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Abstract

Outbreak of COVID-19 in different countries is an emergency in global public health recently.
According to high spread of the newborn virus, airborne transmission potency of SARS-CoV-2 is
possible. Until now, there are contradictory results for air evaluation of newborn virus in the
contaminated area. We studied SARS-CoV-2 in the patient room of a hospital by two air sampling
strategies. Filtration method and liquid impaction sampling were used simultaneously to assess
SARS-CoV-2 in air. Indoor air of seven stations in three hospital wards was evaluated according
to glass midget impinger and polytetrafluoroethylene filter. RNA of SARS-CoV-2 was evaluated
by real time reverse transcription-PCR. Studied rooms were contaminated by eleven confirmed
patients and four suspected cases. Our results show polytetrafluoroethylene filtration and DMEM
impaction could not determine the viral concentration in the air samples. The concentration of
SARS-CoV-2 in air samples is a trace in the studied stations. In conclusion, sampling strategy is a
challenge for newborn virus due to the level of SARS-CoV-2 virus in the air. A trace level of
SARS-CoV-2 in the contaminated area could be highlighted higher pathogenicity properties, not
disapproval of airborne properties. However, more studies should be performed to characterize
new properties of SARS-CoV-2 in the contaminated air.
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Introduction

An outbreak of newborn corona virus
occurred in Wuhan China in December 2019
[1]. It has been generated acute respiratory
disease owing to progressive lung damage.
Sever COVID-19 infection resulted in almost
15% of death in humans [2]. The first
confirmed death case from SARS-CoV-2 was
reported in February 2020 [3]. By increasing
the prevalence of SARS-CoV-2 in different
countries, this occurrence is declared as an
emergency in global public health [4]. Despite

the rapid break-out of disease in the
worldwide, characterization of SARS-CoV-2
is still unclear. Such events highlighted the
need to develop effective preventing
understanding about these new variant
viruses.

Inhalation of liquid droplets from
infected subjects of SARS-CoV-2 is a cause of
human transmission [5-7]. Viral aerosol
generation in the patient infected by SARS
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family viruses was confirmed in a cohort
study previously [6]. There are contradictory
results for air evaluation of newborn virus.
Indoor air samples of patient rooms in
hospitals were negative in some studies [8, 9].
Liu et al., reported SARS-CoV-2 airborne
exposure in deposited samples of Wuhan
hospitals [10]. WHO has suggested rational
use of personal protective equipment as
prevention management on 27th, February
2020 [7]. Some researchers have criticized
this idea due to WHO policies for applying
personal protective mask [11]. However,
airborne sampling of the SARS-CoV-2 virus
has an important role in the managing
strategies of the outbreak.

SARS-CoV-2 with spherical shape has
a size range between 60–140 nm [12].
National Institute of Occupational Safety and
Health (NIOSH) in their guidelines has not
been visioned for viral sampling [13]. Overall
sampling collection efficiency was related to
sampling devices [14]. There are a wide
variety of samplers such as impinger, impactor
and filters [15-18] for airborne virus sampling.
But these samplers have not been suggested as
an optimized equipment for indoor air
sampling of virus bio-aerosols. Recent
studies evaluate the efficiency of filters
[19] and impingers [20] for some non-
infectious viral sampling in a laboratory scale
manner.

Until now, simultaneously two air
sampling methods have not been reported for
the SARS-CoV-2 evaluation in rooms of the
patient with severe respiratory disease. In this
study, air samples were investigated in the
intensive care unit (ICU) and isolation room
(IR) of an Iranian hospital by two sampling
strategies. The aim of this study is the
assessment of the collecting ability for two
sampling devices in SARS-CoV-2 air
sampling.

Materials and Methods
Study Design

This study was conducted on 25th,
April 2020 in a hospital in Tehran. This
hospital was one of the referral sites in Tehran
for the patient with severe acute respiratory
difficulty. Tehran as the capital of Iran on
March 31, 2020 has the highest level of
confirmed cases between different cities in
Iran. Air sampling strategies were performed
in three wards of the selected hospital by
bedridden patients from COVID-19. The
number of air samples was the same as
another study [9]. Fourteen samples were
provided from indoor air in seven stations by
two sampling protocols. This study was
approved by the Committee on Research
Ethics at Shahid Beheshti University of
Medical Sciences.

