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ABSTRACT

Background and Objectives: Coronavirus disease 2019 (COVID-19) is a pandemic caused by the novel virus, severe acute
respiratory syndrome coronavirus 2 (SARS-CoV-2). Knowing the virus's behavior and its persistence in different environ-
ments are crucial and will lead to the proper management of the disease. In this study, air, surface, and sewage samples were
taken from different parts of referral hospitals for COVID-19.

Materials and Methods: Air samples were taken with impinger, surface samples with swabs, and sewage samples were
taken from the hospital wastewater treatment plant. After viral genome extraction, a real-time RT-PCR test was applied to
confirm the presence of SARS-CoV-2 RNA in the collected samples.

Results: The virus genome could be traced in the wards and wastewater related to hospitalized COVID-19 patients. Overally,
29%, 16%, and 37.5% of air, surface, and sewage samples were positive for the SARS-CoV-2 genome, respectively.
Conclusion: Findings of such studies provide valuable results regarding the degree of contamination of hospital environ-
ments and the risk of virus transmission in different environments and among hospital staff and patients.
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INTRODUCTION

At the end of 2019, a new viral disease emerged
from Wuhan, China, spread worldwide and became
a global crisis. The Chinese center for disease control
and prevention (CDCC) named this virus, severe acute
respiratory syndrome coronavirus 2 (SARS-CoV-2),
and later the world health organization(WHO) called
the disease coronavirus disease 2019 (COVID-19)
(1, 2). WHO declared this disease a global pandemic

on March 11, 2020. Despite efforts to eliminate the
disease, an ongoing outbreak of COVID-19 has been
reported around the world, with over 580 million
confirmed cases and 6.5 million deaths. The high
prevalence and spread of COVID-19 have become a
challenge that requires special attention.

The SARS-CoV-2 transmits through direct or in-
direct contact, and person-to-person spread is the
primary mode of virus transmission and occurs
mainly via respiratory droplets. Generally, droplets
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cannot transfer more than six feet, remain intact in
the air, and are contagious for a limited time (3). Per-
son-to-person transmission of SARS-CoV-2 virus in
disease incubation period within two to ten days pre-
viously has been confirmed. Importantly, COVID-19
infection can occur if a person touches a contaminat-
ed surface and then hands come into direct contact
with mucous membranes such as the eyes, nose, or
mouth (4). Several laboratory experiments showed
that SARS-CoV-2 could remain infectious in aero-
sols for hours and on some surfaces for days (5).

Several COVID-19 patients report gastrointestinal
symptoms as their usual symptoms, such as diarrhea,
nausea, abdominal pain, and vomiting (6). SARS-
CoV-2 uses angiotensin-converting enzyme 2 (ACE-
2) as a receptor. ACE-2 distribution and frequency
are varied from person to person and are expressed
in several cell types, including vascular epithelial
cells, kidney and heart tissue, small intestinal epi-
thelium, testes, and epithelial and endothelial cells
in the mucosa (7). Thus, the gastrointestinal tract
(Gl tract) is permissive to viral replication, and some
studies showed that the anal or stool swabs were pos-
itive for SARS-CoV-2 presence (8).

Undoubtedly, identifying the exact extent of en-
vironmental contamination and associated potential
risk of viral transmission in high-risk transmission
settings, such as healthcare facilities, is essential for
infection prevention and the protection of healthcare
workers. Awareness about the modes of transmission
and adopting the appropriate respiratory precau-
tions are critical factors in infection control. While
many studies have been conducted in this regard,
further assessment of the environmental contamina-
tion associated with COVID-19 patients is needed to
improve our understanding of the modes of SARS-
CoV-2 transmission. In this study, air, surface, and
sewage samples were taken from different parts of
the referral hospitals for COVID-19 patients in Gor-
gan city, north of Iran, and evaluated for the presence
of the SARS-CoV-2 genome.

