
LETTERS

References

  1 Goldstein T, Mena I, Anthony SJ,  
Medina R, Robinson PW, Greig DJ,  
et al. Pandemic H1N1 influenza isolated 
from free-ranging Northern Elephant 
Seals in 2010 off the central California  
coast. PLoS ONE. 2013;8:e62259.  
ht tp : / /dx .doi .org/10.1371/ journal .
pone.0062259

  2. Hinshaw VS, Bean WJ, Geraci J, Fiorelli 
P, Early G, Webster RG. Characterization 
of two influenza A viruses from a pilot 
whale. J Virol. 1986;58:655–6.

  3. Hinshaw VS, Bean WJ, Webster RG, 
Rehg JE, Fiorelli P, Early G, et al. Are 
seals frequently infected with avian influ-
enza viruses? J Virol. 1984;51:863–5.

  4. Geraci JR, St Aubin DJ, Barker IK,  
Webster RG, Hinshaw VS, Bean WJ,  
et al. Mass mortality of harbor seals:  
pneumonia associated with influenza A 
virus. Science. 1982;215:1129–31. http://
dx.doi.org/10.1126/science.7063847

  5. Anthony SJ, St Leger JA, Pugliares 
K, Ip HS, Chan JM, Carpenter ZW, 
et al. Emergence of fatal avian influ-
enza in New England harbor seals. 
MBio. 2012;3:e00166–12. http://dx.doi.
org/10.1128/mBio.00166-12 

  6. Callan RJ, Early G, Kida H, Hinshaw VS. 
The appearance of H3 influenza viruses 
in seals. J Gen Virol. 1995;76:199–203.  
http://dx.doi.org/10.1099/0022-1317-76-
1-199

  7. Osterhaus AD, Rimmelzwaan GF,  
Martina BE, Bestebroer TM, Fouch-
ier RA. Influenza B virus in seals.  
Science. 2000;288:1051–3. http://dx.doi.
org/10.1126/science.288.5468.1051

  8. White CL, Schuler KL, Thomas NJ, 
Webb JL, Saliki JT, Ip HS, et al.  
Pathogen exposure and blood chemistry  
in the Washington, USA population  
of northern sea otters (Enhydra lutris  
kenyoni). J Wildl Dis. 2013;49:887–99. 
http://dx.doi.org/10.7589/2013-03-053

  9. Brancato MS, Milonas L, Bowlby CE,  
Jameson R, Davis JW. Chemical  
contaminants, pathogen exposure 
and general health status of live and  
beach-cast Washington sea otters  
(Enhydra lutris kenyoni). Marine  
Sanctuaries Conservation Series ONMS-
09–01. Silver Spring (MD): US Depart-
ment of Commerce, National Oceanic 
and Atmospheric Administration, Office 
of National Marine Sanctuaries; 2009. 
p. 181.

10. Stephenson I, Wood JM, Nicholson KG,  
Zambon MC. Sialic acid receptor  
specificity on erythrocytes affects  
detection of antibody to avian influ-
enza haemagglutinin. J Med Virol. 
2003;70:391–8. http://dx.doi.org/10.1002/
jmv.10408

Address for correspondence: Jacqueline 
M. Katz, Centers for Disease Control and 
Prevention, 1600 Clifton Rd NE, Mailstop G16, 
Atlanta, GA 30333, USA: email: jmk9@cdc.gov

New Variant of  
Porcine Epidemic 
Diarrhea Virus, 

United States, 2014
To the Editor: Porcine epidemic 

diarrhea (PED) was first reported in 
the United Kingdom in 1971 (1). The 
disease was characterized by severe 
enteritis, vomiting, watery diarrhea, 
dehydration, and a high mortality 
rate among swine. Subsequently, the 
causative agent of PED was identi-
fied as porcine epidemic diarrhea virus 
(PEDV), which belongs to the family 
Coronaviridae (2) and contains an en-
veloped, single-stranded positive-sense 
RNA genome. PEDV has been report-
ed in many other countries, including 
Germany, France, Switzerland, Hunga-
ry, Italy, China, South Korea, Thailand, 
and Vietnam (3) and was first identified 
in the United States in May 2013. By 
the end of January of 2014, the outbreak 
had occurred in 23 US states, where 
2,692 confirmed cases (www.aasv.org/
news/story.php?id = 6989) caused se-
vere economic losses. Recent studies 
have shown that all PEDV strains in 
the United States are clustered together 
in 1 clade within the subgenogroup 2a 
and are closely related to a strain from 
China, AH2012 (4,5).

