
in
s
w
er
e
al
m
os
t
id
en

tic
al

to
th
os
e
of

th
e

U
S
an

d
Ko

re
an

PE
D
V
st
ra
in
s
w
ith

in
ea

ch
cl
ad

e
(C
la
de

I:
99

.7
7–

99
.9
9%

;
Cl
ad

e
II
:
98

.6
5–

99
.9
6%

)
S
ge

ne
-
Th

e
38

PE
D
V
st
ra
in
s
cl
us
te
re
d
in
to

tw
o
m
aj
or

cl
ad

es
,
th
e
N
or
th

Am
er
ic
an

(N
A)

ty
pe

(n
=
34

),
an

d
th
e
IN

D
EL

ty
pe

(n
=
4)
,
ea

ch
of

w
hi
ch

in
cl
ud

ed
th
e
re
ce
nt

U
S
an

d/
or

Ko
re
an

PE
D
V
st
ra
in
s.

Th
e
4
IN

D
EL

PE
D
V

st
ra
in
s
fr
om

Ja
pa

n
sh
ar
ed

99
.7
6–

99
.9
5%

nt
se
qu

en
ce

id
en

tit
y
w
ith

ea
ch

ot
he

r,
an

d
sh
ar
ed

96
.5
5–

98
.2
4%

nt
se
qu

en
ce

id
en

tit
y
w
ith

th
e
34

N
A
PE

D
V

st
ra
in
s
fr
om

Ja
pa

n,
re
sp
ec
tiv

el
y.

Th
es
e
fin

di
ng

s
in
di
ca
te
d
th
at

th
e
38

PE
D
V

st
ra
in
s
fr
om

Ja
pa

n
w
er
e
m
or
e
cl
os
el
y
re
la
te
d
to

th
e
gl
ob

al
PE

D
V
st
ra
in
s
fr
om

th
e
U
S
an

d
Ko

re
a
th
an

to
th
e
cl
as
si
ca
lP

ED
V
st
ra
in
s
fr
om

Ja
pa

n

AO
M
-1

to
3/
JP
N
/2
01

4,
EH

M
-1
/J
PN

/2
01

4,
FK

O
-

1/
JP
N
/2
01

4,
G
N
M
1
to

2/
JP
N
/2
01

4,
H
R
S-
1/

JP
N
/2
01

4,
IB
R-
1
to

2/
JP
N
/2
01

3,
IB
R-
3
to

8/
JP
N
/2
01

4,
IW

T-
1
to

4/
JP
N
/2
01

4,
KC

H
-1

to
2/

JP
N
/2
01

4,
KG

S
1
to

2/
JP
N
/2
01

3,
KG

S-
4/
JP
N
/

20
14

,
KG

W
-1
/J
PN

/
20

14
,
KM

M
-1

to
2/
JP
N
/

20
14

,
M
IE
-1
/J
PN

/2
01

4,
M
YG

-1
/J
PN

/2
01

4,
M
YZ

-
1/
JP
N
/2
01

3,
N
IG

-1
to

2/
JP
N
/2
01

4,
O
KN

-1
to

2/
JP
N
/2
01

3,
O
KY

-1
/

JP
N
/2
01

4,
TT

R-
1
to

2/
JP
N
/2
01

4
(G

en
Ba

nk
ac
ce
ss
io
n
nu

m
be

rs
:

LC
06

38
10

-4
7)

Su
zu
ki

et
al
.

(2
01

5)
26

5

So
ut
h
Ko

re
a
(9

pr
ov

in
ce
s)

Fr
om

Ja
nu

ar
y

to
D
ec
em

be
r

20
08

A
to
ta
lo

f
2,
63

4
fa
ec
al

an
d
in
te
st
in
al

sa
m
pl
es

w
er
e
co
lle
ct
ed

fr
om

pi
gs

ex
hi
bi
tin

g
di
ar
rh
oe

a
fr
om

56
9
sw

in
e
fa
rm

s
S
ge

ne
co
m
pl
et
e
se
qu

en
ce

–
Th

e
co
m
pl
et
e
S
ge

ne
se
qu

en
ce

M
F3

80
9
sh
ow

ed
a
hi
gh

(9
3.
3–

98
.5
%

nt
,
92

.0
–9

8.
0%

aa
)
se
qu

en
ce

id
en

tit
y
to

al
lk

no
w
n
PE

D
V

st
ra
in
s
fo
r
w
hi
ch

fu
ll-
le
ng

th
S
ge

ne
se
qu

en
ce
s
w
er
e
av
ai
la
bl
e
in

G
en

Ba
nk

,
ex

ce
pt

th
at

M
F3

80
9
ha

s
th
e
la
rg
e
de

le
tio

n
in

its
S
ge

ne
.
Ph

yl
og

en
et
ic

an
al
ys
is

co
nfi

rm
ed

th
at

M
F3

80
9
be

lo
ng

ed
to

a
cl
us
te
r
co
nt
ai
ni
ng

a
PE

D
V
re
fe
re
nc

e
st
ra
in
,
no

t
a
cl
us
te
r
th
at

in
cl
ud

ed
an

y
ot
he

r
co
ro
na

vi
ru
se
s,

an
d
sh
ow

ed
th
e

cl
os
es
t
ge

ne
tic

re
la
tio

ns
hi
p
w
ith

PE
D
V
st
ra
in
s
fr
om

So
ut
h
Ko

re
a
in

20
09

M
ge

ne
–
Th

e
en

tir
e
M

ge
ne

of
M
F3

80
9
ha

d
96

.6
–1

00
%

nt
(9
6.
0–

10
0%

aa
)

se
qu

en
ce

id
en

tit
y
to

al
lk

no
w
n
PE

D
V
st
ra
in
s
av
ai
la
bl
e
in

G
en

Ba
nk

,
an

d
ph

yl
og

en
et
ic

an
al
ys
is
sh
ow

ed
th
at

M
F3

80
9
be

lo
ng

ed
to

a
cl
us
te
r
co
nt
ai
ni
ng

PE
D
V
re
fe
re
nc

e
st
ra
in

an
d
sh
ow

ed
th
e
cl
os
es
t
ge

ne
tic

re
la
tio

ns
hi
p
w
ith

20
07

Ko
re
an

PE
D
V
st
ra
in
s

M
F3

80
9/
20

08
/S
ou

th
Ko

re
a
(G

en
Ba

nk
ac
ce
ss
io
n
nu

m
be

rs
:

KF
77

94
69

an
d

KF
77

94
70

)

Pa
rk

et
al
.

(2
01

4)
21

1

U
p
d
at
ed

ep
id
em

io
lo
gi
ca
l
d
at
a
o
n
P
ED

w
w
w
.e
fs
a.
eu

ro
p
a.
eu

/e
fs
aj
o
u
rn
al

35
EF
SA

Jo
u
rn
al

20
16
;1
4(
2)
:4
37
5

http://www.ncbi.nlm.nih.gov/nuccore/LC063810
http://www.ncbi.nlm.nih.gov/nuccore/LC063847
http://www.ncbi.nlm.nih.gov/nuccore/KF779469
http://www.ncbi.nlm.nih.gov/nuccore/KF779470


C
o
u
n
tr
y
(r
eg

io
n
)

D
at
e
o
f

is
o
la
ti
o
n

S
am

p
le

d
es

cr
ip
ti
o
n
an

d
se

q
u
en

ce
in
fo
rm

at
io
n

S
tr
ai
n
se

q
u
en

ce
d

R
ef
er

en
ce

R
ef
ID

(a
)

Ko
re
a
(8

pr
ov

in
ce
s)

Fr
om

19
98

to
20

13
A
to
ta
lo

f
27

sa
m
pl
es

of
di
ar
rh
oe

a
an

d
in
te
st
in
al

tis
su
e
fr
om

pi
gl
et
s
w
er
e

co
lle
ct
ed

fr
om

fa
rm

s
in

Ko
re
a

Th
e
fu
ll
S
ge

ne
se
qu

en
ce
s
of

a
to
ta
lo

f
27

PE
D
V
st
ra
in
s
an

d
48

re
fe
re
nc

e
st
ra
in
s
w
er
e
co
m
pa

re
d.

Ba
se
d
on

th
e
ph

yl
og

en
et
ic

tr
ee

s
th
e
Ko

re
an

st
ra
in
s

co
ul
d
be

di
vi
de

d
in
to

tw
o
gr
ou

ps
(G

1
an

d
G
2)

at
th
e
nt

an
d
aa

le
ve

ls
.
Va

cc
in
e

st
ra
in
s,

re
fe
re
nc

e
st
ra
in
s,

an
d
se
ve

ra
lo

f
th
e
Ko

re
an

an
d
Ch

in
es
e
st
ra
in
s
w
er
e

fo
un

d
to

be
lo
ng

to
G
1,

w
he

re
as

al
lK

or
ea

n
fie

ld
st
ra
in
s
cl
us
te
re
d
to
ge

th
er

w
ith

in
G
2.

In
te
re
st
in
gl
y,

th
re
e
st
ra
in
s
(K
D
G
G
13

_2
D
J,

KD
G
G
14

_6
IC
,
an

d
KD

G
N
13

_2
95

BG
)
in
G
2-
2
w
er
e
hi
gh

ly
si
m
ila
r
to

th
e
U
S
st
ra
in
s
th
at

sp
re
ad

in
20

13
,
w
ith

99
.2
–9

9.
8%

an
d
98

.8
–9

9.
7%

id
en

tit
y
at

th
e
nt

an
d
aa

le
ve

l,
re
sp
ec
tiv

el
y

G
en

Ba
nk

ac
ce
ss
io
n

nu
m
be

rs
:
KJ
85

73
52

–
KJ
85

74
81

Ki
m

et
al
.

