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Introduction
The SARS-CoV-2 virus, responsible for the
COVID-19 pandemic which most countries of
the world are currently facing, is not the only
new infectious agent in recent decades. Serious
problems have also been caused in the past
years by other coronaviruses, especially
SARS-CoV and MERS-CoV. All coronaviruses (CoV), the so-called ß-CoV: MERSCoV, SARS-CoV and SARS-CoV-2, which
cause infections in humans, lead to severe and
potentially fatal respiratory infections [1]. The
main route of transmission of the virus is the
droplet route – through contamination of the
oral, nasal or conjunctival mucosa during
direct contact with an infected person (who is
symptomatic or asymptomatic) – and through
indirect contact with environmental elements
contaminated
with
biological
material
containing the virus – dirty hands, and surfaces
or objects used by an infected person [2].
Infection can also take place in the course of
executing procedures that generate bioaerosols,
such
as:
endotracheal
intubation,
bronchoscopy,
manual
pre-intubation
ventilation, disconnection of the patient from

the ventilator, mechanical oral hygiene, noninvasive
hypertensive
ventilation,
tracheostomy
and
cardiopulmonary
resuscitation [3]. A characteristic transmission
route is also the airborne route. The virus is
detectable in the air up to 3 hours after it is
sprayed in the form of bioaerosol as a result of
the activities that are carried out [4]. Infectivity
does not only concern a symptomatic patient –
transmission of the virus commences as early
as 1–2 days before the first symptoms and may
continue with a mild course for up to 8 days
following the appearance of the first symptoms
or even up to 2 weeks in severe cases [3].
Medical workers, especially hospital staff, are
particularly exposed to the virus. Detailed rules
of conduct, types and usage of personal
protective equipment have been developed and
published by various national and international
institutions and agencies. They indicate the
need to employ extraordinary and rational
protective measures, both standard and
extraordinary precautions, which means the socalled standard and non-standard isolation of
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the microorganism, i.e. the source of the
infection [5].
Human coronaviruses can remain infectious on
inanimate surfaces for 9 days, and their animal
counterparts even for 28 days [6]. Hence,
surfaces that are frequently touched are
potential reservoirs of the virus and can be a
route of transmission of infection. Various
SARS viruses examined previously, which
were not only human (SARS-CoV 229E,
SARS
CoV-FFM1,
SARS-CoV
P9),
demonstrate high resistance under inanimate
environment conditions; some remain active
for up to 5 days on steel, silicone rubber,
ceramics, Teflon, PVC or glass surfaces, and
for up to 6 days on plastic [7].
During the current pandemic, it is more and
more important to maintain hand hygiene and
environmental hygiene, especially with
reference to decontamination of hospital
surfaces.
Hand hygiene in the COVID-19 pandemic
should be carried out primarily by washing
with water and soap. Selecting a method for
hand hygiene – washing instead of disinfecting
– stems from exposure to the presence of
respiratory secretions, which may contain the
virus – characteristic of COVID-19, i.e. if the
symptoms include, among others, cough and
shortness of breath. Hand disinfection with
alcohol-based preparations is equally effective.
The most effective alcohol solutions contain
60–80% alcohol [5].
To disinfect the inanimate environment, as
well as surfaces and elements that are often
touched, WHO, as well as ECDC (European
Centre for Disease Prevention and Control),

recommend 0.1% sodium hypochlorite, which
effectively kills the virus in the first minute,
and
70%
ethanol;
additionally,
2%
glutaraldehyde is suggested [5]. In such special
conditions of the functioning of health care,
particularly hospitals, as the COVID-19
pandemic, it might be especially advisable to
employ non-standard methods of disinfecting
the hospital environment, including surfaces
and air, also known as non-contact methods.
No-touch automated disinfection (NTD) is a
promising approach for hospital usage. NTD
systems are based on vaporised hydrogen
peroxide (VHP), hydrogen peroxide vapour
(HPV), chlorine dioxide, gaseous ozone, dry
mist of hydrogen peroxide (DMHP), or
aerosolised hydrogen peroxide (aHP), often
complemented with silver cations, aerosolised
peracetic
acid,
quaternary
ammonium
compounds, high-intensity narrow-spectrum
(405 nm) light, and pulsed-xenon UV (PXUV) radiation [8].
Among the above-mentioned factors, UV-C
radiation deserves special attention. It is
commonly employed to disinfect surfaces by
direct exposure, and in the flow-through
variant, it might be applied to disinfect air,
even indoors when people are present, e.g. in
hospital units. The effectiveness of UV-C
radiation has been confirmed in numerous
laboratory tests, against a wide spectrum of
microorganisms, starting from bacteria,
through spores and fungi, and finishing with
viruses [9, 10, 11]. Rapid and complete
inactivation of SARS CoV-2 by ultraviolet-C
irradiation was confirmed in latest studies,
among others by Storm et al. [12] and Bianco
et al. [13].
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The aim of the study is to assess environmental
contamination, in particular of touch surfaces
and air, in hospital wards (rooms) in which
patients diagnosed with COVID-19 are being
treated and the effectiveness of elimination of
the SARS-CoV-2 virus from air by the flowthrough UV-C method.
Materials and methods
The study consisted in sampling the air in the
rooms of COVID-19 patients in two hospitals
in the south of Poland, before air disinfection
with the flow-through UV-C method used in
the Sterylis device and after a specified time of
the operation of the device. The hospitals in
which the research was conducted were Marta
Wiecka District Hospital in Bochnia (hospital
no. I) and John Paul II Krakow Specialist
Hospital (hospital no. II). In order to assess the
contamination
of
the
patient
room
environment, swabs were collected from touch
surfaces in the immediate vicinity of the
patient, such as the bedside table top, bed
frame, remote, ladder, IV pole, floor.
Additionally, facial swabs were taken from the
patients hospitalised in these rooms during the
study.
In hospital no. 1, the studies were conducted at
the turn of October and November 2020, from
30 October to 1 November and from 27 to 28
November, while in Hospital 2, they were done
in December, on 9–10 and 21–22 December.
On 30.10.2020–1.11.2020, samples were
collected in a five-person patient room with all
the beds occupied. Three patients were
hospitalized due to full-blown pneumonia in
the course of SARS-CoV-2 infection, while the
two other patients – due to other internal