MATERIALS AND METHODS

This study was conducted at 5 Azar and Shahid
Sayad Shirazi hospitals in Gorgan city as referral
COVID-19 hospitals in Golestan province, north
of Iran, from September to December 2020. In this
study, the presence of the SARS-CoV-2 genome was
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investigated in the air and surface of the infectious
ward, intensive care unit (ICU), emergency ward, ex-
haust fans, and wastewater.

Sample collection. For air samples, impingers
(midget impinger, glass, 250 ml, SKCinc, USA) were
used to collect bioparticles ranging from 0.1-10 pm
as a standard method and efficient way to collect air-
borne viruses (9). The indoor air samples were taken
using a high-volume air pump with an airflow rate of
20 L/min in the impingers. Before sample collection,
impingers and connection tubes were disinfected
using an autoclave and 70% isopropyl alcohol. For
transport media, 100 ml Dulbecco's Modified Eagle's
medium (DMEM) with 100 pg/mL streptomycin, 100
U/mL penicillin, and 1% antifoam reagent (isoamyl
alcohol) were used to collect samples (10). To collect
samples from ICU and infection ward related to the
hospitalized COVID-19 patients, the impingers were
placed 1.5 meters away from the patient's bed at the
height of one meter. The sampling time was one hour
on different days, considering the temperature, room
space, and the number of patients in each room. A
total of 14 samples were collected from the infectious
ward and three samples from ICU. For sampling from
the emergency ward, impinger was placed in three
different places: triage, admission, and doctor's room
(with 1 hour sampling time), and nine different sam-
ples from this section were collected.

Environmental samples must be taken using a swab
containing a synthetic tip and plastic shaft. The col-
lection vials should have 1-3 ml of the viral transport
medium (11). For surface samples, 3 ml of DMEM
was used as a transport medium, and sterile Dacron
swabs were drawn on a surface of approximately 25
cm2 to collect samples from surfaces that contact pa-
tients, such as bed handles, mobile, and floor. To un-
derstand the proper performance of the exhaust fans,
surface samples from the outer part of exhaust fans
related to wards of hospitalized COVID-19 patients in
the Shahid Sayad Shirazi hospital were taken. Thir-
ty-one different samples were taken from the infec-
tious ward, ICU, emergency room, and exhaust fans.

For wastewater sampling, 5 ml of treated and un-
treated sewage were collected simultaneously from
the hospital refinery using a separate sterile pipette
and pipet filler to prevent cross-contamination. A to-
tal of 8 samples of wastewater were collected from
the hospital wastewater treatment plant (4 untreated
and four treated). Also, in this study, air samples were
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taken from the hospital wastewater treatment plant
because activities lead to aerosol production in the
wastewater treatment process at the sewage aeration
stage. All samples were transferred on ice immedi-
ately after collection to the virology lab for genome
detection.

Genome detection. Two methods were performed
for genome extraction: direct genome extraction from
collected samples and extraction after polyethylene
glycol (PEG) concentration for wastewater samples.
High molecular weight PEG has been used to concen-
trate virus samples such as influenza and respiratory
syncytial virus (12). The virus genome was extracted
from collected and concentrated samples according to
the manufacturer's instructions (ROJE Technologies,
Iran). After extraction of the genome, the samples
were stored in a refrigerator at -20 degrees Celsius
to detect the possible presence of the virus genome
using the RT- PCR method.

Detection of the SARS-CoV-2 genome was per-
formed via a real-time reverse transcription-poly-
merase chain reaction (RT-PCR) kit targeting the
RdRp and Nucleocapsid (N) genes (Pishtaz Teb,
Iran). Each reaction contained 5 pl RNA, 9 ul Master
mix, 1 pl primer-probe, and 5 pl RNase-free water.
Prepared reactions were run with initial conditions of
50°C for 20 min, 95°C for 3 min, followed by 45 cy-
cles of 94°C for 10 s, 55°C for 40 s, and finally cooling
25°C for 10s. The Ct (Cycle threshold) values higher
than 40 consider negative results (13, 14).