(2
01

5b
)

10
8

So
ut
h
Ko

re
a

(K
yu

ng
po

ok
Pr
ov

in
ce
)

M
ar
ch

20
14

Fa
ec
al

sa
m
pl
es

w
er
e
co
lle
ct
ed

fr
om

pi
gs

ex
hi
bi
tin

g
PE

D
-li
ke

sy
m
pt
om

s
Fu

ll-
le
ng

th
ge

no
m
e
an

al
ys
is
–
N
uc

le
ot
id
e
id
en

tit
y
of

96
.6
–9

9.
7%

w
ith

ot
he

r
co
m
pl
et
e
PE

D
V
ge

no
m
es

av
ai
la
bl
e
in

G
en

Ba
nk

,
w
ith

th
e
hi
gh

es
t
nu

cl
eo

tid
e

id
en

tit
y
(9
9.
7%

)
w
ith

a
ne

w
va

ria
nt

U
S
st
ra
in
,
O
H
85

1
(K
J3
99

97
8)

S
ge

ne
se
qu

en
ce
s
–
N
uc

le
ot
id
e
se
qu

en
ci
ng

an
al
ys
is
sh
ow

ed
99

.8
–9

9.
9%

nt
id
en

tit
y
to

a
ne

w
va

ria
nt

st
ra
in

O
H
85

1
fr
om

th
e
U
ni
te
d
St
at
es

KO
R
/K
N
U
-1
40

6/
20

14
(G

en
Ba

nk
ac
ce
ss
io
n

nu
m
be

r:
KM

40
31

55
)

Le
e
et

al
.
(2
01

4)
22

68

Ta
iw
an

(C
en

tr
al

an
d

So
ut
he

rn
Ta

iw
an

)
Ea

rly
20

14
A
to
ta
lo

f
ni
ne

in
te
st
in
al

sa
m
pl
es

w
er
e
co
lle
ct
ed

fr
om

ni
ne

1-
to

7-
da

y-
ol
d

de
ad

pi
gl
et
s,

w
hi
ch

sh
ow

ed
si
gn

s
of

w
at
er
y
di
ar
rh
oe

a
an

d
de

hy
dr
at
io
n
fr
om

th
re
e
fa
rm

s
S
ge

ne
se
qu

en
ce
s
–
Ph

yl
og

en
et
ic

an
al
ys
is
re
ve

al
ed

tw
o
m
aj
or

cl
us
te
rs
.
Al
l

ne
w

PE
D
Vs

is
ol
at
ed

fr
om

Ta
iw
an

in
th
is
st
ud

y
be

lo
ng

ed
to

th
e
G
ro
up

1
(G

1)
.

Th
ey

w
er
e
ve

ry
cl
os
el
y
re
la
te
d
to

th
e
U
S
no

n-
S
IN

D
EL

(U
SA

-I
ow

a
28

-2
01

3,
U
SA

-K
an

sa
s
29

-2
01

3,
U
SA

-T
ex

as
39

-2
01

3)
st
ra
in
s
an

d
th
e
Ca

na
da

PE
I-
02

3
st
ra
in

(r
an

gi
ng

fr
om

99
.7
%

to
99

.8
%
);
bu

t
re
la
tiv

el
y
le
ss

re
la
te
d
to

ot
he

r
As

ia
st
ra
in
s
in
th
e
sa
m
e
gr
ou

p,
in
cl
ud

in
g
th
e
Ch

in
a
PE

D
V
st
ra
in
s
is
ol
at
ed

fr
om

th
e

PE
D

ou
tb
re
ak

s
du

rin
g
20

11
–2

01
2,

an
d
th
e
Vi
et
na

m
st
ra
in
s
is
ol
at
ed

fr
om

th
e

PE
D
ou

tb
re
ak

s
in

20
13

(V
N
/J
FP

10
13

_1
/2
01

3,
VN

/V
AP

11
13

_1
/2
01

3
an

d
VN

/
KC

H
Y-
31

01
13

/2
01

3,
ra
ng

in
g
fr
om

96
.9
%

to
97

.1
%
)

Th
e
S
ge

ne
se
qu

en
ce
s
of

th
e
Ta

iw
an

PE
D
V
va

ria
nt
s
w
er
e
se
pa

ra
te
d
fr
om

th
e

G
ro
up

2
(G

2)
vi
ru
se
s,

w
hi
ch

co
m
pr
is
ed

th
e
Eu

ro
pe

an
CV

77
7-
ba

se
d

va
cc
in
es
tr
ai
n
(lo

w
er

id
en

tit
y
to

th
e
CV

77
7
an

d
D
R
13

va
cc
in
e
st
ra
in
s,

ra
ng

in
g

fr
om

93
.9
%

to
94

.2
%
),

Ko
re
an

D
R
13

st
ra
in
,
th
e
Ta
iw
an

an
d
gl
ob

al
hi
st
or
ic

st
ra
in
s,

an
d
th
e
U
S
S
IN

D
EL

s
st
ra
in
s,

su
ch

as
U
SA

In
di
an

a1
28

,
U
SA

-O
hi
o1

26
an

d
U
SA

-I
ow

a1
07

st
ra
in
s

Ph
yl
og

en
et
ic

an
al
ys
is
al
so

re
ve

al
ed

th
at

th
e
Ta

iw
an

st
ra
in
s
an

d
th
e
U
S
no

n-
S

IN
D
EL

PE
D
V
st
ra
in
s
w
er
e
th
e
m
os
t
cl
os
el
y
re
la
te
d
to

Ch
in
a
CH

/Z
M
ZD

Y/
11

an
d

CH
/Z
Y/
11

st
ra
in
s
(9
9.
2–

99
.3
%

nu
cl
eo

tid
e
se
qu

en
ce

id
en

tit
y)

TW
-C
hi
ay

i-1
2,

24
an

d
32

,
TW

-Y
un

lin
-7
1,

82
an

d
91

,
TW

-P
in
gt
un

g-
41

,
52

an
d
63

(G
en

Ba
nk

ac
ce
ss
io
n

nu
m
be

rs
:
KP

27
62

44
–

KP
27

62
52

)

Ch
io
u
et

al
.

(2
01

5)
38

U
p
d
at
ed

ep
id
em

io
lo
gi
ca
l
d
at
a
o
n
P
ED

w
w
w
.e
fs
a.
eu

ro
p
a.
eu

/e
fs
aj
o
u
rn
al

36
EF
SA

Jo
u
rn
al

20
16
;1
4(
2)
:4
37
5

http://www.ncbi.nlm.nih.gov/nuccore/KJ857352
http://www.ncbi.nlm.nih.gov/nuccore/KJ857481
http://www.ncbi.nlm.nih.gov/nuccore/KJ399978
http://www.ncbi.nlm.nih.gov/nuccore/KM403155
http://www.ncbi.nlm.nih.gov/nuccore/KP276244
http://www.ncbi.nlm.nih.gov/nuccore/KP276252


C
o
u
n
tr
y
(r
eg

io
n
)

D
at
e
o
f

is
o
la
ti
o
n

S
am

p
le

d
es

cr
ip
ti
o
n
an

d
se

q
u
en

ce
in
fo
rm

at
io
n

S
tr
ai
n
se

q
u
en

ce
d

R
ef
er

en
ce

R
ef
ID

(a
)

Ta
iw
an

N
SP

3
ge

ne
co
m
pl
et
e
se
qu

en
ce

–
th
e
N
SP

3
ge

ne
s
fr
om

th
re
e
cl
in
ic
al

sa
m
pl
es

of
sw

in
e
w
ith

PE
D
V
in
fe
ct
io
n
w
er
e
ob

ta
in
ed

an
d
al
ig
ne

d
w
ith

34
N
SP

3
ge

ne
s

av
ai
la
bl
e
in

G
en

Ba
nk

as
of

Fe
br
ua

ry
20

14
.
Th

e
re
su
lts

su
gg

es
te
d
th
at

th
e

vi
ru
se
s
fr
om

th
e
20

14
PE

D
V
ep

id
em

ic
in

Ta
iw
an

w
er
e
hi
gh

ly
cl
us
te
re
d
w
ith

th
e
vi
ru
se
s
fr
om

th
e
U
S
w
ith

in
G
en

og
ro
up

2
Co

m
pr
eh

en
si
ve

PE
D
V
fu
ll-
ge

no
m
e
se
qu

en
ce
s
co
lle
ct
ed

fr
om

th
e
U
S
w
er
e

ob
ta
in
ed

an
d
th
e
ph

yl
og

en
et
ic

tr
ee

w
as

fu
rt
he

r
co
ns
tr
uc

te
d
ba

se
d
on

th
e

ns
p3

ge
ne

in
cl
ud

in
g
74

an
d
3
PE

D
V
se
qu

en
ce
s
fr
om

th
e
U
S
an

d
Ta

iw
an

,
re
sp
ec
tiv

el
y.

Th
e
re
su
lts

su
gg

es
te
d
th
at

th
e
vi
ru
s
re
sp
on

si
bl
e
fo
r
th
e
20

14
PE

D
V
ou

tb
re
ak

in
Ta
iw
an

cl
us
te
re
d
cl
os
el
y
to
ge

th
er

w
ith

Cl
ad

e
I
fr
om

th
e
U
S

TW
36

9-
N
TN

SP
3
an

d
TW

29
8-
TY

N
SP

3
(G

en
Ba

nk
ac
ce
ss
io
n

nu
m
be

rs
:
KR

63
24

90
-2
)

Su
ng

et
al
.

(2
01

5)
26

3

Th
ai
la
nd

(E
as
te
rn

re
gi
on

)
Tw

o
PE

D
V
va

ria
nt
s,

de
si
gn

at
ed

CB
R
1
an

d
EA

S1
,
w
er
e
is
ol
at
ed

fr
om

3-
da

y-
ol
d

pi
gs

Fu
ll-
le
ng

th
ge

no
m
e
an

al
ys
is
-
CB

R
1
sh
ar
es

a
hi
gh

si
m
ila
rit
y
(9
8.
3–

98
.7
%

an
d

96
.3
–9

7.
0%

at
th
e
nu

cl
eo

tid
e
an

d
am

in
o
ac
id

le
ve

ls
,
re
sp
ec
tiv

el
y)

w
ith

m
or
e

re
ce
nt

is
ol
at
es

fr
om

Ch
in
a.

