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ABSTRACT The persistence of Phi6 (U6) bacteriophage on surfaces commonly
encountered in consumer-facing environments was evaluated. U6 has been utilized as
a surrogate for enveloped viruses, including SARS-CoV-2—the causative agent of
COVID-19—due to structural similarities, biosafety level 1 (BSL-1) status, and ease of
use. U6 persistence on fomites was evaluated by characterizing the impact of the
inoculum matrix (artificial saliva, phosphate-buffered saline [PBS], tripartite), inoculum
level (low and high), and surface type (nonporous—aluminum, stainless steel, plastic,
touchscreen, vinyl; porous—wood). U6 was inoculated onto surfaces at low and high
inoculum levels for each inoculum matrix and incubated (20.54 6 0.48°C) for up to
168 h. U6 was eluted from the surface and quantified via the double agar overlay
assay to determine virus survival over time. For nonporous surfaces inoculated with ar-
tificial saliva and PBS, significantly higher D values were observed with high inoculum
application according to the 95% confidence intervals. In artificial saliva, D values
ranged from 1.00 to 1.35 h at a low inoculum and 4.44 to 7.05 h at a high inoculum
across inoculation matrices and surfaces. D values for U6, regardless of the inoculum
level, were significantly higher in tripartite than in artificial saliva and PBS for nonpo-
rous surfaces. In contrast with artificial saliva or PBS, D values in tripartite at low inocu-
lum (D values ranging from 45.8 to 72.8 h) were greater than those at high inoculum
(D values ranging from 26.4 to 45.5 h) on nonporous surfaces. This study characterized
the impact of the inoculum matrix, inoculum level, and surface type on U6 survival on
various surfaces relevant to fomite transmission in public settings.

IMPORTANCE An important consideration in virus contact transmission is the transfer
rate between hands and surfaces, which is driven by several factors, including virus
persistence on inanimate surfaces. This research characterized U6 persistence on surfa-
ces commonly encountered in public settings based on various factors. The inoculum
matrix, which simulates the route of transmission, can impact virus persistence, and
three separate matrices were evaluated in this study to determine the impact on U6
persistence over time. The number of microorganisms has also been suggested to
impact persistence, which was evaluated here to simulate real-world contamination
scenarios on six surface types. Results from this study will guide future research utiliz-
ing U6 or other surrogates for enveloped viruses of public health concern.
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Transmission of enveloped viruses of public health importance, such as severe acute
respiratory syndrome coronavirus 2 (SARS-CoV-2)—the causative agent of COVID-19—

is an important determinant to assess risk levels for future outbreaks caused by enveloped
viruses. Risk assessment outcomes are guided by both direct and indirect contact trans-
mission routes. An important consideration in virus contact transmission is the transfer
rate between hands and surfaces, which is driven by several factors, including virus
persistence on inanimate surfaces. In response to the COVID-19 pandemic, the stability of
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SARS-CoV-2 on surfaces has been investigated on inanimate surfaces to help drive risk
assessments in public health (1–5).

While it is ideal to study the pathogen of interest, e.g., SARS-CoV-2, this is not
always feasible. For instance, biosafety level 3 (BSL-3) facilities are required for SARS-
CoV-2 research, which is inaccessible to many researchers, cost-prohibitive, and limits
the number of studies and parameters that can be investigated (6–8). These limitations
highlight the utility of surrogates for assessing important experimental parameters
that may not be addressed with the pathogen of interest. Surrogate selection criteria
have been characterized (9), and delineating how study parameters impact surrogates
can help identify their utility when studying the pathogens of interest.

Phi6 (U6) is a segmented, double-stranded RNA bacteriophage of approximately
75 nm in diameter (10). Similar to SARS-CoV-2, U6 bacteriophage is lipid-enveloped.
U6 infects Pseudomonas syringae pv. phaseolicola, which in addition to U6, has BSL-1
status and can be utilized as a host (11–13). U6 continues to be investigated as a surro-
gate for SARS-CoV-2 based on structural similarities of the phospholipid envelope, the
relatively short analysis time (24 h), and cost-effective assays that enable experiments
to be performed without specialized facilities (6, 14).

