
 

 

Since January 2020 Elsevier has created a COVID-19 resource centre with 

free information in English and Mandarin on the novel coronavirus COVID-

19. The COVID-19 resource centre is hosted on Elsevier Connect, the 

company's public news and information website. 

 

Elsevier hereby grants permission to make all its COVID-19-related 

research that is available on the COVID-19 resource centre - including this 

research content - immediately available in PubMed Central and other 

publicly funded repositories, such as the WHO COVID database with rights 

for unrestricted research re-use and analyses in any form or by any means 

with acknowledgement of the original source. These permissions are 

granted for free by Elsevier for as long as the COVID-19 resource centre 

remains active. 

 



ww.sciencedirect.com

Journal of Hospital Infection 128 (2022) 74e79
Available online at w
Journal of Hospital Infection

journal homepage: www.elsevier .com/locate/ jhin
Environmental detection of SARS-CoV-2 in hospital
rooms in different wards of a university hospital

K. Barrigah-Benissan a, J. Ory a,*, A. Boudet a, R. Stephan a, A. Sotto b,
J-P. Lavigne a

aBacterial Virulence and Chronic Infections, INSERM U1047, Department of Microbiology and Hospital Hygiene, University of
Montpellier, CHU Nı̂mes, Nı̂mes, France
bBacterial Virulence and Chronic Infections, INSERM U1047, Department of Infectious and Tropical Diseases, University of
Montpellier, CHU Nı̂mes, Nı̂mes, France
A R T I C L E I N F O

Article history:
Received 26 April 2022
Accepted 5 July 2022
Available online 6 August 2022

Keywords:
COVID-19
SARS-CoV-2
Environment
Hospital
Cross-transmission
* Corresponding author. Address: Bacteria
Infections, INSERM U1047, Department of M
Hygiene, University of Montpellier, CHU Nı̂me

E-mail address: jerome.ory@chu-nimes.fr

https://doi.org/10.1016/j.jhin.2022.07.029
0195-6701/ª 2022 The Healthcare Infection S
S U M M A R Y

Background: Transmission of severe acute respiratory syndrome coronavirus-2 (SARS-CoV-
2) can occur through direct, indirect, or close contact with infected people. However, the
extent of environmental contamination is unknown. The nature of the relation between
patients’ symptoms and SARS-CoV-2 environmental shedding remains unclear. The aim of
this study was to assess the relationship between patient coronavirus disease 2019 (COVID-
19) status and environmental contamination.
Methods: Between May and November 2020, environmental swabs were taken before and
after room disinfection at day 7 after symptom onset in a cohort of patients clinically or
biologically diagnosed with COVID-19. Twelve surfaces per room were collected in 13
rooms. Sample analysis was performed by reverse transcription polymerase chain reaction
(RT-PCR) for SARS-CoV-2 detection [SARS-CoV-2 R-Gene (biomérieux, Marcy l’Etoile,
France)]. Clinical data (day of illness, symptoms, RT-PCR results) was collected from the
clinical software.
Results: Five medical units were included in the study. Of 156 samples collected in 13
rooms, five rooms (38.5%) presented 11 SARS-CoV-2-positive samples. These positive
samples were detected on eight different surfaces. There was no association between
detection of SARS-CoV-2 and patient age (P¼1) or patient symptoms (P¼0.3).
Conclusion: Viral shedding during COVID-19 appears to be unrelated to the presence of
symptoms, patient age, and low-value cycle threshold of patient’s test. This study sup-
ports the evidence for the environmental shedding of SARS-CoV-2 until at least 7 days after
symptom onset. It emphasizes the need for strict compliance with contact precautions,
hand hygiene, the correct use of personal protective equipment and room disinfection for
the routine care of patients with COVID-19.
ª 2022 The Healthcare Infection Society. Published by Elsevier Ltd. All rights reserved.
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Introduction

Since late 2019, the emergence of severe acute
respiratory syndrome coronavirus-2 (SARS-CoV-2) has led to
a severe respiratory infection named coronavirus disease
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2019 (COVID-19) that spread rapidly into a global outbreak
and pandemic. The underlying mechanisms of viral
transmission in healthcare environments remain unclear.
Transmission of SARS-CoV-2 can occur through direct, indi-
rect, or close contact (within 1 m) with infected people [1].
However, direct or close human-to-human contact with
infected secretions (e.g. saliva, respiratory droplets) are the
main transmission routes [1]. Therefore, droplet and contact
isolation precautions are the key recommended precautions
for COVID-19 patient care [1]. Other routes of transmission
are suspected, such as ocular route [2], faecal oral route [3],
airborne, or fomite transmission [4e6]. However, for fomite
transmission, the extent of environmental contamination
remains unclear. Several studies have described the persis-
tence of SARS-CoV-2 and its viability on surfaces [4e10].
Infectious SARS-CoV-2 has been found on different environ-
mental contaminated surfaces for periods ranging from an
hour to days [1]. Numerous studies have described the
analysis of surfaces and hospital rooms for the detection of
SARS-CoV-2 virus [11]. Yet most failed to address the nature
of the relation between patient COVID-19 status and the
SARS-CoV-2 environmental shedding [11]. This information is
critical for understanding SARS-CoV-2 transmission and
developing effective infection control procedures.