In
co
nt
ra
st
,
EA

S1
sh
ar
es

a
hi
gh

si
m
ila
rit
y
w
ith

LZ
C,

SM
98

,
an

d
CV

77
7
(9
9.
1%

to
99

.5
%

an
d
98

.3
%

to
98

.8
%

at
th
e

nu
cl
eo

tid
e
an

d
am

in
o
ac
id
le
ve

ls
,
re
sp
ec
tiv

el
y)

S
ge

ne
se
qu

en
ce
s
–
CB

R
1
sh
ar
ed

94
.2
–9

8.
5%

an
d
92

.2
%
–9

8.
0%

nu
cl
eo

tid
e

se
qu

en
ce

an
d
am

in
o
ac
id

si
m
ila
rit
yw

ith
th
e
pr
ev
al
en

t
PE

D
V
va

ria
nt

in
Ch

in
a

an
d
Th

ai
la
nd

EA
S1

ha
s
a
cl
os
e
re
la
tio

ns
hi
p
w
ith

CV
77

77
,
LZ

C,
an

dS
M
98

va
cc
in
e
st
ra
in
s,

sh
ar
in
g
98

.4
–9

8.
9%

an
d
96

.6
–9

7.
5%

nu
cl
eo

tid
e
se
qu

en
ce

an
d
am

in
o
ac
id

si
m
ila
rit
y
an

d
is
ge

ne
tic

al
ly
di
st
in
ct

fr
om

th
e
pr
ev

al
en

t
PE

D
V
va

ria
nt

in
Th

ai
la
nd

CB
R
1
(G

en
Ba

nk
ac
ce
ss
io
n
no

.
KR

61
09

93
)

EA
S1

(G
en

Ba
nk

ac
ce
ss
io
n
no

.
KR

61
09

91
)

Ch
eu

n-
Ar
om

et
al
.
(2
01

5)
36

U
p
d
at
ed

ep
id
em

io
lo
gi
ca
l
d
at
a
o
n
P
ED

w
w
w
.e
fs
a.
eu

ro
p
a.
eu

/e
fs
aj
o
u
rn
al

37
EF
SA

Jo
u
rn
al

20
16
;1
4(
2)
:4
37
5

http://www.ncbi.nlm.nih.gov/nuccore/KR632490
http://www.ncbi.nlm.nih.gov/nuccore/KR632492
http://www.ncbi.nlm.nih.gov/nuccore/KR610993
http://www.ncbi.nlm.nih.gov/nuccore/KR610991


C
o
u
n
tr
y
(r
eg

io
n
)

D
at
e
o
f

is
o
la
ti
o
n

S
am

p
le

d
es

cr
ip
ti
o
n
an

d
se

q
u
en

ce
in
fo
rm

at
io
n

S
tr
ai
n
se

q
u
en

ce
d

R
ef
er

en
ce

R
ef
ID

(a
)

Vi
et
na

m
(6

pr
ov

in
ce
s
in

th
e
no

rt
h
an

d
1
in

th
e

ce
nt
ra
lr
eg

io
n)

Fr
om

N
ov

em
be

r
20

13
to

Ap
ril

20
14

Co
m
pl
et
e
se
qu

en
ce

an
al
ys
is
of

tw
o
(s
pi
ke

an
d
O
R
F3

)
ge

ne
s
in

30
po

si
tiv

e
sa
m
pl
es

(d
ia
rr
ho

ea
an

d
in
te
st
in
al

sa
m
pl
es

fr
om

pi
gl
et
s)

id
en

tifi
ed

8
st
ra
in
s.

Co
m
pl
et
e
S
ge

ne
se
qu

en
ce
s
de

m
on

st
ra
te
d
th
at

H
U
A-
PE

D
45

ha
s
hi
gh

si
m
ila
rit
y
(9
9.
7%

an
d
99

.4
%

at
th
e
nt

an
d
aa

le
ve

l,
re
sp
ec
tiv

el
y)

to
H
U
A-

PE
D
47

an
d
97

.6
–9

7.
8%

nt
se
qu

en
ce

si
m
ila
rit
y
to

Vi
et
na

m
es
e
st
ra
in
s
(V
N
/

KC
H
Y-
31

01
13

,
VA

P1
11

3-
1,

an
d
JF
P1

01
3-
1)

re
sp
on

si
bl
e
fo
r
th
e
20

13
ou

tb
re
ak

s
Ph

yl
og

en
et
ic

an
al
ys
is
ba

se
d
on

a
co
m
pl
et
e
sp
ik
e
ge

ne
fr
ag

m
en

t
of

Vi
et
na

m
es
e
fie

ld
st
ra
in
s,

to
ge

th
er

w
ith

ot
he

r
PE

D
V
re
fe
re
nc

e
st
ra
in
s
fr
om

G
en

Ba
nk

,
di
vi
de

d
th
e
se
qu

en
ce
s
in
to

fo
ur

gr
ou

ps
(F
ig
.
1)

H
U
A-
PE

D
55

,
-P
ED

58
,
-

PE
D
60

,
-P
ED

63
,
-

PE
D
67

,
-P
ED

68
,
-

PE
D
45

an
d
-P
ED

47
(G

en
Ba

nk
ac
ce
ss
io
n

nu
m
be

rs
:
KP

45
53

13
-

KP
45

53
20

an
d

KP
45

59
67

-K
P4

55
97

4)

Ki
m

et
al
.

(2
01

5a
)

11
1

Vi
et
na

m
(N

or
th
er
n
an

d
So

ut
he

rn
pr
ov

in
ce
s)

Fr
om

Ja
nu

ar
y

to
N
ov

em
be

r
20

13

W
ho

le
-g
en

om
e
se
qu

en
ce
s
ar
e
re
po

rt
ed

fo
r
th
re
e
PE

D
V
st
ra
in
s
is
ol
at
ed

fr
om

pi
gs

di
sp
la
yi
ng

se
ve

re
di
ar
rh
oe

a
fr
om

th
re
e
di
ff
er
en

t
fa
rm

s
Fu

ll-
le
ng

th
ge

no
m
e
an

al
ys
is
-
th
e
th
re
e
is
ol
at
es

w
er
e
gr
ou

pe
d
to
ge

th
er

in
G
ro
up

G
2
(a
lo
ng

w
ith

PE
D
V
is
ol
at
es

fr
om

Ch
in
a
af
te
r
20

10
,
Ko

re
a
an

d
th
e

U
ni
te
d
St
at
es
),

an
d
in

su
b-
cl
us
te
r
2-
1
(a
lo
ng

w
ith

,
in

ad
di
tio

n
to

Vi
et
na

m
is
ol
at
es
,
is
ol
at
es

fr
om

Ch
in
a
th
at

w
er
e
re
po

rt
ed

to
be

a
ne

w
va

ria
nt
).

Th
es
e

is
ol
at
es

w
er
e
se
pa

ra
te
d
fr
om

Ch
in
es
e
(A
H
20

12
),

U
S
an

d
U
S-
lik
e
Ko

re
an

is
ol
at
es
,
w
hi
ch

w
er
e
in
cl
ud

ed
in

su
b-
cl
us
te
r
2-
2.

Th
es
e
fin

di
ng

s
su
gg

es
t
th
at

th
e
PE

D
V
st
ra
in
s
is
ol
at
ed

in
Vi
et
na

m
ar
e
ne

w
va

ria
nt
s.

In
ad

di
tio

n,
th
e
re
su
lts

of
ge

ne
tic

an
al
ys
is
su
gg

es
t
a
cl
os
e
re
la
tio

ns
hi
p
be

tw
ee

n
Vi
et
na

m
es
e
is
ol
at
es

an
d
ne

w
va
ria

nt
s
of

Ch
in
es
e
PE

D
V
is
ol
at
es

fr
om

20
11

to
20

12

VN
/K
CH

Y-
31

01
13

(G
en

Ba
nk

ac
ce
ss
io
n

nu
m
be

r:
KJ
96

01
80

),
VA

P1
11

3-
1
(G

en
Ba

nk
ac
ce
ss
io
n
nu

m
be

r:
KJ
96

01
79

)
an

d
JF
P1

01
3-
1
(G

en
Ba

nk
ac
ce
ss
io
n
nu

m
be

r:
KJ
96

01
78

)

Vu
ie

t
al
.
(2
01

5)
29

7

(a
):

R
ef
ID

is
an

in
te
rn
al

re
fe
re
nc

e
id
en

tifi
ca
tio

n
nu

m
be

r
w
hi
ch

is
us
ed

fo
r
ea

sy
id
en

tifi
ca
tio

n
of

th
e
re
fe
re
nc

es
in
cl
ud

ed
in

ea
ch

of
th
e
ta
bl
es

(b
):

Pu
bl
ic
at
io
n
in

Ja
nu

ar
y
20

16
(c
):

Pu
bl
ic
at
io
n
in

D
ec
em

be
r
20

15

U
p
d
at
ed

ep
id
em

io
lo
gi
ca
l
d
at
a
o
n
P
ED

w
w
w
.e
fs
a.
eu

ro
p
a.
eu

/e
fs
aj
o
u
rn
al

38
EF
SA

Jo
u
rn
al

20
16
;1
4(
2)
:4
37
5

http://www.ncbi.nlm.nih.gov/nuccore/KP455313
http://www.ncbi.nlm.nih.gov/nuccore/KP455320
http://www.ncbi.nlm.nih.gov/nuccore/KP455967
http://www.ncbi.nlm.nih.gov/nuccore/KP455974
http://www.ncbi.nlm.nih.gov/nuccore/KJ960180
http://www.ncbi.nlm.nih.gov/nuccore/KJ960179
http://www.ncbi.nlm.nih.gov/nuccore/KJ960178


T
ab

le
A
.3
:

R
ep

or
te
d
in
fo
rm

at
io
n
on

cl
in
ic
al

si
gn

s
an

d
pa

th
ol
og

ic
al

le
si
on

s
an

d
pr
od

uc
tio

n
lo
ss
es

fo
r
di
ff
er
en

t
ag

e
gr
ou

ps
of

PE
D
V
in

20
14

–2
01

5
ob

ta
in
ed

by
an

ex
te
ns
iv
e
se
ar
ch

of
th
e
sc
ie
nt
ifi
c
lit
er
at
ur
e
an

d
re
le
va

nt
w
eb

si
te
s

C
o
u
n
tr
y
an

d
ti
m
e
p
er

io
d

A
g
e
o
f
th

e
an

im
al
s

M
o
rb

id
it
y
an

d
d
es

cr
ip
ti
o
n
o
f
cl
in
ic
al

si
g
n
s
an

d
/o

r
p
at
h
o
lo
g
ic
al

le
si
o
n
s

M
o
rt
al
it
y
an

d
p
ro

d
u
ct
io
n
lo
ss

es
V
ir
u
s
st
ra

in
R
ef
er

en
ce

re
fI
D

(a
)

Eu
ro
pe

Fr
an

ce
(N

or
th
er
n

Fr
an

ce
);

D
ec
em

be
r
20

14

Pi
gl
et
s,

fa
tt
en

er
s

Th
e
m
or
ta
lit
y
ra
te

ra
ng

ed
be

tw
ee

n
3.
3%

an
d
5.
5%

in
th
e
fa
tt
en

in
g

bu
ild
in
g
an

d
re
ac
he

d
12

%
in

pi
gl
et
s
af
te
r
1
w
ee

k
an

d
25

%
at

w
ea

ni
ng

in
th
e
fa
rr
ow

in
g
bu

ild
in
g

PE
D
V
FR

/0
01

/2
01

4
(K
R
01

17
56

)
G
ra
sl
an

d
et

al
.

