
ORIGINAL ARTICLE

Characterisation of porcine epidemic diarrhea virus isolates
during the 2014–2015 outbreak in the Philippines

Gemerlyn G. Garcia1 • Mark Arman D. Aquino1 • Michelle M. Balbin2 •

Lawrence P. Belotindos2 • Jonathan G. Supnet3 • Claro N. Mingala2,4

Received: 7 November 2017 / Accepted: 8 June 2018 / Published online: 28 June 2018

� Indian Virological Society 2018

Abstract The viral agent of the porcine epidemic diarrhea

(PED) was investigated during the reported 2014–2015

outbreaks in commercial farms in Central Luzon, Philip-

pines. The study covered detection of PED virus (PEDV) in

fecal and intestinal samples through reverse transcription

PCR and sequence analysis of the nucleocapsid (N) gene.

Results showed that 10 out of 34 fecal and intestinal

samples examined were positive for PEDV. The partial

nucleotide sequence of the N gene of the field samples

showed 98–99% homologous to PEDV sequences regis-

tered in the GenBank. It was also noted that N gene

sequences between field samples were 98% homologous.

Interestingly, the partial sequences of the N genes of the

field samples were genetically similar to the PEDV isolates

from USA, China, Mexico, Canada and Japan. The

phylogenetic tree analysis revealed that the Philippine

samples clustered in group 2–1 of the PEDV, wherein the

isolates of this group were responsible for the outbreaks in

Asia and the USA. Analysis of the partial nucleotide and

amino acid sequences revealed polymorphisms, deletions

and insertions in the N-gene of the PEDV. Amino acid

sequence alignment also showed deletions and insertion in

the PEDV detected in the Philippines.
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gene � Nucleotide polymorphisms � Phylogenetic tree

analysis

Introduction

Porcine epidemic diarrhea (PED) is a coronaviral disease

of pigs caused by the PED virus (PEDV) [1–6] which has

created great alarm among hog raisers, breeders and farm

owners in countries where PED outbreaks occur. PED was

first recognized as a clinical entity in the UK in 1971 and

has been reported as an enteric disease in growing and

fattening pigs with signs similar to transmissible gas-

troenteritis virus (TGEV) infection [3, 4] (https://www.

aphis.USDA2013.gov/animal_health/animal_dis_spec/swine/

downloads/ped_tech_note.pdf). In 1978, scientists at Ghent

University in Belgium identified a suspected coronaviral

agent in an outbreak but found it as a non-TGEV [3, 7] and

the coronavirus-like agent causing the diseases was iden-

tified as CV777. The same year, a corona-like virus was

reported to be affecting pigs in Belgium [8] while a similar

case of corona-like virus infection affecting pig herds was

reported in Quebec, Canada in 1980 [9]. Between 1971 and

1980, the virus reportedly spread rapidly in Europe and it

was in 1982 when the first outbreak in Asia occurred that
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caused severe cases of diarrhea in neonate piglets that

contributed to high mortality [3]. Several years later, the

virus was reported in China [10–17], Japan [18, 19], South

Korea [20–22], Thailand [23, 24], Vietnam [25, 26] and the

Philippines [5, 27] (May 17, 2013, the United States

Department). In May 17, 2013, the United States Depart-

ment of Agriculture (https://www.aphis.USDA2013.gov/

animal_health/animal_dis_spec/swine/downloads/ped_tech_

note.pdf) National Veterinary Service Laboratory (NVSL)

confirmed the first PEDV diagnosis in Iowa, United States

[2–4, 28, 29] (https://www.aphis.USDA2013.gov/animal_

health/animal_dis_spec/swine/downloads/ped_tech_note.

pdf). In the same year, the University of Minnesota,

Veterinary Diagnostic Laboratory (St. Paul, MN) came up

with a report on the detection of a PEDV in a sample from

Mexico [30]. Several outbreaks of PED were reported in

Canada, Taiwan [31] and Japan in 2013 [3, 18, 19] (https://

www.aphis.USDA2013.gov/animal_health/animal_dis_spec/

swine/downloads/ped_tech_note.pdf) while reports on the

emergence of PED continuously circulates in Europe, Bel-

gium [32], Germany, France, Austria [33] and Slovenia [4].

