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ABSTRACT
Background: The coronavirus disease 2019 (COVID-19) outbreak is a primary global concern, and data
are lacking concerning risk of novel severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2)
environmental contamination.
Objective: To identify risk factors for SARS-CoV-2 environmental contamination in COVID-19 patients
admitted to the intensive care unit (ICU).
Methods: A prospective single centre 1-day study was carried out in an ICU. Four surfaces (the ventilator
control screen, the control buttons of the syringe pump, the bed rails and the computer table located >1 m
away from the patient) were systematically swabbed at least 8 h after any cleaning process. We analysed
clinical, microbiological and radiological data to identify risk factors for SARS-CoV-2 environmental
contamination.
Results: 40% of ICU patients were found to contaminate their environment. No particular trend emerged
regarding the type of surface contaminated. Modality of oxygen support (high-flow nasal cannula
oxygenation, invasive mechanical ventilation, standard oxygen mask) was not associated with the risk of
environmental contamination. Univariate analysis showed that lymphopenia <0.7×109·L−1 was associated
with environmental contamination.
Conclusion: Despite small sample size, our study generated surprising results. Modality of oxygen support
is not associated with risk of environmental contamination. Further studies are needed.

@ERSpublications
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Introduction
The current coronavirus disease 2019 (COVID-19) pandemic has raised several concerns and questions.
One of the major issues lies in our incomplete knowledge of the mode of transmission of the severe acute
respiratory syndrome coronavirus 2 (SARS-CoV-2) responsible for the disease COVID-19 [1, 2].

Recent studies carried out regarding the risk of environmental contamination have shown conflicting
results. Some authors suggested low or no environmental [3] contamination while others suggested a
higher risk [4]. These discrepancies can be largely explained by many confounding factors, some related to
patients’ profiles (such as symptom severity) [5], others related to the method of investigation (such as
delay between the onset of symptoms and the collection of samples).

Patients admitted to intensive care units (ICU) with severe respiratory involvement of COVID-19 could
have higher levels of virus and therefore be responsible for more environmental contamination. The
respiratory support required by ICU patients could increase environmental contamination because of
aerosol-generating procedures (AGP) such as oxygen therapy, noninvasive ventilation (NIV), high-flow
nasal cannula oxygenation (HFNO) and invasive mechanical ventilation (IMV) after endotracheal
intubation. These therapies are thought to generate droplets or aerosols [6, 7] and could increase the risk
of environmental contamination and transmission to healthcare workers [7, 8]. A recent publication put
the case for a low risk of bio-aerosol dispersion due to HFNO use in SARS-CoV-2 patients [9] leading
intensivists to have more questions than answers about SARS-CoV-2 environmental contamination in
COVID-19 patients admitted to the ICU. Avoiding infection of healthcare workers is a major challenge in
preventing healthcare system collapse in a worldwide health crisis. As personal protective equipment
(PPE) supply has been a problem for ICU staff worldwide, improving our knowledge of environmental
contamination in the ICU should be a priority.

The aim of this study was to assess the burden of SARS-CoV-2 environmental contamination and to
evaluate the risk factors associated with an ICU population.

Methods
This prospective single-centre 1-day study was conducted in the ICU of Avicenne Hospital, a French
500-bed teaching hospital. All patients admitted to the ICU with a recent (<48 h) SARS-CoV-2 positive
result by real-time PCR were included.

All patients were confined to the ICU ward, which was a single room at neutral room air pressure, with
the windows open and door closed. No visitors were allowed except for patients at the end of life. Staff
continuously wore a surgical mask, glasses (or visor) and surgical gown. An FFP2 mask was used in cases
of AGP and gloves in cases where there was exposure to body fluid.

Four critical (i.e. frequently touched) surfaces were systematically swabbed at least 8 h after any cleaning
process: the ventilator control screen, the control buttons of the syringe pump, bed rails and the computer
table located >1 m away from the patient. For each patient demographic and medical history were recorded,
focusing on data expected to modify viral excretion: immunocompromised status and lymphopenia
(<0.7×109·L−1), smoking status, presence of fever, diarrhoea or cough, and angiotensin-converting enzyme
(ACE) inhibitor use.