(2
01

5)
23

00

G
er
m
an

y
(F
ed

er
al

St
at
e
of

Ba
de

n-
W
ue

rt
te
m
be

rg
);

M
ay

20
14

Pi
g
fa
tt
en

in
g

fa
rm

:
al
la

ge
gr
ou

ps
(f
ee

de
rs

to
sl
au

gh
te
r

an
im

al
s)

W
at
er
y
di
ar
rh
oe

a
Cl
in
ic
al

si
gn

s
w
er
e
pr
es
en

t
fo
r
at

le
as
t
1
w
ee

k;
�2

0
pi
gs

di
ed

G
ER

/L
00

71
9/
20

14
(G

en
Ba

nk
ac
ce
ss
io
n

nu
m
be

r:
LM

64
50

58
)

G
ER

/L
00

72
1/
20

14
(G

en
Ba

nk
ac
ce
ss
io
n

nu
m
be

r:
LM

64
50

57
)

H
an

ke
et

al
.
(2
01

5)
79

G
er
m
an

y
(S
ou

th
-

W
es
te
rn

G
er
m
an

y)
;

O
ct
ob

er
/

N
ov

em
be

r
20

14

So
w
s

Th
e
gr
ou

p
of

so
w
s
w
ea

ne
d
on

th
e
fir
st

da
y
of

th
e
ou

tb
re
ak

ha
d
>
95

%
m
or
bi
di
ty
:
se
ve

re
ly

re
du

ce
d
fe
ed

in
ta
ke

fo
r
th
e
fir
st

7–
8
da

ys
af
te
r
w
ea

ni
ng

an
d
ye

llo
w
is
h,

w
at
er
y
di
ar
rh
oe

a

K1
6/
14

-0
1
(L
00

90
6)

K1
6/
14

-0
2
(L
00

90
7)

K1
6/
14

-0
3
(K
00

90
8)

St
ad

le
r
et

al
.

(2
01

5)
;
FA

R
M

C
25

6

Pi
gl
et
s

Fr
om

on
e
fa
rr
ow

in
g
gr
ou

p
di
ar
rh
ei
c

(y
el
lo
w
is
h,

pa
st
y
to

w
at
er
y
di
ar
rh
oe

a)
,
ga

un
t

an
d
de

hy
dr
at
ed

pi
gl
et
s,

co
ve

re
d
w
ith

fe
ce
s

w
er
e
fo
un

d
in

30
ou

t
of

35
(8
6%

)
lit
te
rs

G
ro
ss

le
si
on

s
w
er
e
lim

ite
d
to

th
e
in
te
st
in
es

an
d
ch

ar
ac
te
riz

ed
by

di
st
en

de
d,

th
in

an
d

tr
an

sp
ar
en

t
in
te
st
in
al

w
al
ls
,
m
ai
nl
y
ob

se
rv
ed

in
th
e
sm

al
li
nt
es
tin

es
bu

t
pa

rt
ia
lly

al
so

in
th
e

co
lo
n
re
gi
on

H
is
to
lo
gy

w
as

ch
ar
ac
te
riz

ed
by

at
ro
ph

ic
en

te
rit
is
,
w
hi
ch

in
cl
ud

ed
sh
or
te
ni
ng

,
bl
un

tin
g
an

d
fu
si
on

of
th
e
vi
lli
,
oc
ca
si
on

al
ly

w
ith

va
cu

ol
at
io
n
an

d
ex

fo
lia
tio

n
of

en
te
ro
cy
te
s

67
.6
%

of
pi
gl
et
s
fr
om

th
is

fa
rr
ow

in
g
gr
ou

p
di
ed

or
ha

d
to

be
eu

th
an

iz
ed

be
fo
re

w
ea

ni
ng

.
M
or
ta
lit
y
in

th
e
nu

rs
er
y
re
ac
he

d
up

to
7.
1%

du
rin

g
th
e
ou

tb
re
ak

Cl
in
ic
al

si
gn

s
su
bs
id
ed

w
ith

in
4
w
ee

ks
af
te
r
th
e
on

se
t
of

di
ar
rh
oe

a

U
p
d
at
ed

ep
id
em

io
lo
gi
ca
l
d
at
a
o
n
P
ED

w
w
w
.e
fs
a.
eu

ro
p
a.
eu

/e
fs
aj
o
u
rn
al

39
EF
SA

Jo
u
rn
al

20
16
;1
4(
2)
:4
37
5

http://www.ncbi.nlm.nih.gov/nuccore/KR011756
http://www.ncbi.nlm.nih.gov/nuccore/LM645058
http://www.ncbi.nlm.nih.gov/nuccore/LM645057


C
o
u
n
tr
y
an

d
ti
m
e
p
er

io
d

A
g
e
o
f
th

e
an

im
al
s

M
o
rb

id
it
y
an

d
d
es

cr
ip
ti
o
n
o
f
cl
in
ic
al

si
g
n
s
an

d
/o

r
p
at
h
o
lo
g
ic
al

le
si
o
n
s

M
o
rt
al
it
y
an

d
p
ro

d
u
ct
io
n
lo
ss

es
V
ir
u
s
st
ra

in
R
ef
er

en
ce

re
fI
D

(a
)

G
er
m
an

y
(S
ou

th
-

W
es
te
rn

G
er
m
an

y)
;

Se
pt
em

be
r
20

14

So
w
s
an

d
bo

ar
s

Fi
rs
t
cl
in
ic
al

si
gn

s
w
er
e
ch

ar
ac
te
ris

ed
by

an
or
ex

ia
in

la
ct
at
in
g
so
w
s.

U
p
to

10
0%

of
th
e

so
w
s
in

th
e
fa
rr
ow

in
g
un

it
w
er
e
af
fe
ct
ed

by
w
at
er
y
di
ar
he

a.
W
ith

in
1
w
ee

k
af
te
r
th
e
on

se
t

of
fir
st

cl
in
ic
al

si
gn

s,
di
ar
rh
oe

a
ha

d
sp
re
ad

to
al
la

ge
gr
ou

ps
of

pi
gs

pr
es
en

t
at

th
e
fa
rm

in
cl
ud

in
g
bo

ar
s
an

d
nu

rs
er
y
pi
gs

Cl
in
ic
al

si
gn

s
w
er
e
pr
es
en

t
fo
r

ap
pr
ox

im
at
el
y
4
w
ee

ks
an

d
pe

rf
or
m
an

ce
da

ta
re
tu
rn
ed

to
no

rm
al

w
ith

in
6
w
ee

ks
af
te
r
th
e

ou
tb
re
ak

of
PE

D

K1
4/
14

-0
2
(L
00

85
5)

St
ad

le
r
et

al
.

(2
01

5)
;
FA

R
M

B
25

6

Pi
gl
et
s

Pa
st
y
di
ar
rh
oe

a,
w
hi
ch

pr
og

re
ss
ed

to
w
at
er
y

gr
ey

is
h
fe
ce
s
w
ith

va
ria

bl
e
de

gr
ee

s
of

de
hy

dr
at
io
n,

af
fe
ct
in
g
ab

ou
t
70

%
of

pi
gl
et
s

fr
om

on
e
fa
rr
ow

in
g
ba

tc
h

G
ro
ss

an
d
hi
st
ol
og

ic
le
si
on

s
w
er
e
co
m
m
on

ly
de

sc
rib

ed
fo
r
an

im
al
s
fr
om

al
lt
hr
ee

fa
rm

s
(A
,

B,
C,

se
e
ab

ov
e)

D
ur
in
g
th
e
ou

tb
re
ak

,
m
or
ta
lit
y

ra
ng

ed
fr
om

5.
5%

in
su
ck
lin
g

pi
gl
et
s
to

8.
8%

in
nu

rs
er
y
pi
gs

G
er
m
an

y
(S
ou

th
er
n

G
er
m
an

y)
;

M
ay

20
14

Fa
tt
en

in
g
fa
rm

–
al
la

ge
gr
ou

ps
af
fe
ct
ed

95
%

of
al
lg

ro
w
in
g
an

d
fin

is
hi
ng

pi
gs

de
ve

lo
pe

d
di
ar
rh
oe

a
ac
co
m
pa

ni
ed

by
an

or
ex

ia
an

d
le
th
ar
gy
.
Vo

m
itu

s
w
as

ap
pa

re
nt

in
in
di
vi
du

al
pi
gs
.
Th

e
af
fe
ct
ed

pi
gs

sh
ow

ed
va

ry
in
g
de

gr
ee

s
of

w
ei
gh

t
lo
ss

an
d

de
hy

dr
at
io
n.