The disease usually presents with scouring or diarrhea

among piglets in the suckling and growing stages. It is

characterized by the excretion of watery diarrhea with fetid

odor and emaciation in affected pigs. Clinical signs include

anorexia, vomiting, diarrhea and severe dehydration [34]

which are almost similar to the clinical signs reported for

TGEV (https://www.aphis.USDA2013.gov/animal_health/

animal_dis_spec/swine/downloads/ped_tech_note.pdf) that

can only be differentiated and confirmed through labora-

tory tests [35]. It is important to note that the disease

affects pigs of all ages with morbidity and mortality rate

that could be as high as 100% [34] (https://www.aphis.

USDA2013.gov/animal_health/animal_dis_spec/swine/down

loads/ped_tech_note.pdf). The PEDV spreads slower than

TGEV [36]. Clinical signs may occur within four to 5 days

following introduction of an infected swine in a herd with

susceptible animals. The disease can spread through direct

transmission of the PEDV via feco-oral route (https://www.

aphis.USDA2013.gov/animal_health/animal_dis_spec/swine/

downloads/ped_tech_note.pdf). Indirect transmission is

possible through contaminated personnel, equipment and

other fomites that enter the herd [36]. Indeed, the PEDV

had spread rapidly [3] and caused local epidemics and

pandemics. The PED has emerged as one of the most

devastating disease of swine, leading to significant losses in

the industry [3]. The economic loss involved in PED is

directly due to death and production loss, vaccination and

compensations in maintaining biosecurity in farms (https://

www.aphis.USDA2013.gov/animal_health/animal_dis_spec/

swine/downloads/ped_tech_note.pdf).

The PEDV is an enveloped RNA virus that belongs to

the genus Alphacoronavirus of the family Coronaviridae

[3, 16, 34, 37]. The viral genome is single-stranded, posi-

tive-sense RNA. It has six (6) protein genes which include

replicase (Rep), spike (S), open reading frame (ORF),

envelope (E), membrane (M) and nucleocapsid (N) genes.

Like most of the coronavirus, the PEDV has large (20 nm

long) club-shaped peplomers and nucleocapsid of helical

symmetry [38]. The PEDV is comprised of three (3) major

viral proteins: which vary in molecular sizes; the S protein

(180–220 kDa), M protein (27–32 kDa) and N protein

(55–58 kDa). The S protein plays an important role in viral

entry [3, 6, 39] through the viral-cellular fusion activity and

induces immune response in the natural host during repli-

cation [3, 40]. The M protein is important in the process of

virus-assembly [3, 6] and in the induction of protective

antibodies with neutralizing activity [3]. The N protein

binds viral RNA, provide structural scaffoldings for viral

transcription, replication and assembly [6, 41]. The N

protein reportedly protects the viral genome during the

coronavirus assembly [41]. It also perturbs other antiviral

responses by antagonizing interferon production, estab-

lishing immune evasion strategy and activation of the NF-

jB [3].

In the Philippines, several outbreaks have been recorded

in 2005–2006 [42], 2010 and 2014–2015 [5]. The estimated

loss during the 2005–2006 PED outbreaks was USD 14.76

million due to piglet mortality and other production-related

setbacks [42]. In an epidemiological surveillance on PED

conducted by the World Animal Health Organization (OIE)

during outbreaks in Asia, the Philippines was reported with

the highest number of deaths with approximately 60,000

piglets in 2006 and 2179 piglets in 2007 while there were

39,128 recorded cases of PED in China in 2005 with 2317

deaths (5.92% mortality rate) [42]. In a Philippine-based

PED outbreak in 2010, 67% mortality (17,115 heads) of the

affected pigs in the province of Batangas was reported. In a

surveillance study, it was found that the overall prevalence

of PED in the Philippines was higher in small-hold or

backyard farms than in the commercial farms [5].