diseases. In all patients, routine swab RT-PCR
tests for COVID-19 were positive. All patients
were admitted to the department immediately
after a positive RT-PCR result. At the time of
sampling, two symptomatic patients were three
days after the swab, one patient’s swab was 13
days before, and asymptomatic patients were
four days after the swab. The general condition
of the patients varied. Some were moving
around the room independently, and some
were bedridden. All patients required passive
oxygen therapy continuously or periodically
(aerosol). On 27–28.11.2020, samples were
taken in a five-person patient room, with 40%
bed occupancy – two female patients were
staying there. The patients were hospitalized
due to full-blown pneumonia in the course of
SARS-CoV-2 infection. Both patients were
admitted immediately after a positive RT-PCR
result; during the collection of samples, 17 and
8 days had passed from their swabs. The
general condition of the patients: moving
around the room independently. Both patients
required continuous passive oxygen therapy
(aerosol).
At the John Paul II Hospital samples were
collected in a four-person patient rooms, room
1 with all the beds occupied during both
periods of sample taking and room 2 with three
hospitalized patients on December 9 and 21,
four – on December 10, two – on December
22. All patients were hospitalized due to
COVID-19 with symptoms of pneumonia. In
all patients, routine swab RT-PCR tests for
COVID-19 were positive. At the time of
sampling, in both sampling periods there were
one patient three days after swab and the rest
between six and even thirty days after the swab
in room 1. In room 2, during first period one
patient was after two days of sampling and
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other after six and seven days, and during
second sampling period – patients were from
five to fourteen days after the swab. The
general condition of the patients: moving
around the rooms independently.
Air samples were collected on Petri dishes by
the collision method using the MAS-100
device in three different variants. The premise
of collecting material for the SARS CoV-2
virus using RT-PCR was to recover particles of
the virus that settle on the plate as a result of
forced air sedimentation, by collecting the
material with a swab, placing it in a dedicated
transport medium and determining it by RTPCR. The method of collecting air samples
was dictated by the available resources,
therefore, in the course of the study, both the
method of preparing the substrates in Petri
dishes and the volume of air samples
underwent modification. The volume of air
samples collected ranged from 500 to 1500 l.
The surface of the Petri dishes, on which
samples were placed using the collision
method in the first variant, was covered with 3
g/l albumin solution. In the second variant, it
was tryptic soy agar (TSA). And in the third, a
filter was placed on the TSA. Directly after
collecting a specified volume of air onto the
plates, a sample was collected with a flocked
swab, which, after securing it in a transport
medium, was handed over to laboratories for
PCR testing for SARS-CoV-2. As regards the
samples collected on the filter placed on TSA,
the filter was transferred to the transport
medium using sterile forceps, and then, any
remaining material from the substrate was
collected by rubbing with a flocked swab,
which was placed in the same test tube as the
filter.

