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Abstract

Human noroviruses (HuNoVs) can be easily transferred by the contacts of humans or fomites. Swab sampling methods are
widely used for recovering HuNoVs from small surfaces of various fomites or hard-to-reach locations and swab sampling
conditions are important for the accurate detection of HuNoVs, which have a low infectious dose and relatively long persis-
tence under a range of environmental conditions. Therefore, to determine the suitable swab sampling method for recovering
HuNoVs from various surfaces, we evaluated combinations of four swab materials (cotton, microdenier polyester [a type
of microfiber], polyurethane foam, and rayon) and three elution buffer solutions (phosphate-buffered saline [PBS], PBS
with 0.2% Tween-80, and 3% beef extract-50 mM glycine [pH 9.5]). First, we inoculated HuNoVs or murine noroviruses
(MuNoVs), the surrogate of HuNoVs, onto test coupons (10 10 cm) consisting of three common surface materials (high-
density polyethylene, stainless steel, and wood). Coupons were swabbed using a combination of each swab material and
elution buffer, and the viral recovery was measured by real-time reverse transcription quantitative polymerase chain reaction
(RT-gqPCR) or plaque assay. By RT-qPCR, we confirmed that the cotton swab—PBS and microdenier polyester—PBS combi-
nations had recovery efficiencies greater than 80% for viruses on plastic and stainless steel surfaces. The cotton swab—PBS
combination had the highest recovery efficiency on all surface materials via the plaque assay. Therefore, a cotton or a micro-
denier polyester swab with PBS could be a useful method for sampling HuNoVss on various surfaces.
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Introduction

Human noroviruses (HuNoVs), belonging to the family Cali-
civiridae, are nonenveloped icosahedral virions (27—40 nm),
with a linear, positive-sense, and single-stranded RNA
genome (~7.6 kb in length) (Kapikian et al. 1972; Jiang
et al. 1993). HuNoVs are one of the most common causa-
tive agents of nonbacterial gastroenteritis in all age groups
(Ahmed et al. 2014). Many studies have found that HuNoVs
are important etiological agents of food and waterborne gas-
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troenteritis via the fecal-oral route (Patel et al. 2009; Giam-
manco et al. 2014).

Infection by HuNoVs can occur at low infectious doses
(Teunis et al. 2008) and HuNoVs have a relatively long per-
sistence under various environmental conditions (Chees-
brough et al. 2000; Jones et al. 2007; Lamhoujeb et al.
2008). Several studies have demonstrated that HuNoVs are
easily transferred from surfaces to the hand (Barker et al.
2004; Otter et al. 2011). Moreover, Wikswo et al. (2015)
found that HuNoV was the most frequently reported cause of
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acute gastroenteritis outbreaks in the United States and can
be transmitted in various ways, including person-to-person
contact and environmental contamination.

Therefore, accurate detection and sampling methods are
important in the management of HuNoV outbreaks. HuNoV
detection has mainly relied on molecular methods, includ-
ing nucleic acid amplification and real-time reverse tran-
scription quantitative polymerase chain reaction (RT-qPCR)
has become the gold standard for HuNoV detection due to
its accuracy and rapidity (Vinjé 2015). The swab sampling
method is appropriate for small surfaces or hard-to-reach
locations (Centers for Disease Control and Prevention 2012).
Therefore, in general, the swab sampling method is used
for collecting pathogens such as HuNoVs on surfaces (Box-
man et al. 2009; Centers for Disease Control and Prevention
2012; Piedrahita et al. 2017). Even though swab sampling
conditions are significant for accurate HuNoV detection,
previous studies have suggested the use of different swab
sampling methods under different test conditions, including
virus types (HuNoV or HuNoV surrogates), surface material
types, elution buffers, and the area used for swab sampling
with different detection methods (Julian et al. 2011; Ron-
nqvist et al. 2013; Park et al. 2015; Ibfelt et al. 2016).

The aim of this study was to elucidate the suitable com-
binations of both the swab material and the elution buffer
for swab sampling to recover HuNoVs from various sur-
faces. We evaluated various combinations of swab materials
and elution buffers using HuNoVs and murine noroviruses
(MuNoVs), which are a surrogate of HuNoVs, inoculated
onto three common surface materials (wood, plastic, and
stainless steel). The recovery efficiencies of viruses were
measured by RT-qPCR or plaque assay.

