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The ongoing worldwide COVID-19 pandemic caused by SARS-CoV-2 has had serious impacts on
not only the health care system but also all sectors of the economy. Thanks to the adoption of
various epidemiological measures, a significant reduction in new cases of infection has been
achieved. However, there are still “hotspots”, such as healthcare settings focused on treating
patients with COVID-19, which are characterized by the risk of nosocomial transmission among
health care workers, patients, and visitors. The proper monitoring and timely detection of
pathogens in a hospital environment will help prevent further spread of coronavirus infection. In
this study, we collected samples from the air and surface swabs at the First Moscow Infectious
Diseases Hospital to study the spread of the SARS-CoV-2 in various hospital locations. More than
130 aerosol and surface samples were collected and analysed by RT-PCR. We detected viral
contamination of the air in the intensive care unit (ICU) but not in the respiratory infection
department where less severe patients are treated. The concentration of SARS-CoV-2 RNA was
low, consisting of less than one copy per litre of air. The contact surfaces in both departments
were contaminated with SARS-CoV-2. Considering the possible transmission of SARS-CoV-2
through fomites, these results indicate the need to strictly follow personal hygiene rules as well
as wear personal protective equipment to prevent disease spread.
Keywords: COVID-19, SARS-CoV-2, Aerosol, Healthcare, Disease control

1 INTRODUCTION
The emergence and rapid spread of novel SARS-CoV-2 has caused a new COVID-19 pandemic
(Li et al., 2020). It is necessary to understand the mechanisms and pathways of SARS-CoV-2
transmission to effectively control its spread. Moreover, it is necessary to understand the factors
contributing to preservation in the environment before a susceptible organism inva des.
According to the current understanding, the main mechanisms of SARS-CoV-2 transmission
include aerogenic and contact transmission (Ghinai et al., 2020; Pastorino et al., 2020; Peng et
al., 2020; Richard et al., 2020). Thus, aerosols, air droplets and dust as well as surfaces can all be
contaminated with SARS-CoV-2. According to the literature, air droplets seems to be the
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predominant source of infection, although the probability of transmission by aerosols and
airborne dust seems to be high, potentially resulting in superspreading events (Allen and Marr,
2020; Ge et al., 2020; Sommerstein et al., 2020; Stadnytskyi et al., 2020). A number of studies
have demonstrated the ability of SARS-CoV-2 to remain viable on aerosolized air particles for up
to 3-16 hours (Fears et al., 2020; van Doremalen et al., 2020) and on various surfaces for up to
several days (van Doremalen et al., 2020). The ability of viral particles to settle while maintaining
their viability on solid surfaces indicates the possibility of transmission through fomites (Chia et
al., 2020; Guo et al., 2020; Wu et al., 2020; van Doremalen et al., 2020).
Despite the achieved reduction in the number of new cases of SARS-CoV-2 infection as a result
of adopted anti-epidemic measures, there are still "hot spots" in the form of health care
institutions, where medical personnel come into close contact with COVID-19 patients. Previous
experience suggests a high risk of transmission of coronaviruses in hospitals (Bin et al., 2015;
Chowell et al., 2015). For SARS-CoV-2, the risk of transmission in hospitals is high, as evidenced
by outbreaks in various medical institutions around the world (Gao et al., 2020; Heinzerling et al.,
2020; Komissarov et al., 2020; Sommerstein et al., 2020).
In hospital settings, infection control is essential to improve effective measures to protect
health care workers and prevent the spread of COVID-19. This circumstance requires the development
of highly effective methods for indicating pathogens of respiratory infections, including SARS-CoV-2.
Early proposed serological and molecular genetic (PCR) studies of biomaterials from patients and
medical workers made it possible to detect asymptomatic as well as clinically expressed forms of
the disease (Arons et al., 2020; Goldberg et al., 2020; Kucharski and Nilles, 2020). However, despite
the importance of these methods, they do not allow us to study the contamination sources.
To monitor and detect pathogens of respiratory infections, including SARS-CoV-2, in a timely
manner in hospital setting, it is possible to use an integrated approach, including the use of highly
efficient aerosol samplers in addition to swab samples from various surfaces, to indicate pathogens
of infectious diseases. This paper presents the results of the Moscow pilot study of the presence
of SARS-CoV-2 in aerosol samples and surface swabs from different locations in the respiratory
infection department and intensive care units of the First Infectious Diseases Hospital in Moscow
(Russia).