Other samples were taken as swabs, i.e. from
touch surfaces in the immediate vicinity of the
patient, device filters, patient masks, or by
rubbing the bed frame/bedside table/another
element of the surface with a swab several
times. The swabs used in the study were
flocked swabs, and prior to sampling, they
were moistened with sterile saline solution.
In patient rooms, from which air and touch
surface samples were collected, Sterylis
devices were in operation, types: Basic or Ultra
(Miloo-Electronics sp. z o.o., Nowy Wiśnicz,
Poland), at specific time periods (after 24h) in
the UV-C disinfection (two hospitals) and
filtration (one hospital) modes. In Sterylis
devices, a battery of high-performance UV-C
lamps, located between the filters, emits a high
intensity of UV-C radiation with a wavelength
of 253.7 nm in the sterilization channel. Owing
to the special enclosed construction of the
disinfection channel, made of radiationreflecting materials, the produced high-energy
source of UV-C radiation efficiently emits the
required effective dose of radiation [J/m2]
which does not go beyond the inside of the
device, allowing for safe operation in this
mode in rooms in which people are present.
The air sucked into the sterilization chamber
goes through the inlet filter, and it is released
from the disinfection chamber through the
carbon filter (outlet).
In this study, the contamination of the device
filters was assessed based on samples collected
by means of flocked swabs from the entire
surface of the filters.
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Detection of SARS-CoV-2 viral RNA
RNA isolation
Isolation of the genetic material of the virus in
the laboratory working for hospital no. 1 was
carried out in the Gene Pure automatic system
using MagaBio plus Virus DNA/RNA
Purification Kit II (Cat#.BSC71) or manually
with the use of Biospin Virus DNA/RNA
Extraction Kit (Cat#.BSC77). The laboratory
working for hospital no. 2 conducted isolation
of the genetic material of the virus in the
compact
automated
Maelstrom
4800
(TANBead) system. Special sets of extraction
plates and reagents (proteinase K and carrier
RNA) dedicated to the extractor are available.
All necessary reagents are contained within the
extraction plate.
Polymerase chain reaction (PCR)
The studies were carried out using the SARSCoV-2 Nucleic Acid Detection Kit, Hangzhou
Bioer Technology (HBRT) Co. Ltd., in the
laboratory working for hospital no. 1 and
Vitassay qPCR SARS-CoV-2 (Vitassay
Healthcare S.L.U.) in the laboratory working
for hospital no. 2.
Both kits enable qualitative detection of
SARS-CoV-2, with the use of RT-PCR. The
tests are based on real-time amplification of
certain conserved fragments of two genes,
ORF1ab and N, on separate detection channels.
Detection of amplification of the target
sequence of the gene ORF1ab is observed on
the FAM channel, whereas that of the gene N,
on the HEX or ROX (for the Vitassay kit)
channels. Additionally, the tests have an
internal control (IC), which allows one to
detect a possible inhibition process –
suppressing the reaction in the sample. IC

detection takes place on the Cy5 or HEX (for
the Vitassay kit) channels. The kits contain
reagents for positive and negative controls of
the amplification process. The analytical
sensitivity of the kit was determined by
analysing a series of 10-fold dilutions of the
SARS-CoV-2 standard ranging from 107 to
101 copies/rxn. The detection limit of the
Vitassay test is >= 10 copies of the viral RNA
per reaction, while for the HBRT test, 500
copies of the viral RNA per millilitre. The
analytical specificity of the test for SARSCoV-2 was tested in the microorganism panel
indicated by the manufacturer, where no crossreactivity was observed between species.
The thermal profile is specified by the
manufacturer of the kit and includes 45 cycles.
The Vittassay kit was used on the ROTOR
Gene Q (Qiagen) and StepOnePlus RT-PCR
(Applied Biosystems) instruments and the
HBRT kit – on the Bioer QuantGene 9600
system.

Results
The total number of air samples amounted to
29. There were 6 samples from touch surfaces
in the immediate vicinity of the patient, 4
samples from the floor, and 4 from the masks
used by patients. The results of test
determinations for the genetic material of
SARS-CoV-2 in these samples are shown in
Table 1. Using the filtration mode, the Sterylis
device was tested in two patient rooms and the
total number of samples collected from the
filters of the device was 4 (2 inlet and 2 outlet
filters), while operation in the UV-C
disinfection mode based on the presence of the
genetic material of SARS-CoV-2 on the device

October 2021, Volume 7, World J Med Images Videos Cases

www.wjomi.com

 2021 WJOMI

World Journal of Medical Images, Videos and Cases

filters was assessed five times in total,
including once in hospital no. I and four times
in hospital no. II. The cumulative breakdown
of the swab test results from the filters of the
devices operating in the filtration and
disinfection modes are presented in Table 2.
All air samples from hospital no. I were
negative. In hospital no. II, the majority of air
samples (five out of six) collected in both
rooms prior to the disinfection process were
negative. One air sample was presumably
positive. All samples taken from touch
surfaces in hospital no. I, in the immediate
vicinity of the patient, were also negative. In
hospital no. II, among the samples collected
from touch surfaces by swabbing on 9
December, two samples were positive, i.e.
swabs from the bedside table top and ladder in
room 1 (Table 3). The swab from the remote
used by a patient in room 1 and the swab from
the bedside table top in room 2 were
presumably positive (Table 3). Presumably
positive test results were obtained from a
patient mask swab in hospital no. I and from
one of two samples from patient masks in
hospital no. II. The sample taken from a patient
mask in room 1 of hospital no. II was negative.
Two samples taken in room 2 were not
described while one of the results was
presumably positive. However, it could not be
determined whether the presumably positive
result was obtained in the case of an air sample
or a swab from the remote used by a patient.
The samples taken from patient masks on 10
December, i.e. after 24 h of the operation of
the Sterylis device in the UV-C disinfection
mode in both rooms, did not demonstrate the
presence of SARS-CoV-2 viral genes. Swabs
from the device filters in room 1 were also