Materials and Methods
Cells and Viruses

RAW 264.7 cells were cultured in Dulbecco’s modified
Eagle’s medium (Gibco, Grand Island, NY, USA) containing
10% fetal bovine serum (Gibco), 10 mM nonessential amino
acids (Gibco), 10 mM sodium bicarbonate (Gibco), 10 mM
HEPES (Gibco), and 50 pg/uL gentamicin (Gibco) as previ-
ously described (Lee et al. 2008). The cells were maintained
in 5% CO, in an incubator at 37 °C. MuNoVs were kindly
provided by Dr. Herbert W. Virgin of the Washington Uni-
versity School of Medicine, USA, and were inoculated in a
confluent monolayer of RAW 264.7 cells for 3 days for virus
propagation (Lee et al. 2008). Infected cells were subjected
to three cycles of freeze—thawing and MuNoVs were puri-
fied from the supernatant via centrifugation with chloroform
(AMRESCO, Solon, OH, USA) at 5000xg for 20 min at
4 °C and concentrated using an Amicon Ultra-15 centrifugal

filter unit with an Ultracel-10 membrane (nominal molecular
weight limit: 10 kDa; Millipore, Billerica, MA, USA). A
HuNoV genogroup II genotype 4 (GII/4) stool sample was
kindly provided by Dr. In-Soo Choi of Konkuk University,
Republic of Korea, and was suspended in 10% of 1X phos-
phate-buffered saline (PBS). The sample was centrifuged
at 20,000x g for 20 min at 4 °C and the concentrated super-
natant, including HuNoVs, was collected. The virus stocks
were stored at — 80 °C until use.

Preparation of Surface Coupons

The coupons (10 x 10 cm) were prepared using three com-
mon surface materials (high-density polyethylene [HDPE],
stainless steel, and wood [Chamaecyparis obtusa)). To elim-
inate the possible contamination of viruses on coupons, they
were washed using deionized water, dried in a fume hood,
and autoclaved for 30 min at 121 °C. The sterilized coupons
were stored in a dry oven at 60 °C until use.

Swabs and Elution Buffers

Four sterilized swabs were used in this study: (1) a cot-
ton swab (head width [W] 11.5 mm X head thickness [T]
10.0 mm X head length [L] 24.0 mm; Dae Han Medical
Supply Co., Ltd., Seoul, Korea), (2) a microdenier (micro-
fiber) polyester swab (W 13.0 mm X T 4.2 mm X L 25.7 mm;
TX714MD; Texwipe, Kernersville, NC, USA), (3) a polyu-
rethane foam swab (W 13.0 mm X T 7.8 mm X L 25.7 mm;
STX712A; Texwipe), and (4) a rayon swab (W 4.5 mm X
T 4.0 mm X L 15.0 mm; 3M™ Quick Swab; 3M Micro-
biology, St. Paul, MN, USA). Three autoclaved-elution
buffers (PBS, PBS with 0.2% Tween-80 [PT], and 3% beef
extract-50 mM glycine [pH 9.5; BG]) were also prepared
before the experiments.

Swab Sampling of Viruses on Surface Coupons

Ten microliters (uL) of virus stocks, including 1.6 x 10°
plaque forming units (PFU) of MuNoVs or 3.6 x 10°
genomic copies of HuNoVs, were inoculated onto the
sterilized coupons using the spike method. Little droplets
(~0.5 pL per droplet) of virus stock droplets were randomly
spotted on the surface of coupons. The spiked coupons were
dried in a biosafety cabinet for 15 min at room temperature
and a relative humidity of 20-40%. Then, the coupon sur-
faces were swabbed horizontally, vertically, and diagonally
using swabs completely moistened with 5 mL elution buffer
in a 15-mL conical tube. Each experiment was indepen-
dently performed three times with duplicate swab samples
and swabs moistened with 10 pL of sterilized PBS were used
as negative controls.
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After sampling, the swabs were subjected to six dipping
and pressing cycles and vortexing for 15 s in a conical tube.
The eluted swabs were removed, and the tubes were held at
4 °C for 15 min. When the BG buffer was used as the elu-
tion buffer, the eluate was immediately adjusted to neutral
pH (7.0-7.5) using 1.0 M HCI. The final eluate was stored
at — 80 °C until use.