The extent of indirect contact transmission via fomites and subsequent risk of infec-
tion for SARS-CoV-2 has been controversial, as previous studies have inoculated surfa-
ces with virus titers that do not represent real-world contamination scenarios (15, 16).
Slower inactivation kinetics of viruses have been observed at higher inoculation levels
(17, 18), although further evidence is needed, as inoculum matrix (e.g., artificial saliva,
vomitus, feces, etc.) may impact this observation (17). Further understanding the sce-
narios that facilitate an increased risk of transmission due to persistence of enveloped
viruses will help guide mitigation strategies in consumer-facing environments (e.g., res-
taurants, waiting rooms, public transportation, etc.) where fomite surfaces are com-
monly touched. The matrix associated with enveloped viruses has been highlighted as
an important factor for persistence in the environment (19–21). Thus, evaluating how
various matrices impact survival on fomites, especially in relation to virus concentra-
tion, is important to assess transmission routes driven by surface contamination
scenarios.

To further substantiate U6 as a surrogate for enveloped viruses of public health im-
portance, persistence data based on the inoculum matrix, inoculum level, and surface
type are needed. Previous studies have evaluated the persistence of U6 on fomites (8,
17, 21–23). However, these studies have not characterized persistence on multiple
unique surface types with various inoculum matrices and levels. This research was per-
formed to characterize U6 persistence on surfaces commonly encountered in public
settings under conditions relevant to real-world exposures, including when a virus is
deposited at various concentrations and within different bodily fluids (e.g., respiratory
secretions, fecal material).

RESULTS AND DISCUSSION

The impact of inoculum level on virus persistence on fomites has been highlighted
previously (15–17, 19). Lai et al. (19) observed greater survival of SARS-CoV-1 at higher vi-
rus titers (4, 5, and 6 log 50% tissue culture infective dose [TCID50]/mL) with survival
times ranging from ,5 min to 48 h following inoculation on paper, a disposable gown,
and a cotton gown. Bangiyev et al. (17) observed longer half-lives (overall range of 5 to
57 min) of U6 in a saline inoculum matrix when vacuum-dried on plastic tubes at
approximately 4 log PFU versus when evaluated at lower concentrations (3 and 2 log
PFU). However, longer half-lives at increased inoculation levels were not observed with
U6 in a Luria-Bertani inoculum matrix on plastic (half-lives ranged from 9 to 18 h), which
provides evidence that extended survival may not always result from an increased inocu-
lum titer.

In the current study, a high inoculum did not consistently result in higher D values, as
this was impacted by the inoculum matrix. For instance, artificial saliva and phosphate-
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buffered saline (PBS) matrices resulted in a faster decline of U6 at high inoculum, while
the tripartite matrix resulted in a slower decline at high inoculum. In artificial saliva, D
values (time to obtain one log10 reduction) ranged from 0.61 to 7.05 h depending on the
surface type and inoculum level (Table 1). At a high inoculation level, the greatest sur-
vival was observed on touchscreen with a D value of 7.05 h, and minimal differences in
D values were observed among aluminum, plastic, stainless steel, and vinyl (4.44 to 5.33
h) (see Fig. S1 in the supplemental material). Minimal differences were observed among
nonporous surfaces at a low inoculum level in artificial saliva (1.00 to 1.35 h) (Fig. S2).
Similar to U6 in artificial saliva on surfaces, greater D values were observed at high (2.02
to 4.63 h) versus low inoculum levels (0.79 to 1.52 h) for all nonporous surfaces in PBS
(Fig. S3 and S4).

In tripartite matrix, there was a significant difference in D values based on inoculum
level for all surfaces except touchscreens according to the 95% confidence intervals.
Unlike other matrices, D values in tripartite matrix at low inoculum (D values ranging
from 45.8 to 72.8 h) were greater than those at high inoculum (D values ranging from
26.4 to 45.5 h) on nonporous surfaces (Fig. S5 and S6). Similar to artificial saliva, the
greatest D value was observed on a touchscreen (45.5 h, high inoculum), although a
similar D value was observed at a low inoculum level on a touchscreen (45.8 h). At a
low inoculum level in tripartite, U6 on vinyl and aluminum exhibited D values greater
than 72 h (Table 1), while U6 on plastic and stainless steel exhibited D values greater

TABLE 1 Inactivation kinetics based on inoculummatrix, surface, and inoculum levela

Inoculummatrix Surface Inoculum level D value (95% CI) Decay rate (log PFU h21) (95% CI) R2

Artificial saliva Aluminum High 4.60 (3.41–7.05) 0.22 (0.14–0.29) 0.67
Low 1.07 (0.80–1.63) 0.93 (0.61–1.25) 0.81

