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Summary
Objective: To estimate the prevalence and 
concentration of Senecavirus A (SVA) in 
meat sold at retail. 

Materials and methods: A total of 190 
meat samples derived from 25 processing lo
cations in 13 states were purchased through 
retail sources. The presence of virus in sam
ples of muscle obtained from each package 

was assessed by polymerase chain reaction 
(PCR) amplification of SVA nucleic acid. A 
standard curve was constructed to estimate 
the concentration of viable virus in PCR
positive samples. 

Results: Two of the 190 meat samples (1.1%) 
were positive for SVA nucleic acid, but nega
tive for virus by virus isolation. The amount 
of virus in the PCRpositive samples was esti
mated to be less than 14 virions/g of muscle. 

Implications: The low prevalence of SVA in 
the 190 retailmeat samples analyzed in this 
study, combined with a low concentration 
of SVA nucleic acid in the two SVApositive 
samples, suggest a low risk for transmitting 
SVA through retail meat.
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Senecavirus A (SVA), also known as 
Seneca Valley virus, is a singlestrand, 
nonenveloped RNA virus belonging 

to the genus Senecavirus, family Picorna
viridae.1,2 Important foreign animal disease 
(FAD) viruses in this family include foot
andmouth disease virus (FMDV) and swine 
vesicular disease virus (SVDV). Similarities 
with FMDV in terms of physiochemical 
properties make SVA a suitable surrogate for 
understanding the environmental stability 
of FMDV.3 The key clinical sign associated 
with FMDV or SVDV infection of pigs is 
the formation of vesicular lesions on the 
snout and feet.4 In 2004, an outbreak of 
idiopathic vesicular disease occurred in a 
farrowtofinish farm in Indiana.5 Extensive 
analysis showed that pigs were negative for 
FMDV, SVDV, and other agents associated 
with vesicular lesions. The infected pigs 
eventually recovered, but vesicular disease 
signs reappeared in the herd. Pasma et al6 
identified SVA as the source of the vesicular 
disease syndrome. The virus possessed a nu
cleic acid sequence closely related to a virus 
originally isolated in Brazil.79 Experimental 
infection studies confirmed the ability of 
SVA to cause vesicular lesions.10 However, it 
should be noted that SVA can be present in 
pigs without signs of overt clinical disease. 

Resumen – Presencia del Senecavirus A en 
cerdo vendida en los Estados Unidos

Objetivo: Estimar la prevalencia y concen
tración del Senecavirus A (SVA por sus siglas 
en inglés) en carne vendida al menudeo. 

Materiales y métodos: Un total de 190 
muestras de carne procedente de 25 sitios de 
procesamiento en 13 estados fueron compra
das a través de fuentes de venta al menudeo. La 
presencia del virus en muestras de músculo ob
tenidas de cada paquete fue evaluada por me
dio de la amplificación de la reacción en cadena 
de polimerasa (PCR por sus siglas en inglés) 
del ácido nucleico del SVA. Se elaboró una 
curva estándar para estimar la concentración de 
virus viable en muestras positivas al PCR.

Resultados: Dos de las 190 muestras de carne 
(1.1%) resultaron positivas al ácido nucleico 
del SVA, pero resultaron negativas al virus por 
medio de aislamiento viral. Se estimó que la 
cantidad de virus en las muestras positivas al 
PCR era menos de 14 viriones/g de músculo. 

Implicaciones: La baja prevalencia de SVA en 
las 190 muestras de carne vendida al menudeo 
analizadas en este estudio, en conjunto con la 
baja concentración de ácido nucleico SVA en 

las dos muestras positivas al SVA, sugieren un 
bajo riesgo de transmisión del SVA por medio 
de la carne vendida al menudeo. 
 

Résumé – Présence du Senecavirus A dans 
le porc vendue aux États-Unis

Objectif: Estimer la prévalence et la con
centration de Senecavirus A (SVA) dans la 
viande vendue au détail.

Matériels et méthodes: Un total de 
190 échantillons de viande obtenu de 25 
usines de transformation dans 13 états 
furent achetés dans des magasins de vente 
au détail. La présence du virus dans des 
échantillons de muscle obtenus de chaque 
emballage était déterminée par réaction 
d’amplification en chaine par la polymérase 
(PCR) de l’acide nucléique du SVA. Une 
courbe standard fut élaborée pour estimer 
la concentration de virus viables dans les 
échantillons positifs par PCR. 

Résultats: Deux des 190 échantillons de vi
ande (1.1 %) étaient positifs pour l’acide nu
cléique de SVA, mais négatifs pour l’isolement 
viral. On estima à moins de 14 virions/g de 
muscle la quantité de virus dans les échantil
lons positifs par PCR.