Viral RNA Extraction and RT-qPCR

Viral RNA was extracted from each sample using a
QIAamp® Viral RNA Mini Kit (Qiagen, Hilden, Germany)
according to the manufacturer’s instructions. The final elu-
tion volume was 50 pL and the extracted viral RNA was
stored at — 80 °C until use. An RT-qPCR assay was con-
ducted with a 7300 Real-Time System (Applied Biosystems,
Foster City, CA, USA) using the extracted viral RNA. Sub-
sequently, TagMan® based RT-qPCR assays were performed
in duplicate targeting the capsid regions of MuNoVs (Lee
et al. 2008) and HuNoVs (Ministry of Food and Drug Safety
2013), with some modifications (Table 1). The RT-qPCR
mixture had a total volume of 25 uL consisting of 5 pL of
RNA, 13.5 pL of AgPath-ID™ One-Step RT-PCR reagents
(12.5 pL of 2x RT-PCR buffer and 1 pL of 25x RT-PCR
enzyme mix; Thermo Fisher Scientific, Waltham, MA,
USA), forward and reverse primers (1 uM each for MuNoV
and 400 nM for HuNoV) (Table 1), and a probe (240 nM
for MuNoV and 200 nM for HuNoV) (Table 1). The RT-
gPCR included reverse transcription at 48 °C for 30 min,
followed by heat inactivation of the reverse transcriptase
and initial denaturation at 95 °C for 15 min. Amplifica-
tion was conducted with 45 cycles of denaturation at 95 °C
for 15 s and annealing and extension at 60 °C for 1 min.
Fluorescence data were acquired at the extension step and
the threshold cycle (Ct). RNAs from MuNoV and HuNoV
GlI/4, and distilled water, were used as positive and negative
controls, respectively. The cycle number corresponding to

Table 1 Primers and probes used in this study

an increase in fluorescence over the threshold was calcu-
lated with threshold auto. To generate the standard curves,
10-fold serial dilutions of plasmids containing the capsid
regions of MuNoV and HuNoV GII were prepared (Lee
et al. 2008; Park et al. 2008), ranging from 5.45 X 10° to
5.45x 107! genomic copies for MuNoV and from 4.43 x 10°
to 4.4x 107! genomic copies for HuNoV. Serial dilutions
were included in duplicate in every RT-qPCR amplification.
Standard curves were created by plotting Ct values versus
the log number of genomic copies within the linear range of
quantification and a trend line was generated through these
points. The limit of quantification (LOQ) was based on the
lowest range of standards that contributed to the linear part
of the standard curve (Kephart and Bushon 2010). Negative
controls were used to measure a limit of detection (LOD).
If Ct values were undetermined in the negative controls, the
values were set to the end cycle of thermal cycling (45).
A cycle threshold higher than the LOD was considered to
be “non-detected” (ND). Results between the LOQ and the
LOD were qualified as “detected but not quantified” (DNQ).

MuNoV Plaque Assay

A MuNoV plaque assay for the eluates was performed as
previously described with some modifications (Lee et al.
2008). Briefly, RAW 264.7 cells were seeded on 6-well
plates (3 x 10° cells per well) and incubated at 37 °C with
5% CO, until a cell monolayer developed. The eluates
were serially diluted and 500 pL of samples were inocu-
lated into the wells with a fully developed cell monolayer.
The inoculated plates were incubated for 1 h at 37 °C with
5% CO, and rocked every 15 min. Subsequently, the cells
were overlaid with 3 mL of a 1:1 (v/v) mixture (37 °C) of
1.5% SeaPlaque agarose (Lonza, Rockland, ME, USA) and
2Xx minimum essential medium (Gibco), containing 10%
fetal bovine serum (Gibco), 10 mM nonessential amino
acids (Gibco), 10 mM sodium bicarbonate (Gibco), 10 mM

Assay name  Primer or probe (polarity) Sequence (5'-3")* Location® Target References
MuNoV-1 MNVIF (+) ACGCCACTCCGCACAAA 5614-5630  Capsid geneof  Lee et al. (2008)
MNVIR (-) GCGGCCAGAGACCACAAA 5657-5649 murine norovi-
MNVIP (+) VIC-AGCCCGGGTGATGAG-MGB  5632-5646 rus 1
HuNoV BPO-13 (+) AICCIATGTTYAGITGGATGAG 5007-5028  Capsid gene of  Ministry of Food
BPO-13N (+) AGTCAATGTTTAGGTGGATGAG  5007-5028 human norovi-  and Drug Safety
BPO-14 (=) TCGACGCCATCTTCATTCACA 51005080 ﬂ” genogroup  (2013)
BPO-18 (+) VIC-CACRTGGGAGGGCGATCG 5044-5066

CAATC-TAMRA

*MGB minor groove binder, TAMRA 6-carboxy-tetramethylrhodamine, I inosine, Y Cor T, R A or G

PRelative positions of primers and probe in murine norovirus 1 clone CW1 (accession no. DQ285629) and Lordsdale virus (accession no.