2 METHODS
2.1 Sample Collection Sites
Samples were collected in the wards and rooms of patients with a positive PCR result and a
confirmed diagnosis of COVID-19 in the respiratory infection department (RI) and in the intensive
care unit (ICU) of the First Infectious Diseases Hospital of Moscow (Russia).

2.2 Air Sampling
SASS 4000/2300 (Research International Inc., USA) with a virtual impactor and Cyclone-Bio
(Akmalov et al., 2018) aerosol samplers were used for highly efficient aerosol sampling. The
aerosol samplers used in this work are based on similar operating principles. A sterile PBS solution
was used as a liquid that acts as a solvent for solid particles contained in the aerosol. The sterile
PBS solution was aseptically poured into aerosol samplers immediately prior to sampling and was
also used for flushing the sampler between different collection points. Both devices were set for
an air flow rate of 4000 L min–1, with a collection time of 20 minutes. To comply with the relevant
noise exposure standards, collection using the complex SASS 4000/2300 and/or the Cyclone-Bio
sampler was carried out only in the lobbies of the departments. Aerosol collection was carried
out using a SASS 2300 sampler with an air flow rate of 325 L min–1 and a collection duration of 5
minutes in the wards and rooms of hospitalized patients. The instrument was flushed for 8
minutes by default before moving to a new collection point. Before changing the compartment,
all samplers were disinfected by washing and wiping the surfaces of the samplers and impactors,
as well as soaking the connecting hoses in a 3% solution of sodium hypochlorite. Aerosol
collection points in general wards and the intensive care unit are shown in Fig. 1. Our samplers
in the abovementioned wards were located at a height of approximately 1.5 m from the floor
and 2–3 m from patients’ beds.
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Fig. 1. Schematic representation of the (a) respiratory infections department and (b) intensive care unit. The blue circles indicate
the installation points of the aerosol samplers (the sample number corresponds to the sample number in Table S1). The blue
circles with red edging indicate SARS-CoV-2 positive aerosol sample. Orange numbered circles indicate SARS-CoV-2 positive
swabs from surfaces (the sample number corresponds to the sample number in Table S2). In Fig. 1(a) beds indicate the presence
of a patient, patients with COVID-19 are indicated in red color. In Fig. 1(b), patients with COVID-19 are indicated red color, and
patients with a different diagnosis are indicated black color. These rooms belong to the "red zone".
The number of viral genome equivalents present in the collection sample was estimated by
quantitative RT-PCR. To determine the copy number of SARS-CoV-2 RNA in the air, the following
Eq. (1) was used:

copies m−3 =

GE mL−1  Vsample
Vm3  Efficiency Air Sampler

(1)

where GE mL-1 is the amount of genome equivalent in 1 mL (Table 3), VSample is the volume of the
collected sample (4.5 mL), Vm3 is the volume of collected air (for SASS 4000/2300, the volume is
80 m3, for SASS 2300 volume is 1.625 m3), and Efficiency Air Sampler is the for SASS 4000/2300:
0.20; SASS 2300: 0.60.

2.3 Surface Sampling
Surface samples were collected using a sterile viscose “Tampon-probe” swab (MiniMed,
Russia). Before collection, the swab was pre-moistened in sterile PBS solution, and sampled were
collected from a surface area of 25 cm2. The volume of each sample with washout from the
surface was 0.5 ml. Our attention was focused on surfaces where direct contact between patients
and medical personnel potentially occurred (Table 1).