At
th
e
pe

ak
of

cl
in
ic
al

si
gn

s,
5
da

ys
af
te
r
th
e
on

se
t
of

fir
st

cl
in
ic
al

si
gn

s,
fe
ed

co
ns
um

pt
io
n
se
ve

re
ly

de
cl
in
ed

W
ith

in
th
e
fir
st

10
da

ys
af
te
r
th
e

on
se
t
of

cl
in
ic
al

si
gn

s
20

pi
gs

ha
d

di
ed

;
80

%
of

th
em

or
ig
in
at
ed

fr
om

th
e
yo

un
ge

st
ag

e
gr
ou

p.
D
ur
in
g

th
e
ou

tb
re
ak

of
PE

D
an

ov
er
al
l

m
or
ta
lit
y
ra
te

of
4.
5%

,
an

av
er
ag

e
da

ily
ga

in
(A
D
G
)
of

60
0
g
an

d
a

pr
ol
on

ge
d
fa
tt
en

in
g
pe

rio
d
of

30
da

ys
w
er
e
do

cu
m
en

te
d.

Pr
io
r
to

th
e
ou

tb
re
ak

,
pe

rf
or
m
an

ce
da

ta
ac
co
un

te
d
fo
r
75

0
g
AD

G
an

d
2%

m
or
ta
lit
y

Fe
ed

co
ns
um

pt
io
n
re
tu
rn
ed

to
no

rm
al

w
ith

in
6
da

ys
in

th
e
ol
de

r
ag

e
gr
ou

ps
bu

t
w
as

co
m
pr
om

is
ed

in
th
e
yo

un
ge

st
ag

e
gr
ou

ps
fo
r

se
ve

ra
lw

ee
ks

Cl
in
ic
al

si
gn

s
su
bs
id
ed

w
ith

in
3
w
ee

ks
in

th
e
ol
de

r
ag

e
gr
ou

ps
,

bu
t
re
cu

rr
en

t
di
ar
rh
oe

a
pe

rs
is
te
d
in

th
e
yo

un
ge

st
ag

e
gr
ou

p
fo
r
up

to
15

w
ee

ks

G
ER

/L
00

71
9/
20

14
(b
)

(G
en

Ba
nk

ac
ce
ss
io
n

nu
m
be

r:
LM

64
50

58
)

L0
07

21
/G

ER
/2
01

4
(G

en
Ba

nk
ac
ce
ss
io
n

nu
m
be

r:
LM

64
50

57
)

St
ad

le
r
et

al
.

(2
01

5)
;
FA

R
M

A
25

6

U
p
d
at
ed

ep
id
em

io
lo
gi
ca
l
d
at
a
o
n
P
ED

w
w
w
.e
fs
a.
eu

ro
p
a.
eu

/e
fs
aj
o
u
rn
al

40
EF
SA

Jo
u
rn
al

20
16
;1
4(
2)
:4
37
5

http://www.ncbi.nlm.nih.gov/nuccore/LM645058
http://www.ncbi.nlm.nih.gov/nuccore/LM645057


C
o
u
n
tr
y
an

d
ti
m
e
p
er

io
d

A
g
e
o
f
th

e
an

im
al
s

M
o
rb

id
it
y
an

d
d
es

cr
ip
ti
o
n
o
f
cl
in
ic
al

si
g
n
s
an

d
/o

r
p
at
h
o
lo
g
ic
al

le
si
o
n
s

M
o
rt
al
it
y
an

d
p
ro

d
u
ct
io
n
lo
ss

es
V
ir
u
s
st
ra

in
R
ef
er

en
ce

re
fI
D
(a

)

Sp
ai
n;

fr
om

Au
gu

st
20

14
to

M
ay

20
15

Su
ck
lin
g
pi
gl
et
s,

fa
tt
en

er
s

D
is
ea

se
w
as

m
os
t
se
ve

re
am

on
g
pi
gl
et
s
<
10

da
ys

of
ag

e.
D
ia
rr
ho

ea
w
as

th
e
pr
ed

om
in
an

t
cl
in
ic
al

si
gn

Th
e
m
or
ta
lit
y
ra
te

w
as

up
to

90
%

in
ne

w
bo

rn
pi
gl
et
s

D
ec
re
as
ed

w
ei
gh

t
in

su
ck
lin
g

pi
gl
et
s
(<

0.
5–

0.
3
Kg

pe
r
pi
gl
et
)

an
d
in
cr
ea

se
d
tim

e
fo
r
fa
tt
en

in
g

La
ra
nj
o
et

al
.

(2
01

5)
24

25

So
w
s

D
ec
re
as
e
of

ap
pe

tit
e
(1
0–

80
%

of
so
w
s)

an
d,

in
le
ss

pr
op

or
tio

n
of

an
im

al
s,

di
ar
rh
oe

a
(4
–3

0%
)
an

d,
ev

en
tu
al
ly

vo
m
iti
ng

(2
–5

%
).

Th
e
cl
in
ic
al

co
ur
se

am
on

g
ad

ul
t
pi
gs

la
st
ed

2–
5
da

ys
.

N
ec
ro
ps
y
of

af
fe
ct
ed

pi
gl
et
s
re
ve

al
a
se
ve

re
ca
ta
rr
ha

le
nt
er
iti
s
an

d
hi
st
ol
og

ic
al
ly

vi
llu
s

at
ro
ph

y
w
as

ob
se
rv
ed

th
at

af
fe
ct
ed

m
ai
nl
y

je
ju
nu

m
an

d
ile
um

In
a
pe

rio
d
of

8
w
ee

ks
th
e

de
cr
ea

se
of

nu
m
be

r
of

pi
gl
et
s
pe

r
lit
te
r
ra
ng

ed
fr
om

a
ne

gl
ig
ib
le

va
lu
e

up
to

2.
9
pi
gl
et
s.

Cl
in
ic
al

si
gn

s
w
er
e
ob

se
rv
ed

be
tw

ee
n
2
an

d
11

w
ee

ks
de

pe
nd

in
g
on

di
ff
er
en

t
fa
ct
or
s
su
ch

us
us
in
g
of

co
nt
ro
ls
m
ea

su
re
s
(e
g.

fe
ed

ba
ck

of
so
w
s
w
ith

in
fe
ct
ed

fa
ec
es
)

Sp
ai
n
(3

pr
ov

in
ce
s)
;
M
ar
ch

20
14

In
al
lc

as
es

hi
gh

m
or
bi
di
ty

w
as

ob
se
rv
ed

in
af
fe
ct
ed

ho
ld
in
gs
,
th
e
pr
ed

om
in
an

t
sy
m
pt
om

in
al
lc

as
es

w
as

th
e
di
ar
rh
oe

a,
th
e
m
or
ta
lit
y

w
as

hi
gh

er
in

pi
gl
et
s
un

de
r
1
w
ee

k
of

ag
e
(u
p

to
44

%
),

ov
er

1
w
ee

k
of

ag
e,

m
or
ta
lit
y
of

2
w
ee

ks
ol
d
pi
gl
et
s
de

cr
ea

se
d
co
ns
id
er
ab

ly
(1
6.
9%

),
be

in
g
no

n-
ex

is
te
nt

in
ol
de

r
an

im
al
s.

Th
e
av

er
ag

e
du

ra
tio

n
of

an
ou

tb
re
ak

ha
s
be

en
16

.9
da

ys
w
ith

co
m
pl
et
e
re
co
ve

ry
in

al
lc

as
es
.

Sp
an

is
h
st
ra
in
s
ha

ve
pr
od

uc
ed

lo
ss
es

of
0.
66

pi
gl
et
s
pe

r
so
w

pe
r

ye
ar

on
av

er
ag

e
w
hi
le

in
th
e
U
SA

it
ha

s
be

en
of

1.
67

pi
gl
et
s

AN
PR

O
G
AP

O
R-

D
ire

cc
i� o
n
G
en

er
al

de
Sa

ni
da

d
de

la
Pr
od

uc
ci
� on

Ag
ra
ria

,
20

14
.

26
23

U
p
d
at
ed

ep
id
em

io
lo
gi
ca
l
d
at
a
o
n
P
ED

w
w
w
.e
fs
a.
eu

ro
p
a.
eu

/e
fs
aj
o
u
rn
al

41
EF
SA

Jo
u
rn
al

20
16
;1
4(
2)
:4
37
5



C
o
u
n
tr
y
an

d
ti
m
e
p
er

io
d

A
g
e
o
f
th

e
an

im
al
s

M
o
rb

id
it
y
an

d
d
es

cr
ip
ti
o
n
o
f
cl
in
ic
al

si
g
n
s
an

d
/o

r
p
at
h
o
lo
g
ic
al

le
si
o
n
s

M
o
rt
al
it
y
an

d
p
ro

d
u
ct
io
n
lo
ss

es
V
ir
u
s
st
ra

in
R
ef
er

en
ce

re
fI
D
(a

)

U
kr
ai
ne

(P
ol
ta
va

re
gi
on

);
su
m
m
er

20
14

So
w
s

Vo
m
iti
ng

an
d
pr
of
us
e
di
ar
rh
oe

a.
D
is
ea

se
w
as

le
ss

se
ve

re
in

ad
ul
ts
,
w
ho

se
ap

pe
tit
e
re
tu
rn
ed

an
d
di
ar
rh
oe

a
ce
as
ed

w
ith

in
3
da

ys

Ab
or
tio

ns
oc
cu

rr
ed

im
m
ed

ia
te
ly

fo
llo
w
in
g
th
e
ou

tb
re
ak

in
38

%
of

1
ba

tc
h
of

so
w
s
th
at

w
er
e
at

28
–3

5
da

ys
’g
es
ta
tio

n;
no

di
ag

no
st
ic

in
ve

st
ig
at
io
n
w
as

m
ad

e
to

de
te
rm

in
e
th
e
ca
us
e.

Ab
or
tio

ns
di
d

no
t
oc
cu

r
in

ot
he

r
gr
ou

ps
of

so
w
s

an
d
ha

ve
no

t
be

en
re
po

rt
ed

as
a

fe
at
ur
e
of

PE
D

ou
tb
re
ak

s
in

N
or
th

Am
er
ic
a.