X86557) for MuNoV-1 and HuNoV, respectively
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HEPES (Gibco), and 50 pg/uL gentamicin (Gibco). After 4
days of incubation, MuNoV plaques were counted. Approxi-
mately 100 PFU/500 uLL of MuNoVs and 500 puL of PBS
were used as the positive and negative controls, respectively.

Statistical Analysis

All statistical analyses were performed with the IBM®
SPSS® Statistics (Release ver. 23.0.0.2; IBM Corporation,
Armonk, NY, USA) package. For the calculation of means,
DNQs were assigned a value of half the limit of quantifi-
cation (LOQ/2). The recovery efficiency of the swab sam-
pling method was calculated using the following equation:
virus recovery efficiency (%) = (PFU [or genomic copies]
of recovered viruses/PFU [or genomic copies] of initially
inoculated viruses) X 100. The normality of data was verified
using the Shapiro—Wilk test, and the equality of variances
was tested using Levene’s test. When the data displayed
normality and the equality of variances, a one-way analysis
of variance (ANOVA) with a Bonferroni post hoc test was
performed to define significant differences. When the data
were not normal, or the variances of the data were not equal,
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Fig.1 Mean murine norovirus (MuNoV) recovery efficiencies with
standard deviation determined by real-time reverse transcription
quantitative polymerase chain reaction (RT-qPCR) on a high-density
polyethylene (HDPE), b stainless steel, and ¢ wood surfaces. C, M,
F, and R represent cotton, microdenier polyester, polyurethane foam,
and rayon, respectively. Three independent experiments were per-

a Kruskal-Wallis (KW) test or a Mann—Whitney (MW) test
with a Bonferroni correction was used.

Results

Quantitative Evaluation of the MuNoV Recovery
Efficiencies for Swab Material-Elution Buffer
Combinations on Surface Coupons

Figure 1 shows the mean MuNoV recovery efficiencies of
each combination of swab material-elution buffer on three
different coupons using RT-qPCR. There were significant
differences in recovery efficiencies depending on the swab
material type and elution buffer used on three coupon mate-
rials according to the KW test (P <0.05). MuNoV was more
efficiently recovered with PBS buffer when the same swab
material type was tested on each coupon material (MW test
with a Bonferroni correction; P <0.016) (Fig. 1). The cotton
and microdenier polyester swabs with PBS had an MuNoV
recovery efficiency of more than 80% on HDPE coupons
(Fig. 1a) and all swab materials with PBS resulted in a large
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formed for each combination of swab material and elution buffer. The
different upper (A, B, C and D) or lower cases (a, b, ¢ and d) indicate
significant differences in the results via the swab materials (P <0.05).
Asterisks indicate significant differences in the results via the elution
buffers (P <0.05)
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recovery of MuNoVs for stainless steel and wood coupons,
with the exception of the rayon swabs (Fig. 1b, ¢) (MW
test with a Bonferroni correction; P < 0.008). The recovery
efficiencies of MuNoVs on wood coupons were generally
lower compared with the other surface materials (Fig. 1c).

Figure 2 shows the mean MuNoV recovery efficiencies of
each combination of swab material-elution buffer on three
different types of coupon using a plaque assay. The recovery
efficiencies of MuNoVs from all combinations were below
8%. Only the cotton swabs with PBS had a recovery effi-
ciency greater than 3% for all coupons and the microdenier
polyester swabs with PT especially had a significant recov-
ery efficiency for an HDPE surface (7.10 +£3.51%) according
to the MW test with a Bonferroni correction (P <0.016).