negative, while swabs from the device filters in
room 2 were presumably positive.
On 21 and 22 December, additional tests were
performed, including testing of floor
contamination and the device filters. On 20
December, the device was turned on in the
filtration mode, and then, on 21 December,
materials were collected in both rooms: two
floor swabs and two device filter swabs from
each room. Three samples taken from the floor
gave a positive result and one was presumably
positive. Samples from the carbon filters of
both devices were negative, and as regards
inlet filters – the device in room 1 gave a
negative result and the device in room 2 gave a
presumably positive result. On 21 December,
filters were replaced in both devices, and the
devices were switched on in the UV-C
disinfection mode. On 22 December, swabs
were taken from the filters of both devices and
all samples turned out to be negative.
Discussion
The results obtained using RT-PCR for the
presence of SARS-CoV-2 viral RNA in the air
and on touch surfaces do not differ
significantly from the results of other authors
(the majority of studies). In the studies by
other authors, when air contamination was
tested using samples with a volume of 1000 l,
the presence of SARS-CoV-2 viral RNA was
only sporadically confirmed. Wang et al. [14],
among 36 samples – swabs from touch
surfaces – and further 9 – swabs from staff
masks and gloves – did not confirm the
presence of SARS-CoV-2 viral genes. Samples
taken from containers used for disinfection of
contaminated equipment gave rise to four
positive results. The studies were carried out in
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Table 1. Contamination of surfaces and air with the genetic material of SARS-CoV-2.
Hospital

Touch surfaces
in the immediate
vicinity of the
patient
N
n1 (%)
n2 (%)
6
0 (0)
0 (0)
5
2 (40)
2 (40)
11
2 (20)
2 (20)

I
II
Total

Air

N
29
5
34

Patient masks

n1 (%)
n2 (%)
0 (0)
0 (0)
0 (00)
1 (20)
0 (0)
1 (3)

N

n1 (%)
n2 (%)
0 (0)
1 (100)
0 (0)
1 (25)
0 (0)
2 (40)

1
4
5

Floor

N

n1 (%)
n2 (%)
-

4

2 (50)
2 (50)
2 (50)
2 (50)

4

Legend: N – the number of all samples of a given type, n1 – the number of positive samples,
i.e. those in which the presence of two genes was confirmed, n2 – the number of presumably
positive samples, i.e. those in which the presence of one gene of SARS-CoV-2 was
confirmed.

Table 2. The presence of the genetic material of SARS-CoV-2 on the filters of the Sterylis device.
Hospital

Operation in the UV-C disinfection
mode
Inlet filter

Operation in the filtration mode

Outlet filter

Inlet filter

Outlet filter

N

n1 (%)
n2 (%)

N

n1 (%)
n2 (%)

N

n1 (%)
n2 (%)

N

n1 (%)
n2 (%)

I

1

0 (0)
1 (100)

0

0 (0)
0 (0)

-

-

-

-

II

4

1 (25)
1 (25)

4

0 (0)
1 (25)

2

0 (0)
1 (50)

2

0 (0)
0 (0)

Total

5

1 (20)
2 (40)

5

0 (0)
1 (10)

2

0 (0)
1 (50)

2

0 (0)
0 (0)

Legend: N – the number of all samples of a given type, n1 – the number of positive samples, i.e. those
in which the presence of two genes was confirmed, n2 – the number of presumably positive samples,
i.e. those in which the presence of one gene of the SARS-CoV-2 virus was confirmed.
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Table 3. List of touch surfaces in patients close
surroundings in two Rooms in Hospital II.
No.
Room 1

Sample type

1

Remote

2
6
Room 2
7

Ladder
Patient mask
Bedside table top

8

Patient mask

9

Bedside table top

14

IV pole

Results
Presumably
positive
Positive
Negative
Positive
Presumably
positive
Presumably
positive
Negative