Th
e
re
pr
od

uc
tiv

e
st
at
us

of
so
w
s
at

ot
he

r
st
ag

es
of

ge
st
at
io
n
w
as

no
t
su
bs
ta
nt
ia
lly

af
fe
ct
ed

by
th
e
in
iti
al

PE
D

ou
tb
re
ak

,
an

d
no

hi
gh

er
re
tu
rn

ra
te

w
as

ob
se
rv
ed

.
Po

st
pa

rt
um

so
w
s

di
d
no

t
fa
il
to

pr
od

uc
e
m
ilk
,
bu

t
th
os
e
af
fe
ct
ed

by
PE

D
V
ha

d
a

re
du

ce
d
fe
ed

in
ta
ke

an
d
as
so
ci
at
ed

re
du

ce
d
m
ilk

ou
tp
ut
.

D
as
tj
er
di

et
al
.

(2
01

5)
(c
)

26
20

Pi
gl
et
s

D
is
ea

se
w
as

m
os
t
se
ve

re
am

on
g
pi
gl
et
s
<
10

da
ys

of
ag

e.
Vo

m
iti
ng

an
d
pr
of
us
e
w
at
er
y

di
ar
rh
oe

a.
Pi
gl
et
s
>
10

da
ys

ol
d
be

ca
m
e
si
ck
,

bu
tm

os
t
(9
5%

)
su
rv
iv
ed

.

Th
e
ca
se
-f
at
al
ity

ra
te

re
ac
he

d
ne

ar
ly

10
0%

.
Th

e
de

ci
si
on

w
as

m
ad

e
to

eu
th
an

iz
e
pi
gl
et
s
<
10

da
ys

of
ag

e
du

rin
g
a
3-
w
ee

k
pe

rio
d
fr
om

th
e
st
ar
t
of

th
e
ou

tb
re
ak

.
Th

e
pe

rf
or
m
an

ce
of

th
e
pi
g
un

it
to
ok

20
w
ee

ks
to

re
tu
rn

to
pr
eo

ut
br
ea

k
le
ve

ls
.
D
ur
in
g
th
at

tim
e,

a
to
ta
lo

f
30

,0
00

pi
gl
et
s
di
ed

,
w
hi
ch

eq
ua

te
s
to

a
lo
ss

of
6

w
ea

ne
d
pi
gl
et
s
pe

r
so
w

pe
r
ye

ar
.

U
kr
ai
ne

/P
ol
ta
va

01
/

20
14

(G
en

Ba
nk

ac
ce
ss
io
n
nu

m
be

r:
KP

40
39

54
)

U
p
d
at
ed

ep
id
em

io
lo
gi
ca
l
d
at
a
o
n
P
ED

w
w
w
.e
fs
a.
eu

ro
p
a.
eu

/e
fs
aj
o
u
rn
al

42
EF
SA

Jo
u
rn
al

20
16
;1
4(
2)
:4
37
5

http://www.ncbi.nlm.nih.gov/nuccore/KP403954


C
o
u
n
tr
y
an

d
ti
m
e
p
er

io
d

A
g
e
o
f
th

e
an

im
al
s

M
o
rb

id
it
y
an

d
d
es

cr
ip
ti
o
n
o
f
cl
in
ic
al

si
g
n
s
an

d
/o

r
p
at
h
o
lo
g
ic
al

le
si
o
n
s

M
o
rt
al
it
y
an

d
p
ro

d
u
ct
io
n
lo
ss

es
V
ir
u
s
st
ra

in
R
ef
er

en
ce

re
fI
D
(a

)

Th
e
Am

er
ic
as

Ca
na

da
(S
ou

th
w
es
te
rn

O
nt
ar
io
);

Ja
nu

ar
y

20
14

Pi
gl
et
s

O
cc
ur
re
d
in

Ja
nu

ar
y
of

20
14

in
a
50

0
so
w

fa
rr
ow

-t
o-
fin

is
h
he

rd
.
D
ia
rr
ho

ea
an

d
vo

m
iti
ng

in
pi
gl
et
s.

Pi
gl
et

m
or
bi
di
ty

w
as

10
0%

.
Sm

al
la

nd
la
rg
e
in
te
st
in
e
w
er
e
di
st
en

de
d
w
ith

w
at
er
y
ye

llo
w

tr
an

sl
uc

en
t
co
nt
en

t;
in
te
st
in
al

se
ro
sa
e
w
er
e
co
ng

es
te
d;

m
od

er
at
e
to

m
ar
ke

d
at
ro
ph

y
an

d
fu
si
on

of
in
te
st
in
al

vi
lli
;
vi
llu
s
tip

ep
ith

el
iu
m

w
as

co
lu
m
na

r
bu

t
va
cu

ol
at
ed

Pi
gl
et

m
or
ta
lit
y
w
as

10
0%

N
an

d
S
ge

ne
co
nv

en
tio

na
lP

CR
as
sa
ys

pr
od

uc
ed

am
pl
ic
on

s
of

th
e

pr
ed

ic
te
d
si
ze

fo
r
al
l

4
co
lo
n
sa
m
pl
es
.

Se
qu

en
ci
ng

of
th
es
e

PC
R
pr
od

uc
ts

sh
ow

ed
th
at

th
is

O
nt
ar
io

PE
D
V
w
as

99
%

id
en

tic
al

to
re
ce
nt

PE
D
V
is
ol
at
es

fr
om

th
e
U
SA

an
d

Ch
in
a.

O
jk
ic

et
al
.
(2
01

5)
19

7

U
ni
te
d
St
at
es

of
Am

er
ic
a
(o
ne

la
rg
e
sw

in
e

sy
st
em

w
ith

se
ve

ra
lf
ar
m
s

lo
ca
te
d
in

th
e

M
id
w
es
t)
;

be
tw

ee
n
M
ar
ch

1,
20

13
an

d
Ju
ne

1,
20

14
.

W
ea

ne
d
pi
gs

R
et
ro
sp
ec
tiv

e
co
ho

rt
st
ud

y
ba

se
d
on

18
el
ig
ib
le

pa
irs

of
ba

tc
he

s:
co
nt
ro
l(
be

fo
re

Po
rc
in
e
Ep

id
em

ic
D
ia
rr
ho

ea
—
PE

D
-
de

te
ct
io
n)

an
d
in
fe
ct
ed

(fi
rs
t
ba

tc
h
af
te
r
PE

D
de

te
ct
io
n)
.

M
or
ta
lit
y
w
as

si
gn

ifi
ca
nt
ly

(p
<
0.
00

1)
hi
gh

er
in

PE
D
-p
os
iti
ve

ba
tc
he

s
co
m
pa

re
d
w
ith

th
e
co
nt
ro
l

pi
gs
,
w
ith

an
ov

er
al
lm

ea
n

di
ff
er
en

ce
of

12
.5
%

(9
5%

co
nfi

de
nc

e
in
te
rv
al

=
6.
4–

18
.4
).

Av
er
ag

e
da

ily
ga

in
(A
D
G
)
an

d
fe
ed

co
nv

er
si
on

ra
tio

(F
CR

)
w
er
e

si
gn

ifi
ca
nt
ly

w
or
se

in
ca
se

ba
tc
he

s,
w
ith

a
0.
16

lb
m
ea

n
de

cr
ea

se
of

th
e
fo
rm

er
(9
5%

CI
=
0.
07

–0
.2
6)

an
d
a
0.
55

in
cr
ea

se
in

th
e
la
tt
er

(9
5%

CI
=
0.
30

–0
.7
9)
.
Av

er
ag

e
da

ily
fe
ed

in
ta
ke

(A
D
FI
)
re
m
ai
ne

d
la
rg
el
y
un

af
fe
ct
ed

(p
=
0.
9)
.

Al
va
re
z
et

al
.
(2
01

5)
8

U
p
d
at
ed

ep
id
em

io
lo
gi
ca
l
d
at
a
o
n
P
ED

w
w
w
.e
fs
a.
eu

ro
p
a.
eu

/e
fs
aj
o
u
rn
al

43
EF
SA

Jo
u
rn
al

20
16
;1
4(
2)
:4
37
5



C
o
u
n
tr
y
an

d
ti
m
e
p
er

io
d

A
g
e
o
f
th

e
an

im
al
s

M
o
rb

id
it
y
an

d
d
es

cr
ip
ti
o
n
o
f
cl
in
ic
al

si
g
n
s
an

d
/o

r
p
at
h
o
lo
g
ic
al

le
si
o
n
s

M
o
rt
al
it
y
an

d
p
ro

d
u
ct
io
n
lo
ss

es
V
ir
u
s
st
ra

in
R
ef
er

en
ce

re
fI
D

(a
)

U
ni
te
d
St
at
es

of
Am

er
ic
a
(O

hi
o)
;

Ja
nu

ar
y
20

15

So
w
s

M
ul
ti-
si
te

sw
in
e
op

er
at
io
n.

80
%

of
so
w
s
on

on
e
si
te

ex
pe

rie
nc

ed
di
ar
rh
oe

a,
vo

m
iti
ng

,
an

d
de

hy
dr
at
io
n.

Bo
w
m
an

et
al
.

(2
01

5)
22

Pi
gl
et
s,

w
ea

ne
d

pi
gs

D
ia
rr
ho

ea
,
vo

m
iti
ng

,
an

d
de

hy
dr
at
io
n.

Se
ve

ra
l

un
its

in
th
e
sa
m
e
or

ot
he

r
pr
od

uc
tio

n
flo

w
s

re
po

rt
ed

si
gn

s
an

d/
or

co
nfi

rm
at
io
n
of

th
e

vi
ru
s
by

RT
-P
CR

.

Fo
rt
y-
tw

o
pe

rc
en

t
m
or
ta
lit
y
w
as

ob
se
rv
ed

in
pi
gl
et
s
in

on
e
of

th
e

fa
rr
ow

in
g
un

its
.I
n
on

e
of

th
e

pr
od

uc
tio

n
flo

w
s,

O
ve

ra
ll,

m
or
ta
lit
y

am
on

g
ne

on
at
al

pi
gl
et
s
w
as

cl
os
e

to
10

0%
on

e
of

th
e
pr
od

uc
tio

n
flo

w
s.

