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• Air and surface samples were collected
in the COVID-19 ward of an Italian hos-
pital.

• SARS-CoV-2 RNA detection was per-
formed using RT-PCR.

• Positive swab samples were found in
the semi-contaminated and contami-
nated areas.

• Viral RNA was found in the air of inten-
sive care unit and corridor for patients.

• No positive samples were found in the
clean areas of the ward.
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The COVID-19 outbreak has rapidly progressed worldwide finding the health system, scientists and society un-
prepared to face a little-known, fast spreading, and extremely deadly virus. Italy is one of the countries hardest
hit by the pandemic, resulting in healthcare facilities bearing heavy burdens and severe restrictivemeasures. De-
spite efforts to clarify the virus transmission, especially in indoor scenarios, several aspects of SARS-CoV-2 spread
are still rudimentary. This study evaluated the contamination of the air and surfaces by SARS-CoV-2 RNA in the
COVID-19 isolation ward of a hospital in Milan, Italy. A total of 42 air and surface samples were collected inside
five different zones of the ward including contaminated (COVID-19 patients' area), semi-contaminated
(undressing room), and clean areas. SARS-CoV-2 RNA detectionwas performed using real time reverse transcrip-
tion polymerase chain reaction. Overall, 24.3% of swab samples were positive, but none of thesewere collected in
the clean area. Thus, the positivity ratewas higher in contaminated (35.0%) and semi-contaminated (50.0%) areas
than in clean areas (0.0%; Pb0.05). The most contaminated surfaces were hand sanitizer dispensers (100.0%),
medical equipment (50.0%), medical equipment touch screens (50.0%), shelves for medical equipment (40.0%),
bedrails (33.3%), and door handles (25.0%). All the air samples collected from the contaminated area, namely
the intensive care unit and corridor, were positive while viral RNA was not detected in either semi-
contaminated or clean areas. These results showed that environmental contamination did not involve clean
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areas, but the results also support the need for strict disinfection, hand hygiene and protective measures for
healthcare workers as well as the need for airborne isolation precautions.

© 2020 Elsevier B.V. All rights reserved.
1. Introduction

The novel coronavirus, named Severe Acute Respiratory Syndrome
Coravirus 2 (SARS-CoV-2), has rapidly progressed worldwide, and the
impact on health systems, science, and society is unprecedented (Torri
and Nollo, 2020). The chronology of COVID-19 infections is as follows:
On 31 December 2019 the coronavirus disease was first reported as a
cluster of pneumonia cases of unknown etiology by theWuhan Munic-
ipal Health Commission in Wuhan City, Hubei Province China (WHO,
2020a). Subsequently, on 7 January 2020, Chinese authorities confirmed
that they had identified a novel virus belonging to the same family of
coronaviruses as Severe Acute Respiratory Syndrome (SARS). Then on
11 February 2020 the World Health Organization (WHO) announced a
name for the new coronavirus disease: COVID-19. Due to the global
spread of COVID-19 various international concerns declared a State of
Emergency as COVID-19 was considered to be the third highest patho-
genic human coronavirus that had emerged in the last two decades
(WHO, 2020a). On11March2020 theWHOdeclared theCOVID-19out-
break a global pandemic (WHO, 2020a).

Italy was the first European nation to be affected by COVID-19 with
238,720 confirmed total cases and 34,657 deaths to date (Fig. 1; WHO,
2020b). The pandemic broke out and was mainly located in northern
Italy with the first Italian COVID-19 patient hospitalized on 21 February
2020 at Codogno Hospital, Lodi (Lombardy-Italy) (Indolfi and
Spaccarotella, 2020). In the following days, in Lombardy, there was a
rapid increase in the number of cases. The mortality rate in this region
alone with a total of 16,579 deaths, is currently greater than that of
China (4646 total deaths; Regione Lombardia, 2020; WHO, 2020c). In
this context the Italian National Healthcare Service was close to
collapse.