Since several molecules were thought to influence viral load, data on their use were collected. In our
hospital during the study period (March to April 2020), hydroxychloroquine was administered as a
standard of care to all patients except where there was a contraindication. Intensivists stopped using
lopinavir in the early days of the epidemic because of the high frequency of side effects due to drug
interactions; therefore, none of the patients included in our study was treated with lopinavir. Remdesivir
was not available in our hospital at the time of the study. At the time of the data collection, safety of
steroid use in ICU patients infected with SARS-CoV-2 was unknown. Therefore the standard of care in
our hospital was not to use steroids if SARS-CoV-2 was positive, which was the case of all patients
included.

Type of respiratory support (standard oxygen mask with spontaneous ventilation, HFNO, NIV and IMV)
and delays thought to impact the environmental contamination (delay between first symptoms and
sampling, delay between hospital admission and sampling, delay between room admission and sampling)
were recorded. Risk factors of severe respiratory involvement were recorded (body mass index,
hypertension, extended lung involvement on thoracic high-resolution computed tomography (HRCT)).
Patients’ viral load was estimated using quantification of cycle threshold (CT).

A trained member of the infection control team performed the environmental sampling. A 10-cm2 surface
was systematically sampled using a pre-moistened nylon-tipped flocked swab (Copan Diagnostics,
Murrieta, CA, USA). Swabs were rotated to ensure full contact of all parts of the swab tip and the surface.
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Real-time PCR to detect SARS-CoV-2 was performed on all samples, using the same protocol as our
routine diagnosis of SARS-CoV-2 infections in the pandemic context. Nucleic acid extraction was
performed using an RSC blood DNA kit on a Maxwell®RSC device (Promega, Charbonnières-les-Bains,
France), according to the manufacturer’s recommendations, with an input sample volume of 300 µL and
an elution volume of 60 µL. Real-time PCR was performed strictly according to the Charité-Berlin
protocol [10] targeting the E gene, coding for envelope protein, pangenomic of SARS-CoV-1 and
SARS-CoV-2, on a QuantStudio7 (Thermo Fisher, Les Ulis, France) device.

Statistical analysis
Categorical variables were described as frequencies and percentages. Quantitative variables were described
as the median (interquartile range). The incidence of environmental contamination was estimated with a
95% confidence interval.

The relationship between contaminated and non-contaminated rooms and potential predictors was
investigated by a Chi-squared test or Fisher’s exact test for categorical variables and Mann–Whitney test
for quantitative variables. Due to the small sample size, no multivariate analysis was performed. All tests
were two-sided at the 0.05 significance level. Statistical analysis was performed using the R 3.5.2 statistical
package (R Foundation for Statistical Computing, Vienna, Austria: www.R-project.org).

Results
Between 26 March and 20 April 2020, 117 environmental samples were collected from 30 patients.
Twenty-eight series were completed with four samples performed for each. One series was missing one
sample (ventilator control screen) and another series was missing two samples (ventilator control screen
and computer table).

Demographic and medical data are reported in table 1. Patients’ median age was 61 years (range 21–81
years) and there were 21 men and nine women. The median delay between first symptoms and sampling
was 11.5 days. Cough and diarrhoea within 24 h from sampling were observed in 16 (55%) and 2 (7%)
patients, respectively. Median temperature was 38°C (range 36.5–40.2°C). All 30 patients were nonsmokers.
Four patients were treated with immunosuppressive drugs, two of them for a low-grade lymphoma, one
for anti-neutrophil cytoplasmic autoantibody vasculitis and one for renal transplant.

Twelve patients (40%) had one or more environmental samples testing positive for SARS-CoV-2. Virus
RNA was amplified in 29 out of 117 samples (i.e., positives). Eight (29%), seven (23%), seven (23%) and
seven (24%) of the samples for ventilator control screen, syringe pump control button, bed rails and
computer table tested positive, respectively (see table 2). These results show that less than a quarter of the
samples collected were positive for the RNA virus on the different surfaces tested. Among those surfaces
no particular trend emerged in terms of location for positive samples. Of note, all CT values were high
(median (min–max): 36 (29–39)) reflecting a low viral load in samples.