In the real-time PCR test (Pishtaz Teb, Iran), the
positive control sample was the definitive positive
sample of patients with COVID-19 with a CT value
equal to 13. The negative control sample was distilled
water with the forward and reverse primers included
in the kit. Also, according to the manufacturer's in-
struction, the minimum number of detectable copies
(limit of detection) in this test is 200 copies per mil-
liliter.

Statistical analysis. The relationship between the
presence of the SARS-CoV-2 genome in the rooms
of patients in the infectious department based on the
number and density of patients, taking into account
the temperature and ventilation conditions of the
room was performed. After sampling and extracting
the probable virus genome, the Ct value number from
the RT-PCR test indicates the virus load in collect-
ed samples. Lower Ct values represent that the virus
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load at that sample was higher. The Mann-Whitney U
test is used to find the relationship between the pres-
ence of the virus genome and the parameters men-
tioned above.

RESULTS

Twenty-six different air samples were collected from
hospital wards; 14 from the infectious ward, three
from ICU, and nine from the emergency ward. After
performing real-time RT-PCR, 35.7%, 67%, and 22%
of the infectious ward, ICU, and emergency ward
samples were positive for the SARS-CoV-2 genome,
respectively. Thirty-one different environmental sam-
ples were collected from floor, surfaces, and exhaust
fans with swabs from hospital wards. Three samples
were collected from the floor of the infection ward and
three from the 1ICU. After analyzing the results, all of
the samples taken from the infection ward were neg-
ative, and 1 of the samples taken from the ICU was
positive for the presence of the SARS-CoV-2 genome.

Also, five samples from surfaces of the infection
ward, three from ICU, and nine from the emergency
room were collected, and the results show that respec-
tively 40%, 33%, and 11% of them were positive for
the presence of the SARS-CoV-2 genome. Other en-
vironmental samples were the exhaust fans, and from
8 samples, none were positive for the presence of the
SARS-CoV-2 genome.

To check the existence of virus genome in the hospi-
tal sewage treatment plant, two types of samples were
collected from the air of the sewage treatment plant
and the hospital sewage. Five air samples were col-
lected from the hospital wastewater treatment plant,
and none of these samples were positive for the pres-
ence of the SARS-CoV-2 genome. Eight samples were
collected to examine the presence of the SARS-CoV-2
genome in the hospital wastewater. Out of the eight
samples collected, four are related to wastewater be-
fore treatment, and four samples are related to waste-
water after treatment. The samples were taken in pairs
and simultaneously from this section. Of 4 untreated
and four treated wastewater samples, two treated and
one untreated wastewater samples were positive for
the SARS-CoV-2 genome.

Genome extraction from the hospital wastewater
treatment plant section was done by direct extraction
and genome extraction by concentration method using
polyethylene glycol. The results showed that by using
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the extraction method with polyethylene glycol, the
diagnostic limit of the kit is lower, and the samples be-
come positive at lower CTs, and it is also worth men-
tioning that the negative samples using both methods
of genome extraction remained negative. The results
are shown in Table 1.

In this study, we investigated the relationship be-
tween the presence of the SARS-CoV-2 virus genome
in different rooms in the infection ward based on the
number of patients in the room area with considering
the temperature and condition of the central air con-
ditioning of the hospital. A total of fourteen samples
with the conditions mentioned above were taken from
the hospital infection ward, out of these fourteen sam-
ples,5 samples were positive for the presence of the
virus genome. The results, CT value and sampling
condition mentioned in Table 2. Using SPSS software
(version16) and the Mann-Whitney U test, which is a
non-parametric test for data with small size and high
skewness, the result showed that, the Asymp sig was
less than p-value and there were no statistically signif-
icant results between patient density and virus load in
the samples. The results are shown in Table 3.

DISCUSSION

In this study, the SARS-CoV-2 genome was investi-
gated in different referral hospital sections and con-
firmed the presence of SARS-CoV-2 genome in the
indoor air and environments of different hospital sec-
tions. Such studies yield valuable information about
the level of contamination in the hospitals and the
risk of virus transmission among hospital staff and
patients. There are different opinions about the trans-
mission and presence of SARS-CoV-2 in hospital
environment studies. A direct comparison between
findings from this study and other studies that evalu-
ated the SARS-CoV-2 transmissibility and presence
of genome is not possible due to differences in sam-
pling method, experimental strategies, the number of
hospitalized patients, and physical characteristics of
the hospital buildings, and staff approaches cleaning/
disinfection protocols.