Quantitative Evaluation of HuNoV Recovery
Efficiencies Using Cotton or Microdenier Polyester
Swabs with PBS on Surface Coupons

Figure 3 shows the recovery efficiencies of HuNoVs on
surface coupons using cotton or microdenier polyester
swabs with PBS. Both combinations resulted in HuNoV
removal efficiencies of more than 80% from HDPE and
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Fig.2 Mean MuNoV recovery efficiencies with the standard devia-
tion determined by plaque assay on a HDPE, b stainless steel, and
¢ wood surfaces. C, M, F, and R represent cotton, microdenier poly-
ester, polyurethane foam, and rayon, respectively. Three independent
experiments were performed for each combination of swab mate-
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Fig.3 Mean human norovirus (HuNoV) recovery efficiencies with
the standard deviation determined by RT-qPCR on HDPE, stainless
steel, and wood surfaces. C and M represent cotton and microdenier
polyester, respectively. Three independent experiments were per-
formed for each combination of swab material and PBS. The different
upper (A and B) or lower cases (a and b) indicate significant differ-
ences in the results via the swab materials (P <0.05)

stainless steel coupons. However, the efficiencies of
both combinations for wood coupons (cotton swabs:
31.9 +19.3%; microdenier polyester swabs: 30.3 +19.3%)
were significantly lower than the other surface materials
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(ANOVA or the MW test with a Bonferroni correction;
P<0.016).

Discussion

Surfaces contaminated by humans or fomites are an impor-
tant transmission route of enteric viruses, including HuNoVs
(Rusin et al. 2002; D’Souza et al. 2006). In many studies,
swab sampling has been suggested as an efficient sampling
method for recovering HuNoVs or HuNoV surrogates from
surfaces (Ronngqvist et al. 2013; De Keuckelaere et al. 2014;
Granime et al. 2015). Therefore, swab sampling has been
widely applied in HuNoV outbreak investigations (Boxman
et al. 2009; Wadl et al. 2010; Nenonen et al. 2014). To deter-
mine the ideal swab sampling method for HuNoV detection,
we evaluated various combinations of swab materials and
elution buffers for MuNoVs or HuNoVs on three surface
materials using RT-qPCR or plaque assay as the cultivation
method.

Previous studies have reported that the type of swab mate-
rial and elution buffer are important factors for the effective
recovery of HuNoV from surfaces (Ronnqvist et al. 2013;
De Keuckelaere et al. 2014; Ibfelt et al. 2016; Turnage
and Gibson 2017). Our results showed that both MuNoVs
and HuNoVs were effectively recovered using cotton and
microdenier polyester swabs with PBS (>80% on HDPE
and stainless steel coupons; > 20% on wood coupons) when
RT-qPCR was used as the detection method (Figs. 1, 3).
De Keuckelaere et al. (2014) reported that the combina-
tion of a microfiber material and PBS achieved an HuNoV
recovery efficiency greater than 80% from HDPE surfaces
via RT-qPCR. On the other hand, Ronnqvist et al. (2013)
reported that a glycine buffer (pH 9.5) with a microfiber
swab resulted in better HuNoV recovery from low-density
polyethylene plastic (89 +2%) and stainless steel (79 +10%)
surfaces compared with PBS. Moreover, Park et al. (2015)
reported that macrofoam swabs resulted in good HuNoV
recovery efficiencies from stainless steel surfaces compared
with cotton, rayon, or polyester swabs and, especially, the
cotton swab did not showed strong efficiencies in compari-
son with our data. Differences in the production process,
including the dyeing phase, could affect the virus recovery
efficiency of each swab (Ronnqvist et al. 2013). Ronnqvist
et al. (2013) reported that two microfiber swabs had remark-
able differences in their recovery efficiencies for HuNoVs
and found that the properties of each swab, including net
surface charge, were altered during the production process.
The production process may determine the properties of
swabs irrespective of the material type. Moreover, the prop-
erties of the elution buffer could also affect the recovery
efficiencies achieved during swab sampling. For example,
a surfactant like Tween-80 can increase the water content

of the target surface and facilitate the solubilization of cell
surfaces, while a high pH of the buffer (e.g., pH 9.5) could
change the net surface charge of HuNoVs (Ronnqvist et al.
2013; Park et al. 2015). However, our study found a lower
MuNoV and HuNoV recovery efficiency when PT or BG
was used as the elution buffer (data not shown), indicating
that they would be suitable for certain types of swab materi-
als. In consideration of various factors, which could affect
the recovery efficiencies of swab sampling directly, it is rec-
ommended that further studies and discussions for the com-
bination of swab material and elution buffer for HuNoV's and
their surrogates should be performed for a precise HuNoV
sampling from various surfaces.