The aim of this study was to assess the relationship between
patient COVID-19 status and environmental contamination.

Methods

This retrospective, monocentric study was approved by the
local institutional review board (IRB number: 22.03.05). From
May to November 2020, environmental samplings were per-
formed in different units at Nı̂mes University Hospital (France)
in rooms according to two inclusion criteria: (1) The presence
of a patient with clinically or biologically diagnosed COVID-19.
The COVID-19 diagnosis occurred between symptom onset (Day
1) and environmental sampling (Day 7). The clinical diagnosis of
COVID-19 was based on French Health Society guidelines
[12,13] and established by medical doctors. The diagnosis was
orientated by the presence of at least one of the following
symptoms (fever, persistent cough, fatigue, rhinitis, dyspnoea,
headache, nausea, disorientation, oxygen dependence, myal-
gia, shortness of breath, diarrhoea, abdominal pain, chest
pain, sore throat, anosmia or ageusia) and confirmed with
chest scan results. The biological diagnosis of COVID-19 was
established by reverse transcription polymerase chain reaction
COVID-19 medical diagnosis

(biological or clinical)

Day 1 2 3 4 5 6

Symptom
onset

Envi
sam

Figure 1. Timeline of sampling environmental in room with patients
(COVID-19).
(RT-PCR) performed on nasopharyngeal swabs. (2) The patient
in the sampled room was at Day 7 after COVID-19 symptom
onset (Day 1).

The methodology timeline from symptoms onset (Day 1) to
environmental sampling (Day 7) is represented in Figure 1.

Clinical information was collected from the hospital clinical
data software: date of onset of symptoms, clinical pre-
sentation, patient clinical status at the sampling day, hospi-
talization date and, when available, patient’s RT-PCR date and
cycle threshold (Ct) values. The delay between diagnosis and
environmental sampling was estimated in days.

Environmental sampling was performed before room dis-
infection. Each sampled room was occupied by patient at least
24 h prior to disinfection. Following the local health institute
recommendations during the pandemic, room disinfection was
performed each day by detergent disinfectant, with virucide
activity (European Norm 14 476þA2) according to the French
infection control society guidelines [14]. To confirm the effi-
ciency of the local disinfectant, a set of rooms were sampled
after room disinfection.

Twelve surfaces were sampled in each room in the presence
of patients. The close surfaces sampled were: nurse call con-
troller, bedside rail or bed lifting bar, telephone or television
remote, overbed table; and the remote surfaces sampled
were: bathroom doorknob, bathroom sink, toilet seat, door-
knob, air vent, bathroom sink tap and toilet button. These
surfaces are among the most touched surfaces by both patients
and health workers. Sampling was performed by dry sterile
swabs (GongDong, bioMérieux, Marcy l’Etoile, France) covering
the whole surface of the different selected points of sampling.
After sampling, swabs were dipped in viral transport medium
(MicroTest M4RT, Thermo Scientific, Waltham, MA, USA) and
vigorously agitated. The medium was immediately transported
to the Department of Virology within a 30-min timelapse and
stored at 4 �C.

SARS-CoV-2 was quantified from RNA extracted from each
clinical and environmental sample using an automated
nucleic acid extraction system (Chemagic, PerkinElmer,
Waltham, MA, USA). Samples were analysed using RT-PCR
(ARGENE SARS-CoV-2 R-Gene, bioMérieux) with a maximum
Ct of 40 targeting three viral genes: the N gene of the
nucleocapsid, the RNA dependent polymerase gene (RDRP)
and the E gene, which is common to all the SARS viruses.
Testing and reading were carried out following manu-
facturers’ instructions. At the time of the study, samples
were considered negative after 40 cycles of PCR without any
7 8 9 10 ...
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SARS-CoV-2 RNA detection. The Ct value of each gene was
recorded. The Ct value of the N gene was used as reference.
The delay between swabbing and processing (extraction and
RT-PCR) of samples was around 24 h.

