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ARTICLE INFO SUMMARY
Article history: Background: The dispersal of airborne norovirus (NoV) particles from the floor after
Received 22 January 2019 contamination with faeces or vomit is a challenge for infection control, as this pathogen is
Accepted 27 May 2019 infectious at low doses. Therefore, it is imperative to establish a safe protocol for floor
Available online 2 June 2019 decontamination.

Aim: To assess the presence of residual NoV-Gll particles on floors and airborne particles
Keywords: following various floor decontamination procedures.
Norovirus Methods: Two types of floor (vinyl and granite) were contaminated intentionally with 10%
Airborne transmission human faeces, positive for NoV-Gll. Two decontamination protocols were implemented:
Environmental cleaning followed by disinfection using 1% sodium hypochlorite, and cleaning followed by
decontamination disinfection using a manual ultraviolet C (UV-C) light device. Swab samples were taken
Disinfection from the floors, and air samples were obtained using an air sampler. The TagMan method
— for real-time reverse transcription-quantitative polymerase chain reaction was employed

) for analysis.

Check for
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Findings: The disinfection protocol using 1% sodium hypochlorite after cleaning proved to
be more effective than cleaning followed by UV-C light exposure (P<0.001). Viral particles
were detected in 27 of 36 air samples after cleaning, with no significant difference
between the two floor types. On average, 617 genome copies/sample were identified in air
samples after cleaning, but the number decreased gradually after disinfection.
Conclusion: NoV-Gll can be aerosolized during floor cleaning, and its particles may be
inhaled and then swallowed or can settle on surfaces. Therefore, residual viral particles on
floors must be fully eliminated. Cleaning followed by 10 min of 1% sodium hypochlorite
disinfection proved to be the superior decontamination protocol.

© 2019 The Healthcare Infection Society. Published by Elsevier Ltd. All rights reserved.
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low-touch surfaces despite environmental hygiene measures
[2,3], and the presence of NoV in the air in healthcare service
areas where symptomatic and non-symptomatic patients are
present have been described [3,4].

Sources of NoV include aerosol dispersal such as vomiting
[5], toilet flushing, and agitation of bed linens and other fabrics
[6—8]. However, to date, the hypothesis that NoV can be
transmitted through airborne processes has been based solely
on epidemiological outbreak reports that suggested indirect
transmission (i.e. infected people who had not had direct
contact with a source of infection) [9—11].

Contaminated surfaces can be touched by healthcare pro-
fessionals, and when hand hygiene or glove removal pre-
cautions fail, the micro-organisms are spread to other surfaces
and/or patients [12,13]. Considering the low infectious dose of
NoV, even in healthy individuals (i.e. 10—100 particles) [14],
the virus can persist in the environment for weeks [15], and its
tolerance to disinfectant [16] raises concerns regarding the
best and safest practices for eliminating NoV from the
environment.

Moreover, it remains unclear whether NoV can be released
into the air from floors. Thus, the aim of this study was to assess
the presence of residual NoV-GlI particles on floors and air-
borne particles after the application of various floor decon-
tamination procedures.

Methods

In this experimental laboratory study, floor contamination
was simulated using organic matter containing NoV particles,
followed by the implementation of decontamination protocols.
A contaminated faecal solution was poured directly on to the
floor. This was subsequently cleaned and two different dis-
infection methods were used: 1% hypochlorite solution and a
manual ultraviolet-C (UV-C) light device.

Faecal solution

Immediately before each stage of this study, a solution of
10% human faeces positive for NoV-Gll was dissolved in
phosphate-buffered saline (PBS) [17]. The faeces was obtained
from clinical samples known to be positive for NoV-Gll, assayed
by real-time reverse transcription-quantitative polymerase
chain reaction (RT-gPCR) and stored at -20°C. Before starting
each experiment, 1000 pL of the solution was sampled and
assayed by RT-qPCR to ensure that NoV particles would be
present on the floor before starting the decontamination pro-
tocols; the solution was used as a positive control for each
replicate.

Decontamination protocols

The experimental phase was performed in a closed room by
two researchers who used personal protective equipment (i.e.
N95 respirator, apron, gown, safety glasses and shoe covers).
During the experiments, the temperature and relative humidity
inside the room were controlled. After the end of each repli-
cate, a UV-C lamp installed on the wall of the room was turned
on for 30 min to decontaminate the room.