Plastic High 4.61 (3.58–6.46) 0.22 (0.15–0.28) 0.75
Low 1.14 (0.83–1.81) 0.88 (0.55–1.21) 0.78

Stainless Steel High 4.44 (3.47–6.17) 0.23 (0.16–0.29) 0.76
Low 1.00 (0.77–1.42) 1.00 (0.70–1.30) 0.85

Touchscreen High 7.05 (4.87–12.80) 0.14 (0.08–0.21) 0.55
Low 1.16 (1.00–1.39) 0.86 (0.72–1.00) 0.95

Vinyl High 5.33 (4.29–7.05) 0.19 (0.14–0.23) 0.81
Low 1.35 (0.97–2.20) 0.74 (0.45–1.03) 0.77

Wood High 0.77 (0.51–1.55) 1.30 (0.65–1.96) 0.66
Low 0.61 (0.50–0.77) 1.65 (1.29–2.00) 0.96

PBS Aluminum High 4.63 (3.37–7.41) 0.22 (0.13–0.30) 0.67
Low 1.49 (1.07–2.45) 0.67 (0.41–0.93) 0.76

Plastic High 4.30 (3.34–6.01) 0.23 (0.17–0.30) 0.75
Low 1.49 (1.17–2.06) 0.67 (0.49–0.86) 0.87

Stainless steel High 2.02 (1.52–3.04) 0.49 (0.33–0.66) 0.76
Low 0.83 (0.65–1.15) 1.21 (0.87–1.54) 0.93

Touchscreen High 2.54 (1.69–5.12) 0.39 (0.20–0.59) 0.61
Low 0.79 (0.60–1.17) 1.27 (0.86–1.68) 0.86

Vinyl High 3.86 (3.13–5.03) 0.26 (0.20–0.32) 0.81
Low 1.52 (1.14–2.31) 0.66 (0.43–0.88) 0.81

Wood High 0.50 (0.34–1.00) 1.98 (1.00–2.97) 0.80
Low 0.72 (0.55–1.06) 1.38 (0.95–1.82) 0.95

Tripartite Aluminum High 26.4 (24.2–28.9) 3.79� 1022 (3.46–4.13� 1022) 0.96
Low 72.2 (48.8–138.8) 1.39� 1022 (0.72–2.05� 1022) 0.59

Plastic High 36.3 (33.9–39.1) 2.75� 1022 (2.56–2.95� 1022) 0.97
Low 62.5 (45.5–99.5) 1.60� 1022 (1.01–2.20� 1022) 0.70

Stainless Steel High 31.3 (28.9–34.2) 3.19� 1022 (2.93–3.46� 1022) 0.97
Low 61.9 (45.8–95.3) 1.62� 1022 (1.05–2.18� 1022) 0.73

Touchscreen High 45.5 (38.7–55.3) 2.20� 1022 (1.81–2.58� 1022) 0.86
Low 45.8 (34.9–66.5) 2.19� 1022 (1.50–2.87� 1022) 0.72

Vinyl High 33.1 (29.7–37.4) 3.02� 1022 (2.67–3.37� 1022) 0.94
Low 72.8 (61.1–90.0) 1.37� 1022 (1.11–1.64� 1022) 0.90

Wood High 12.6 (8.4–25.4) 7.95� 1022 (0.04–0.12) 0.66
Low 1.60 (1.09–2.96) 0.63 (0.34–0.92) 0.73

aCI, confidence interval.
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than 60 h. Based on work by Bangiyev et al. (17) and the current study, the impact of
the suspension medium/inoculum matrix, especially in relation to viral titer, should be
considered when interpreting surrogate data in fomite persistence investigations.

The presence of organic matter is thought to represent a worst-case scenario when
assessing virus inactivation (1, 24, 25). Viruses are presumed to be stabilized and pro-
tected in the presence of organic matter (20). Based on the greater survival observed
at low versus high tripartite inoculum levels, further evaluation of U6 and its interac-
tion with this matrix is warranted. At the low inoculum level, there may have been
greater interaction of each virus with the organic matrix in comparison with a high
inoculum in which greater virus-virus interaction could have resulted in less protection.
Wood et al. (21) observed greater survival of U6 in a blood matrix than in PBS on vari-
ous surfaces; median D values of U6 in PBS for glass and stainless steel were 23 and 5
h, respectively. However, in a blood matrix, median D values ranged from 103 to 283 h
on glass and from 77 to 88 h on stainless steel. Bodily fluids may limit virus envelope
damage via desiccation (6), and the protective effects of proteins have been postulated
as an important factor for prolonging virus survival (18, 25–27).