The results of this study indicated that the differences
in the recovery efficiencies of MuNoVs could be due to
the detection method used regardless of whether cotton or
microdenier polyester swabs with PBS were used for the
sampling of surfaces (Figs. 1, 2). Only 2-4% of MuNoVs
were recovered using cotton swabs with PBS from the
three different surface types when a plaque assay was used
(Fig. 2). Previous studies have reported that a less than 1
log,o reduction of MuNoVs can occur within 1 h follow-
ing exposure at pH 7.0 and room temperature (Cannon
et al. 2006; Lee et al. 2008). In this study, the average time
elapsed, including the inoculation of MuNoVs on coupons
to the swab, was less than 40 min, which could not have
significantly affected the total concentration of MuNoVs.
The properties of each swab material and the interactions
between the swab material and viruses during sampling
could affect the results of a plaque assay. The cotton swab
and PBS resulted in excellent recovery efficiencies for the
various surface materials compared with the other combi-
nations. This combination could therefore be useful for the
accurate detection of HuNoVs using RT-qPCR or cultivation
methods.

Our study resulted in poor MuNoV or HuNoV recovery
efficiencies from wood surfaces compared to the HDPE and
stainless steel surfaces (Figs. 1, 2, 3). Scherer et al. (2009)
reported that the physical properties of a surface could affect
the recovery efficiency of a virus when using swab sam-
pling. Wood has many crevices and pores, which can result
in viruses becoming trapped within the matrix. Therefore,
compared to the HDPE or stainless steel surfaces, viruses
were not easily removed from wood surfaces, even when the
cotton swab and PBS combination was used for sampling.

Previous studies have indicated that swab materials can
absorb potential PCR inhibitors in the environment, such as
heavy metals and humic acids (Deng and Bai 2003; Gilbert
et al. 2014). The use of internal process control (Ganime
et al. 2015; Park et al. 2017) and/or dilution of extracted
RNA (Lowther et al. 2017) have been suggested to control
the effects of PCR inhibitors and further studies should be
performed with the consideration of various conditions in
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fields. In conclusion, a cotton or microdenier polyester swab
with PBS could be a useful method for the efficient detection
of HuNoVs on various surfaces.

Acknowledgements This research was supported by a Grant
(14162MFDS973) from Ministry of Food and Drug Safety in 2015
and the BK21 plus program of the National Research Foundation of
Korea (NRF) (22A20130012682).

References

Ahmed, S. M., Hall, A. J., Robinson, A. E., Verhoef, L., Premkumar,
P., Parashar, U. D., et al. (2014). Global prevalence of norovirus
in cases of gastroenteritis: A systematic review and meta-analysis.
The Lancet Infectious Diseases, 14(8), 725-730.

Barker, J., Vipond, 1., & Bloomfield, S. (2004). Effects of cleaning
and disinfection in reducing the spread of Norovirus contamina-
tion via environmental surfaces. Journal of Hospital Infection,
58(1), 42-49.

Boxman, I. L., Dijkman, R., te Loeke, N. A., Higele, G., Tilburg, J.
J., Vennema, H., et al. (2009). Environmental swabs as a tool in
norovirus outbreak investigation, including outbreaks on cruise
ships. Journal of Food Protection, 72(1), 111-119.

Cannon, J. L., Papafragkou, E., Park, G. W., Osborne, J., Jaykus, L.-A.,
& Vinjé, J. (2006). Surrogates for the study of norovirus stabil-
ity and inactivation in the environment: A comparison of murine
norovirus and feline calicivirus. Journal of Food Protection,
69(11), 2761-2765.

Centers for Disease Control and Prevention. (2012). Emergency
response resources: surface sampling procedures for Bacillus
anthracis spores from smooth, non-porous surfaces. https://www.
cdc.gov/niosh/topics/emres/surface-sampling-bacillus-anthracis.
html. Accessed 26 July 2018.

Cheesbrough, J. S., Green, J., Gallimore, C. I., Wright, P. A., & Brown,
D. W. (2000). Widespread environmental contamination with Nor-
walk-like viruses (NLV) detected in a prolonged hotel outbreak of
gastroenteritis. Epidemiology and Infection, 125(1), 93-98.

D’Souza, D. H., Sair, A., Williams, K., Papafragkou, E., Jean, J.,
Moore, C., et al. (2006). Persistence of caliciviruses on environ-
mental surfaces and their transfer to food. International Journal
of Food Microbiology, 108(1), 84-91.

De Keuckelaere, A., Stals, A., & Uyttendaele, M. (2014). Semi-direct
lysis of swabs and evaluation of their efficiencies to recover human
noroviruses GI and GII from surfaces. Food and Environmental
Virology, 6(2), 132—-139.