Statistical association with environmental contamination
was analysed using Fisher’s exact test. The distribution of the
Ct values of the RT-PCR tests were analysed with a Wilcoxon
rank sum test. A P-value inferior or equal to 0.05 was consid-
ered statistically significant. Statistical analyses were per-
formed using the statistical software R version 4.0.2.
Results

Thirteen rooms were sampled before room disinfection in
five medicals units: infectious diseases unit (IDU, N ¼ 5),
geriatric unit (GU, N¼ 2), intensive care unit (ICU, N¼ 2), long-
term care unit (LTCU, N ¼ 2) and a nursing home (NH, N ¼ 2).
Three rooms were sampled in May 2020 during the first wave of
the pandemic, four rooms in August 2020 and six other rooms
during the second wave in November 2020. At inclusion, five
patients were diagnosed on clinical criteria and eight on both
clinical and biological criteria. A total of 156 and 52 samples
were analysed, respectively, before and after room dis-
infection. Four rooms were sampled in IDU after room dis-
infection with a total of 52 analysed samples. Environmental
samples were performed an average of 5 days (2e7 days) after
nasopharyngeal test (Table I).

Before disinfection, five rooms (38%, 5/13) presented pos-
itive samples (Table I). Interestingly, no rooms in the ICU or NH
showed environmental SARS-CoV-2 contamination. Positive
environmental samples had a Ct range between 29.75 and 39.3
(Table I). Eight samples were positive in the immediate patient
environment [nurse call controller (N¼ 2), bedside rail (N¼ 2),
bed lifting bar (N ¼ 1), telephone (N ¼ 2), overbed table (N ¼
1)] and three in patient’s remote environment [bathroom
doorknob (N¼ 1), bathroom sink tap (N¼ 1), toilet seat (N¼ 1)]
(Table II, Figure 2). During room sampling, 12 of 13 patients
were symptomatic. The eight patients tested by RT-PCR pre-
sented a Ct range between 20.13 and 37.35. However, patients
in the contaminated rooms presented low Ct values between
20.13 and 28. Interestingly, the room (Room 1) with the highest
number of positive samples (4/12 corresponding to bedside
rail, doorknob, bed lifting bar and toilet seat) corresponded to
the only asymptomatic patient at the moment of the inclusion
(Table I). The mean delay between the patient’s nasophar-
yngeal test and environmental sampling was 4.4 days for pos-
itive rooms, and 5.5 days for negative rooms (Table I), without
significance (P¼0.2897). Environmental contamination showed
no significant association with patient age (P¼1) or patient
symptoms (P¼0.3). However, Ct values of nasal RT-PCR were
significantly lower than the Ct values of environmental RT-PCR
(28.7 vs 38.5, respectively; P¼0.0074). Moreover, the patients
were significantly older in contaminated rooms than in non-
contaminated rooms (mean age ¼ 89 years vs 74; P¼0.0046).

After disinfection, no room presented positive samples.
Discussion

This study evaluated the relationship between SARS-CoV-2
positivity of patients and the environmental contamination of
their room. We also reported the environmental persistence or



Table II

Positive environmental samples and their locations in patients’
rooms

Surfaces Number of positive

samples

Close or remote

environment (C or R)

Nurse call controller 2 C
Bedside rail 2 C
Bed lifting bar 1 C
Room telephone 2 C
Overbed table 1 C
Bathroom doorknob 1 R
Bathroom sink 1 R
Toilet seat 1 R
Doorknob 0 R
Air vent 0 R
Bathroom tap 0 R
Toilet button 0 R
Total 11 8 C and 3 R
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not of SARS-CoV-2 at day 7 after clinical onset of symptoms in
13 patients diagnosed with COVID-19. Despite daily room dis-
infection, 7 days after the first COVID-19 symptoms, SARS-CoV-
2 was found in five patients’ close and remote environment
before disinfection. After disinfection, no virus was found. This
finding reinforces the need for daily disinfection during the
care of a COVID-19 patient and also the prevention of patho-
gens cross-transmission, as recommended by the French
national infection control society [14].

A review found an environmental contamination rate rang-
ing from 0 to 75% in ICU and from 0 to 61% in medical units [11].
Our study showed contamination rates in the lower part of
theses ranges, with 7% in medical units and 0% in ICU. Among
the five investigated units, three (GU, IDU and LTCU) had room
I

K J

B

C

D

E

F
G

H

Figure 2. Surfaces sampled in patient’s room. A, nurse call controll
remote; E, overbed table; F, bathroom doorknob; G, bathroom sink;
button. One other point (doorknob) was not pictured. In red, the posit
points. In white, the negative SARS-CoV-2 points.
contamination whereas two (ICU and NH) did not. The dis-
infection protocol and room layout were the same in all units.
Moreover, the studied population was similar in terms of age,
symptoms and Ct values.