Person-to-person transmission routes have previously been de-
scribed for SARS-CoV-2 with incubation times between two and ten
days (Chan et al., 2020). The spread is facilitated through direct personal
contact, droplets, hands, or contaminated surfaces (Chan et al., 2020).
Laboratory experiments showed that SARS-CoV-2 can remain viably
Fig. 1. WHO Italian situation re
(Adapted from WHO, 2020b.)
infectious in aerosols for hours and on surfaces for days (van
Doremalen et al., 2020). Unfortunately the diffusion of COVID-19 in hos-
pital settings is facilitated by the presence of high viral loads in the re-
spiratory tract of hospitalized infected persons, released in the
environment through droplets spread via coughing or sneezing
(Rothan and Byrareddy, 2020). In closed and stagnant environments
such as hospital wards, droplets can remain suspended for more than
10 min and cover long distances, potentially maintaining their ability
to transmit disease (Bourouiba, 2020; Ong et al., 2020; Stadnytskyi
et al., 2020). However, knowledge of several aspects of SARS-CoV-2
spread in indoor scenarios is still rudimentary, and, as far as we know,
inspections of the SARS-CoV-2 contamination in a European hospital
ward have not yet been reported.

The aim of this study was to evaluate the contamination of the air
and surfaces by SARS-CoV-2 RNA in the COVID-19 ward of an Italian
hospital in order to understand the extent of the viral shedding and
then to improve themanagement of healthcare settings and implement
public safety measures.
2. Materials and methods

2.1. Sampling location and methods applied

We conducted the present study onMay 12, 2020 inside the COVID-
19 ward of the San Carlo Hospital in Milan, Lombardy (Italy). The area
under control consisted of the COVID-19ward, which included an oper-
ating room converted into an intensive care unit (ICU) with eight beds
(Fig. 2). The air conditioning system in the COVID-19 ward consisted
of a negative airflow system. Surfaces and objects were wiped down
daily with active chlorine (5–10%) disinfectant. On the day of the exper-
imentation the samplingwas carried out before the cleaning operations,
precisely in the time interval from8:00 am to 1:00 pm. On the day of the
experimentation the temperature and relative humidity (RH) of the
COVID-19 ward ranged from 20° to 22 °C and 40 to 60% respectively,
port dated 24 June 2020.

Image of Fig. 1


Fig. 2. Location of sampled surfaces and objects in COVID-19 ward. The areas of the ward are represented by different colours. Color code: Red label = positive samples; Green label =
negative samples. Numeric code: 1. Bedrails; 2. Benches; 3. Computer keyboard; 4. Door handles; 5. Gloves box; 6. Hand sanitizer dispenser; 7. Medical equipment; 8. Medical
equipment touch screen; 9. Shelf for medical equipment; 10. Staff lockers, 11. Walls; l2. Waste container; 13. Water tap, 14. Window. The indicators and lines in the map represent the
dirty/clean paths of the staff and patients.
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while the average outdoor temperature and RH in Milan on that day
were 18 °C and 78% respectively.

In this study, swab (n=37) and air (n=5) samples were collected
from three zones classified as contaminated, semi-contaminated, and
clean areas. The contaminated area was a specifically designated area
for patients of COVID-19 (corridor for patients and ICU), the clean area
was a specifically designated area for non-contaminated items (lockers
and passage for the medical staff and a dressing room), and a semi-
contaminated area was set up between the contaminated area and
the clean area (undressing room). Patients were not allowed to enter
the semi-contaminated and clean areas. The different areas within the
COVID-19 ward were adjacent but separated by watertight doors with
automatic closing system in order to avoid possible contaminations
and transmissions. All watertight doorsweremarkedwith specific sign-
age that highlighted the area type and the relative prescriptions to limit
access to authorizedmedical staff. There were three patients confirmed
with COVID-19 within the ICU. Among these, two were intubated and
supported by a respirator (beds no. 1 and 2) while one patient (bed
no. 3) was not intubated and without C-PAP nasal mask support
(Figs. 2, 3). The ICU patients in beds no. 4, 5, 6, 7, and 8 were dismissed
the same day of experimentation. For this reason, no sampling was car-
ried out in the area surrounding these beds as the air and surface sam-
ples were taken at the locations where the highest risk of
contamination was assumed.

The medical and paramedical staff consisted of eight people obli-
gated to wear personal protective equipment (PPE), specifically gloves,
aprons, long sleeved gowns, goggles,fluid-repellant surgicalmasks, face
visors, and respirator masks.