Slabs of vinyl and granite were used (60x80 cm) to mimic
the floor of a typical healthcare service centre. Prior to the

experiments, the slabs were cleaned and disinfected with 1%
sodium hypochlorite for 10 min following the manufacturer’s
instructions (ProAction 1%, Grow, Indaiatuba, Brazil); the slabs
were then rinsed three times with sterile distilled water and
dried with sterile wipes. Following this initial cleaning, the
floor slabs were contaminated with the faecal solution (500
mL), which was poured directly on to the slabs to prevent the
formation of aerosols arising from the spill. The area of the
slabs and volume of the solution were calculated based on
visual contamination after simulating a projectile vomiting
episode [18].

Ten minutes after the contamination event (i.e. the esti-
mated amount of time between a surface contamination in a
healthcare setting and a decontamination procedure), the
standard decontamination protocols that were assessed in this
study were commenced.

e Protocol ‘H’: cleaning by removing the excess organic
matter with absorbent paper, sweeping with a microfibre
mop that had previously been dampened in a neutral
detergent and water solution, rinsing with tap water and
disinfecting with 1% sodium hypochlorite for 10 min. The 1%
sodium hypochlorite concentration was confirmed using a
colorimetric test before starting disinfection.

e Protocol ‘UV-C’: validation of the appropriate UV-C light
exposure time was performed using three slabs of granite
(30x20 cm) that were intentionally contaminated with the
faecal solution (250 mL) described above. Following the
same cleaning steps described in Protocol ‘H’, the slabs
were exposed to UV-C light using a manual device (irradi-
ance of 13 mW/cm?, wavelength 254 nm; Surface UV,
MMOptics, Sao Carlos, Brazil) from a distance of 1 cm from
the slab for 1-, 3- and 5-min exposure times. After swab-
bing the slabs with flocked nylon swabs (FlogSwabs, Copan,
Brescia, Italy) and assaying by RT-gPCR, it was determined
that NoV-Gll was not present in the samples collected after
5 min of exposure. Therefore, Protocol ‘UV-C’ consisted of
the same cleaning procedure as Protocol ‘H’ (removal of
excess organic matter, friction with a disposable microfibre
mop, water and neutral detergent, and rinsing), but
included 5 min of disinfection with UV-C light (irradiance
3900 mJ/cm?).

Each protocol was repeated three times for each floor type,
one at a time to ensure disinfection of the room and to avoid
cross-contamination, for a total of 12 replicates. The mop had
a self-twisting system that was used to promote the rinsing and
drying of the slabs. The mop was changed after each replicate.

Floor and air sampling

All samples were collected before contamination (negative
control), after contamination (positive control), after cleaning
and after disinfection.

Floor sampling was performed using sterile flocked nylon
swabs (FlogSwabs). The swab was rotated and rubbed over the
entire face of the slab, repeating the process in a zig-zag
pattern. The swab tip was then placed in a tube with 1000 pL
of PBS; when sodium hypochlorite was used, 195 puL of 1 N
sodium thiosulphate solution was added [19]. This concen-
tration proved to be effective in neutralizing the possible
residual effect of the disinfectant on the surface, and was non-
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toxic to NoV-GlI (results not shown). After 30 min, the tube was
vortexed for 20 s, and the tip was removed after being pressed
against the wall of the tube [20]. The samples were centrifuged
for 30 min at 5000 rpm at 4°C.

The Coriolis p air sampler (Bertin Technologies, Paris,
France), which was set at 300 L/min for 10 min (maximum
period of time allowed for each sampling, following the man-
ufacturer’s instructions), was placed at two heights above the
floor: 50 cm (h1; close to the floor) and 150 cm (h2; estimated
height of the human mouth). Negative and positive control
samples were collected at h2. For each replicate when
decontamination protocols were performed, three samples
were collected during and after cleaning (C1, C2 and C3) and
three samples were collected after finishing disinfection (D1,
D2 and D3). Samples C1 and D1 were collected at h1 and the
others were collected at h2. The sterile cone coupled to the air
sampler was prefilled with 15 mL of PBS. After finishing the air
sampling, this volume was transferred to a centrifugal filter
unit (Amicon Ultra15, porosity 30 kDa; Merck-Millipore, Darm-
stadt, Germany) and centrifuged for 10 min at 5000 rpm at 4°C.