In the state of Ohio, the first PED 
case was identified in June of 2013; 
since then, hundreds of cases have 
been confirmed by the Animal Disease 
Diagnostic Laboratory of the Ohio 
Department of Agriculture. In Janu-
ary of 2014, samples from pigs with 
unique disease, suspected to be PED, 

were submitted to this laboratory. 
Sows were known to be infected, but 
piglets showed minimal to no clinical 
signs and no piglets had died. 

According to real-time reverse 
transcription PCR, all samples from 
the piglets were positive for PEDV. 
Subsequently, the full-length genome 
sequence of PEDV (OH851) was de-
termined by using 19 pairs of oligonu-
cleotide primers designed from align-
ments of the available genomes from 
PEDVs in the United States (6,7). On 
the basis of BLAST (http:blast.ncbi.
nlm.nih.gov/Blast.cgi) searches, strain 
OH851 showed 99% and 97% nt iden-
tity to PEDVs currently circulating 
in the United States (Colorado, Iowa, 
Indiana, Minnesota) for the whole 
genome and the full-length spike (S) 
gene, respectively. By distinct contrast, 
strain OH851 showed only 89% or even 
lower nucleotide identity to PEDVs  
currently circulating in the United 
States in the first 1,170 nt of the S1 re-
gion. In that region, nucleotide similar-
ity to that of a PEDV strain from China 
(CH/HBQX/10, JS120103) was 99%, 
suggesting that strain OH851 is a new 
PEDV variant. Phylogenetic analysis 
of the complete genome indicated that 
the novel OH851 PEDV is clustered 
with other strains of PEDV currently 
circulating in United States, includ-
ing another stain from Ohio, OH1414 
(Figure, panel A). However, phyloge-
netic analysis of the full-length S gene 
showed that strain OH851 is clustered 
with other strains of PEDV from China 
and most closely related to a PEDV 
strain from China, CH/HBQX/10 (8), 
but distantly related to other PEDV 
strains currently circulating in the 
United States and strain AH2012 (Fig-
ure, panel B). This finding strongly 
suggests that strain OH851 is a variant 
PEDV. In comparison with the S gene 
of other strains from the United States, 
the S gene of strain OH851 has 3 dele-
tions (a 1-nt deletion at position 167, 
a 11-nt deletion at position 176, and a 
3-nt deletion at position 416), a 6-nt in-
sertion between positions 474 and 475, 
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and several mutations mainly located 
in the first 1,170 nt of the S1 region. 

It is highly possible that the se-
quence deletions, insertion, and mu-
tations found in variant strain OH851 
might have contributed to the reduced 
severity of the clinical disease in 
the piglets. More animal studies are 
needed to test this hypothesis. The 
unique deletion and insertion feature 
also represents a target for diagnostic 
assays to differentiate between cur-
rently circulating PEDV strains and 
new variants.

The low nucleotide identity in 
the 5′-end S1 region (first 1,170 nt) 
region and high nucleotide identity in 
the non-5′-end S1 region of the variant 
strain, compared with that of the PED-
Vs currently circulating in the United 

States, suggest that this new PEDV 
variant might have evolved from a 
recombinant event involving a strain 
from China. Because the new variant 
does not cause severe clinical disease, 
including death, the novel virus is a 
potential vaccine candidate that could 
protect the US swine industry from the 
infection caused by the virulent strain 
of PEDV currently circulating in Unit-
ed States.
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