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SARS-CoV-2 RNA contamination on surfaces
of a COVID-19 ward in a hospital of Northern
Italy: what risk of transmission?
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Abstract. - OBJECTIVE: SARS-CoV-2 can re-
portedly exist on inanimate surfaces for a long
duration, but there is limited data available from
Italian COVID-19 hospital wards, especially for
non-intensive care units hosting patients that
do not require mechanical ventilation. Identifi-
cation of the extent of environmental contam-
ination can help in understanding possible vi-
rus transmission routes, limit hospital infec-
tions and protect healthcare workers. Thus, we
investigated virus contamination on surfaces of
the acute COVID-19 ward of an Italian hospital.

MATERIALS AND METHODS: Ward surfac-
es, including four points inside and six points
outside the patients’ rooms were sampled by
swabs, seven hours after routine sanitation.
To minimize the risk of underestimation of vi-
rus detection, two different sensitive molecular
methods were used comparatively, and specific
internal controls were added to enhance the
efficiency of all the analysis steps.

RESULTS: SARS-CoV-2 contamination was
detected in only three out of all the collected
samples, i.e., on two floors and one-bathroom
sink, likely reflecting aerosol and saliva con-
tamination, respectively. The overall level of
contamination was low, and the floors exhibited
a very low level of SARS-CoV-2 presence, evi-
denced by only one of the two methods used.

CONCLUSIONS: The existence of SARS-CoV-2
on hospital surfaces may be limited, although it
was reported to persist for a longer duration on
surfaces under controlled laboratory conditions.
Thus, effective transmission of SARS-CoV-2 by
surfaces/fomites within the hospital ward may be
a rare event. However, the results highlight the
importance of assessing method sensitivity and

including controls when investigating low-level
virus contamination so as to avoid the risk of un-
derestimation of virus presence.
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Introduction

Emergency measures aimed to limit the spread
of the novel pandemic virus SARS-CoV-2 have
been adopted globally due to the current absence of
specific vaccines and/or drugs. These measures in-
clude social distancing', optimization of diagnostic
tools??, increased hand hygiene, and increased en-
vironmental disinfection®. It is known that similar
respiratory viruses (including SARS-CoV-1 and
MERS) may exist on different inanimate surfaces
and that in the hospital environment that may be
contaminated by body fluids. This could facilitate
the spread of the infection®’. In addition, SARS-
CoV-2 was reported to persist on surfaces for days
in controlled experimental conditions®, and its iso-
lation from urine has also been reported’.

Thus, the contribution of hospital environment
to the transmission of COVID-19 infection via
contact with contaminated surfaces and fomites
needs to be elucidated.

However, there is not much information on
SARS-CoV-2 contamination in Italian hospitals,
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especially for acute care units hosting COVID-19
symptomatic patients that do not need mechanical
ventilation. At the time of conducting this study,
we found that most of the available studies fo-
cused on intensive care units, and only one study
surveyed Italian healthcare structures'®. Most of
these available studies used single specific mo-
lecular assays to detect SARS-CoV-2 RNA, and a
few of them attempted virus isolation''. However,
none of these studies included molecular controls
to monitor the efficiency of the analysis steps.

Thus, there is a requirement of data on the level
of environmental SARS-CoV-2 contamination in re-
al-life conditions, especially for non-intensive wards
where less symptomatic (or totally asymptomat-
ic) patients might contribute consistently to virus
spread. This may be due to less awareness of their
continuous release of infectious virus, potentially
increasing the risk of environmental transmission'?.

Hospitals have mandatorily implemented
heavy disinfection measures". Although the only
Italian study showed no virus RNA contamina-
tion'®, other studies reported contamination by
SARS-CoV-2 RNA, even via protective personal
equipment (PPE) kits of the sanitary staff'.

Since identifying the exact extent of environ-
mental contamination and associated potential risk
of virus transmission is crucial to understanding
virus epidemiology, as well as for infection pre-
vention and control in hospitals, we analyzed the
presence of SARS-CoV-2 on inanimate surfaces
of an acute COVID-19 ward in Northern Italy that
hosts symptomatic patients that do not need me-
chanical ventilation. The analysis was performed
seven hours after sanitation to get a representa-
tive picture of the contamination degree during
the whole day, rather than just after disinfection.
Also, two different molecular methods targeting
different virus genes were comparatively used for
virus detection. A synthetic single-strand RNA
(ssRNA) control was also included that allowed
the monitoring of the efficiency of each step of the
analysis process that might be partially or totally
inhibited by the presence of high amounts of dis-
infectants on surfaces.