The decontamination protocols, sampling times and sample
sizes are described in Figure 1.

NoV-GlI detection in samples

Viral RNA was extracted from the samples using the QlAamp
Viral RNA Mini Kit (Qiagen, Hilden, Germany) according to the
manufacturer’s instructions. The extracted RNA was stored at
-70°C until analysis and was thawed only once during the
study.

The analysis was performed using the TagMan technique for
RT-gPCR. A modified and adapted protocol, published pre-
viously by Kageyama et al. [21], was employed with the primers
F-cog2F and R-cog2R and the probe Ring2. Using the Super-
script Il Platinum One-Step Quantitative RT-PCR System Kit
with ROX reference dye, the reaction solution was prepared
with 12.5 pL of the reaction mix + 4 pL of ultrapure water + 1
LL of each primer (400 nM) + 0.5 pL of probe (200 nM) + 0.5 pL
of Superscript Il Platinum + 0.5 uL of ROX + 0.5 pL of the
sample, for a final total volume of 25 pL. RT-qPCR StepOne Plus
(Applied Biosystems, Life Technologies, Singapore) was used

C.L. Ciofi-Silva et al. / Journal of Hospital Infection 103 (2019) 328—334

under the following conditions: reverse transcription at 50°C
for 10 min, TagDNA polymerase activation at 95°C for 2 min,
followed by 45 cycles of 10 s at 95°C for denaturation and
annealing, and extension at 60°C for 1 min. Cycle threshold (Ct)
values >40 were considered negative. For RT-qPCR, Ct values
are inversely proportional to the amount of nucleic acid in the
sample; that is, a Ct value close to 40 was weakly positive. For
quantitative analysis, a standard curve was generated based on
Norovirus Gll Q Standard, CeeramTools (bioMérieux, La Chap-
elle Sur, France).

Data management

Statistical analysis was performed using the Tobit censored
regression model and a linear mixed-effects model. P<0.05
was considered to indicate statistical significance.

Ethical considerations

This study was authorized by the Technical and Scientific
Committee of the study institution (CTC 01-1/2016).

Results

NoV was not recovered from the negative control samples
from the floor and air, whereas the positive control samples
obtained from the faecal solution showed, on average, 14.27 x
10® genome copies/sample (average Ct=22.08). The differ-
ences between the number of NoV genome copies after
cleaning (average 5.04x10° genome copies/sample and
Ct=37.35) and after cleaning plus disinfection (average
7.65x10'genome copies/sample and Ct=39.70) were sig-
nificant, proving that disinfection after cleaning was more
effective than cleaning alone (P<0.001). Protocol ‘H’ was sig-
nificantly more effective than Protocol ‘UV-C’ (P<0.001).
Indeed, when there were residual particles on the floor after
cleaning, 1% sodium hypochlorite eliminated them from all
samples. Furthermore, Protocol ‘H’ was equally efficient for
both floor types (P=0.99). In contrast, cleaning followed by UV-
C disinfection eliminated NoV particles on the floor for 46.15%

(Floor slabs: granite or Vinyl)

[ Disinfection with sodium hypochlorite for 10 min + rinsing + drying )—P[

Negative control samples:
air N=12; floor N=12

( Positive control (faecal solution): N=1 2)

(lmcmional contamination with faecal solution)::

10 min

( Positive control: air N=12; floor N=12 J

(Floor: granite N=18; vinyl N=1 8)

(Cleaning

( Floor: granite N=9; vinyl N:9]

( Air: granite N=18; vinyl N=18 J

(Floor: granite N=9; vinyl N:9)

(Disinfection - Protocol ‘Hj (Disinfection - Protocol ‘UV-C’

( Air: granite N=9; vinyl N=9 J
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Figure 1. Flowchart with the decontamination protocols, sampling times and sample sizes. Protocol ‘H’, cleaning followed by dis-
infection with 1% sodium hypochlorite; Protocol ‘UV-C’, cleaning followed by 5 min of disinfection with ultraviolet-C light.
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(6/13) of the samples. There was a residual average of 278.28
genome copies/sample on granite (Ct=38.75) and 28.1 genome
copies/sample on vinyl (Ct=39.80). Protocol ‘UV-C’ was more
effective for the vinyl floor compared with the granite floor
(P<0.001) (Figure 2).