The current study was performed at ambient temperatures with monitored relative
humidity (RH) levels to best represent consumer-facing environments. The mean tem-
perature in the biosafety cabinet during surface incubation was 20.54 6 0.48°C with a
maximum and minimum temperature of 23.35 and 20.13°C, respectively. A mean RH of
62.46 6 2.64% was observed with a maximum and minimum RH of 72.29 and 47.49%,
respectively. The mean inoculum level (final concentration on surfaces) for high and
low inoculum levels among all inoculum matrices was 7.11 6 0.45 and 3.33 6 0.72 log
PFU, respectively. Among all surfaces, the recovery efficiency with artificial saliva, PBS,
and tripartite (consisting of bovine mucin, bovine serum albumin, and tryptone) was
54.2 6 28.1, 74.5 6 89.8, and 62.4 6 94.7%, respectively. The recovery efficiencies and
log PFU/mL loss at 0 h for each surface and inoculum matrix were calculated. Mean log
PFU/mL loss following surface inoculation was below 0.50 log PFU/mL for each surface
except wood (Table 2). There were no significant differences in the log PFU/mL loss
among nonporous surfaces, regardless of the inoculum matrix type (P . 0.05).
However, log PFU/mL loss on wood surfaces was significantly different from each non-
porous surface type, regardless of inoculum matrix type (P, 0.05).

For wood, a low recovery of virus was observed from the surface due to the porous
structure, which suggests that lower transmission risks are likely on similar porous

TABLE 2 Recovery efficiency (%) and log PFU loss based on surface and inoculummatrix

Surface Inoculummatrixa Recovery efficiency (%) Log PFU lossb

Aluminum AS 64.66 23.0 0.246 0.24 A
PBS 1196 138 0.146 0.49 A
TP 1006 152 0.296 0.51 A

Plastic AS 63.26 23.1 0.256 0.27 A
PBS 1196 118 0.176 0.57 A
TP 58.46 45.2 0.366 0.38 A

Stainless steel AS 58.06 26.7 0.306 0.29 A
PBS 86.06 82.0 0.256 0.46 A
TP 60.96 48.0 0.386 0.44 A

Touchscreen AS 65.56 26.0 0.226 0.20 A
PBS 49.46 25.5 0.386 0.31 A
TP 48.06 32.1 0.446 0.37 A

Vinyl AS 54.66 26.1 0.346 0.21 A
PBS 91.46 73.8 0.216 0.47 A
TP 1136 172 0.286 0.56 A

Wood AS 19.26 20.1 1.036 0.64 B
PBS 5.876 14.3 2.256 1.21 B
TP 13.26 24.6 1.906 1.29 B

aAS, artificial saliva; PBS, phosphate-buffered saline; TP, tripartite.
bDifferent letters indicate significant differences (P, 0.05).
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surfaces. Based on inoculum level, large differences in D values were observed on
wood surfaces for tripartite (low, 1.60 h; high, 12.58 h), while minimal differences were
observed for artificial saliva (low, 0.61 h; high, 0.77 h) and PBS (low, 0.72 h; high, 0.50
h). Among nonporous surfaces, the type of surface did not have as great of an impact
on U6 persistence. Whitworth et al. (23) observed similar D values between stainless
steel and plastic surfaces when U6 was suspended in an artificial test soil containing al-
bumin proteins, hemoglobin, carbohydrates, cellulose, lipids, and salts that simulated
bodily fluids. However, large differences in D values were observed for low (3.0 g/m3

[18°C, 20% RH]) and high (14.4 g/m3 [26°C, 57% RH]) absolute humidities at 14 to
18 days and 6 h, respectively (23).

The current study highlights the importance of inoculum matrix and inoculum level
in relation to enveloped virus persistence on fomites and provides evidence that the
survival rate of U6 was similar among the nonporous surface types investigated. The
data generated from this study will build upon previous studies focused on utilizing
the U6 bacteriophage as a surrogate for enveloped viruses (8, 17, 21–23). The decay
rate (log PFU h21) was included in this study for previous and future comparisons of
U6 persistence on surfaces. Overall, the lowest decay rates were observed in the tripar-
tite matrix (1.37 � 1022 to 3.79 � 1022 log PFU h21), which are similar to those from a
previous investigation by Whitworth et al. (23) (2.5 � 1023 to 5.92 � 1022 log PFU h21).
Much higher decay rates were observed in PBS and artificial saliva (0.22 to 1.98 log PFU
h21) in this study.

