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Inanimate surfaces are regarded as key vehicles for the spread of human norovirus during outbreaks. ISO method 15216 involves
the use of cotton swabs for environmental sampling from food surfaces and fomites for the detection of norovirus genogroup I
(GI) and GII. We evaluated the effects of the virus drying time (1, 8, 24, or 48 h), swab material (cotton, polyester, rayon, macro-
foam, or an antistatic wipe), surface (stainless steel or a toilet seat), and area of the swabbed surface (25.8 cm2 to 645.0 cm2) on
the recovery of human norovirus. Macrofoam swabs produced the highest rate of recovery of norovirus from surfaces as large as
645 cm2. The rates of recovery ranged from 2.2 to 36.0% for virus seeded on stainless-steel coupons (645.0 cm2) to 1.2 to 33.6%
for toilet seat surfaces (700 cm2), with detection limits of 3.5 log10 and 4.0 log10 RNA copies. We used macrofoam swabs to collect
environmental samples from several case cabins and common areas of a cruise ship where passengers had reported viral gastro-
enteritis symptoms. Seventeen (18.5%) of 92 samples tested positive for norovirus GII, and 4 samples could be sequenced and
had identical GII.1 sequences. The viral loads of the swab samples from the cabins of the sick passengers ranged from 80 to
31,217 RNA copies, compared with 16 to 113 RNA copies for swab samples from public spaces. In conclusion, our swab protocol
for norovirus may be a useful tool for outbreak investigations when no clinical samples are available to confirm the etiology.

Human noroviruses are the leading cause of epidemic and spo-
radic acute gastroenteritis (AGE) worldwide (1). Most out-

breaks are reported in semiclosed environments, such as long-
term-care facilities, hospitals, and schools (2, 3). Because the
majority of infections are spread either directly, via the person-to-
person route, or indirectly, through environmental surfaces or
food, contaminated fomites and inanimate surfaces are regarded
as important vehicles for the spread of the virus during outbreaks
(4–6). In addition, the virus is easily transferred between inani-
mate surfaces and human skin (5, 7, 8).

Many laboratory studies have been performed to validate the
efficacy of disinfectants or disinfection processes to prevent the
spread of norovirus. Some of these processes have been imple-
mented routinely in health care facilities (9–12). However, little is
known about the correlation between the level of surface contam-
ination and increased risks of norovirus infection, and this lack of
understanding may affect the implementation of adequate hy-
giene practices. Surface-sampling methods have been used suc-
cessfully to monitor the level and/or duration of environmental
contamination (13). Protocols to detect norovirus on environ-
mental surfaces and fomites in outbreak settings use swab rinse
methods (7, 14, 15) or antistatic wipes (16, 17). The ISO 15216
standard protocol for the detection of norovirus and hepatitis A
virus on food preparation surfaces and fomites includes the use of
cotton swabs (18).

Standardized validated swab rinse protocols enable compari-
son of the sampling efficiencies of commercial swabs. In previous
studies, different elution media and swab materials for the recov-
ery of rotavirus, MS2, feline calicivirus (FCV), and bacteriophage
P22 were evaluated (19–22). However, extrapolation of the results
from these studies to a validated protocol for human norovirus is
difficult, since many test variables, including the surrogate virus
used for assessment of the recovery of infectious virus, the type of
swab material, and the area of the swabbed surface, have not been
evaluated and tested under field conditions.

In the present study, we evaluated a novel swab rinse protocol
for the detection of human norovirus on inanimate surfaces using
different swab materials, as well as methods for the concentration
of virus from the swab eluates, and also investigated the effect of
the area of the swabbed surface. The optimized sampling protocol
was further field tested on samples collected from high-contact
surfaces that had been contaminated by people with clinical no-
rovirus symptoms.