Legend: Positive samples - those in which the
presence of two genes was confirmed,
presumably positive samples - those in which
the presence of one gene of SARS-CoV-2 was
confirmed.
the observation ward where 33 patients with
confirmed COVID-19 were hospitalized. In a
study by Colaneri et al., among 26 collected
samples, which were environmental swabs
collected with Copan flocked swabs from an
enhanced surveillance unit, where patients with
a high probability of viral shedding were
treated, only 2 samples were positive (by RTPCR) [15]. Ben-Shmuel et al. examined a total
of 55 environmental samples – swabs (49) and
air samples (6) – collected in two different
hospitals: hospital A – 23 samples, hospital B
– 32 samples [16]. The proportion of positive
RT-PCR test results totalled 51%, however, it
differed significantly for samples collected in
both hospitals. In hospital A, 6 positive
samples (26%) were recorded, and in hospital
B, there were 23 positive results (72%). As for
air samples, two out of six were positive.
Swabs were taken from surfaces with
dimensions of 20×20 cm, and for small objects

(e.g. door handles) from the entire surface. Air
samples were collected with the application of
the MD8 sampler, using gel filters, for 20 min,
air flow at 50 l/min (1000 l). Samples cooled to
the temperature of 4–8°C were processed
within 2–3 h from the time of collection. A
similar study was conducted by Wu et al. in
Hospital No. 7 in Wuhan, one of the first
hospitals dedicated to the treatment of COVID19 patients in the Hubei province [17]. Various
types of touch surface swabs were tested,
including gloves and air samples. Samples
were collected using flocked swabs. Air
samples were collected by free sedimentation
according to the national Chinese standard.
The presence of SARS-CoV-2 viral genes was
not confirmed in any of the 44 air samples by
RT-PCR. Out of 200 samples collected as
various swabs from different types of surfaces,
38 samples (19%) were positive.
During the first wave of the epidemic, in the
period from 2 to 20 April, Zhou et al. collected
air and touch surface samples from seven
different hospital units (including the operating
room, intensive care unit), in which patients
with confirmed COVID-19 infection were
cohorted, and in the public space of the
hospital [18]. Samples from touch surfaces
were collected as swabs from areas of approx.
25 cm2, while air was sampled using a Coriolis
µ sampler (Bertin Technologies). Air samples
with the volume of 1000 l were sampled into 5
ml Dulbecco's Modified Eagle Medium
(DMEM), from where the volume of 140 µl
was then removed for viral RNA isolation.
PCR was conducted in duplicate for each
sample. Samples were defined as positive
when both replicate values amounted to
Ct<40.4, and as presumably positive when one
repetition gave Ct<40.4 for one gene. Tests
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were performed for 218 samples from touch
surfaces and 31 air samples. 91 samples from
surfaces (41.7%) were presumably positive,
and 23 (10.6%) were positive. As for air, 12
(38.7%) samples were presumably positive,
and 2 (4.4%) – positive.
The presence of SARS-CoV-2 was also
assessed using RT-PCR in swabs from surfaces
and air by Ahn et al. [19]. Swabs from surfaces
and air samples were collected from the
immediate vicinity of three different patients
hospitalized in a tertiary referral hospital in
Korea. Additionally, the infectivity of the virus
detected in environmental samples was also
assessed. As regarding the air, two methods of
sampling were employed. The first one used
the SKC Biosampler for 20 ml phosphatebuffered saline (PBS). The sensitivity of
capturing particles 100 nm in size amounts to
approx. 30–40% for this method. Air samples
were also collected with the use of a swabbing
probe, in which cotton swabs act as a filter
capturing the virions present in the air with a
sensitivity of approx. 99%. Air samples were
taken with the parameters of the flow at 12.5 –
10 l/min for 20 min for both methods. As for
the swabbing probe, the captured particles
were recovered by shaking the swab in 1 ml of
PBS, and then freezing it at -80°C in order to
preserve it for testing. Out of 48 samples
collected as swabs from surfaces surrounding
two patients (patients 1 and 2), only
tracheostomy tube samples were positive. In
the vicinity of the third patient, 13 out of 28
swabs were positive. All air samples were
negative.
Contamination of the environment with SARSCoV-2 in three isolation wards in which
patients with confirmed COVID-19 infection