Riddell et al. (3) observed D values ranging from 33 to 42 h at 30°C and 143 to 152
h at 20°C for SARS-CoV-2 inoculated on stainless steel, glass, and vinyl surfaces with tri-
partite matrix. While more data are needed directly comparing different enveloped
viruses simultaneously, the observed D values for U6 in the current study in tripartite
are similar to the values observed by Riddell et al. (3) and warrant further investigation.
Additionally, determining how inoculum matrix impacts inactivation kinetics for envel-
oped viruses will be necessary when making comparisons across persistence data sets.
Factors such as protein binding sites, sources of inoculum matrix components, and vi-
rus-virus interactions, or microbial interactions in general, in the inoculum are impor-
tant areas that remain to be investigated.

MATERIALS ANDMETHODS
U6 production. U6 bacteriophage (HER102) stock production and Pseudomonas syringae pv. pha-

seolicola (HER1102) growth was performed as previously described (28). Briefly, medium used for U6
propagation and P. syringae pv. phaseolicola growth was lysogeny (LC) broth (10 g NaCl, 10 g tryptone, 5
g yeast extract/L ultrapure water, pH adjusted to 7.5). U6 stock was produced by adding P. syringae pv.
phaseolicola bacterial host (200 mL) (approximately 9 log CFU/mL) and 100 mL of undiluted U6 (approxi-
mately 10 log PFU/mL) to 5 mL of LC soft agar, and soft agar was poured onto LC agar plates via the
double agar overlay (DAL) assay (29), after which dried plates were inverted and incubated at 25°C for
20 to 24 h. U6 was harvested from lacy-webbed plates with a 25-cm cell scraper (VWR, Radnor, PA), and
following centrifugation (10 min at 3,000 � g, 4°C) supernatant was passed through a 0.45-mm sterile
polyethersulfone syringe filter (Whatman, Buckinghamshire, UK) and stored at 4°C until use.

Inoculum preparation and surface inoculation. Low and high inoculum levels were developed in
three separate inoculum matrices at a target concentration of 3.5 and 7.0 log PFU on surfaces, respec-
tively. Sterile 1� phosphate-buffered saline (PBS), pH 7.4, was prepared by adding 100 mL of diluted U6
stock (high, 10-fold dilution; low, 1,000-fold dilution) to 5 mL of PBS. Similarly, 100mL of diluted U6 stock
(high, 10-fold dilution; low, 1,000-fold dilution) was added to 5 mL of artificial saliva consisting of
1.54 mM KH2PO4 (Sigma-Aldrich), 2.46 mM K2HPO4 (Fisher Scientific, Loughborough, UK), 0.04 mg/L
MgCl2�7H2O (Alfa Aesar, Ward Hill, MA), 0.11 g/L NH4Cl (VWR), 0.12 g/L (NH2)2CO (VWR), 0.13 g/L CaCl2
(VWR), 0.19 g/L KSCN (Acros Organics, Carlsbad, CA), 0.42 g/L NaHCO3 (Fisher Scientific), 0.88 g/L NaCl
(VWR), 1.04 g/L KCl (VWR), and 3 g/L mucin (Sigma-Aldrich) at pH 7 (30, 31). Lastly, the tripartite matrix
(5 mL) was prepared as described in international standard ASTM E2197-17 (24) by combining 3.4 mL of
PBS containing U6 stock (low and high) with a 1.6-mL solution consisting of 0.8 mg/mL bovine mucin
(Sigma-Aldrich, St. Louis, MO), 2.5 mg/mL bovine serum albumin (VWR), and 3.5 mg/mL tryptone (VWR)
to mimic fluids shed by infected individuals (1, 3, 24, 32).

Surface source, preparation, and inoculation. Surfaces were purchased from a variety of sources
(Table 3). Surfaces were cut to 5 by 5-cm (25-cm2) coupons similar to in previous studies (4, 33). Wood
boards were purchased at 6 by 60 cm and were cut to 6 by 5-cm carriers.