Co
lo
m
bi
a
(H

ui
la
,

Cu
nd

in
am

ar
ca
,

To
lim

a,
Bo

ya
c� a
,

an
d
Sa

nt
an

de
r)
;

fr
om

M
ar
ch

to
M
ay

20
14

Pi
gl
et
s

M
or
bi
di
ty

w
as

18
%
.
D
ia
rr
ho

ea
an

d
de

at
h
in

pi
gl
et
s

Ca
se

fa
ta
lit
y
ra
te

w
as

31
.6
7%

Pr
op

or
tio

n
su
sc
ep

tib
le

an
im

al
s
lo
st

=
R
em

ov
ed

fr
om

th
e
su
sc
ep

tib
le

po
pu

la
tio

n
th
ro
ug

h
de

at
h,

de
st
ru
ct
io
n
an

d/
or

sl
au

gh
te
r

(5
.6
8%

)

Pi
~ ne

ro
s
an

d
M
on

go
ll� o
n
G
al
vi
s

(2
01

5)

13
95

(d
)

(a
):

R
ef
ID

is
an

in
te
rn
al

re
fe
re
nc

e
id
en

tifi
ca
tio

n
nu

m
be

r
w
hi
ch

is
us
ed

fo
r
ea

sy
id
en

tifi
ca
tio

n
of

th
e
re
fe
re
nc

es
in
cl
ud

ed
in

ea
ch

of
th
e
ta
bl
es

(b
):

Pe
rs
on

al
co
m
m
un

ic
at
io
n
w
ith

D
r.
Sa

nd
ra

Bl
om

e
(c
):

Pu
bl
ic
at
io
n
in

D
ec
em

be
r
20

15
(d
):

Fi
na

lr
ep

or
t
su
bm

itt
ed

by
th
e
W
or
ld

O
rg
an

is
at
io
n
fo
r
An

im
al

H
ea

lth
(O

IE
)
-
“I
nf
or
m
at
io
n
re
ce
iv
ed

on
09

/0
6/
20

14
fr
om

D
r
Lu

is
H
um

be
rt
o
M
ar
t� ın

ez
La

co
ut
ur
e,

G
er
en

te
G
en

er
al
,
In
st
itu

to
Co

lo
m
bi
an

o
Ag

ro
pe

cu
ar
io

(I
CA

),
M
in
is
te
rio

de
Ag

ric
ul
tu
ra

y
D
es
ar
ro
llo

R
ur
al
,
Bo

go
t� a

,
Co

lo
m
bi
a”
;
ht
tp
:/
/w

w
w
.o
ie
.in

t/
w
ah

is
_2

/p
ub

lic
/w

ah
id
.p
hp

/R
ev

ie
w
re
po

rt
/R
ev

ie
w
?r
ep

or
tid

=
15

38
9

[A
cc
es
se
d
7
D
ec
em

be
r
20

15
]

U
p
d
at
ed

ep
id
em

io
lo
gi
ca
l
d
at
a
o
n
P
ED

w
w
w
.e
fs
a.
eu

ro
p
a.
eu

/e
fs
aj
o
u
rn
al

44
EF
SA

Jo
u
rn
al

20
16
;1
4(
2)
:4
37
5

http://www.oie.int/wahis_2/public/wahid.php/Reviewreport/Review?reportid=15389


Appendix B – Members of the EFSA Network on PED

Table B.1: Members of the Network on PED

Country Name Affiliation
Austria Steinrigl, Adolf Austrian Agency for Health and Food Safety (AGES)

Belgium Cay, Brigitte Veterinary and Agrochemical Research Centre
(CODA-CERVA)

Christiaens, Isaura Ghent University

Desmarets, Lowiese Ghent University
Nauwynck, Hans Ghent University

Theuns, Sebastiaan Ghent University
Van der Stede, Yves Veterinary and Agrochemical Research Centre

(CODA-CERVA)

Croatia Brni�c, Dragan Croatian Veterinary Institute
Virology Department

Denmark Bøtner, Anette Technical University of Denmark, National Veterinary
Institute

Strandbygaard, Bertel Technical University of Denmark, National Veterinary
Institute

Estonia Nurmoja, Imbi Estonian Veterinary and Food Laboratory

Tedersoo, Triin Estonian Veterinary and Food Laboratory
Finland Laine, Taina Finnish Food Safety Authority (EVIRA)

London, Laura Finnish Food Safety Authority (EVIRA)
France Evain, Loic Bureau de la Sant�e animale, Direction g�en�erale de

l’alimentation, Minist�ere de l’Agriculture,
de l’Agroalimentaire et de la Forêt

Grasland, Beatrice French Agency for Food, Environmental and
Occupational Health and Safety (ANSES)

Marc�e, Clara Bureau de la sant�e animale Sous-direction
de la sant�e et de la protection animales Service
de la pr�evention des risques sanitaires de la
production primaire Direction G�en�erale de
l’Alimentation

Rose, Nicolas French Agency for Food, Environmental and
Occupational Health and Safety (ANSES)

Germany Blome, Sandra Friedrich-Loeffler-Institut, Federal Research
Institute for Animal Health

Schwarz, Bernd-Andreas VAXXINOVA GMBH diagnostics
Greece Fortomaris, Paschalis Aristotle University of Thessaloniki

Kritas, Spyridon Aristotle University of Thessaloniki
Hungary B�alint, �Ad�am National Food-chain Safety Office, Veterinary

Diagnostic Directorate

D�an, �Ad�am National Food-chain Safety Office, Veterinary
Diagnostic Directorate

Ireland Moriarty, John Virology Division, Central Veterinary Research
Laboratory, Backweston Campus, Celbridge,
Co. Kildare

Ryan, Eoin Virology Division, Central Veterinary Research
Laboratory, Backweston Campus, Celbridge, Co.
Kildare

Italy Alborali, Giovanni Istituto Zooprofilattico Sperimentale della
Lombardia e dell’Emilia Romagna

Boniotti, Beatrice Istituto Zooprofilattico Sperimentale della
Lombardia e dell’Emilia Romagna
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Country Name Affiliation
Cerioli, Monica Istituto Zooprofilattico Sperimentale della Lombardia e

dell’Emilia Romagna

Lavazza, Antonio Istituto Zooprofilattico Sperimentale della Lombardia e
dell’Emilia Romagna

Lithuania Masiulis, Marius Emergency Response Department, State Food and
Veterinary Service of Lithuania

Netherlands Franssen, Paul GD, Animal Health Service
Van der Poel, Wim Wageningen University & Research Centre

Van der Wolf, Peter GD, Animal Health Service
Norway Grøntvedt, Carl Andreas Norwegian Veterinary Institute

Heier, Berit Tafjord Norwegian Veterinary Institute
Portugal Vilhena Clemente, Patr�ıcia Isabel Direcç~ao de Serviços de Protec~ao Animal DGAV

Vaz, Yolanda Direç~ao-Geral de Alimentaç~ao e Veterin�aria
Correia, Maria Jorge Direcç~ao de Serviços de Proteç~ao Animal Divis~ao de

Bem Estar Animal DGAV-DSPA

Slovak Republic Mojzis, Miroslav State Veterinary Institute – Zvolen
Ondrejkov�a, Anna Univerzita veterin�arskeho lek�arstva a farm�acie v

Ko�siciach

Polak, Dalibor Animal Health and Welfare Department of State
Veterinary
and Food Administration of the Slovak Republic

Spain C�aceres Garrido, Germ�an Ministry of Agriculture, Food and Environment
(MAGRAMA)

Gonzalo Mart�ınez, Beatriz Ministry of Agriculture, Food and Environment
(MAGRAMA)

Romero, Luis Ministry of Agriculture, Food and Environment
(MAGRAMA)

Sweden Hult�en, Cecilia National Veterinary Institute
United Kingdom Roberts, Helen Animal and Plant Health Agency (APHA)

Steinbach, Falko Animal and Plant Health Agency (APHA)

Williamson, Susanna Animal and Plant Health Agency (APHA)
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Appendix C – Details on extensive literature review on PED

The primary purpose of the extensive literature review is to obtain data in order to update tables 2,
7 and 8 of the ‘Scientific Opinion on porcine epidemic diarrhoea and emerging porcine
deltacoronavirus’ of the EFSA Panel on Animal Health and Welfare (AHAW), published in 2014.

The main review questions are:

• Question 1: Where have cases/outbreaks of pigs with laboratory confirmation of PED been
reported in 2014–2015?

• Question 2: Sequence identity of full length and partial sequence data of PED isolates from
pigs worldwide in 2014–2015 and their similarity to INDEL strain USA/OH851/2014, INDEL
strain GER/L00719/2014 and/or CV777 or other strains (e.g. USA/Colorado/2013)

• Question 3: What is the impact on pig production of PED reported worldwide for pigs with
laboratory confirmation of PED – mortality, morbidity and duration of disease in the four age
classes (suckling, weaned, fatteners, adults).

In order to address these questions an extensive literature search will be performed in bibliographic
databases, sources of grey literature and the web.

The literature search will be conducted using a range of relevant information sources, including
searches in several relevant data bases.

Network members will also be asked to provide relevant country reports, grey literature, research
studies or any other relevant information, provided that the information is allowed to be published in
the EFSA Scientific Report.

Specific search strings, encompassing terminology related to Porcine Epidemic Diarrhoea (PED), will
be used to search published literature (see Tables 1–5). The following bibliographic databases will be
searched:

Web of Science, encompassing the following databases:

• Web of ScienceTM Core Collection
• BIOSIS Citation IndexSM

• CABI: CAB Abstracts®

• Chinese Science Citation Database
• Current Contents Connect®

• Data Citation IndexSM

• BMC Genomics
• FSTA®—the food science resource
• KCI – Korean Journal Database
• SciELO Citation Index
• Zoological Record®

• MEDLINE®

Scopus
PubMed
Information will be also searched in ProMED-mail, Google Scholar and the OIE website, including

the World Animal Health Information Database Interface (WAHID).
The final search string that was used for the database searches was: ((((((porcine epidemic OR

PEDV OR PED))) OR diarrh*)) AND (swine OR pig OR porcine)). Concerning the Google Advanced
Search the search string was porcine epidemic (diarrhoea OR diarrhea) filetype:pdf. The time period of
publication was specified at the most detailed level available in each database. Therefore, when this
was allowed, a detailed time period was specified as 1 October 2014 to 31 October 2015, while
sometimes the period could only be specified as 2014–2015 and the actual publication date of the
retrieved publications was accessed later during the process in order to assess their eligibility for
inclusion in the review.