Deng, S., & Bai, R. B. (2003). Aminated polyacrylonitrile fibers for
humic acid adsorption: Behaviors and mechanisms. Environmen-
tal Science and Technology, 37(24), 5799-5805.

Ganime, A. C., Leite, J. P. G., de Abreu Corréa, A., Melgaco, F. G.,
Carvalho-Costa, F. A., & Miagostovich, M. P. (2015). Evaluation
of the swab sampling method to recover viruses from fomites.
Journal of Virological Methods, 217, 24-27.

Giammanco, G. M., Di Bartolo, L., Purpari, G., Costantino, C., Rotolo,
V., Spoto, V., et al. (2014). Investigation and control of a Noro-
virus outbreak of probable waterborne transmission through a
municipal groundwater system. Journal of Water and Health,
12(3), 452-464.

Gilbert, S. E., Rose, L. J., Howard, M., Bradley, M. D., Shah, S., Sil-
vestri, E., et al. (2014). Evaluation of swabs and transport media
for the recovery of Yersinia pestis. Journal of Microbiological
Methods, 96, 35-41.

Ibfelt, T., Frandsen, T., Permin, A., Andersen, L. P., & Schultz, A.
C. (2016). Test and validation of methods to sample and detect

@ Springer

human virus from environmental surfaces using norovirus as
a model virus. Journal of Hospital Infection, 92(4), 378-384.

Jiang, X., Wang, M., Wang, K., & Estes, M. K. (1993). Sequence
and genomic organization of Norwalk virus. Virology, 195(1),
51-61.

Jones, E. L., Kramer, A., Gaither, M., & Gerba, C. P. (2007). Role of
fomite contamination during an outbreak of norovirus on house-
boats. International Journal of Environmental Health Research,
17(2), 123-131.

Julian, T. R., Tamayo, F. J., Leckie, J. O., & Boehm, A. B. (2011).
Comparison of surface sampling methods for virus recovery
from fomites. Applied and Environmental Microbiology, 77(19),
6918-6925.

Kapikian, A. Z., Wyatt, R. G., Dolin, R., Thornhill, T. S., Kalica, A.
R., & Chanock, R. M. (1972). Visualization by immune elec-
tron microscopy of a 27-nm particle associated with acute infec-
tious nonbacterial gastroenteritis. Journal of Virology, 10(5),
1075-1081.

Kephart, C. M., & Bushon, R. N. (2010). Utility of microbial source-
tracking markers for assessing fecal contamination in the Portage
River watershed, northwestern Ohio, 2008. US Geological Survey.
https://pubs.usgs.gov/sir/2010/5036/. Accessed 17 April 2018.

Lamhoujeb, S., Fliss, I., Ngazoa, S. E., & Jean, J. (2008). Evaluation of
the persistence of infectious human noroviruses on food surfaces
by using real-time nucleic acid sequence-based amplification.
Applied and Environmental Microbiology, 74(11), 3349-3355.

Lee, J., Zoh, K., & Ko, G. (2008). Inactivation and UV disinfection
of murine norovirus with TiO, under various environmental
conditions. Applied and Environmental Microbiology, 74(7),
2111-2117.

Lowther, J. A, Bosch, A., Butot, S., Ollivier, J., Midde, D., Rutjes, S.
A., etal. (2017). Validation of ISO method 15216 part 1-Quanti-
fication of hepatitis A virus and norovirus in food matrices. Inter-
national Journal of Food Microbiology. https://doi.org/10.1016/j.
ijfoodmicro.2017.11.014.

Ministry of Food and Drug Safety. (2013). Guideline for investigation
on the cause of food poisoning. Chapter 5. Ministry of Food and
Drug Safety, Chungcheonbuk-do, Republic of Korea. (Korean).

Nenonen, N. P., Hannoun, C., Svensson, L., Torén, K., Andersson,
L.-M., Westin, J., et al. (2014). Norovirus GII. 4 detection in
environmental samples from patient rooms during nosocomial
outbreaks. Journal of Clinical Microbiology, 52(7), 2352-2358.

Otter, J. A., Yezli, S., & French, G. L. (2011). The role played by con-
taminated surfaces in the transmission of nosocomial pathogens.
Infection Control and Hospital Epidemiology, 32(7), 687-699.

Park, G. W., Chhabra, P., & Vinjé, J. (2017). Swab sampling method for
the detection of human norovirus on surfaces. Journal of Visual-
ized Experiments, 120, €55205.