Aluminum, plastic, and stainless-steel surfaces were sprayed with 70% ethanol until saturation and
held for 20 min or until air-dried. Surfaces were then washed with hot, soapy water, thoroughly rinsed
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with deionized (DI) water, and dried completely. Stainless-steel, aluminum, and touchscreen surfaces
were wrapped in aluminum foil and steam sterilized at 121°C, 15 lb/in2, for 30 min. Plastic, wood, and
vinyl carriers were placed in a biological safety cabinet and exposed to UV light for at least 30 min as an
initial decontamination procedure. Prior to inoculation, each surface type was transferred to a petri dish,
placed in a biological safety cabinet, and exposed to UV light for at least 30 min.

Next, 50 mL of virus inoculum was spot-inoculated (10 6 2 droplets) on the center of each surface.
Prior to each experiment, the titers of inoculum matrices were measured to determine the inoculum lev-
els deposited on each surface by performing 10-fold serial dilutions of the inoculum in sterile 1� PBS,
and P. syringae pv. phaseolicola host (200 mL) and U6 dilutions (100 mL) were added to LC soft agar and
plated in duplicate via the DAL assay as previously described. For negative-control surfaces, inoculum
matrices without U6 were spot-inoculated as previously described and sampled and plated to confirm
virus absence.

Environmental conditions and U6 elution from surfaces. Inoculated surfaces were incubated in
petri dishes (without lids) in a biosafety cabinet without airflow until sampling (Fig. S7). The temperature
and relative humidity were continuously monitored with a HOBO Bluetooth low-energy temperature/rel-
ative humidity data logger (Onset Computer Corporation, Bourne, MA). Destructive sampling was per-
formed in duplicate, and time points (0, 2, 4, 12, 24, 48, 72, and 168 h) were selected based on prelimi-
nary trials of survival influenced by inoculum matrix, inoculum level, and surface type. U6 was eluted
from each surface with 2 mL of LC broth by repeated pipetting (5 times total), after which recovered elu-
ent was transferred to a sterile 2-mL microcentrifuge tube. Samples were serially diluted and plated in
duplicate by adding 0.1 mL of sample to 0.25 mL of host in LC soft agar and plating via the DAL method
in duplicate. When samples approached the limit of detection (LOD), 0.5 mL of undiluted eluent was
plated in duplicate. The LOD ranged from 0.15 to 0.26 log PFU, which was influenced by the recovered
eluent volume from surfaces.

Statistical analysis. Each surface was sampled in technical duplicates with two experimental trials
for each time point with duplicate plating. PFU values were log10 transformed prior to statistical analysis.
Raw PFU recovery values were divided by the inoculum deposited on the surface and multiplied by 100
to obtain percentage recovery efficiency values. Log PFU/mL recovery values were subtracted from the
log PFU/mL inoculum deposited on the surface to determine the log PFU/mL loss during recovery from
surfaces. One-way analysis of variance was performed to compare the log PFU/mL loss based on surface
type for each inoculum matrix (a = 0.05). Mean values were compared with Tukey’s honestly significant
difference test (a = 0.05). Samples below the LOD were assigned a value of 0 log PFU. The log reduction
of U6 at specific time points was calculated by subtracting the starting log PFU concentration deposited
on surfaces from the log PFU concentration recovered from surfaces. Least-squares regression methods
were used to fit linear models to each surface treatment for U6 concentrations recovered between 0 h
and the first sampling time approaching the LOD. Outlier values, caused by unusually low U6 recovery
from surfaces, were omitted from linear models. These outliers exhibited either low recovery at 0 h (,1
log PFU) or low recovery at other sampling times where subsequent samples resulted in a difference
of .3 log PFU. Additionally, in the low-inoculum level with tripartite, the 24-h samples for aluminum,
plastic, touchscreen, stainless steel, and vinyl were excluded from linear regression analysis due to high
variability (standard deviations of 0.69 to 1.28) compared to the other sampling times (standard devia-
tions of 0.02 to 0.50). Linear models determined the decay rate (log PFU h21) for U6 on each surface,
and R2 was used to assess goodness-of-fit. D values were calculated as the negative reciprocal of the
decay rate (slope) for each linear model. All statistical analyses were performed in R version 4.1.1 (http://
www.R-project.org).

SUPPLEMENTAL MATERIAL

Supplemental material is available online only.
SUPPLEMENTAL FILE 1, PDF file, 3 MB.
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