The output from the searched databases, including all indexed fields per hit (e.g. title, authors,
abstract), will be exported into separate Endnote 7 files, allowing a count of the individual hits per
database. Files will then be combined and duplicate records will be removed.

The files obtained will be transferred into DistillerSR Web-Based Systematic Review Software
(Evidence Partners, Ottawa, Canada). Using the Distiller duplicate detection function, duplicates will be
identified and removed (quarantined).
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Table C.1: Details of search strings used for literature searches in support of review questions —
search strings for Web of Science

Set number Search Number of hits Commentary
14 TITLE: ((((((porcine epidemic OR PEDV OR

PED))) OR diarrh*)) AND (swine OR pig OR
porcine)) OR TOPIC: ((((((porcine epidemic OR
PEDV OR PED))) OR diarrh*)) AND (swine OR pig
OR porcine))
Timespan = 2014–2015
Search language = Auto

1,262

13 TITLE: ((((((porcine epidemic OR PEDV OR
PED))) OR diarrh*)) AND (swine OR pig OR
porcine))
Timespan=2014-2015
Search language=Auto

313

12 TOPIC: ((((((porcine epidemic OR PEDV OR
PED))) OR diarrh*)) AND (swine OR pig OR
porcine))
Timespan = 2014–2015
Search language = Auto

1,262

11 TOPIC: ((((((porcine epidemic OR PEDV OR
PED))) OR diarrh*)) AND (swine OR pig OR
porcine))
Timespan = 2014–2015
Search language = Auto

1,262

10 #9 AND #1
Timespan = 2014–2015
Search language = Auto

1,262

9 #4 OR #3
Timespan = 2014–2015
Search language = Auto

Approximately 35,476

8 #7 AND #1
Timespan=2014-2015
Search language=Auto

Approximately 83,818

7 #3 OR #1
Timespan = 2014–2015
Search language = Auto

Approximately 114,147

6 #4 AND #2 AND #1
Timespan = 2014–2015
Search language = Auto

270

5 #4 OR #3 OR #1
Timespan = 2014–2015
Search language = Auto

Approximately 116,245

4 TOPIC: (porcine epidemic OR PED OR PEDV)
Timespan = 2014–2015
Search language = Auto

1,255

3 TOPIC: (diarrh*)
Timespan = 2014–2015
Search language = Auto

Approximately 33,237

2 TOPIC: (porcine Swine pig)
Timespan = 2014–2015
Search language = Auto

Approximately 5,233

1 TOPIC: (porcine OR swine OR pig)
Timespan = 2014–2015
Search language = Auto

Approximately 83,809
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Table C.2: Details of search strings used for literature searches in support of review questions —
search strings for Scopus

Set number Search Number of hits Commentary
5 History Search Terms((TITLE-

ABS-KEY (porcine epidemic OR
pedv OR ped) OR TITLE-ABS-
KEY (diarrh*))) AND (TITLE-
ABS-KEY (swine OR pig OR
porcine)) AND (LIMIT-TO
(PUBYEAR, 2015) OR LIMIT-TO
(PUBYEAR, 2014))

633 Search strings have been searched
in Article Title, Abstract, Keywords;
Date Range (inclusive) have been
applied (from 2014 to 2015)

4 (TITLE-ABS-KEY(porcine
epidemic OR PEDV OR PED) OR
TITLE-ABS-KEY(DIARRH*))

212,307 Search strings have been searched
in Article Title, Abstract, Keywords

3 TITLE-ABS-KEY(swine OR pig
OR porcine) AND PUBYEAR
> 2013 AND PUBYEAR < 2016

20,621 Search strings have been searched
in Article Title, Abstract, Keywords;
Date Range (inclusive) have been
applied (from 2014 to 2015)

2 TITLE-ABS-KEY(diarrh*) AND
PUBYEAR > 2013 AND PUBYEAR
< 2016

18,926 Search strings have been searched
in Article Title, Abstract, Keywords;
Date Range (inclusive) have been
applied (from 2014 to 2015)

1 TITLE-ABS-KEY(porcine
epidemic OR PEDV OR PED)
AND PUBYEAR > 2013 AND
PUBYEAR < 2016

196 Search strings have been searched
in Article Title, Abstract, Keywords;
Date Range (inclusive) have been
applied (from 2014 to 2015)

Table C.3: Details of search strings used for literature searches in support of review questions —
search strings for PubMed

Set number Search Number of hits Commentary
9 Search (((((diarrh*[Title/Abstract] AND

(“2014/10/01”[PDat]: “2015/10/31”[PDat])))
AND (((porcine epidemic[Title/Abstract] OR
PED[Title/Abstract] OR PEDV[Title/
Abstract])) AND (“2014/10/01”[PDat]:
“2015/10/31”[PDat]))) AND (“2014/10/
01”[PDat]: “2015/10/31”[PDat]))) AND
(((swine[Title/Abstract] OR pig[Title/
Abstract] OR porcine[Title/Abstract])) AND
(“2014/10/01”[PDat]: “2015/10/31”[PDat]))
Filters: Publication date from 2014/10/01 to
2015/10/31

118 Filters activated: Publication
date from 1/10/2014 to 31/10/
2015

8 Search (swine[Title/Abstract] OR pig[Title/
Abstract] OR porcine[Title/Abstract]) Filters:
Publication date from 2014/10/01 to 2015/
10/31

7,715 Filters activated: Publication
date from 1/10/2014 to 31/10/
2015

7 Search ((diarrh*[Title/Abstract] AND (“2014/
10/01”[PDat]: “2015/10/31”[PDat]))) AND
(((porcine epidemic[Title/Abstract] OR PED
[Title/Abstract] OR PEDV[Title/Abstract]))
AND (“2014/10/01”[PDat]: “2015/10/
31”[PDat])) Filters: Publication date from
2014/10/01 to 2015/10/31

118 Filters activated: Publication
date from 1/10/2014 to 31/10/
2015

6 Search diarrh*[Title/Abstract] Filters:
Publication date from 2014/10/01 to 2015/
10/31

5,060 Filters activated: Publication
date from 1/10/2014 to 31/10/
2015
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Eligible data include both individual and aggregated data that address the objectives of the review
questions illustrated above. Information sources are: peer-reviewed journals; country reports that can
become publicly available; dedicated web pages; publicly available laboratory reports, conference
abstracts and presentations (that include enough information to allow the appraisal of the data
reported), grey literature, unpublished research studies for which the researchers agree to make their
data available to be included in the report and any other source of relevant information that can be
identified.

Studies need to have been published or the information to have become available between October
2014 and October 2015, however, the information in the studies may concern previous time periods as
well.

The studies may describe PED occurrence in any type of pig farming setting and for any pig ages.
Selection criteria

1) Report relates to farmed domestic pigs (Yes = Include) and/or
2) Report indicates that laboratory testing was used to confirm PED infection (to include also

serological information as optional) (Yes = Include) and/or

Set number Search Number of hits Commentary
5 Search (porcine epidemic[Title/Abstract] OR

PED[Title/Abstract] OR PEDV[Title/Abstract])
Filters: Publication date from 2014/10/01 to
2015/10/31

436 Filters activated: Publication
date from 1/10/2014 to 31/10/
2015

4 Search (((((porcine epidemic OR PEDV OR
PED))) OR diarrh*)) AND (swine OR pig OR
porcine) Filters: Publication date from 2014/
10/01 to 2015/10/31

351 Filters activated: Publication
date from 1/10/2014 to 31/10/
2015

1 Search (((((porcine epidemic OR PEDV OR
PED))) OR diarrh*)) AND (swine OR pig OR
porcine)

5,310

3 Search ((((((porcine epidemic[Title/Abstract]
OR PEDV[Title/Abstract] OR PED)))[Title/
Abstract] OR diarrh*))[Title/Abstract] AND
(swine[Title/Abstract] OR pig[Title/Abstract]
OR porcine)[Title/Abstract]) Schema: all

0

2 Search ((((((porcine epidemic[Title/Abstract]
OR PEDV[Title/Abstract] OR PED)))[Title/
Abstract] OR diarrh*))[Title/Abstract] AND
(swine[Title/Abstract] OR pig[Title/Abstract]
OR porcine)[Title/Abstract])

0

Table C.5: Details of search strings used for literature searches in support of review questions —
search strings for Google Advanced Search

Set number Search Number of hits Commentary

1 Porcine epidemic (diarrhoea
OR diarrhea) filetype:pdf

242 .pdf filetype results
out of 510 results

Search strings have been searched
in file type Adobe Acrobat PDF
(.pdf); Date Range (inclusive) have
been applied (from 1/10/2014 to
31/10/2015); last update: past
year;

Table C.4: Details of search strings used for literature searches in support of review questions —
search strings for ProMED-mail

Set number Search Number of hits Commentary

1 Porcine epidemic (diarrhoea OR diarrhea) 13 Filters activated: Publication date
from 1/10/2014 to 23/10/2015
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3) Report is primary research or data collection (Yes = Include) and/or
4) Report describes (Yes = include)

(a) prevalence, incidence, occurrence of the virus
(b) full length or partial sequencing results
(c) impact of the virus (morbidity, mortality, production losses, duration of disease)
(d) vaccination and intervention strategies (e.g. biosecurity and bio-containment)
(e) risk assessments for transmission between farms or between countries (e.g. feed and

spray-dried porcine plasma (SDPP) used as a feed supplement)

Reports including information on points d. and e. above will not be included in the current literature
review but will be identified and kept in the database for future reference.

All studies will be initially screened for their relevance to the review questions and allocated for
inclusion in the literature review. Initial screening will be based on titles and abstracts and subsequent
screening (for studies passing the first screening) will be based on the full article. Studies will be
grouped by review questions.
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Annex A – Porcine epidemic diarrhoea (PED) data reporting guidelines

An annex to this document is published in the EFSA Journal as a separate file (http://
www.efsa.europa.eu/en/efsajournal/pub/4375).
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