Sterile premoistened swabs with a specific virus preservation solu-
tion (Biocomma Limited, ShenZhen, PR, China)were used to sample po-
tentially contaminated surfaces and objects such as the bedrails,
benches, computer keyboards, door handles, glove boxes, hand sanitizer
dispensers, medical equipment, medical equipment touch screens,
shelves for medical equipment, staff lockers, walls, waste containers,
water taps, and windows (Fig. 2).

The air samples were collected using an MD8 Airport Portable Air
Sampler with Gelatine Membrane Filters (Sartorius, Varedo, MB, Italy).
One gelatin membrane filter was used for eachmonitored area. The du-
ration of each aspiration cycle was 40 min with a flow of 50 l/min, for a
total volume sampled of 2 m3. The detector was positioned 1.5 m above
the floor. The long duration required by the aspiration cycle did not
allow repeated sampling in the same area due to operational limita-
tions, but the detector wasmoved at predefined times to different loca-
tions of each area randomly identified (Fig. 3).

2.2. Laboratory analysis: SARS-CoV-2 detection

After air samples and surface swabswere collected, all samples were
transferred to the Chemservice – Labanalysis Group (Milan, Italy) labo-
ratory under cool conditions (temperature range between 2 and 8 °C).
Laboratory confirmation of the virus was performed using real time re-
verse transcription polymerase chain reaction (RT-PCR) using the
VETfinder “Detection of CoV-19 and SARS and Recovery control in envi-
ronmental sample” detection kit (Generon s.r.l., San Prospero, Modena,
Italy), which is able to detect both SARS-CoV-2 and SARS virus group.

Each reaction contained 20 μl of Ready-to use Mastermixes and 5 μl
of RNA sample (final volume 25 μl). Each reaction was run with initial
conditions of 55 °C for 10 min (one cycle), 95 °C for 3 min (one cycle),
followed by 45 cycles of 95 °C for 15 s, and 58 °C for 30 s, as instructed
by the kit supplier. A sample was considered positive when the qRT-
PCR Ct value was ≤40.

2.3. Statistical analysis

Descriptive statistics were used to present data as numbers and per-
centages. The differences in the positive rates between the areas were
compared by Fisher exact tests while a z-test was used to compare col-
umn proportions. Cramer's V was reported as measure of effect size.
Correlation between virus concentration and distance from patients
was examined using Spearman rank correlations (ρ). The number of
sample locations was calculated based on the area of each room in ac-
cordance with the ISO 14644-1. Statistical analyses were performed
with SPSS Statistics version 25 (IBM, SPSS Inc., Chicago, IL, USA). Statis-
tical significance occurred when Pb0.05.

Image of Fig. 2


Fig. 3. Portable Air Sampler position in COVID-19 ward. The areas of the ward are represented by different colours. Color code: Red label = positive samples; Green label = negative
samples. The indicators and lines in the map represent the dirty/clean paths of the staff and patients.
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3. Results

A total of 37 swab samples were collected within the five areas and
24.3% of these were positive for viral RNA (Fig. 2). The positivity rate
was higher in contaminated (7/20, 35.0%) and semi-contaminated
areas (2/4, 50.0%) than in the clean area (0/13, 0.0%; P=0.015;
Table 1). Cramer's statistic indicated amedium effect for the association
between SARS-CoV-2 positivity and area type (V = 0.430; P=0.030).
There were no differences between the positivity rate of the corridor
for patients (25.0%) and the ICU (41.7%; P=0.642). In these latter two
environments, contaminated samples were collected from the surfaces
of medical equipment (2/3, 66.7%), touch screens (1/2, 50.0%), shelves
(2/5, 40.0%), door handles (1/3, 33.3%), and bedrails (1/3, 33.3%). Posi-
tive samples of the undressing room were found on the hand sanitizer
dispenser (1/1, 100.0%) and door handles (1/2, 50.0%). The positive
rates of swab samples from environmental surfaces of specific sites re-
gardless of area are detailed in Table 2.
Table 1
Positive rate of swab samples from environmental surface in different areas and associa-
tions between rate of positivity and area type.