Our study selected patients admitted for COVID-19 at hos-
pital, and surface samples were performed 7 days after
symptom onset. Other studies have focused on different pop-
ulations (healthy asymptomatic workers, patients at a long-
term care facility or a nurse facility independently of the
time of symptom’s onset, passengers, and crewmembers of a
ship) and various viral sources (respiratory, rectal, urinary,
gastrointestinal tract/stool, blood, breast milk, semen sam-
ples, surfaces inside and outside patients’ rooms) [11]. These
other studies on environmental contamination also assessed
different surfaces and used different sampling procedures. In
some samples, sampling was made with sterile premoistened
swabs [4e8], while we used dry sterile swabs. Moreover, some
variations in the laboratory analyses procedures (e.g. extrac-
tion kits and targets of RT-PCR) could be observed. For exam-
ple, only the envelope (E) gene was detected in Zhou et al.’s
study [6], whereas we detected three genes, increasing the
sensitivity of the assay. These differences in methodology
hamper direct comparison between studies. However, all these
studies corroborated the presence of SARS-CoV-2 on room
surfaces, representing a potential source of contamination and
cross-transmission.

Interestingly, in our study, positive environmental samples
were recovered in one asymptomatic patient room at inclusion,
and negative environmental samples were recovered in eight
rooms of symptomatic patients. Moreover, no significant asso-
ciation between patient symptoms and environmental con-
tamination was noted. These conclusions have been previously
reported [5,6,9]. Thus, environmental contamination
appeared unrelated to patient symptomatology, although firm
conclusions are not possible as only one asymptomatic patient
A

er; B, bedside rail; C, bed lifting bar; D, telephone or television
H, toilet seat; I, air exhaust grill; J, bathroom sink tap; K, toilet
ive severe acute respiratory syndrome coronavirus-2 (SARS-CoV-2)
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was included. Moreover, for symptomatic patients with envi-
ronmental contamination, the positive surfaces were mainly
located in the patient’s close environment (nurse call con-
troller, telephone, bedside rail, bed lifting bar, overbed table),
whereas no association was observed between close environ-
ment and symptoms. The infectious respiratory secretions
produced through coughing or sneezing are the main factor of
close contamination [1]. Few studies distinguished close from
remote environment when studying environmental con-
tamination. Our results support frequent room disinfection
during the hospitalization of a COVID-19 patient, particularly of
the immediate close environment or high touch-surfaces, as
suggested by the World Health Organization [15]. Notably,
despite the significantly greater age of patients in con-
taminated rooms (mean agen¼ 89 years vs 74 in non-
contaminated rooms; P¼0.0046), no significant association
between patient age and environmental contamination (P¼1)
was observed, suggesting that age had no role in environmental
contamination, as previously reported [4,10].

All the included patients in this protocol were bedridden
and could not use the toilet. In contaminated rooms, SARS-
CoV-2 virus was detected in both remote and close patient’s
environment (Figure 2). Thus, we could suggest that this
contamination resulted from: (1) hand contamination either
by the patient or the healthcare workers [16] or from the
healthcare workers’ personal protective equipment (PPE)
such as gloves [17]; or (2) respiratory droplets or respiratory
aerosols from the patient [4,18]. Another interesting finding is
that bedside rail, nurse call controller and room telephone
were the most contaminated surfaces. These objects are
among the most touched surfaces by both patients and health
workers [15]. This reinforces the need for hand hygiene and
the correct use of PPE by healthcare workers [15]. This study
contributes to the recent debate regarding the duration of the
infection control precautions during the hospital care of
patients with COVID-19.

Our study has several limitations. Firstly, we did not eval-
uate the viability of the SARS-CoV-2 collected in the environ-
mental swab samples. Only viable virus can cause an infection.
Despite the detection of SARS-CoV-2 virus in the environment,
virus viability and infectivity cannot be determined by RT-PCR.
Casia et al. observed that coronaviruses’ infectivity declines in
environment with decline rates from 99% at 5 min to 83% at 3
days depending on dried or wet mucine state, while still
remaining infectious [19]. In addition, a review has highlighted
that given the difficulties in culturing infectious virus from
clinical specimens during a pandemic, using viral RNA load as a
surrogate remains plausible for generating careful clinical
hypotheses [11].

Secondly, our population size is relatively small. Never-
theless, we investigated a representative panel of units and
COVID-19-positive patients hospitalized at the time of the
study.

In conclusion, our study supports the evidence for the
environmental shedding of SARS-CoV-2 until at least 7 days
after symptoms onset. Age and patient’s RT-PCR Ct values were
not significantly associated with room contamination, but the
results of this study give a hint that absence of symptoms did
not influence environmental contamination. Further studies
exploring the link between patient symptoms and environ-
mental contamination would be worthwhile. Our findings
emphasize the need for strict compliance with contact
precautions, the reinforcement of hand hygiene, the correct
use of PPE by health workers and daily disinfection even after 7
days for the routine care of COVID-19 patients, as recom-
mended by health authorities.
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