Recognition of the N protein reportedly indicates PED

viral replication and its presence is necessary for the early

and accurate detection of the virus when the highest

expression level of the gene occurs during the early phase

of infection [14, 43]. The N gene of PEDV has an

approximate size of 1326 bp and has been used by

researchers in the diagnosis [44] and in sequence analysis

to elucidate the evolutionary relationship of local PEDV

strains from those that were reported in the GenBank as

this gene is highly conserved [13, 43].Thus, a research

work that involved molecular detection of PED virus

through RT-PCR and sequence analysis were undertaken to

verify the existence of PEDV during the reported outbreak

and to reflect on its relationship with other PEDV strains

reported in other countries. This can be used as a basis for
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other PED virus studies and for stakeholders to plan

management approach for PED in the country.

Materials and methods

Sample collection

Fecal samples were collected from 23 piglets 1–14 day-old

during a PED outbreak in farms located in Bulacan, Nueva

Ecija and Tarlac provinces, Central Luzon, Philippines.

The farms were chosen based on the reports of high inci-

dence of mortality that ranged from 50 to 100% during the

outbreak and the implementation of biosecurity programs

allowed the collection of samples once a week for two

consecutive weeks. Alive morbid piglets with previous

history of a long-standing diarrhea and abdominal disten-

sion were chosen as donors of fecal samples while sections

of small intestine with extreme thinning of mucosal linings

observed during necropsy of piglets were collected for

analysis. The samples were stored frozen until use. The

PED virus positive control was extracted from the PED

oral vaccine (PEDV strain DR13, Green Cross Veterinary

Products, Republic of Korea.

Viral RNA extraction and detection through RT-

PCR

The viral RNA was extracted from the fecal and macerated

intestine samples applying a conventional RNA extraction

method that used Qiazol (Qiagen, Germany). The com-

plementary DNA was synthesized using PrimeScriptTM II

1st strand cDNA Synthesis Kit (TaKaRa, Japan) following

the instruction of the manufacturer.

A pair of primers (Forward, 50-TGCGGTTCTCACA-

GATAGTG-30 and Reverse, 50-AAGTCGCTAGAAAAA-

CACTCAGTA-30) targeting the N gene [14] was used in

the detection of PED virus. The amplified product recog-

nized by the afore-mentioned primers is 1380 base pairs

[14].

The PCR mixture consists of 1.5 lL of the cDNA,

0.05 lL Taq Polymerase (Promega, USA), 0.6 lL 25 mM

MgCl2, 0.6 lL 2.5 mM each dNTPs, 0.3 lL Forward pri-

mer (10 pmol), 0.3 lL Reverse primer (10 pmol), 2 lL

5 9 PCR Buffer and sterile water up a total volume of

10 lL. The thermocycler was programmed to perform at

94 �C for 2 min, followed by 35 cycles of 94 �C for 15 s,

55 �C for 30 s, 72 �C for 45 s, and 72 �C for 7 min with a

final hold of 4 �C. The products were resolved in 2%

agarose gel after amplification. The PCR products were

also sent for sequencing at the Philippine Genomic Center

(PGC).

PED virus N gene analysis

The genetic sequence of the N gene was aligned using

MEGA 6 software and compared with the sequences of

other N gene of PED in the GenBank using the Basic Local

Alignment Search Tool (BLAST) program of the National

Center for Biotechnology Information (NCBI). A multiple

alignment tool (MUSCLE, M6: Alignment Explorer) was

used as a reference in determining the phylogenetic rela-

tionships of PED strains. A phylogenetic tree was created

using the MEGA 6 software where bootstrap values were

estimated for 1000 replicates.

Results and discussion

N gene sequence alignment and phylogenetic tree

analyses

The involvement of the PED virus in a reported outbreak of

the disease in commercial farms located in the provinces of

Bulacan, Nueva Ecija and Tarlac, Philippines was

explored. Molecular technique such as RT-PCR was

applied in the detection and analysis of the partial sequence

of the PEDV N gene.

Out of the 34 suspected PEDV infected samples from

fecal and intestinal origin, only 10 intestinal samples were

detected positive for PED virus (Fig. 1) as demonstrated by

the amplification of the 1380 bp segment of the N gene.