MATERIALS AND METHODS
Viruses. A norovirus GII.4-positive stool specimen obtained from a
cruise ship gastroenteritis outbreak in 2010 was used in this study. A
10-to-20% stool suspension was made in phosphate-buffered saline
(PBS), centrifuged (at 5,000 � g for 10 min) to remove organic particles,
and further concentrated by ultrafiltration using centrifugal filter units
with a molecular size cutoff of 50 kDa (Millipore, Billerica, MA). The final
virus preparation was filtered through a 0.45-�m Millex-HA syringe filter
(Millipore, Billerica, MA) that had been pretreated with a 0.1% (vol/vol)
Tween 80 solution in order to remove bacteria and fungi. The viral RNA
titer was approximately 107.5 RNA copies per ml of filtered stool based on
a standard curve of GII.4 RNA transcripts (23).

Bacteriophage MS2 (ATCC 15597-B1), propagated using Escherichia
coli Famp (ATCC 700891) as described previously (10), was dispensed in
aliquots of 106 PFU/ml and was stored at �80°C.
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Swab materials. Four commercially available swab materials were
tested in this study: cotton (Fisher Scientific, Pittsburgh, PA), polyester
(BD Science, Franklin Lakes, NJ), rayon (Puritan Medical Products, Guil-
ford, ME), and macrofoam (ITW Texwipe, Kernersville, NC). The sizes
(diameter by length) of the cotton, polyester, rayon, and macrofoam swab
heads were 2.11 by 12.87, 4.76 by 15.88, 4.76 by 15.88, and 19 by 26.7 mm,
respectively. We also tested an antistatic wipe (Sodibox, France), which
was kindly provided by Ingeborg Boxman at the Food and Consumer
Product Safety Authority in the Netherlands. The Sodibox swab fabrics
(320 mm by175 mm) (Raisio Diagnostic, Nieuwerkerk aan den IJssel, the
Netherlands) used in this study were ready to use and were premoistened
with 10 ml of Ringer’s solution.

Stainless-steel and toilet seat coupons. Stainless steel coupons (5.1 by
5.1 cm or 25.4 by 25.4 cm) were cut from a sheet of S-180 grade T-304
stainless steel (Phoenix Metals Company, Norcross, GA). Each coupon
was pretreated with 0.1% Tween 80, rinsed first in sterile distilled water
and then in 70% ethanol, air dried, wrapped in aluminum foil, and auto-
claved for 15 min at 121°C prior to use. Church white wood round toilet
seats were purchased from Lowe’s, and the upper surfaces of the toilet
seats were precleaned with 0.1% Tween 80, rinsed first in sterile distilled
water and then in 70% ethanol, and air dried prior to use.

Viral RNA extraction, purification, and concentration. Viral RNA
was extracted from 50 �l of the swab eluent by using the MagMAX-96
viral RNA isolation kit (Life Technologies Corporation, Carlsbad, CA),
and the KingFisher purification instrument (Fisher Scientific, Pittsburgh,
PA), as described previously (24). Also, two kinds of spin columns were
consecutively used to purify and concentrate viral RNA from swab elu-
ents. Specifically, 1 ml of swab eluent was lysed with 1 ml of a guani-
dinium-based lysis buffer as described previously (25) using Midi col-
umns (Omega Biotek, Norcross, GA), and nucleic acid was further
concentrated by using RNA Clean & Concentrator-5 spin columns
(Zymo Research Corporation, Irvine, CA) according to the manufac-
turer’s instructions. All oligonucleotide primers and probes used in
this study were obtained from Life Technologies Corporation (Carls-
bad, CA).

Detection of norovirus by RT-qPCR. Reverse transcription–TaqMan
real-time PCR (RT-qPCR) assays for the detection of genogroup I (GI)
and GII human norovirus were carried out on an ABI 7500 platform (Life
Technologies Corporation, Carlsbad, CA) (26, 27). Coliphage MS2 was
included as an external extraction control prior to RNA extraction. Sam-
ples with a threshold cycle (CT) value of �30 for MS2 were retested un-
diluted and 1/10 diluted. Standard curves of GI.4 RNA and GII.7 RNA
transcripts were included in each run (23).