were treated was also investigated by Chia et
al. [20]. Air samples were taken with the use
of the NIOSH BC 251 bioaerosol sampler. Air
samples were collected with the volume of
5040 l (flow rate 3.5 l/min, duration of
collection 4 h). Touch surface samples were
taken as swabs. Immediately after collection,
all samples were placed at 4°C prior to
handing them over to a laboratory with the
required degree of safety. In two out of three
(66.7%) air samples, the presence of SARSCoV-2
viral
RNA
was
confirmed.
Environmental swabs were collected in 27
isolation rooms and, in 56.7% of rooms, at
least one positive sample was obtained. Most
often, a positive result in samples from
surfaces was determined for floors (65%),
followed by ventilation equipment (n=5, 60%),
bed wheels (59%) and bedside tables (47%).
The presence of viral RNA was confirmed
significantly more often when patients staying
in the rooms were undergoing their first week
of the disease, but surface contamination was
not significantly dependent on patients’
symptom presentation.
Similar studies were also conducted by Cheng
et al. [21]. Air samples and surface swabs were
collected in the vicinity of patients staying in
an isolation unit, in the period from 24 January
to 9 April 2020. On the day of air sampling, six
patients with confirmed infections gave their
samples of exhaled air by sneezing/coughing
onto gel filters such as those used for air
sampling. Air samples were collected with the
use of the MD8 sampler (Sartorius AG,
Germany) onto gel filters, 80 mm in size, pore
size 3 µm with the air flow at 5 l/min, total
sample volume – 1000 l. Environmental
samples were collected by swabbing. 19 out of
377 (5%) environmental samples were positive
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(RT-PCR); however, the presence of SARSCoV-2 viral genes was not confirmed in any of
the air samples. Among the material collected
from patients on gel filters, only one sample
was positive.
Studies at Blessed Marta Wiecka Hospital in
Bochnia and John Paul II Specialist Hospital in
Cracow were aimed at assessing the
effectiveness of disinfection using the flowthrough UV-C method employed in the
Sterylis Basic and Ultra devices. Therefore,
apart from air samples and swabs from touch
surfaces, materials were collected from the
surface of the device inlet and outlet filters,
from the facial part of the masks of patients
hospitalized in the wards, and the floors of
these rooms were swabbed.
At Blessed Marta Wiecka Hospital in Bochnia,
the presence of SARS-CoV-2 viral RNA was
not found in any of the materials taken from
touch surfaces. The RT-PCR test proved the
presence of SARS-CoV-2 genes on a patient
mask in the second stage of the study, hence, it
was confirmed that the virus was secreted as
bioaerosol. This fact was also corroborated by
the presence of a SARS-CoV-2 gene on the
device inlet filter, which initially cleans the air
before exposure to UV-C rays. SARS-CoV-2
genes were not demonstrated in a swab from
the device outlet filter, which confirms the
elimination of viral particles as a result of the
UV-C disinfection used in the Sterylis device.
Research carried out at John Paul II Specialist
Hospital in Cracow confirms the presence of
SARS-CoV-2 RNA in the majority of
materials collected from touch surfaces and
floor swabs, and as for air samples, only one
out of six gave a presumably positive result.
The results of swabs from the device filters

varied. In the first stage of the study, the swab
of the inlet filter of one of the devices
indicated a positive result, while the carbon
filter, i.e. the outlet filter showed a negative
outcome. In the second device, samples from
both filters gave inconclusive results. During
re-examination, following operation in the
filtration mode, a presumably positive result
was obtained from the inlet filter of one of the
devices and a negative from the outlet filter,
while the samples from both filters of the other
device were negative. Afterwards, swabs from
filters from both devices operating in the
disinfection mode were negative. This might
be associated with the fact that the filtration
mode employed the previous day might have
led to such elimination of viral RNA from the
air that the material did not reach a level
detectable in swabs from the device filters in
any of the patient rooms.
There are some limitations of our study.
Firstly, this is air sampling method which,
within a reasonable time, did not permit
sampling volumes of 5000 l. Additionally, the
air sampling in our study was a kind of
experimental one, we had air samples taken in
different ways (modifications of method).
Perhaps this is the reason for practically all
negative results in case of air samples. But, on
the other hand, these results are similar to
results of some other similar studies. Secondly,
total number of samples taken from surfaces,
air in hospital no. II and filters was rather
small. Consequently our results should be
regarded as preliminary.
However, the main value of our research is
evaluation of specific device based on UV-C
flow disinfection method in real conditions,
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together with checking the level of hospital
wards contamination by SARS-CoV-2.

Conclusions
The degree of air contamination by SARSCoV-2 in patient rooms is strictly dependent
on the condition of patients and the intensity of
viral shedding, which is related to the stage of
the disease and the procedures applied. The
detection of the genetic material of SARSCoV-2 requires the employment of advanced
automated air sampling methods enabling the
collection of samples with a volume of 5000 l.
The results obtained by us indicate that Sterylis
devices eliminate the particles of the virus
present in the air in enclosed spaces. However,
taking into account the diverse conditions
accompanying the operation of the devices,
especially associated with the state of the
patients hospitalized, as well as collecting
materials and type of results, including the
percentage of presumably positive results,
additional studies in this field are
recommended.