Area type Area NO.
of

tests

NO. of
Positive

Rate of
Positivity

P
value⁎

Contaminated
Corridor for patients 8 2 25.0%

0.015

Intensive care unit 12 5 41.7%
Total Contaminated 20 7a 35.0%

Semi–contaminated Undressing room 4 2a 50.0%

Clean

Locker/passage for
medical staff

9 0 0.0%

Dressing room 4 0 0.0%
Total Clean 13 0b 0.0%

Total 37 9 24.3% –

Subscript letter denotes a subset of Area type categorieswhose column proportions donot
differ significantly from each other at the 0.05 level (contaminated vs semi-contaminated,
contaminated vs clean, semi-contaminated vs Clean; z-test).
⁎ P value for association between rate of positivity and area type (contaminated, semi-

contaminated or clean; Fisher exact tests).
Within the ICU the distance between site samplings and the closest
patient was calculated. The Spearman correlation (ρ) between this dis-
tance and virus concentration was 0.577 (P=0.308).

Air samples collected from ICU and corridor for patients were posi-
tive for viral RNA with mean concentrations of 22.6 and 31.1 Ct value,
respectively. Conversely, no SARS-CoV-2 RNA was found in the air of
the undressing room, dressing room, and passage/lockers area for staff
(Fig. 3).
4. Discussion

To our knowledge, no research has previously been conducted in a
European hospital to evaluate the environmental contamination in the
air and on surfaces by SARS-CoV-2 RNA.

Overall, nine out of 37 swab samples were positive. Seven of these
were collected in the contaminated and two in the semi-contaminated
area while no viral RNA was found on the surfaces of the clean area. In
Table 2
Positive rate of swab samples according to sampling site.

Sampling site NO. of
tests

NO. of
positive

Rate of
positivity

Average virus
concentration⁎

Bedrails 3 1 33.3% 21.5
Benches 3 0 0.0% ND
Computer keyboard 1 0 0.0% ND
Door handles 8 2 25.0% 25.2
Glove box 1 0 0.0% ND
Hand sanitizer dispenser 1 1 100.0% 24.0
Medical equipment 4 2 50.0% 22.2
Medical equipment touch screens 2 1 50.0% 22.5
Shelves for medical equipment 5 2 40.0% 23.9
Staff lockers 2 0 0.0% ND
Walls 4 0 0.0% ND
Waste container 1 0 0.0% ND
Water tap 1 0 0.0% ND
Window 1 0 0.0% ND

ND, not determined.
⁎ Expressed as Ct-value.

Image of Fig. 3
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particular the positivity rate of the ICU was 41.7%, which is in close
agreement with those obtained in the ICUs of Wuhan, China, by Guo
et al. (2020) (43.5%) and by Wu et al. (2020) (37.5%).

In the present study the correlation between the virus concentration
and the distance from patients was also evaluated. The Spearman coef-
ficient suggests that there may be a moderate correlation and that the
viral load of the surfaces increaseswith the patient proximity. However,
there was not sufficient evidence to confirm these data as they did not
quite achieve significance. The correlation analysis was only carried
out on the five positive samples collected within the ICU. As the p-
value for a correlation coefficient is affected by the sample size, analyses
on a greater number of positive samples could elucidate the relationship
between virus concentration and distance from patients. Other aspects
should be further investigated. For example, Santarpia et al. (2020)
evaluated the association between patients' body temperature and
shedding of virus in the environment even if they did not find a statisti-
cally significant correlation.

The positivity rate of the corridor for patients was lower but not sta-
tistically different than that of the ICU. Moreover, two positive swab
samples were obtained from the surfaces of the undressing room. This
finding emphasized the criticality of the undressing procedures. Con-
versely, as mentioned above, no contaminated surfaces by SARS-CoV-
2 were found in the area for passage and lockers of medical staff, and
in the dressing room. Thus, our findings showed contamination of sur-
faces in both contaminated and semi-contaminated areas but not in
the clean area. This result suggests that the pathway separating semi-
contaminated and clean areas aswell as the definition of separate dress-
ing and undressing zones are essential.

In particular the PCR-positive samples were obtained from the sur-
face of hand sanitizer dispensers, medical equipment, medical equip-
ment touch screens, shelves for medical equipment, bedrails, and door
handles. On the contrary no samples collected from thewalls were pos-
itive. These results confirmed previous studies in theWuhan, Nebraska,
and South Korea hospitals that reported relatively high positivity rates
for the surface of the objects that are frequently touched by medical
staff or patients such as computer mice, bedrails, water machine but-
tons, door handles, telephones, oxygen cylinder valves, personal com-
puters, iPads, cellular phones, reading glasses, and remote controls for
televisions (Guo et al., 2020; Ryu et al., 2020; Santarpia et al., 2020;
Wu et al., 2020). Ong et al. (2020), analysing some toilet sites in the
Singapore hospital, also showed viral RNA contamination of toilet
bowl and sink samples.