Optimizing the surface-sampling methodology. (i) Reference test
condition. A 50-�l aliquot of a pooled viral suspension was seeded onto a
25.8-cm2 stainless-steel surface and was then dried for 1 h under ambient
conditions (16 to 22°C; relative humidity, 45 to 60%). Prior to sampling,
each swab was dipped into a tube containing 2.5 ml of swab elution buffer
(PBS containing 0.02% Tween 80 [PBST]) and was then pressed against
the side of the tube to squeeze out excess liquid. The entire surface area of
the stainless-steel coupon was swabbed three times by 1 stroke of the swab
in the horizontal direction, 1 stroke in the vertical direction, and 1 stroke
in the diagonal direction. The swab was then dipped back into the elution
buffer in a 15-ml tube, mixed by vortexing for at least 10 s, and then
pressed against the side of the tube to elute the PBST. This eluent was then
stored at �70°C until testing. To determine the maximum amount of
virus that could be recovered, the virus inoculum was seeded onto the
swabs or onto stainless-steel surfaces and was eluted immediately.

(ii) Effect of virus desiccation. To measure the effect of virus desicca-
tion on virus recovery, 50 �l seeding inoculum was seeded on 25.8-cm2

stainless-steel coupons and was dried for 0, 1, 8, 24, or 48 h. The coupons
were then swabbed and were processed as described above.

(iii) Effect of the area of the swabbed surface. To examine the influ-
ence of the surface area on viral recovery, 50 �l seeding inoculum was
seeded onto stainless-steel coupons of varying sizes (5.1 by 5.1 cm, 7.6 by

7.6 cm, 10.2 by 10.2 cm, 12.7 by 12.7 cm) and was dried for 1 h at room
temperature. The coupons were then swabbed and were processed as de-
scribed above.

(iv) Comparing a macrofoam swab with an antistatic wipe for the
recovery of GII.4 norovirus from large surface areas. Stainless coupons
with surface areas of 161.3 cm2 and 645 cm2 were each contaminated with
500 �l of a clarified GII.4 stool suspension (105.6 RNA copies per ml) and
were air dried for approximately 48 h under ambient conditions (16 to
22°C; relative humidity, 45 to 60%). GII.4 norovirus was recovered with
either a macrofoam swab or an antistatic wipe.

Evaluation of a macrofoam-based environmental swab protocol.
The level of virus recovery and the detection limit of the macrofoam-
based swab rinse protocol were evaluated by seeding stainless-steel cou-
pons (645 cm2) and toilet seat coupons (approximately 670 cm2) with
2-fold or 3-fold serial dilutions of a clarified GII.4 norovirus-positive stool
suspension. The dilutions were prepared in a norovirus-negative stool
suspension in order to keep the amount of stool matrix identical in the
different dilutions. After drying of the inoculum for 48 h at room temper-
ature, the coupons were sampled with a macrofoam swab prewetted with
2.5 ml of PBST, and the virus was concentrated and extracted from 1 ml of
PBST eluate as described above.

Field testing of macrofoam swabs. Since the level of norovirus recov-
ery obtained with the macrofoam swab was better than that with the other
swab materials, we sampled environmental surfaces on a cruise ship on
which a number of suspected norovirus cases had been reported (Table 1).
A total of 24 swab samples were collected from different environmental
surfaces in cabins occupied by passengers who had reported norovirus
symptoms. The surfaces included toilet seat, faucet, door handle, and
telephone surfaces, and importantly, the cabins were not cleaned until the
swabs had been collected. In addition, 68 swab samples from frequently
touched surfaces of common areas on the ship (e.g., table top, ice cream
dispenser, and table condiment container) were collected. Swab samples
were kept at 4°C for �72 h prior to shipping on dry ice to the laboratory,
where they were processed and tested for norovirus (see Fig. 5).

Confirmation of norovirus-positive swab samples by sequencing.
Nucleic acids from swab samples positive for norovirus by RT-qPCR-
were reamplified using a long-template TaqMan assay (L-RT-qPCR) as
described previously (28). L-RT-qPCR products of an appropriate size
(378 bp) were separated by electrophoresis on 2% agarose gels, gel puri-
fied, and cycle sequenced using BigDye chemistry. Samples were analyzed
and genotyped by local BLAST searches against GI and GII norovirus
reference sequences at the CDC.