Implications: La faible prévalence de SVA 
dans les 190 échantillons de viande analysés 
dans la présente étude, ainsi que la faible 
concentration d’acide nucléique de SVA 
dans les deux échantillons positifs, suggèrent 
un faible risque de transmission de SVA via 
la viande vendue au détail.
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Perhaps the greatest impacts of SVA infec
tion on swine production are the conse
quences of finding vesicular lesions. Because 
vesicular lesions are associated with FMDV 
and SVDV, the appearance of lesions results 
in herd closure followed by timeconsuming 
FAD investigations involving local, state and 
federal authorities. 

It is well established that pig meat is a po
tential vector for introducing disease into 
naïve populations.11 For meat to be a risk 
for infection, the virus must be present in a 
sufficiently high quantity to deliver an infec
tious oral dose to a susceptible animal. A 
likely mechanism for disease introduction 
is via uncooked meat scraps or spoiled meat 
discarded as garbage. Infection could occur 
through the consumption of the discarded 
meat by feral pigs, which then could come 
into contact with domestic pigs. Another 
route for introduction is through the incor
poration of meat scraps into unprocessed 
swill fed to backyard pigs. 

The purpose of this study was to investi
gate the potential risk of introducing SVA 
through meat by estimating the prevalence 
and concentration of SVA nucleic acid in 
muscle meats purchased at retail. Because 
the time from slaughter to purchase of a 
pork product in a retail store within the 
United States is similar to the time needed 
to transport pork to another country via le
gal trade, and because the steps and processes 
involved are also comparable, the condition 
and age of US pork products for sale at retail 
in the United States and other countries is 
also similar. Determining the current preva
lence of SVA in retail products in the United 
States can subsequently aid in risk analyses 
surrounding SVA in pork.

Materials and methods
Collection and processing of retail 
meat samples
There are a limited number of studies that 
provide an estimation of the prevalence of 
SVA infection at the time of slaughter. Based 
on Hause et al,9 we selected a prevalence of 
1% to 5%, which is a conservative estimate. 
We would expect that the assay of 200 meat 
samples would yield 2 to 9 positive results. 
Of the 200 samples, 190 were successfully 
assayed. The ten samples not assayed con
sisted of products containing chopped or 
ground pork or were subjected to processing 
(ie, smoking, curing, or marinating). Sam
pling bias was avoided by selecting a variety 

of cuts from six different retail supermarket 
chains located in Manhattan (five individual 
stores), Junction City (three stores), and 
Kansas City, Kansas (one store) and Alexan
dria, Virginia (one store). Sampling occurred 
on 15 days over a 2month period between 
February 28, 2017 and April 30, 2017. Meat 
was collected from one to five stores per 
day. Based on establishment code numbers 
(ESTN), the origin of each package was 
traced to 1 of 25 meat processing locations 
in 13 states (Table 1). Effort was made to 
select packages that possessed unique ESTN 
to ensure that samples were collected from 
the greatest number of meat processing facil
ities. Ten facilities were in the Midwest: Col
orado, Iowa, Illinois, Kentucky, Minnesota, 
Missouri, Nebraska, South Dakota, Texas, 
and Wisconsin. The remaining processing 
facilities were in California, North Carolina, 
and Virginia. Muscle meat samples with 
and without bone were analyzed including 
chops (41 samples), loins (61 samples), ribs 
(53 samples), roasts (9 samples), shoulders 
(18 samples), and other (8 samples). Less 
common cuts sampled, such as feet, carnitas 
(chopped meat), neck bones, and cutlets, 
were identified as other. Ground products, 
such as ground pork and fresh sausage, were 

not part of this study, primarily because 
these products contain more than muscle 
meat and are generally not exported. 

Refrigerated packages of meat were purchased 
at retail outlets and remained refrigerated 
until sample collection. Prior to sampling 
each package, all work surfaces and utensils 
were cleaned with 2% sodium hypochlorite 
(bleach) and thoroughly rinsed. Parchment 
paper was placed on the cleaned cutting sur
face. The exterior of each package was wiped 
down with bleach, assigned a unique identi
fier, and photographed to provide a record 
of product information and ESTN identify
ing the processing location. While wearing 
disposable gloves, a decontaminated knife or 
scissors was used to open the meat package. 
Using a fresh, decontaminated knife, a 5 to 
10 g sample was excised, immediately placed 
in a plastic bag, and stored at 20°C until 
further processing to isolate RNA, typically 
within 48 hours. Between each sample col
lection, all utensils were soaked in bleach 
and thoroughly rinsed, surfaces were cleaned 
with bleach, and disposable gloves and sur
face parchment paper replaced. 