Although the RT-PCR does not determine the infectivity, the identi-
fication of viral RNA in these items indicates the shedding of the virus,
and it can be a marker of ineffective cleaning and disinfection (Otter
et al., 2016). As previously demonstrated (Wojgani et al., 2012), the
door handles are critical points for infection control, but our findings
confirm that a special emphasis should be placed on the disinfection
of all these surfaces including staff and patients' personal items.Medical
and, in particular, electronic equipment needs particular attention as it
is possible that their cleaning is intentionally neglected to avoid inter-
ference with medical procedures. Fixed use of equipment for each pa-
tient and frequent disinfection of all reusable medical equipment
could limit the spread of the virus (Wu et al., 2020). Our findings also
support the importance of hand hygiene as it could break the cycle de-
riving from touching contaminated surfaces (Lai et al., 2020). As claimed
by the WHO (WHO, 2020d), hand hygiene is an important measure to
protect patients, health-care workers, and the environment from con-
tamination. There is still no direct evidence that hand hygiene reduces
transmission of SARSCoV-2 (Yang, 2020). However, the fact that SARS-
CoV-1 andMERS-CoV virus can survive on surfaces for extended periods
(Kampf et al., 2020; Otter et al., 2016) indicates that hand hygiene is a
highly defensible measure also in the SARSCoV-2 scenario (Yang,
2020). Moreover, van Doremalen et al. (2020) have recently showed
that, under laboratory conditions, SARS-CoV-2 can remain stable on sur-
faces such as plastic and stainless steel for up to 72 h with a stability
similar to that of SARS-CoV-1. Since in the experiment of vanDoremalen
et al. the virus was artificially nebulized, studies conducted under clini-
cal conditions would be necessary to confirm these data (Peters et al.,
2020). Other recent experimental data demonstrated that, in addition
to the surface type, the stability of the virus is affected by temperature
as the time for inactivation was reduced at 70 °C (Chin et al., 2020).
The same authors also proved the effectiveness of some disinfectants
such as ethanol, povidone‑iodine, chlorhexidine, and benzalkonium
chloride (Chin et al., 2020). Likewise, Ong et al. (2020) showed that
the samples collected from COVID-19 patients' rooms after routine
cleaning were negative. In this regard detailed guidelines have been
provided for cleaning and disinfection procedures in both healthcare
and non-healthcare settings from the Centers for Disease Prevention
and Control (CDS, 2020; European Centre for Disease Prevention,
2020) and from theWHO (WHO, 2020d). Repeated sampling at several
times after the routine cleaning would have provided information on
the effectiveness of the disinfection measures and on the persistence
of RNA in the environment.

Our results also brought attention to the undressing procedures and,
more generally, to the behavioural measures within the undressing
room, which is one of the areas affected by surface contamination. Indi-
cations on the dressing and undressing procedures are provided by the
Italian Ministry of Health (2020).

All the air samples collected from contaminated areas were positive
for viral RNA. Our results are consistent with those of Guo et al. (2020)
and Liu et al. (2020) referring to hospitals in Wuhan. Santarpia et al.
(2020) demonstrated the positivity of air samples for SARS-CoV-2 in
theNebraskaMedical Center aswell.Moreover, under laboratory condi-
tions, van Doremalen et al. (2020) showed that SARS-CoV-2 remained
viable in aerosols at least for three hours. These findings suggest that
the virus could be transported by aerosol processes in the surrounding
environment, potentially even in the absence of aerosol-generating pro-
cedures (Santarpia et al., 2020). They support the idea that the airborne
route has to be considered an important pathway for SARS-CoV-2 con-
tamination as already suggested for SARS-CoV-1 (Booth et al., 2005;
Yu et al., 2014). Indeed, several retrospective studies and fluid dynamics
simulations concluded that airborne transmissionwas themain route of
SARS-CoV-1 in indoor environments including hospital wards (Li et al.,
2005; Yu et al., 2005).