Air Sampling Strategy

Two commonly collecting methods for
viral sampling were used to evaluate SARS-
CoV-2 virus in a field design. For this aim, the
filtration method and sampling approach
through liquid impaction was utilized. A
personal air sampling pump was applied at the
height of 1.5 m from the floor for each
strategy. In liquid impaction, an impinger with
a standard nozzle was employed to capture
virus aerosols in a collecting liquid. Sampling
was performed on the 5 mL of DMEM media
(Dulbecco’s Modified Eagl’s Medium)
containing streptomycin and penicillin. Air
samples were prepared by the flow rate of 1.5
L/min for 180 min. In the filtration view,
polytetrafluoroethylene filters by diameter of
25 mm and 0.4 µm porosity (SKC Inc) were
used in the 25 mm 2-piece cassettes of clear
styrene (SKC Inc). Sampling volume of 540 L
was provided in 180 min by air flowing of 3
L.min-1. After the sampling, the top parts of
the cassette were removed and the filter was
deposited in the sterile tube containing 2 mL
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of DMEM media. Before sampling,
all equipment was typically sterilized by
dry heat sterilization operation temperature of
160 °C. All samples in the icebox were
transported to a clinical virology laboratory
immediately.

SARS-CoV-2 Evaluation

The RNA of SARS-CoV-2 by
triplicate analysis was surveyed based on the
real time reverse transcription-PCR. In this
way, each sample centrifuged 1.5 h at
110000×g at 4C to suspend the pellet in the
media and then passed from the filter by pore
size 0.22 µm (Merck, Germany). 500 µL of
media was inoculated in the 96-well
microplate containing Vero E6 cells (Pasture
Institute, Iran). Each well contains
Minimum Essential Medium culture with
4 % fetal calf serum and 1% glutamine.
After 4 days of inoculation, 200µL of
media was used for RNA extraction by
viral RNA/DNA Mini kit (Vazyme, China).
The envelope protein gene of SARS-CoV-2
was employed for virus detection. The
sequence of primers and probes were shown in
Table 1.

Table 1. Characterize of real time PCR for COVID-2019
evaluation (32).

Oligonucleotide Sequence

Forward primer ACAGGTACGTTAATAGTTAATAGCGT

Reverse Primer ATATTGCAGCAGTACGCACACA

Probe ACACTAGCCATCCTTACTGCGCTTCG

The reaction was performed by 12.5
µL 2X master mix (Invitrogen, USA), 0.5 µL
specific primers and probe and 2 µL nuclease
free water. The reaction was implemented at
55 °C for 10 min, followed by 95 °C for 3 and
then 45 cycles of 95 °C for 15s, 58 °C for 30s
by thermal cycler (Thermo-Fisher Sci., USA).
A negative sample was presented by the cycle
threshold level higher than 38.

Results and Discussion

An overview of four sampling stations
in the ICU ward has been presented in Fig. 1.
There were eleven COVID-19 confirmed
patients in the ICU room. Two cases from
these patients have COVID-19 disease by
severe sign, four patients have a moderate
symptom and others have mild disease
severity.

Figure 1. Location of air sampling stations in ICU

Besides the ICU room, two IR rooms
were considered for suspected COVID-19
patients. Fig. 2 shows the location of three air
samples for the IR wards. All four cases in
these rooms have mild sign of respiratory
difficulty.

Figure 2. Stations of air samples in isolated room

Table 2 revealed information about
patients and healthcare workers in the studied
wards for the sampling time. Ventilation of
wards was provided by mechanical and
natural systems.



Pak. J. Anal. Environ. Chem. Vol. 22, No. 1 (2021)24

Table 2. Characterization of subjects in the studied wards.

Ward Patients Intubation
treatment

Receiving
oxygen

Health-care
workers

ICU 11 2 11 7

IR 2 2 - 1 3

IR 2 2 - 1 2

Results of two sampling strategies
presented no SARS-CoV-2 in the airborne of
evaluated stations (Table 3).

Table 3. Newborn virus evaluation in two sampling strategies.