Field isolates (K3 and K4: Accession No. LC384327,

LC384328, respectively) were sequenced and analyzed and

data demonstrated that the PED viruses between field

samples were 98–99% homologous to PEDV isolates from

USA, China, Mexico, Canada and Japan.

Interestingly, the phylogenetic tree analysis revealed

that the Philippine samples clustered in group 2–1 of the

PEDV composed of the PED strains isolated in USA,

Japan, Mexico and Korea (Fig. 2).

Nucleotide and amino acid sequences analyses

Analysis of the partial nucleotide and amino acid sequen-

ces revealed mutations, deletions and insertions in the

N-gene of the PEDV. Multiple sequence alignment of

PEDV samples K3 and K4 showed nucleotide changes at

different loci in the N gene relative to the US, China, South

Korea, Japan and Vietnam strains. For PED virus sample

K3, the following changes were observed: C ? G at

position 188; G ? A at position 192; C ? A at position

455; T ? A at position 457; A ? T at positions 487, 494

and 625; A ? G at positions 588, 591 and 616; and

A ? C at position 610. Deletion was also noted at posi-

tions 36, 619, 627 and 708 while insertion was observed at
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Fig. 1 Amplified N gene of

PEDV from intestinal samples

of suspected animals. Lane lad

(1 kb ? ladder), lanes 1–14

(PED samples), lane 15 (PED

vaccine) and lane 16 (negative

control)

Fig. 2 Phylogenetic analysis of

Philippine samples and other

PEDV based on N gene

nucleotide sequence
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positions 561 and 670 (supplementary Table 1). The PED

virus sample K4 on the other hand was observed to have

changes in the nucleotides from T ? G at position 190 and

T ? A at position 457. Deletion and insertion were noted

at nucleotides 192 and 515, respectively (supplementary

Table 2).

The nucleotide changes, deletions and insertions have

also lead to changes in the amino acid sequence. Data

demonstrate that the N gene of the PEDV K3 had mutation

at nine specific positions: P ? R at position 188; W ?
stop codon at position 192; S ? stop codon at position

455; W ? R at position 457; K ? stop codon at position

487; Q ? L at positions 494–495; I ? M at position 588;

position 610 S ? R; at position 610; position 616 R ? G;

and at position 616. Deletion of amino acids in four posi-

tions was also detected at 36, 619, 627 and 708 while

insertion is observed at position 561 and 670 (supple-

mentary Table 3). Slight changes in the amino acid were

observed in PEDV K4. Data demonstrate that PEDV K4

had mutation from W ? R at position 457, deletion at

position 190–192 and an insertion at position 515 (sup-

plementary Table 4).

The swine industry plays a major role in harnessing food

security for the Filipinos. The industry includes more than

12 million heads which accounts for an 80% of the total

livestock production each year [45]. Animal stocks are

threatened with many diseases that vary from bacterial to

viral in etiologies like the PEDV [5, 42]. The PED is

considered as one of the most devastating diseases affect-

ing the swine industry in the Philippines. Management and

control schemes including biosecurity measures and vac-

cination have been reportedly applied. However, disap-

pearance and re-appearance of PED can be an indication of

failures in vaccination, biosecurity and control systems

[34]. Sporadic cases or outbreaks of PED reportedly occur

in different locations of the country and one possible rea-

son for PED emergence is the introduction of new PEDV

strains or even multiple strains through movement of

stocks from one country to another [34].