Materials and Methods
Sampled Ward
An acute non-intensive COVID-19 ward of

the University Hospital of Ferrara (Italy) was sur-
veyed. Cleaning procedures consisted of double

daily sanitation (in the early morning around 7:00
am and in the afternoon around 3:00 pm) of the
floor using 0.5% sodium hypochlorite and other
surfaces using 1% hydrogen peroxide.

The access to the ward was strictly allowed
to sanitary staff only, who were required to wear
PPE, including liquid-repelling gowns, class-2 fil-
tering face masks with added surgical masks, eye
protection (face shield), disposable shoe cover,
hair cap, and double gloves. No COVID-19 infec-
tions of ward personnel were recorded in the ward
from the opening until the time of the investiga-
tion. At the time of analysis, the ward hosted 30
symptomatic patients with SARS-CoV-2-positive
nasopharyngeal swab at the time of admission,
with some of them requiring oxygen therapy.
Ward rooms hosting two patients were sampled.

Sampling Procedure

Environmental sampling was performed seven
hours after cleaning, by using sterile rayon swabs
(Copan, Brescia, Italy) pre-moistened in sterile
phosphate-buffered solution (PBS), rubbed on a
10 cm x10 cm area, as previously reported’. Sur-
faces inside (floor, bedside table, bathroom sink,
and bed headboard) and outside (ward corridor,
nurse area and door, and warehouse shelves) the
patients’ rooms were sampled. Sampled points
were chosen as representative of microbial con-
tamination of hospital environment, based on pre-
vious studies'®'®, All the collected samples were
put in 0.4 ml of 0.1% SDS in PBS, refrigerated,
and processed within 2 hours.

Samples Analysis

Samples were vortexed to detach the virus and
squeezed by centrifugation through CW spin bas-
ket (Promega, Milan, Italy). Total DNA and RNA
were extracted from 350 pl of suspension by the
DNA/RNA Patho Gene-spin Extraction kit (Gen-
eron, Modena, Italy). Prior to extraction, a syn-
thetic Internal Control (IC) ssSRNA molecule was
added to each sample, in order to allow monitor-
ing the efficiency of subsequent steps.

The presence of SARS-CoV-2 RNA was eval-
uated by two different specific real-time PCR
after retrotranscription (fRT-PCR), targeting the
RNA-dependent RNA polymerase (RdRp) gene
(Generon, Modena, Italy), and the orflab, spike
(S), and nucleocapsid (N) genes (ThermoFisher,
Milan, Italy), respectively. Positive controls con-
sisted of plasmid DNA containing the targeted
virus genes. The sensitivity of both rRT-PCR kits
was around 10 copies.
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Results

Sample Collection

Overall, 22 samples were collected from the
surfaces of the enrolled COVID-19 ward, includ-
ing areas inside and outside the patients’ rooms,
as depicted in Figure 1. Each sampled room host-
ed two SARS-CoV-2-positive patients with mild
to severe respiratory symptoms; of them, two pa-
tients needing oxygen therapy.

Analysis of SARS-CoV-2 Presence
on Surfaces

All samples tested positive for IC control, con-
firming the appropriate efficiency of the whole
analysis process.

By contrast, only 3/22 samples tested positive
for SARS-CoV-2 RNA. One sample derived from
a bathroom sink was found to be contaminated as
per both rRT-PCR methods (Ct values were 29.54
for N gene, 30.77 for S gene, 31.67 for orflab, and

32.99 for RdRp gene). Two floors tested positive
with only one of the two methods used (Ct>35,
corresponding to less than 10 copies, for N gene, S
gene, and orflab; Ct>40 for RdRp gene) (Table I).

The positive samples from the sink and one of the
floors were derived from a room hosting two self-suf-
ficient patients who did not require oxygen therapy.
The other positive floor was from a room hosting two
patients, one of whom needed oxygen therapy.

All the sampled points outside the patients’
rooms were found free of SARS-CoV-2 RNA.

Discussion

Defining the precise extent of SARS-CoV-2
contamination in the hospital environment is
important to assess the potential risk of virus
transmission and design appropriate actions for
infection prevention/control and protection of
healthcare workers.
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Figure 1. Schematic representation of the surveyed COVID-19 ward. A, Ward sampled areas, including four rooms and six
common areas (corridor, nurse table, nurse “clean” area, nurse door, shelf of warehouse n.1, shelf of warehouse n. 2). B, Room
sampled points, including floor, bed headboard, toilet sink, and bed table. Each sampled room was allocated to two patients.
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Table I. Environmental SARS-CoV-2 RNA contamination.