Conversely, Wu et al. (2020) and Cheng et al. (2020b) found no pos-
itivity for SARS-CoV-2 in air samples collected inWuhanNo. 7 andHong
Kong Hospitals, respectively. Similar results were obtained in Iran
(Faridi et al., 2020) and Singapore (Ong et al., 2020) hospitals. Differ-
ences in the sampling and analysis methodology could explain these
inconsistencies.

Regardless, a precautionary approach is desirable. TheWHO recom-
mends a ventilation rate of at least 288 m3 per hour per person for con-
trol of opportunistic airborne transmission (such as SARS and influenza)
in health care settings, highlighting the fact that some aerosol-
generating procedures (i.e. tracheal intubation, non-invasive ventila-
tion, tracheotomy, cardiopulmonary resuscitation, manual ventilation
before intubation, and bronchoscopy) are associated with a significant
increase in the risk of disease transmission (WHO, 2009). Moreover,
supplementary and precautionary measures should be used including:
indoor air purifiers; frequent disinfection of the room; ventilation;
avoidance of air recirculation; medical staff training; and appropriate
separation between all patients (WHO, 2020d; Zhao et al., 2020). Isola-
tion rooms at negative pressure in segregated areas would be desirable
(Fathizadeh et al., 2020; Liu et al., 2020) and, where it is not possible,
keep infected patients at distance (at least 1 m according to WHO,
2020b). Moreover, although studies on COVID-19 are not yet fully con-
clusive (Cheng et al., 2020a), the use of physical barriers such as face
masks and FFP or N95 respiratorsmust be recommended for healthcare
workers, even when performing aerosol-generating procedures in pa-
tients without clinical features (Fathizadeh et al., 2020; Guo et al.,
2020; Romano-Bertrand et al., 2020). Several evidences have indeed
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proven their effectiveness in preventing the spread of respiratory virus
infections, including SARS epidemic (Jefferson et al., 2009). Future epi-
demiological studies will have to confirm the effectiveness of hospital
infection control measures also for SARS-CoV-2.

In the present study, all air samples collected within the semi-
contaminated and clean areaswere negative. The variability in the envi-
ronmental contamination between areas is of interest as it suggests the
effectiveness of the nosocomial airborne isolation precautions. Ventila-
tion systems, physical barriers as well as behavioural management
may have contributed to the prevention of the spread of SARS-CoV-2
from contaminated to clean areas.

In this context the home isolation of patients with COVID-19 may
not be a good control strategy as the control of airborne transmission
is more difficult. Moreover, family members usually do not have ade-
quate protective measures or training to limit viral shedding. Unfortu-
nately, in an emergency context with overly-saturated hospital
facilities, as it occurred in Lombardy, it is difficult to find other
alternatives.

This research has some limitations. Although RT-PCR is routinely
used to detect causative viruses from respiratory secretions (Corman
et al., 2020), it is worthwhile to stress that it is a marker of virus shed-
ding, but it does not necessarily indicate the presence of viable virus
(Otter et al., 2016). Thus, viral culture should bedone to demonstrate vi-
ability. Another drawback of our study is that, due to operational limita-
tions during an outbreak, it was only possible to investigate a limited
number of rooms. Moreover, repeated sampling would increase knowl-
edge of viral RNA persistence and effectiveness of the cleaning proce-
dures. Indeed, all samples were collected before the disinfection
operations. Finally, routine and extended investigations would be indi-
cated to confirm these preliminary results, evaluate the effectiveness of
the protective equipment, and monitor the hospital environment.

5. Conclusion

This study provides the first report on the SARS-CoV-2 shedding in
the air and on object surfaces in a hospital in northern Italy with impor-
tant implications for the patients andmedical staff protection as well as
for the management of hospitals and public health. Indeed, it demon-
strated that both air and surfaces within areas designated for patients
were contaminated by SARS-CoV-2 RNA. This finding suggests that
strict structural and personal protection measures as well as systematic
disinfections should be implemented to reduce the risk of infection for
healthcare professionals working in these areas. Moreover, the contam-
ination of surfaces within the undressing room highlighted not only the
risk of virus spread from the ICUs but also the criticality of the
undressing procedures. However, the airborne spread of the viral RNA
did not involve the areas where patients do not have access indicating
the effectiveness of the physical barriers and staff behavioural precau-
tions. Routine and extensive investigations in health-care settings
would be desirable.
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