2.4 Sample Transport, Processing and Detection of SARS-CoV-2 Using RT-PCR
All collected samples were immediately placed in a thermal bag at +4°C and transported within
1–2 hours after collection to a BSL-3 laboratory. The obtained samples were aliquoted and
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Table 1. Description of the location and points of collection of washes from surfaces.
Area
Wards/rooms

Anteroom
Bathroom space
Lobby

Nurse's room (2–4 people), staff room
(3–4), cafeteria (varies from 1–6)
Other

Point
Floor, bedside table, window handle, doorknob, light switch, headboard, phone
screen, bed sheet, call button, inhalation mask, bedside rails, electronics,
ventilator tube
Floor, doorknob
Floor, door handle, toilet (seat), faucet, sink
Floor, reception telephone receiver, paperwork table, thermometer container,
doctors’ shoes, sofa, reception hallway parapet, food service table, dirty dish
table, dirty linen trolley, food refrigerator
Floor, mirror, table, clean linen closet, food refrigerator
Inhaler, refrigerator door, PPE suit (chest part), wheelchair handle for patients with
COVID-19, inhalation mask (outer part), water bottle (neck), air conditioner, mug,
personal towel, personal item (bathrobe), personal thermometer, bed sheet

deposited for preservation at –80°C. We have used the commercial reagent kit for the extraction
and qualitative determination of SARS-CoV-2 RNA by the RT-PCR technique «SARS-CoV-2 FRT»
manufactured by N.F. Gamaleya National Research Center, Russia, catalog number is ЕА-96-01.
This kit detects nsp1 gene located closer to the 5′-end of the SARS-CoV-2 genome. The
concentrations of viral RNA in air and swab samples were determined using in-house plasmid
controls with known copy numbers.

3 RESULTS AND DISCUSSION
3.1 SARS-CoV-2 RNA Air and Surface Contamination Assessment
The onward spread of the novel coronavirus infection continues to be a cause of concern.
Currently, the main routes of SARS-CoV-2 transmission are considered to be aerosol droplets and
direct contact with contaminated surfaces (WHO, 2020). Given these modes of transmission, as
well as the possibility of transmission of the virus from an asymptomatic carrier, it is necessary
to carry out studies for the presence of SARS-CoV-2 nucleic acids in aerosols and surfaces, which
will allow assessing biosafety in crowded places, as well as confined spaces, such as hospitals, to
determine the most likely infected sites. Determination of the hot spots of contamination will
allow taking appropriate measures to prevent further spread in medical institutions, primarily
among health workers, who account for a third of cases of the disease (Wee et al., 2020).
This study was conducted from June 15 to June 25 in the respiratory infection department (RI)
and intensive care unit (ICU) at the First Infectious Diseases Hospital in Moscow (Russia). The
collection of samples was carried out in different wards and rooms of patients with a confirmed
diagnosis of COVID-19 and a positive PCR result. During this period, over 600 new cases were
reported in Moscow daily. This period can be characterized as a period of decrease in the
incidence rate since at the peak, the number of new cases was more than 6,700 per day.
A total of 131 samples were collected for this study (Table 2): 15 aerosol samples (9 samples
from respiratory infections department and 6 samples – from ICU) and 116 swabs were collected
from various surfaces (82 swabs were collected from surfaces in the respiratory infections
department and 34 swabs – in ICU). Fig. 1 and Table S1, Table S2 provide additional information
on the location and method of sample collection.
PCR analysis of aerosol samples identified SARS-CoV-2 RNA in only the intensive care unit. Of
the six sampling points, five were positive. It is worth noting that the negative sample was the
second sample collected and was located directly under a supply ventilation unit. Importantly,
SARS-CoV-2 RNA was detected in the hallway that was considered a clean zone (Fig. 1(b)). The
total concentration of SARS-CoV-2 ranged from 28.13 to 140.63 copies of RNA per 1 m 3 of air
sample in the hallway and 512.82 copies of RNA per 1 m3 of air sample in rooms of COVID-19 patients
(Table 3). In the respiratory infections department, the presence of SARS-CoV-2 in aerosols was
not detected despite the use of high-performance samplers and the collection of more air.
Aerosol and Air Quality Research | https://aaqr.org

4 of 10

Volume 21 | Issue 4 | 200604

Special Issue on COVID-19 Aerosol Drivers, Impacts and Mitigation (XII)

SHORT COMMUNICATION
https://doi.org/10.4209/aaqr.200604

Table 2. Total number of samples and number of positive samples by location.
Area
Respiratory infection department
Intensive care unit
Total