On univariate analysis, the respiratory symptoms (respiratory rate, cough), the extent of radiological
damage on thoracic HRCT and the CT for patients’ real-time PCR were not associated with risk of
environmental contamination. Modality of oxygen support (HFNO, IMV, standard oxygen mask, NIV)
was not associated with risk of environmental contamination. Among the nine patients chronically treated
with ACE inhibitors, only one had SARS-CoV-2 environmental contamination (p=0.05). Two
immunocompromised patients had environmental samples positive for SARS-CoV-2, and lymphopenia
(<0.7×109·L−1) was associated with a higher environmental contamination (p=0.02). Neither delay
between first symptoms and sampling nor fever was associated with environmental contamination.

Discussion
In this prospective cohort study conducted in ICU patients we identified environmental contamination in
40%. In line with several other studies [11, 12], our results confirm the existence of SARS-CoV-2
environmental contamination in COVID-19 patients admitted to the ICU for acute respiratory failure. One
of the important findings was the absence of significant difference in the frequency of positive results
when comparing the different sites sampled. It is important to point out that the computer table located
>1 m away from the patient was as contaminated as the other surfaces. Because the computer table was
the farthest away surface in our selection, we expected contamination to be the lowest. As our patients did
not have access to the computer table, it is possible that contamination was airborne or from healthcare
workers’ hands. GUO et al. [11] reported similar results for the computer mouse, but there are no data for
the distance between the computer mouse and the patients or modality of use of the computer (dedicated
to healthcare workers or not).
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As all patients were admitted to the ICU, all had severe infection, but none of the usual risk factors for
viral spreading were associated with the risk of environmental contamination. Indeed, respiratory
symptoms, thoracic HRCT and threshold for patients’ real-time PCR positivity were not associated with
the risk of environmental contamination. More importantly, despite a low number of events, HFNO does
not seem to be associated with a higher risk of contamination. As HFNO is described as an AGP [7], a
higher rate of environmental contamination could have been expected. Our results are consistent with LI
et al.’s [9] proposal for a rational use of HFNO in COVID-19 patients regarding the risk of environmental
contamination.

By univariate analysis, lymphopenia <0.7×109·L−1 was associated with a higher risk of environmental
contamination. Four patients had comorbidity or were on treatment that had an impact on the
lymphocyte count, but only two of them had lymphopenia <0.7×109·L−1. As lymphopenia is common
during viral infection, we choose a threshold of <0.7×109·L−1 as a lymphocyte count below this is
uncommon during respiratory virus infections. We hypothesised that the intensity of lymphopenia could
highlight an immunological stunning effect due to intense viral invasion. These results should be
confirmed in other studies but are of interest as lymphocyte count data are available worldwide.

TABLE 1 Patient characteristics

All patients At least one contaminated surface p-value

No Yes

Subjects n 30 18 12
Male sex 21 (70%) 12 (67%) 9 (75%) 0.70
Age years 61 (21–81) 58.5 (21–72) 64.5 (41–81) 0.12
BMI kg·m−2 29.3 (20.4–48.2) 31.1 (23.9–48.2) 26.1 (20.4–33.3) 0.09
Hypertension 14 (50%) 10 (56%) 4 (33%) 0.41
ACE inhibitor use 9 (30%) 8 (44%) 1 (8%) 0.05
Hydroxychloroquine use 10 (33%) 7 (39%) 3 (25%) 0.69
Immunodeficiency 4 (13%) 2 (11%) 2 (17%) 1.00
Lymphopenia <0.7×109·L−1 12 (40%) 4 (22%) 8 (67%) 0.02
Temperature °C 38.0 (36.5–40.2) 37.6 (36.5–40.2) 38.1 (37.2–40.0) 0.16
Diarrhoea 2 (7%) 0 (0%) 2 (17%) 0.15
Cough within 24 h from sampling 16 (53%) 9 (50%) 7 (58%) 1.00
Respiratory rate breaths per min 30 (15–50) 30.5 (15–50) 30 (22–40) 0.72
Ventilation type 0.12
HFNO 16 (53%) 10 (56%) 6 (50%)
IMV 8 (27%) 5 (28%) 3 (25%)
NIV 3 (10%) 3 (17%) 0 (0%)
Standard oxygen mask 3 (10%) 0 (0%) 3 (25%)