Table 1: Sampled cuts of meat and the processing establishment location from 
which they originated

Cut of meat
State (No.*) chop loin rib roast shoulder other† Total
CA (1) 1 0 0 0 0 0 1
CO (1) 19 3 7 0 3 1 33
IA (5) 0 3 7 0 0 0 10
IL (2) 0 8 3 0 0 0 11
KY (1) 0 0 1 0 0 0 1
MN (5) 0 12 9 1 0 0 22
MO (2) 8 4 6 3 0 0 21
NC (2) 0 0 4 0 0 0 4
NE (2) 3 16 8 0 8 1 36
SD (1) 0 10 4 5 4 0 23
TX (1) 10 2 4 0 2 6 24
VA (1) 0 1 0 0 1 0 2
WI (1) 0 2 0 0 0 0 2
Total 41 61 53 9 18 8 190

*  Number of processing establishments in each state represented in the sample.
†  Less common cuts sampled, such as feet, carnitas (chopped meat), neck bones, and cut-

lets, were identified as other. Ground products, such as ground pork and fresh sausage, 
were not part of this study. 
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RNA isolation and polymerase 
chain reaction of SVA nucleic acid
For isolation of total RNA, a 200 mg sample 
of muscle was placed in a GentleMACS M 
Tube. Four milliliters of TRIzol Reagent 
(Invitrogen, Waltham, Massachusetts) was 
added and the sample homogenized on a 
GentleMACS (Miltenyi Biotec, Auburn, 
California) for 84 seconds. Insoluble material 
was removed by centrifugation at 10,000g for 
5 minutes. A 1mL sample of supernatant was 
divided between two 1.5mL microcentrifuge 
tubes and 0.5 mL of ethanol added to each 
tube. The RNA was isolated using a Direct
zol RNA MiniPrep Kit (R2052, Zymo 
Research, Irvine, California) according to 
the kit instructions. The RNA was eluted 
in a final volume of 50 μL of nucleasefree 
water and stored at 80°C. Polymerase chain 
reaction (PCR) was performed using the 
EZSVA Real Time RTPCR detection kit 
(Tetracore, Rockville, Maryland). Briefly, a 
25 μL reaction was carried out using 7 μL of 
extracted RNA and all steps performed ac
cording to the manufacturer’s instructions. 
Reverse transcription and amplification were 
performed on a CFX96 C1000 Thermal 
Cycler (BioRad, Hercules, California) under 
the following conditions: reverse transcrip
tion at 48°C for 15 minutes, initial denatur
ation at 95°C for 2 minutes, followed by  
45 cycles of 95°C for 5 seconds and 60°C 
for 40 seconds. The high specificity of the 
commercial assay is based on the unique 
sequence of the primers specific for the SVA 
genomic sequence along with optimal PCR 
conditions used for amplification. This assay 
does not crossreact with other swine viruses. 
In terms of falsepositive rates, the manufac
ture recommends that cycle threshold (Ct) 
values between 38 and 40 be retested. 

Preparation of SVA standard curve
The sensitivity of the assay was determined by 
preparing a standard curve utilizing the SVA 
laboratory strain, KS1501, which was origi
nally isolated from a pig nasal swab sample by 
the Kansas Veterinary Diagnostic Laboratory. 
Virus was propagated, and the concentration 
measured on PK15 cells as described previ
ously.10 A standard curve for estimating the 
concentration of virus in meat samples was 
prepared by spiking 3.16 × 107 median tissue 
culture infective dose (TCID50) of virus into 
a 200 mg ground meat sample. The RNA was 
isolated from the SVAspiked meat sample 
and further diluted to achieve a range of con
centrations between 101 and 106 TCID50/g 

of tissue. The standard curve was plotted as 
log10 TCID50/g versus Ct value. For PCR, 
the standard curve and unknown meat sam
ples were run on the same 96 well plate. 

Results
Ten SVA standard curves were indepen
dently generated over the course of the study 
(Figure 1). The results showed a linear rela
tionship between the Ct value and log virus 
concentration. The dilution containing ap
proximately 10 TCID50 of virus approached 
a Ct of 40, which is the negative cutoff for 
the Tetracore PCR assay. 

Of the 190 meat samples assayed, only 6 
contained a sample of muscle that tested 
PCRpositive for SVA RNA (Ct value < 40; 
Table 2). Sample number 1033 and 1076 
had Ct values of 36.6 and 37.0, respectively. 
Based on the standard curve, the estimated 
virus concentrations for the two posi
tive samples were 1.4 log10 and 1.3 log10 
TCID50/g, respectively. The four remaining 
samples possessed Ct values ranging from 
38.4 to 39.2, which were considered border
line positive results. Samples, 1012A, 1022E 
and 1027G, were from packages that con
tained multiple cuts of meat. The remaining 
cuts of meat in each package were assayed 
and found to be PCRnegative (Ct > 40). 
The four suspect samples, 1012A, 1022E, 
1027G, and 1029E, were subjected to PCR 
a second time and produced Ct values > 40. 