Data analysis. The level of virus recovery (expressed as a percentage)
was calculated by dividing the total RNA copies detected from the swab by
the total RNA copies from the initial inoculum and multiplying by 100.
Data from independent variables (elution medium type, size of surface,
drying time, assay method, and swab material type) were analyzed by
n-way analysis of variance (ANOVA) (29). Tukey’s post hoc test was used
to determine the effects of independent variables on viral recovery by
using PASW Statistics, version 18 (IBM SPSS Inc., New York, NY). Addi-
tionally, the Mann-Whitney test was used to determine differences be-
tween the levels of norovirus recovered in the cabins occupied by passen-
gers with AGE and the levels of norovirus detected in common areas.
Significance was concluded if the P value was �0.05. Data from at least 5
replicates were included for each data point.

RESULTS
Comparison of rates of virus recovery from different swab ma-
terials. The rates of recovery of GII.4 norovirus from swabs that
had been directly inoculated with the virus were higher than 60%
for all four swab materials tested. The rate of recovery of GII.4
virus from 26-cm2 stainless-steel coupons without drying was
highest for macrofoam swabs (43.5% � 21.4%), followed by cot-
ton (29.2% � 17.1%), rayon (18.8% � 6.9%), and polyester
(16.6% � 2.3%) swabs (Fig. 1). After the virus was dried for 1 h at
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room temperature, the rate of virus recovery using the macrofoam
swab was reduced to 25.7% � 10.6%, which was still higher than
those with the cotton (12.6% � 5.4%), rayon (14.0% � 7.7%),
and polyester (12.5% � 9.4%) swabs (Fig. 1).

Effect of virus desiccation on virus recovery. For macrofoam
swabs, the rates of virus recovery ranged from 18.2% to 25.7%
when the drying time of the inoculum was �24 h, whereas after 48
h of drying, the rate of virus recovery was reduced significantly, to
10.0% � 2.3% (P � 0.05) (Fig. 1). In contrast, the rates of virus
recovery using the three fiber-tipped swabs (cotton, rayon, and
polyester swabs) were reduced to �2.5% after 8 h of drying. Over-
all, the level of virus recovery with macrofoam swabs was the high-
est for each variable tested, and at 48 h of drying time, this level was
�4.4-fold higher than that with any of the three fiber-tipped
swabs.

Effect of surface area on virus recovery. Stainless-steel cou-
pons of varying sizes (25.8 cm2, 58.1 cm2, 130.2 cm2, and 161.3

cm2) were sampled in order to determine the effect of the area of
the swabbed surface on virus recovery (Fig. 2). An n-way ANOVA
of our data showed that both the swab type and the area of the
swabbed surface were significant factors for virus recovery (P �
0.001). When macrofoam swabs were used, the rate of virus recov-
ery was �18.0% � 3.6% for a surface area as large as 130.2 cm2 but
decreased to 7.0% � 3.2% for 161.3-cm2 coupons. In contrast,
when fiber-tipped swabs were used on �130.2-cm2 coupons, the
rate of virus recovery by use of any of the three fiber-tipped swabs
was �2%.

Comparison of macrofoam swabs with antistatic wipes for
virus recovery from large surface areas. The rates of virus recov-
ery with a macrofoam swab from stainless-steel coupons of 161.3
and 645 cm2 were 7.08% � 2.21% and 2.3% � 0.5%, respectively
(P � 0.001) (Fig. 3), whereas with antistatic wipes, the rates of
recovery were 0.33% � 0.21% and 0.30% � 0.10%, respectively
(P � 0.123).