Spontaneous breathing during sampling 23 (77%) 14 (78%) 9 (75%) 1.00
Oxygen flow the day of sampling# 50 (30–60) 50 (2–70) 50 (5–60) 0.79
HRCT abnormalities ⩽50% of lung parenchyma¶ 18 (64%) 12 (75%) 6 (50%) 0.24
Delay between first symptoms and sampling days 11.5 (4–45) 11 (4–45) 12.5 (4–24) 0.34
Delay between hospital admission and sampling days 3.5 (1–46) 2.5 (1–46) 5 (1–13) 0.14
Delay between room admission and sampling days 2 (0–35) 1.5 (0–35) 2 (1–13) 0.27
Last SARS-CoV-2 CT value of patient before surface swabbing 28 (13–39) 28 (14–39) 27 (13–37) 1.00

Data are presented as n (%) or median (range), unless otherwise stated. BMI: body mass index; ACE: angiotensin converting enzyme; HFNO:
high-flow nasal cannula oxygenation; IMV: invasive mechanical ventilation; NIV: noninvasive ventilation; HRCT: high-resolution computed
tomography; SARS-CoV-2: severe acute respiratory syndrome coronavirus 2. #: n=21; ¶: n=28. Bold text indicates p⩽0.05.

TABLE 2 Environmental swab results

Samples n Positive n (%, 95% CI) CT median (range)

Ventilator control screen 28 8 (29, 13–49) 35.5 (31–38)
Syringe pump control button 30 7 (23, 10–42) 37 (35–38)
Bed rails 30 7 (23, 10–42) 35 (29–38)
Computer table, keyboard and mouse 29 7 (24, 10–44) 36 (34–39)
At least one positive sample 30 12 (40, 23–59) 36 (29–39)
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Since angiotensin-converting enzyme 2 is the receptor for SARS-CoV-2 in human cells, we paid special
attention to patients with long-term prescription of ACE inhibitors. We highlighted a statistically significant
association by univariate analysis between ACE inhibitors and less environmental contamination that we
could not explain, and this needs to be confirmed by further investigation.

Numerous studies have been conducted during the COVID-19 epidemic and showed conflicting results
concerning the intensity and modality of SARS-CoV-2 environmental contamination [3, 4, 11–18]. These
differences can be explained by several factors. First, some authors did not take into account the patients’
profiles in their studies [4, 11, 12], neglecting the fact that viral shedding in the environment depends not
only on viral load but also on the intensity of symptoms [5], time elapsed between the first symptoms and
sampling [5, 19], and different types of ventilation [7]. Second, several authors carried out sampling under
air treatment conditions that may have affected interpretation of the results [11]. Indeed, the creation of a
turbulent flow [11, 20] and the negative pressure applied in some studies [4, 12] could have modified the
risk of environmental contamination. It should be noted that our unit had no air treatment and was under
neutral pressure throughout the study period.

One of the strengths of our study lies in taking into account different confounding factors such as the
clinical, radiological, therapeutic and virological factors that could have explained or at least influenced
the environmental contamination. Also, unlike the other studies, we took the precaution to perform the
sampling at least 8 h after any bio-cleaning to avoid false negative results.

Our results suggest, without being able to demonstrate, that environmental contamination is more frequently
linked to indirect contamination than airborne contamination as suggested by some authors [21–25]. In line
with previous work, it allows us to reassure healthcare workers of the low risk associated with HFNO [9]
and AGP [8].

This study had several limitations. First, it is a monocentric study conducted in an ICU ward without any
air treatment. Additionally, the low number of patients and events made a multivariate analysis
impossible, thus our exploratory results on lymphopenia and ACE use need to be confirmed by further
studies. Furthermore, the presence of SARS-CoV-2 nucleic acids does not necessarily provide information
about the infectivity of SARS-CoV-2. As we did not carry out viral culture, viability of the virus is
uncertain. Most importantly, this study does not analyse room air or healthcare worker PPE samples.
These data could be of importance in healthcare worker contamination. Further studies are needed to
confirm our results and to assess airborne contamination.
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