Together, these data show that only 2 of the 
190 meat samples possessed detectable quan
tities of SVA nucleic acid. All PCRpositive 
samples were negative for the presence of 
viable virus by virus isolation on PK15 cells.

Discussion
Several factors are important for estimating 
the risk for the introduction of SVA through 
the exposure of pigs to retail pork prod
ucts.11 The first consideration is the preva
lence of SVA in the general US pig popula
tion. Based on PCR amplification of 2033 
oral fluid samples from 25 states, Hause et 
al9 provided an estimated prevalence of SVA 
in the United States at about 1%. In a dif
ferent study, incorporating the serological 
analysis of 5957 samples collected in 2016, 
seroprevalence was estimated at 28.95%.12 
These later data represent pigs that are 
actively infected as well as pigs that were 
infected and subsequently cleared the virus. 
In the present study, 2 of 190 retail meat 
samples were found to be positive for SVA 
nucleic acid, supporting Hause’s estimate of 
1% prevalence.9 

A second consideration for transmission is 
the amount of virus present in meat. There 
are no published studies measuring the 
concentration of SVA in muscle. However, 
SVA nucleic acid can be detected in muscle 
tissue from heart and tongue of infected 
pigs.13 In the present study, the highest 

Figure 1: Generation of the SVA standard curve. Mean and standard deviation 
for 10 standard curves generated over the course of the study is shown along with 
the positive-negative cutoff for the Tetracore (Rockville, Maryland) SVA PCR assay, 
represented by the dashed line. SVA = Senecavirus A; PCR = polymerase chain 
reaction; Ct = cycle threshold, TCID50 = median tissue culture infective dose.
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concentration of virus observed was esti
mated to be 1.5 log10 of virus/g of muscle, 
which was found in only 1 of 190 meat 
samples. The small amount of virus in the 
PCRpositive meat sample was supported 
by the negative results for virus isolation on 
PK15 cells. Since there are no data on SVA 
concentration in different muscle meats, a 
wide variety of meats were tested, including 
both bonein (n = 80) and boneless (n = 110) 
cuts. 

A third factor related to the risk of trans
mission is the minimum infectious dose of 
SVA required to infect a pig when consum
ing meat. While there are no data for SVA, 
data are available for FMDV and SVDV. 
For example, Fukai et al14 showed that pigs 
given 106 virions of FMDV by direct oral 
administration resulted in three of three 
pigs becoming infected, whereas only one of 
three pigs were infected when administered 
103 virions. However, Yamada et al15 failed 

Table 2: Packages of meat with PCR-positive samples for SVA RNA*

Sample No. Description Cuts/pkg Sample ID Ct Log10 TCID50/g
1012 Boneless sirloin chops 4 A 38.4† 1.0

B > 40 < 1.0
C > 40 < 1.0
D > 40 < 1.0

1022 Boneless chops 7 A > 40 < 1.0
B > 40 < 1.0
C > 40 < 1.0
D > 40 < 1.0
E 38.8† < 1.0
F > 40 < 1.0
G > 40 < 1.0

1027 Boneless ribs 7 A > 40 < 1.0
B > 40 < 1.0
C > 40 < 1.0
D > 40 < 1.0
E > 40 < 1.0
F > 40 < 1.0
G 39.2† < 1.0

1029 Boneless butt roast 1 A 38.7† < 1.0
1033 Sparerib 1 A 36.6 1.4
1076 Loin 1 A 37.0 1.3

* Samples with CT values < 40 were considered PCR-positive for SVA RNA.
† Samples were PCR-negative (Ct > 40) when assayed a second time.
PCR = polymerase chain reaction; SVA = Senecavirus A; pkg = package; ID = identification; Ct = cycle threshold; TCID50 = median tissue  

culture infective dose.  
 

to infect six pigs given an oral dose of 103 

TCID50 of FMDV. For SVDV, the direct 
instillation of 5.3 log10 plaque forming units 
(pfu) in the mouth of pigs did not result 
in infection, while increasing the amount 
of virus to 6.8 log10 pfu resulted in three of 
six pigs becoming infected.16 If similar to 
SVDV and FMDV, the highest detected 
concentration of SVA in the present study 
(1.5 log10/g) would represent a negligible 
risk for transmission via the consumption of 
muscle meat by pigs. 

In summary, the low prevalence of SVA com
bined with the low concentration of virus in 
positive meat samples, indicates a negligible 
risk for the transmission of SVA through the 
consumption of muscle meats sold at retail. 
Based on the study design, these results only 
apply to the United States. However, these 
results do also indicate a negligible risk for 
transmitting SVA from the United States 
through legal trade in pork. 

Implications
•	 The	low	prevalence	of	SVA	in	the	190	

retailmeat samples analyzed in this study, 
combined with a low concentration 
of SVA nucleic acid in the two SVA
positive samples, suggest a low risk for 
transmitting SVA through retail meat.
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