According to researches, the PEDV is clustered into two

groups: the classical PEDV strains that first emerged in

1970s in Europe and the highly virulent PEDV strains that

emerged in 2010 in China [3, 17]. The G1 PEDV strains

are the classical PEDV, which can be clustered further into

G1a where the prototype vaccine strain CV777 belongs;

and G1b which includes new PED variants identified in

South Korea, China, US and Europe [3]. The G1b are

believed to be a result of recombination of the classical

G1a and G2 PEDV strains. The G2 PEDV strains or the

‘‘emerging’’ strains purportedly form clusters which

include the S-indel and non-S-indel. The G2 PEDV strains

are the virulent strains that cause local epidemics in Asia

and pandemics in the US and Europe [3]. The G2 PEDV

strains are described with notable genetic sequence with

insertions and deletions in the S gene [3]. The S-indel

cluster is reportedly composed of the PEDV strains that

caused outbreaks in China, Japan, Korea, US and Europe

and this group are claimed to be less virulent

[3, 30, 37, 46]. The G2b cluster or the non-S-indel include

the virulent PEDV strains that were isolated in China and

North America which were believed to be the descendants

of China PEDV strains that underwent processes of

recombination [3, 30, 37, 46].

Though some researchers reported inconsistencies in the

phylogenetic tree analysis using specific genes as compared

to the whole genome sequence [16], these findings are still

significant in designing control measures, biosafety, vac-

cine production and development of diagnostic tools as

selection of the target gene depends mainly on the purpose

of the study [3, 16]. The researchers suggest that in deter-

mining the relatedness of PEDV strains, the S gene is

inappropriate since the phylogenetic tree structure is similar

or closest to the structure that uses the whole genome

sequence. The M and N genes are reportedly conserved in

PEDV. Some researchers however suggested that the N

gene is a choice in the development of diagnostic protocols

such as RT-PCR in detecting various strains of PEDV since

this is a more conserved gene [13, 43]. It is also important to

note that the N gene can differentiate PEDV from other

closely related viruses such as the TGEV [47] and can

determine whether a PEDV strain is an exotic or a product

of continuous evolution pressures in the original variant [3].

Interestingly, the phylogenetic analysis of the N gene

based on previous studies [29] pointed out that the two

Philippine PEDV samples belong to PEDV G2 which is in

concordance with another report that used sequence anal-

ysis of ORF3 genes [27]. Two (2) substitutions in the SS6

epitope domain of the Philippine PED strains and the SS6

domain region of PED strains from other countries and one

to three amino acid mutations were also reported in the

analysis of the ORF3 gene [27]. However, the partial

sequence analysis of the S gene in samples from the

Philippines revealed that the PEDV which predominates in

the Philippines are clustered into two groups [5]. This

result can address the questions of swine practitioners on

the constant re-emergence of in the Philippines in spite of

vaccination and other control programs. This triggers

moderate concern for the reason that a PED strain with a

known genetic background when used in the preparation of

a vaccine may not offer protection to the herd afflicted with

PED with a different strain. Currently, the only PEDV

vaccine in the Philippines is the DR13 oral vaccine, which

was derived from a different group based on phylogenetic

tree analysis. The efficiency of a vaccine in protecting a

herd is influenced by its antigenic, genetic ([ 10% amino

acid variation between respective S proteins) and
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phylogenetic (G1 vs. G2) properties not different from the

field epidemic strains [20]. This then implies that PEDV

strains prevalent in the field or in a locality have to be used

for the development of next generation vaccines to control

PED [3].

Currently, no country has reported eradication of PED

and appropriate measures have been recommended to

control the spread of the disease. It is noteworthy that PED

is not an OIE-listed disease, considered not-reportable and

no quarantine or movement restrictions for PED is

described internationally (https://www.aphis.USDA2013.

gov/animal_health/animal_dis_spec/swine/downloads/ped_

tech_note.pdf). However, control of PED spread is not only

limited to implementation of certain biosecurity measures

but also through the capability of a country to detect or

diagnose PED properly [42]. Equally important is the

gathering of relevant information related to the epidemiol-

ogy and the capability of the country to detect and diagnose

the disease to trace-back infections [3, 5, 6, 18, 24, 42]. Clear

understanding of the origin and transmission of the PEDV

may contribute to a more effective prevention and control of

the disease including biosecurity [3, 25, 34, 42]. It is rec-

ommended that further studies and analysis be conducted to

fully elucidate the PEDV strain or strains in the Philippines.

A comprehensive molecular and pathological evaluation are

equally important in the development of vaccine and diag-

nostic protocols for PEDV [3, 26, 28, 29, 34].
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