TABLE 1 Norovirus-positive environmental swab samples on a cruise ship with reported clinical cases of viral gastroenteritis

Sample areaa Sample point description
Avg CT value (no. of positive
assay results/assays performed) Genotype

No. of norovirus RNA copies
per sampled areac

Atrium Handrail 34.3 (1/2) GII 16
Cabin A Toilet seat 31.4 (2/2) GII.1b 31,217
Cabin A Hand sink faucet 37.5 (1/2) GII 491
Cabin A Door handle 35.0 (2/2) GII 2,675
Cabin A Remote control 38.6 (2/2) GII.1b 233
Cabin B Toilet seat 33.5 (2/2) GII.1b 986
Lido Dispenser handle of ice cream machine 34.2 (2/2) GII 16
Lido Table condiments 35.2 (1/2) GII 15
Lido Table top 35.3 (1/2) GII 14
Pizzeria Counter surface 35.7 (1/2) GII 14
Main galley Touch-screen video game machine 37.1 (1/2) GII 64
Vending machine Touchable surface 38.8 (1/2) GII 18
Crew lounge Keyboard and computer mouse 36.8 (1/2) GII 80
Cabin C Faucet and door handle 31.6 (2/2) GII.1b 26,458
Cabin C Telephone 36.4 (2/2) GII 1,035
Cabin C Keyboard 33.0 (2/2) GII 1,317
Medical center Clipboard 36.0 (2/2) GII 113
a Cabins A, B, and C had been occupied by individuals who had been clinically ill with viral gastroenteritis symptoms.
b Four of the 17 GII-positive swab samples could be genotyped.
c RNA copies were calculated based on a standard curve of GII.7 RNA transcripts.

FIG 1 Effects of drying time of GII.4 norovirus on stainless-steel surfaces on
virus recovery from different swab materials. Results are averages for at least
four replicates.

FIG 2 Recovery of GII.4 norovirus from stainless-steel coupons of different
sizes by use of four different swab materials. Results are averages for at least
four replicates.
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Comparison of rates of virus recovery from stainless-steel
and toilet seat surfaces. The rates of virus recovery from stainless-
steel and toilet seat coupons with surface areas of 645 cm2 and 700
cm2 ranged from 2.2% to 36.0% and from 1.2% to 33.6%, respec-
tively (Fig. 4). Macrofoam swabs were able to detect norovirus
from stainless-steel and toilet seat coupons at seeding titers of
�3.4 log10 and 4 log10 RNA copies, respectively.

Sampling using macrofoam swabs to detect norovirus on a
cruise ship. We field tested the macrofoam swab on different en-
vironmental surfaces on a cruise ship with reported cases of sus-
pected norovirus gastroenteritis. Norovirus GII was detected in 17
(18%) of the 92 swab samples (Table 1). Eight (33%) of the 24
swab samples collected from surfaces in cabins where passengers
showed norovirus symptoms and 9 (15%) of the 68 samples col-
lected from common areas tested positive. The viral loads for the
positive samples ranged widely, from 16 to 31,217 RNA copies.
The median viral load recovered from cabins with suspected clin-
ical norovirus cases was 3.6 log10 RNA copies (range, 2.37 log10 to
4.49 log10 RNA copies), significantly higher than that recovered
from common areas (1.20 log10 RNA copies; range, 1.2 log10 to 2.1
log10 RNA copies) (P � 0.001). Four of 17 positive swab samples
could be genotyped and had identical GII.1 sequences.

DISCUSSION

We developed and evaluated a new protocol for the sampling of
environmental surfaces for human norovirus (Fig. 5). Of the 4
swab materials tested, including fiber-tipped swabs made from
polyester, rayon, or cotton, macrofoam-based swabs demon-
strated the highest rate of recovery of virus seeded and dried on
stainless-steel surfaces. The macrofoam swabs had at least 10-
times-higher levels of virus recovery from large surface areas than
antistatic wipes, which are widely used for field sampling (13). The
superior performance of macrofoam-based swabs compared to
other swab materials has also been reported for vegetative bacteria
and their spores (30, 31).

When viruses are dried on surfaces, their desiccation has a

significant negative effect on sampling efficiency. We did not de-
tect differences in rates of virus recovery among the different swab
materials when viruses were directly seeded, confirming that these
swab materials were equally effective in releasing the absorbed
viruses. Our findings indicate that the type of swab material and
the area of the sampled surface are important factors for the de-
tection of noroviruses from environmental surfaces. We found
that the addition of Tween 80 to PBS enhanced the level of virus
recovery, in agreement with the ability of a surfactant to increase
the water content of the target surface and to facilitate the solubi-
lization of cells or proteins from surfaces (32).