Immediately after contamination of the slabs, NoV particles
were recovered from air in one of the 12 samples (Ct=38.38);
27 of the 36 (75%) samples collected after cleaning were pos-
itive, and Ct ranged from 31.55 to 40.00, meaning an average of
617 genome copies/sample. As three samples were collected
after cleaning and three samples were sequentially collected
after disinfection, it was possible to observe that the number
of genome copies/sample reduced starting from the third
sample after cleaning (C3, Figure 3). The presence of NoV
particles in the air after cleaning was significantly higher
compared with that after disinfection, independent of the
disinfection method (P<0.001). In relation to the level of air
contamination after decontamination, there was no significant
difference between the two floor types.

In all 12 replicates in this study, the temperature and rela-
tive humidity inside the room increased (mean initial temper-
ature of 22.7°C, mean final temperature of 23.1°C; initial
relative humidity of 59.5%, final relative humidity of 69%).
However, there was no evidence of a significant association
between these variables and the results.

Discussion

To the authors’ knowledge, this is the first study to show
that NoV can be aerosolized from the floor during wet mopping,
which may play a role in the transmission of airborne NoV. This
evidence confirms the need to implement a safe decontami-
nation protocol for use on floors that have been contaminated
with organic matter. Furthermore, this research emphasizes
the role of cleaning before disinfecting, even on floors where
organic matter is present. This study found that cleaning with
water and detergent followed by disinfection with 1% sodium
hypochlorite for 10 min was effective for complete elimination
of NoV from the floor; this result differed from that after dis-
infection with UV-C light.

The role of contaminated floors in the disease transmission
model and the need to use disinfection protocols remain con-
troversial. The main methods of pathogen transmission from
floors are direct human contact or dispersal or re-dispersal of
particles during human activities, such as walking, mopping
and traffic flow [22]. Although it is difficult to confirm that a
person can be infected through aerosolization of pathogens
from the floor, dissemination of a non-pathogenic bacter-
iophage virus inoculated on to multiple floor surfaces suggests
that floors contribute to microbial transmission [23].

Despite the known heavy contamination of floors in
healthcare settings [22,24,25], re-contamination occurs rap-
idly even after cleaning and disinfecting [26]. Considering the
low infectious dose of NoV [14], its prolonged persistence on
surfaces [15] and the findings of the present study regarding
aerosolization, NoV must be completely eliminated from floors
and from high-touch surfaces. During a suspected or confirmed
gastroenteritis case or outbreaks caused by NoV, floor cleaning
followed by disinfection must be performed.

The decontamination protocol assessed in this study proves
that cleaning, when conducted systematically, is able to
eliminate all or most NoV particles from the surface evaluated.
However, it is known that standard decontamination protocols
have different results because they depend on human behav-
iours [27,28], which justifies the use of a safe and cost-
effective disinfectant to complement the cleaning of large
areas, such as floors. In this study, sodium hypochlorite proved
to be superior compared with UV-C light, with the former
eliminating NoV particles from all vinyl and granite samples.
This result confirms the previously described efficacy of sodium
hypochlorite against NoV [17,29]. Overall, this study found
great variability after cleaning and disinfecting with UV-C light,
with a residual average of 153.18 genome copies/sample,
independent of floor type.

Based on the present results and the results of others [30],
there is insufficient evidence to support the implementation of
UV-C light to eliminate NoV in healthcare or other settings.
Some limitations related to such efficacy reduction include
distance, shading, organic matter load, type of surface, expo-
sure time and pathogen type [31,32]. Surface UV (MMOptics,
Sao Carlos, Brazil), the manual device used, presents additional
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Figure 2. Average number of genome copies/sample from different phases of sample collection from the floor for different decon-
tamination protocols and different floor types [i.e. after contamination (positive control), after cleaning and after disinfection]. Red
bars, Protocol ‘H’ (cleaning followed by disinfection with 1% sodium hypochlorite); blue bars, Protocol ‘UV-C’ (cleaning followed by 5 min

of disinfection with ultraviolet-C light).
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Figure 3. Average number of genome copies/sample of the samples collected from air following the two decontamination protocols at
the following times: after contamination (positive control), after starting cleaning (C1, C2 and C3) and after disinfection (D1, D2 and D3)

of the two floor types.

limitations such as difficulty in keeping the distance of 1 cm for
a prolonged period, disinfection of large areas being hindered
by a small area of UV-C light irradiation, and the risk of occu-
pational exposure to aerosols among those handling the device.
Therefore, the cost-effective relationship should be considered
prior to the implementation of UV-C technology in hospitals or
other settings where multiple pathogen contamination occurs
on surfaces and different types of surfaces are present.