Area Surface Samples rRT-PCR (1) rRT-PCR (2)
(positive/
total) N gene S gene orflab RdRp gene IC
Room Sink 1/4 29.54 30.77 31.67 32.99 23.15
Floor 2/4 >35 >35 >35 >40 2278
Bed headboard 0/4 >40 >40 >40 >40 23.28
Bed table 0/4 >40 >40 >40 >40 22.95
Ward area Corridor 0/1 >40 >40 >40 >40 22.86
Nurse area 0/1 >40 >40 >40 >40 23.01
Warehouse 0/2 >40 >40 >40 >40 22.81
Door 0/1 >40 >40 >40 >40 23.15

Results are expressed as mean Ct values detected in the positive samples.

Among the few studies reporting data on
COVID-19 wards, only one study was performed
in Italy in intensive care and infectious disease
units and showed the lack of environmental
SARS-CoV-2 RNA contamination'.

However, virus spread might be paradoxically
facilitated even from subjects with mild symp-
toms who can efficiently release infectious virus
despite having scarce symptoms'*". In the hospi-
tal environment, such patients are often self-suf-
ficient and can freely move within the room and
bathroom areas, which could represent a further
favoring factor for virus spread.

Thus, our investigation aimed to assess envi-
ronmental SARS-CoV-2 contamination in such
a hospital ward so as to assess the risk of virus
transmission by surfaces and fomites in an acute
COVID-19 ward of Northern Italy.

Different areas were sampled inside and out-
side the patients’ rooms, including critical points
where microbial contamination is more proba-
ble'. In contrast to the previously published stud-
ies, the present study included two different mo-
lecular methods and internal controls to avoid the
risk of underestimation of virus RNA detection.

Overall, our findings showed a very infrequent
presence of SARS-CoV-2 RNA on ward surfaces,
including the surfaces that are close to the head
of the hospitalized patients within the patients’
rooms (headboard, bed table).

These data are in contrast with data showing
longer persistence of SARS-CoV-2 virus on in-
animate surfaces®. However, those data were ob-
tained in the laboratory under stable controlled
conditions, whereas our data were collected in re-
al-life conditions, where the existence of virus on
surfaces could be hampered by routine sanitation
and unstable environmental conditions. This sug-

gests that virus spread via contact with surfaces
and fomites may be a rare event.

In fact, only 3 samples from the patients’
rooms harbored SARS-CoV-2 RNA, two from
one room (bathroom sink and floor) and one from
a second room (floor). The highest contamination
was detected in a room hosting two self-suffi-
cient patients who did not require oxygen thera-
py, whereas the other positive floor was derived
from a room hosting two patients, one of whom
required oxygen therapy.

Bathroom sink contamination may indicate
recent accidental contamination by the patient’s
saliva/sputum, possibly during teeth brushing or
mouth gargling, and highlights the patients’ spu-
tum on surfaces as a potential source of infection.
Besides, floor contamination is compatible with
contamination due to respiratory droplets and re-
spiratory aerosols, supporting the recent data ob-
tained in Singapore hospitals®.

No common areas outside the rooms evidenced
any traces of virus contamination.

Notably, only the bathroom sink tested posi-
tive with both the used molecular assays, where-
as the floors resulted positive only by the assay
targeting three virus genes. Overall, a low-level
contamination was detected, suggesting that the
choice of sensitive methods of investigation could
be crucial in characterizing potentially poorly
contaminated samples as some methods might un-
derestimate the contamination level. This might
also apply to the use of such molecular methods
for disease diagnosis when defining virus-cleared
subjects as not all the molecular methods are
equally sensitive. Thus, it is essential to use more
specific methods and specifically designed inter-
nal controls to identify the risk of underestima-
tion due to non-efficient extraction/amplification.
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Conclusions

Limitations of our study include the lack of
direct virus isolation to ascertain whether the
RNA-positive samples harbored infectious virus,
small sample size, and lack of investigation at dif-
ferent time points due to difficulties in perform-
ing more tests during the time of emergency.

However, our results suggest that virus spread
via contact with surfaces or fomites may be rare
in real-life conditions and highlight the relevance
of sanitation in limiting virus contamination in
hospitals, as well as other confined environments.
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