Park, G. W, Lee, D., Treffiletti, A., Hrsak, M., Shugart, J., & Vinjé, J.
(2015). Evaluation of a new environmental sampling protocol for
detection of human norovirus on inanimate surfaces. Applied and
Environmental Microbiology, 81(17), 5987-5992.

Park, Y., Cho, Y.-H., Jee, Y., & Ko, G. (2008). Inmunomagnetic sepa-
ration combined with real-time reverse transcriptase PCR assays
for detection of norovirus in contaminated food. Applied and Envi-
ronmental Microbiology, 74(13), 4226-4230.

Patel, M. M., Hall, A. J., Vinjé, J., & Parashar, U. D. (2009). Noro-
viruses: A comprehensive review. Journal of Clinical Virology,
44(1), 1-8.

Piedrahita, C. T., Cadnum, J. L., Jencson, A. L., Shaikh, A. A., Ghan-
noum, M. A., & Donskey, C. J. (2017). Environmental surfaces
in healthcare facilities are a potential source for transmission of
Candida auris and other Candida species. Infection Control and
Hospital Epidemiology, 38(9), 1107-1109.

Ronngvist, M., Rittd, M., Tuominen, P., Salo, S., & Maunula, L.
(2013). Swabs as a tool for monitoring the presence of norovirus


https://www.cdc.gov/niosh/topics/emres/surface-sampling-bacillus-anthracis.html
https://www.cdc.gov/niosh/topics/emres/surface-sampling-bacillus-anthracis.html
https://www.cdc.gov/niosh/topics/emres/surface-sampling-bacillus-anthracis.html
https://pubs.usgs.gov/sir/2010/5036/
https://doi.org/10.1016/j.ijfoodmicro.2017.11.014
https://doi.org/10.1016/j.ijfoodmicro.2017.11.014

Food and Environmental Virology (2018) 10:378-385

385

on environmental surfaces in the food industry. Journal of Food
Protection, 76(8), 1421-1428.

Rusin, P., Maxwell, S., & Gerba, C. (2002). Comparative surface-to-
hand and fingertip-to-mouth transfer efficiency of gram-positive
bacteria, gram-negative bacteria, and phage. Journal of Applied
Microbiology, 93(4), 585-592.

Scherer, K., Mide, D., Ellerbroek, L., Schulenburg, J., Johne, R., &
Klein, G. (2009). Application of a swab sampling method for the
detection of norovirus and rotavirus on artificially contaminated
food and environmental surfaces. Food and Environmental Virol-
ogy, 1(1), 42-49.

Teunis, P. F. M., Moe, C. L., Liu, P.,, Miller, S. E., Lindesmith, L.,
Baric, R. S., et al. (2008). Norwalk virus: How infectious is it?
Journal of Medical Virology, 80(8), 1468-1476.

Turnage, N. L., & Gibson, K. E. (2017). Sampling methods for recov-
ery of human enteric viruses from environmental surfaces. Jour-
nal of Virological Methods, 248, 31-38.

Vinjé, J. (2015). Advances in laboratory methods for detection and
typing of norovirus. Journal of Clinical Microbiology, 53(2),
373-381.

Wadl, M., Scherer, K., Nielsen, S., Diedrich, S., Ellerbroek, L., Frank,
C., et al. (2010). Food-borne norovirus-outbreak at a military
base, Germany, 2009. BMC Infectious Diseases, 10(1), 30.

Wikswo, M. E., Kambhampati, A., Shioda, K., Walsh, K. A., Bowen,
A., & Hall, A.J. (2015). Outbreaks of acute gastroenteritis trans-
mitted by person-to-person contact, environmental contamination,
and unknown modes of transmission—United States, 2009-2013.
Morbidity and Mortality Weekly Report, 64(12), 1-16.

@ Springer



	Comparison of Swab Sampling Methods for Norovirus Recovery on Surfaces
	Abstract
	Introduction
	Materials and Methods
	Cells and Viruses
	Preparation of Surface Coupons
	Swabs and Elution Buffers
	Swab Sampling of Viruses on Surface Coupons
	Viral RNA Extraction and RT-qPCR
	MuNoV Plaque Assay
	Statistical Analysis

	Results
	Quantitative Evaluation of the MuNoV Recovery Efficiencies for Swab Material–Elution Buffer Combinations on Surface Coupons
	Quantitative Evaluation of HuNoV Recovery Efficiencies Using Cotton or Microdenier Polyester Swabs with PBS on Surface Coupons

	Discussion
	Acknowledgements 
	References