References
[1] Yin Y, Wunderink RG. MERS, SARS and other
coronaviruses as causes of pneumonia. Respirology 2018;
23:130-7. DOI: 10.1111/resp.13196
[2] Zhang C, Shi L, Wang FS. Liver injury in COVID-19:
management and challenges. Lancet Gastroenterol Hepatol 2020;
5:428-30. DOI: 10.1016/S2468-1253(20)30057-1
[3] World Health Organization. WHO - Modes of transmission
of virus causing COVID-19: implications for IPC precaution
recommendations. Access valid on 31 October 2021:
https://www.who.int/news-room/commentaries/detail/modes-oftransmission-of-virus-causing-covid-19-implications-for-ipcprecaution-recommendations (Accessed 27 February 2020)
[4] van Doremalen N, Bushmaker T, Morris DH, Holbrook MG,
Gamble A, Williamson BN, Tamin A, Harcourt JL, Thornburg
NJ, Gerber SI, Lloyd-Smith JO, de Wit E, Munster VJ. Aerosol
and Surface Stability of SARS-CoV-2 as Compared with SARSCoV-1. N Engl J Med 2020; 382:1564-7.

DOI: 10.1056/NEJMc2004973.
[5] Jachowicz E., Heczko PB, Wójkowska-Mach J. Pandemia
SARS-CoV-2: Kontrola zakażeń w szpitalu i w opiece
długoterminowej wśród pacjentów i personelu. Access valid on
31 October 2021: https://www.mp.pl/covid19/covid19kompendium/232175,pandemia-sars-cov-2-kontrola-zakazen-wszpitalu-i-w-opiece-dlugoterminowej-wsrod-pacjentow-ipersonelu
[6] Kampf G, Todt D, Pfaender S, Steinmann E. Persistence of
coronaviruses on inanimate surfaces and their inactivation with
biocidal agents. J Hosp Infect 2020;104:246-51.
DOI: 10.1016/j.jhin.2020.01.022
[7] Warnes SL, Little ZR, Keevil CW. Human Coronavirus 229E
Remains Infectious on Common Touch Surface Materials. mBio
2015; 6:e01697-15. DOI: 10.1128/mBio.01697-15
[8] Tarka P, Nitsch-Osuch A. No-Touch Automated Disinfection
System for Decontamination of Surfaces in Hospitals. Int J
Environ Res Public Health 2020; 17:5131.
DOI: 10.3390/ijerph17145131
[9] Beck SE, Rodriguez RA, Hawkins MA, Hargy TM, Larason
TC, Linden KG. Comparison of UV-Induced Inactivation and
RNA Damage in MS2 Phage across the Germicidal UV
Spectrum. Appl Environ Microbiol 2015; 82:1468-74.
DOI: 10.1128/AEM.02773-15
[10] Owens MU, Deal DR, Shoemaker MO, Knudson GB,
Meszaros JE, Deal JL. High-Dose Ultraviolet C Light Inactivates
Spores of Bacillus Atrophaeus and Bacillus Anthracis Sterne on
Nonreflective Surfaces. Applied Biosafety 2005; 10:240-7.
DOI:10.1177/153567600501000406
[11] Malayeri AH, Mohseni M, Cairns B, Bolton JR. Fluence
(UV Dose) Required to Achieve Incremental Log Inactivation of
Bacteria, Protozoa, Viruses and Algae. Access valid on 31
October 2021:
https://iuva.org/resources/Resource%20Documents/MalayeriFluence%20Required%20to%20Achieve%20Incremental%20Lo
g%20Inactivation%20of%20Bacteria,%20Protozoa,%20Viruses
%20and%20Algae.pdf
[12] Storm N, McKay LGA, Downs SN, Johnson RI, Birru D, de
Samber M, Willaert W, Cennini G, Griffiths A. Rapid and
complete inactivation of SARS-CoV-2 by ultraviolet-C
irradiation. Sci Rep 2020; 10:22421. DOI: 10.1038/s41598-02079600-8
[13] Bianco A, Biasin M, Pareschi G, Cavalieri A, Cavatorta C,
Fenizia C, Galli P, Lessio L, Lualdi M, Redaelli E, Saulle I,
Trabattoni D, Zanutta A, Clerici M. UV-C irradiation is highly
effective in inactivating and inhibiting SARS-CoV-2 replication.
medRxiv 2020.06.05.20123463.
DOI: https://doi.org/10.1101/2020.06.05.20123463
[14] Wang J, Feng H, Zhang S, Ni Z, Ni L, Chen Y, Zhuo L,
Zhong Z, Qu T. SARS-CoV-2 RNA detection of hospital
isolation wards hygiene monitoring during the Coronavirus
Disease 2019 outbreak in a Chinese hospital. Int J Infect Dis
2020; 94:103-6. DOI: 10.1016/j.ijid.2020.04.024
[15] Colaneri M, Seminari E, Novati S, Asperges E, Biscarini S,
Piralla A, Percivalle E, Cassaniti I, Baldanti F, Bruno R,
Mondelli MU; COVID19 IRCCS San Matteo Pavia Task Force.
Severe acute respiratory syndrome coronavirus 2 RNA
contamination of inanimate surfaces and virus viability in a
health care emergency unit. Clin Microbiol Infect 2020;
26:1094.e1-1094.e5. DOI: 10.1016/j.cmi.2020.05.009
[16] Ben-Shmuel, Brosh-Nissimov T, Glinert I, Bar-David E,
Sittner A, Poni R, Cohen R, Achdout H, Tamir H, YahalomRonen Y, Politi B, Melamed S, Vitner E, Cherry L, Israeli O,
Beth-Din A, Paran N, Israely T, Yitzhaki S, Levy H, Weiss S.