To detect norovirus contamination on environmental surfaces
in outbreak settings, sampling of large surface areas is highly pref-
erable, since high-contact surfaces, such as doorknobs and com-
puter keyboards, are frequently implicated in the transmission of
enteric viruses (14, 15, 33–35). The geometry of these frequently
touched objects is irregular, and they are typically larger than 130
cm2, a size that exceeds the capacity of most fiber-tipped swabs.
Antistatic wipes have been used successfully for the detection of
norovirus on large surface areas in field settings (16, 17, 36). We
confirmed that antistatic wipes consistently recover viruses from
large surface areas but that macrofoam swabs show a higher rate of
virus recovery from surfaces as large as 625 cm2.

To maximize the level of recovery of norovirus from swabs,
several steps for the efficient elution and concentration of norovi-
ruses were incorporated into our new swab protocol, including
concentration of viral RNA using spin columns (Fig. 5). In addi-
tion, we found that efficient virus recovery from swab samples
required transportation and storage at refrigeration temperatures.

We tested our swab protocol on a cruise ship on which several
passengers had reported norovirus-like symptoms. Swab samples
from all three case cabins tested positive for norovirus, with virus
titers significantly higher than those of samples collected from
common areas on the ship. Flushing of the toilet has been sug-
gested as a possible risk factor contributing to environmental con-

FIG 4 Characterization of sampling performance of the macroform swab-
based sampling methodology. Stool sample suspensions (500 �l) with varying
norovirus titers were seeded onto stainless-steel coupons (�) and toilet seats
(�), dried for 48 h, and sampled with macrofoam swabs. GII.4 RNA was
extracted, purified, and concentrated as described in Materials and Methods.
Data were obtained from at least two independent experiments. Standard
curves for GII.7 RNA transcripts were used to convert CT values into RNA
copies. Results are averages for at least four replicates.

FIG 3 Comparison of a macrofoam swab with an antistatic wipe for the re-
covery of GII.4 norovirus from large sampling areas (161.3 or 645 cm2). The
level of virus recovery (expressed as a percentage) was calculated by dividing
the total RNA copies in the eluates (2.5 ml for macrofoam and 15 ml for
antistatic wipe) by the total RNA copies in the initial inoculum (500 �l) and
multiplying by 100. Results are averages for at least four replicates.
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tamination because of the potential aerosols generated (37). Fur-
thermore, the positive findings on items such as telephones,
keyboards, and door handles support the idea that contaminated
hands act as a key vehicle for the spread of norovirus in the cabins.

Our study has several limitations. Since no stool samples were
collected from the sick passengers on the ship, we were not able to
confirm the finding of the GII.1-positive swab samples. Given the
virus detection limit of the macrofoam-based swab method, neg-
ative results should not necessarily be interpreted as the absence of
viral contamination. Additionally, the efficiency of norovirus re-
covery from hard surfaces other than stainless steel and toilet seats
may be lower and requires further evaluation.

In general, the norovirus loads on frequently touched surfaces
in public areas were lower than those in cabins whose occupants
had gastroenteritis, likely because of regular cleaning practices.
However, because of the low infectious dose of noroviruses (38,
39), low-level norovirus contamination on surfaces in common
areas presents a potential health risk. Surfaces that are frequently
touched by bare hands, such as condiment containers and dis-
penser handles in restaurants, may facilitate the spread of norovi-
ruses among passengers. Our data support previous data showing
that contact with an infected partner and the use of contaminated
toilets are risk factors associated with norovirus infections (40).
The fact that we found identical GII.1 sequences in the three cab-
ins sampled strongly suggests that this strain was the etiologic
agent of the viral gastroenteritis clusters on this voyage and sup-
ports previous reports that environmental sampling may serve as
an effective norovirus outbreak investigational tool (14–16, 35).
Cotton swabs are currently recommended by the ISO/TS 15216
standard protocol for the sampling of food preparation surfaces
(18). Our results show that the use of premoistened macrofoam
swabs leads to an improved virus recovery level and therefore
should be considered for the detection of norovirus on inanimate
surfaces.
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