SARS-CoV-2
detection

Ward
(m*m)

Sample Distant
from

patient
(m)

Windows

Liquid
impaction

Filtration

1 0.5 Negative Negative

2 1 4 (close) Negative Negative

3 5 Negative Negative

ICU
(30*10

)

4 5 Negative Negative

IR 2
(4*5)

5 0.5 1 (close) Negative Negative

6 0.5 1 (close) Negative NegativeIR 2
(4*5)

7 6 Negative Negative

In most viral respiratory infection,
airborne exposure to the virus is the main
reason for rapid transmission [21, 22].
Whereas there was uncertainty on the
transmission route of severe acute respiratory
syndrome (SARS) virus. Yu et al., studied 187
confirmed SARS cases from the Hong Kong
epidemic by computational modeling [22].
They announced the airborne spread of the
virus as a potential route for SARS outbreak
[23]. In recent months after COVID-19
prevalence, there was contradictory
information about the mode of SARS-CoV-2
transmission.

Recent investigations were shown the
newborn virus didn’t exist in airborne infected
areas. In a recent study, it was reported that no
SARS-CoV-2 viruses exist in the ICU
airborne of a hospital in Iran [9]. In agreement
with this study, Ong et al., found no virus

contamination in the airborne exposure of the
isolation room for three patients in Singapore
[23]. According to these evidence, World
Health Organization highlighted that newborn
virus transmitted from direct contact, not
airborne exposure [24]. Air sampling of
SARS-CoV-2 is a difficult because of the
ultrafine sizes of the virus. Air sampling
device, viral concentration, and air condition
affected sampling efficiency [25]. Because of
different air sampling methods for recent
reports, this study was designed to evaluate
newborn virus by two sampling strategies in
the same condition for a contaminated
hospital.

Studied wards were contaminated by
eleven confirmed patients and four suspected
cases. Our results show filtration and liquid
impaction method could not reveal the
viral concentration in air samples.
Polytetrafluoroethylene filter [26] and
impinger [27] as commercial strategies for
viral collecting were suggested in the chamber
by experimental design. In the most studies,
MS2 non-pathogenic virus nebulized to a
chamber by the concentration of 108 PFU/ml
approximately. In these concentrations, MS2
virus was aerosolized in the air of the chamber
by the level of 105 no/m3 for sampling
implementation [28]. However airborne
Influenza virus was quantified with a
polytetrafluoroethylene filter at the rate of 3.5
L/min [29]. They reported air concentration of
Influenza in the patient rooms by minimum of
94 no/m3 and a maximum of 144 no/m3.

On the other hand, SARS-CoV-2 was
assessed for 40% of samples of Liu et al.,
study [10]. They reported airborne SARS-
CoV-2 contamination by the concentration
between 1-20 no/m [3]. Presented samples
show the newborn virus is in the trace level
for the contaminated area. In comparison to
our study, the positive SARS-CoV-2 samples
were prepared by a flow rate of 5 L/min
through a 25 mm gelatin filter. In this study
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the volume of 270 L by the flow rate of 1.5
L/min was sampled as the same as another
study [9]. It seems that increasing air
sampling volume improves the method
performance.

The scale of reported SARS-CoV-2
contamination in the air is lower than the
Influenza virus. A trace level of airborne
SARS-CoV-2 could be directed to higher
ability of SARS-CoV-2 than other viruses
such as the Influenza virus.

Polytetrafluoroethylene and gelatin
filter specified by more than 93% efficiency in
the MS2 viral sampling [30], but evidence
based report showed gelatin filters is more
efficient for SARS-CoV-2 assessment in the
air of real area contamination. Since the
gelatin filter dissolved in transparent liquid,
sampling efficiency increased for trace viral
concentration. SARS-CoV-2 stability in the
area surface reduced viral recovery from
polytetrafluoroethylene filter. Collection
efficiency if impinger for the particles
diameter of 50-100 nm were reported between
10 to 15% [31]. Our study presented that this
efficiency is not enough for the collection of
SARS-CoV-2 concertation (1 to 20 no/m3

based otter study).

Conclusion

In this study, the airborne
concentration of newborn virus was studied by
two suggested sampling strategies in the field
scenario. The results show, although
polytetrafluoroethylene filtration and liquid
impaction are suitable for the sampling of a
high level airborne virus, a trace amount of
viral contamination could not be evaluated by
these methods. However, the airborne
concentration of SARS-CoV-2 is trace. The
development of new air sampling strategies
required for the evaluation of trace levels of
viral concentration in the air.
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