Aerosol samples/Positive samples/Positive
sample, %
9/0/0%
6/5/83.3%
15/5/31.25%

Surface/Positive samples/Positive
sample, %
82/6/7.32%
34/6/17.65%
116/12/10.3%

Table 3. Calculation of copies of SARS-CoV-2 in aerosols.
Sample
B1
B2
B3
B4
B5
B6

GE mL–1
100
0
500
100
100
100

V sample, mL
4.5
4.5
4.5
5
5
5

Duration of collection, min
20
20
20
5
5
5

V air, m3
80.000
80.000
80.000
1.625
1.625
1.625

Efficiency Air Sampler
0.20
0.20
0.20
0.60
0.60
0.60

Copies m–3
28.13
0
140.63
512.82
512.82
512.82

Several studies have similarly noted a higher contamination rate in the intensive care units
compared to other departments aimed at combating COVID-19 (Hirota, 2020; Ye et al., 2020).
This can be explained by various factors. Firstly, the efficiency of the active ventilation system in
the intensive care unit can be insufficient although it meets the recommended regulatory criteria
of at least 2-6 total air changes per hour (ACH) (CDC, 2003; Sanitary Norms and Regulations of
the Russian Federation, 2010). Secondly, significant contamination of SARS-CoV-2 RNA may be
associated with cleaning regimes in the hospital, as well as with the spread by medical personnel
themselves. In addition, Siegel et al. (2007) reported that ventilators can emit respiratory aerosols.
Therefore, we observed large contamination with the SARS-CoV-2 virus in ventilated boxes in the
intensive care unit.
It is worth noting that the Ct (cycle threshold) values were close to the detection limit,
indicating a low viral load. The reason for such a low amount of the virus may be related to the
hospitalization of patients in the late stages of the disease and their prolonged stay in the
intensive care unit. Other research groups have come to the same conclusion (Nissen et al., 2020).
In addition to aerosols, SARS-CoV-2 RNA was detected on the surfaces of handles and floors
and the screen of the Artificial Lung Ventilation apparatus. In all, 6 positive samples from surfaces
were detected in the intensive care unit: 4 positive samples were taken from the floor, and one
positive sample each was obtained from a door handle and the screen of an Artificial Lung
Ventilation apparatus (Fig. 1).
Six positive swabs were detected in the respiratory infections department: 2 positive samples
from the floor, 2 - from door handles, one - from the surface of a bedside table, and one from a
window handle in the ward (Fig. 1). A total of 12 positive samples were detected during this study
from surfaces in various locations (Fig. 2). The results obtained were consistent with previously
obtained data from studies conducted in various medical institutions (Chia et al., 2020; Guo et
al., 2020; Ong et al., 2020). The result may indicate that the accepted disinfection frequency does
not allow complete decontamination. It is worth noting that the detection of SARS-CoV-2 RNA in
environmental samples is not the proof of the virus viability and it is extremely difficult to assess
the potential risks for infection.
Besides, it was difficult to assess the potential risk of infection by aerosols in the intensive care
unit due to a lack of data on the viability of the virus in the collected samples, as well as a lack of
information on the minimum infectious dose of SARS-CoV-2 in humans. The infectious dose
assessment in humans requires intranasal administration of the virus via drops or aerosols
(Karimzadeh et al., 2020). To our knowledge, no given values for SARS-CoV-2 human infectious
dose were reported yet. In several animal studies, the infectious dose was at least 500 plaqueforming unit (PFU) administered intranasally to hamsters (Ryan et al., 2020) and 630 PFU for
aerosol transmission in mice (Karimzadeh et al., 2020). This amount of the virus was sufficient to
cause various disease symptoms in laboratory animals, such as pneumonia.
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Fig. 2. Distribution of positive washouts by surface.
At the same time, the infectious dose for SARS-CoV-1 was defined as 280 viral particles
infectious dose (ID50) (Watanabe et al., 2010). These values are similar to infectious dose for
seasonal human coronaviruses and some animal coronaviruses belonging to the same genetic
group as SARS-CoV-1 (Watanabe et al., 2010; Schröder, 2020). It can be assumed that the
minimum infectious dose is more than 100 SARS-CoV-2 viral particles (Karimzadeh et al., 2020).
The Lednicky study demonstrated the ability to detect the SARS-CoV-2 virus at a distance of up
to 4.8 metres from a patient with COVID-19. The SARS-CoV-2 concentration measured with qPCR
ranged from 16 to 94 GE in 1 litre of air, while the number of viable virus particles ranged from 6
to 74 TCID50/L of air (Lednicky et al., 2020). Based on the results of previous studies on the
infectiousness of SARS-CoV-2 and SARS-CoV-1 (Karimzadeh et al., 2020; Watanabe et al., 2010),
it can be assumed that there is a potentially dangerous amount of virus in the intensive care unit.
We used information on the amount of live virus in 1 liter of air, took into account that on average
an adult inhales 7–10 liters of air per minute, and recalculated the amount of virus in the aerosol
samples we collected. Our calculations showed that a 5 to 50 minutes exposition of a person
without protective equipment to the contaminated aerosols in the hospital ICU corresponds to
the acquisition of SARS-CoV-2 infectious dose. It is worth noting that further research on the
infectiousness of SARS-CoV-2 will help clarify these risks.