October 2021, Volume 7, World J Med Images Videos Cases

www.wjomi.com

 2021 WJOMI

World Journal of Medical Images, Videos and Cases

Detection and infectivity potential of severe acute respiratory
syndrome coronavirus 2 (SARS-CoV-2) environmental
contamination in isolation units and quarantine facilities. Clin
Microbiol Infect 2020; 26:1658-62.
DOI: 10.1016/j.cmi.2020.09.004.
[17] Wu S, Wang Y, Jin X, Tian J, Liu J, Mao Y. Environmental
contamination by SARS-CoV-2 in a designated hospital for
coronavirus disease 2019. Am J Infect Control 2020; 48:910-4.
DOI: 10.1016/j.ajic.2020.05.003
[18] Zhou J, Otter JA, Price JR, Cimpeanu C, Garcia DM,
Kinross J, Boshier PR, Mason S, Bolt F, Holmes AH, Barclay
WS. Investigating SARS-CoV-2 surface and air contamination
in an acute healthcare setting during the peak of the COVID-19
pandemic in London. Clin Infect Dis 2020; 8:ciaa905.
DOI: 10.1093/cid/ciaa905
[19] Ahn JY, An S, Sohn Y, Cho Y, Hyun JH, Baek YJ, Kim
MH, Jeong SJ, Kim JH, Ku NS, Yeom JS, Smith DM, Lee H,
Yong D, Lee YJ, Kim JW, Kim HR, Hwang J, Choi JY.
Environmental contamination in the isolation rooms of COVID19 patients with severe pneumonia requiring mechanical
ventilation or high-flow oxygen therapy. J Hosp Infect 2020;
106:570-6. DOI: 10.1016/j.jhin.2020.08.014
[20] Chia PY, Coleman KK, Tan YK, Ong SWX, Gum M, Lau
SK, Lim XF, Lim AS, Sutjipto S, Lee PH, Son TT, Young BE,
Milton DK, Gray GC, Schuster S, Barkham T, De PP, Vasoo S,
Chan M, Ang BSP, Tan BH, Leo YS, Ng OT, Wong MSY,
Marimuthu K; Singapore 2019 Novel Coronavirus Outbreak
Research Team. Detection of air and surface contamination by
SARS-CoV-2 in hospital rooms of infected patients. Nat
Commun 2020; 11:2800. DOI: 10.1038/s41467-020-16670-2
[21] Cheng VC, Wong SC, Chan VW, So SY, Chen JH, Yip CC,
Chan KH, Chu H, Chung TW, Sridhar S, To KK, Chan JF, Hung
IF, Ho PL, Yuen KY. Air and environmental sampling for
SARS-CoV-2 around hospitalized patients with coronavirus
disease 2019 (COVID-19). Infect Control Hosp Epidemiol 2020;
41:1258-65. DOI: 10.1017/ice.2020.282

To cite this article: Baranowska-Tateno K, Kycia J, Chmielarczyk A,
Olechowska-Jarząb A, Konieczyńska M, Gniadek A, Kowacz M,
Włodarczyk M, Kołaszewski Ł, Różańska A. SARS-CoV-2 –
environmental contamination and evaluation of the possibility of air
disinfection using the flow-through UV-C method – study in units
treating patients with COVID-19 of two hospitals in southern Poland.
World J Med Images Videos Cases 2021; 7:e66-77.
Submitted for publication: 24 October 2021
Accepted for publication: 31 October 2021
Published on: 29 November 2021
ISSN: 2450-5773
 World Journal of Medical Images, Videos and Cases

Acknowledgements: PCR diagnostics was financed by MilooElectronics.
Conflict of interest: none declared.
Authors’ affiliations:
1
District Hospital in Bochnia, Poland.
2
Jagiellonian University Medical College, Chair of
Microbiology, Cracow, Poland.
3
John Paul II Specialist Hospital in Cracow, Poland.
4
Jagiellonian University Medical College, Institute of Nursing
and Midwifery, Faculty of Health Sciences, Cracow, Poland.
5
Miloo-Electronics sp. o.o., Nowy Wiśnicz, Poland.
Corresponding author:
Prof. Anna Różańska
Chair of Microbiology
Jagiellonian University Medical College
18 Czysta Str.
31-121 Cracow
Poland
Phone: +48 12 633 25 67
e-mail: a.rozanska@uj.edu.pl

October 2021, Volume 7, World J Med Images Videos Cases

www.wjomi.com

 2021 WJOMI