Although RT-PCR is the most sensitive and reliable diag-
nostic method for NoV, this method does not provide infor-
mation about the infectious capacity of the detected residual
NoV genomes when decontamination protocols are compared
[16,33]. That is, it is not clear whether the NoV genomes
identified on the floor and in the air in this study would be able
to infect a person. Recent studies have analysed the effect of
enzymatic pre-RT-PCR treatments to distinguish NoV infectious
particles, although the findings are controversial [33,34].
Nonetheless, there have been new advances in cultivating NoV
particles in human intestinal enteroids, which may improve
analysis of NoV control measures [35,36].

To the authors’ knowledge, this is the first study to evaluate
clinical NoV particles in a controlled environment, and the
study design enabled estimation of the aerosolization effect.
Paton et al. [37] found that the number of Bacillus atrophaeus
particles re-aerosolized from floors was higher after heavy
walking traffic and at heights closer to the floor. In the present
study, the highest number of positive samples were identified
in air when the first samples were collected at 50 cm from the
floor and during mopping. These NoV aerosols may be displaced
by air flows or a route explained by Brownian theory, whereby
billions of collisions promote the movement of small particles
that can ultimately come into contact with high-touch surfaces
or be inhaled, moved to the pharynx and swallowed [7].

The route of NoV transmission was not clearly determined,
yet controlling transmission can be a challenge in semi-
enclosed places, especially for immunocompromised patients
who exhibit severe levels of disease [38]. Other at-risk groups
are healthcare professionals and cleaning professionals, who
are at the frontline of contamination, often before a diagnosis
has been confirmed. In addition, these professionals are
exposed to the NoV particles that spread to air after a vomiting
episode or by toilet flushing, and there is a possibility that
these professionals may become contaminated while wiping
floors or other surfaces. The present findings suggest that a N95

respirator must be available to healthcare workers and clean-
ing personnel when symptomatic patients are present, and that
these workers must receive instruction and training about the
possibility of air contamination.

Additionally, other interventions can be implemented to
avoid or minimize NoV airborne transmission. If a surface is
contaminated with organic matter, decontamination should be
performed as quickly as possible, and excessive organic matter
should be removed with absorbent disposable paper; these
measures constitute an important step that reduces the prob-
ability of aerosolization during wiping. The presence of ven-
tilation and air conditioning systems in healthcare services with
adequate exhaust air [39], or the promotion of natural ven-
tilation when possible [8,40] can enhance the dilution of air
and dissipation of the virus. Keeping windows open with a
safely and carefully planned design has advantages, such as low
cost and low maintenance, in addition to sustainability, for
preventing airborne transmission in semi-enclosed places
[8,41,42]. Finally, methods for air decontamination should be
further investigated.

This study has strengths and limitations. In terms of
strengths, this was an experimental study so variables could be
controlled; this would not be possible in a healthcare setting.
Large slabs were used instead of carriers to evaluate the effi-
cacy of decontamination protocols that mimic the cleaning
procedures used in healthcare settings. Additionally, the faecal
solution used was prepared using clinical samples from human
NoV infection and not an NoV surrogate. The impossibility of
distinguishing between infectious and non-infectious NoV par-
ticles should be mentioned as a limitation.

In conclusion, NoV-Gll is aerosolized even during the wet
mopping of floors, regardless of floor type, and viral particles
may be inhaled and then swallowed or settle on to surfaces,
meaning that they must be fully eliminated. Cleaning (consisting
of mopping with detergent and tap water) followed by 10 min of
disinfection with 1% sodium hypochlorite disinfection proved to
be superior to cleaning followed by disinfection with UV-C light.
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