3.2 Risks of SARS-CoV-2 RNA Contamination around the COVID-19 Patient
For an in-depth study of the possibility of SARS-CoV-2 contamination of fomites near a patient
with COVID-19, we examined aerosols in the immediate proximity (within a radius of 0.5 m) of a
patient for the presence of SARS-CoV-2 RNA. Additionally, swabs were taken from the surfaces
of objects that were in direct contact with the patient; in particular, swabs were taken from the
surface of the patient's bedside table, back of the bed, medical call button, a blanket and a towel,
an inhalation mask (from the outside and inside), the mug, the patient's personal phone, the neck
of a bottle of water and the skin of the patient’s hand. We received the patient's written consent
to collect the samples. It is known from the anamnesis that the patient felt the first symptoms of
the disease on June 08, and a week later (June 15), he was admitted to the Department of
Respiratory Infections with the following symptoms: weakness, headache, and fever reaching
37.4°C. PCR analysis of the nasopharyngeal swab at the time of hospitalization confirmed the
presence of SARS-CoV-2 RNA, with a cycle threshold of 25.4 (approximately 5 × 106 GE mL–1). The
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patient was prescribed antiviral and antibacterial therapies. Aerosol samples and surface swab
were collected on the third day of hospitalization in the department and 9 hours after the
morning cleaning of the premises, which resulted in a negative result (Table S3), while the result
of the PCR analysis of the nasopharyngeal swab remained positive, with a cycle threshold of 33
(approximately 104 GE mL–1). As previously reported (Chia et al., 2020) environmental air and
surface contamination by a COVID-19 patient drops significantly after one week of the disease,
which clearly corresponds with our results, since no contamination near the patient was detected.
One of the main limitations of our study is the lack of data on the infectivity of SARS-CoV-2 in
the collected samples. This study showed that it is impossible to exclude the circulation of a
potentially viable virus in various departments of the First Infectious Diseases Hospital. Further
research is needed to determine the infectious potential of the most contaminated locations and
to develop more effective treatment regimens and determine proper concentrations of
disinfectants to reduce the risk of infection in staff and patients in a hospital setting.

4 CONCLUSIONS
Infection control is essential to provide effective measures for protection of health care staff
and for prevention of the infectious disease spread including COVID-19. An integrated approach,
including the use of highly efficient aerosol samplers as well as swab samples collection from
various surfaces, can help to monitor SARS-CoV-2 RNA contamination.
Here we report the successful use of such an approach for detection of SARS-CoV-2 RNA in
two different departments of Infectious Diseases Hospital. The presence of SARS-CoV-2 RNA in
aerosols was detected only in the intensive care unit. Its concentration reached max value of
512.82 copies per 1 m3 of air. At the same time, we obtained positive results in the samples
collected from surfaces with a high level of contact in both departments of the Infectious Diseases
Hospital. In particular, the floor, door and window handles, and screen of the ALV apparatus were
contaminated. The results may indicate that the applicable disinfection frequency does not allow
to achieve a complete decontamination of the premises and emphasizes the importance of safety
regulations compliance. These results also demonstrate the potential use of this approach for
monitoring of crowded places such as subways, airports, transport hubs, etc.
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