In this study, 26 air samples, 35.7%, 67%, and 28%
of air samples taken from the infection ward, ICU,
and emergency room, respectively, were positive
for the presence of the SARS-CoV-2 genome. Other
studies with methods similar to ours have different
views on the presence of the SARS-CoV-2 genome.
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For example, Faridi et al. took samples via imping-
ers from the indoor air of the ICU wards and all air
samples were negative for SARS-CoV-2 genome
presence (10). In another investigation conducted in
Ardabil, Iran, Vosoughi et al. took air samples from
different hospital wards. They set up their research
operations in corona wards at different heights, the
approximate distance from patients was 2.0 to 5.0 m,

Table 1. Results of testing for SARS-CoV-2

Area/Sample type Number of Rate of
samples/ positivity, %
positive/negative

Infection ward/Air 14/5/9 35.7
ICU/AIr 3/2/1 67
Emergency room/Air 91217 22
Infection ward/Floor 3/0/3 0
ICU/Floor 3/1/2 33
Infection ward/Surface 5/2/3 40
ICU/Surface 3/1/2 33
Emergency room/Surface 9/1/8 11
Exhaust Fan/Surface 8/0/8 0
Wastewater/Air 5/0/5 0
Wastewater 8/3/5 375

Table 2. The relationship between the presence of the
SARS-CoV-2 genome in different rooms in the infection
ward based on the number of patients in the room area

#Of Patient Temperature Ctvalue Result
samples  density number
(bed/m?)

1 2/30 26 - Negative
2 2/30 26 - Negative
3 4/30 25 - Negative
4 4/30 25 - Negative
5 2/30 25 - Negative
6 2/30 25 36 Positive
7 2/30 25 34 Positive
8 3/30 25 35 Positive
9 1/20 25 - Negative
10 4/30 25 - Negative
11 4/30 25 - Negative
12 4/30 25 - Negative
13 6/30 25 34.3 Positive
14 5/30 25 34.7 Positive

* The negative samples had no or >40 Ct values
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Table 3. The results of the statistical analysis of the relationship between the density of patients and the presence of the virus

Patient density N Mean SD Median Min Max Results

Negative 9 3 1.224745 4 1 4 Asymp sig = -0.628
Positive 5 3.6 1.81659 3 2 4 p-value = 0.5854

Total 14 3.214286  1.423893 35 6 p-value>Asymp sig = 0.5298

and samples were taken by suction of the air into the
sterile impinge. After analyzing the data, all samples
were negative, suggesting that airborne transmission
may not affect this pandemic (15).

Despite Faridi et al. and Vosoughi et al. studies that
with the same method could not detect viruses from
air samples, this study used vacuum pumps with a
higher flow rate, and this could be one of the reasons
why this research was able to determine the presence
of SARS-CoV-2 genomes in the collected air sam-
ples. On the other hand, in research by Kenarkoohi
et al. in Shahid Mustafa Khomeini hospital wards in
Illam province, east of Iran, the liquid impinger bio-
sampler (liquid-phase SKC biosampler) was used to
capture airborne viruses in liquid. In this study, 2
of 14 samples were positive for the presence of the
SARS-CoV-2 genome (16). In Lednicky et al. study,
air samplings were performed at the University of
Florida Health (UF Health) Shands hospital with a
VIVAS air sampler. After collecting air samples, iso-
lation of SARS-CoV-2 was done in cell lines such
as rhesus monkey kidney epithelial cells (LLC-MK2
line) and African green monkey kidney epithelial
cells (Vero E6 cells). After cell growth and observa-
tion of cytopathic effects (CPE) as evident, the pres-
ence of SARS-CoV-2 was determined by rRT-PCR,
and SARS-CoV-2 genomic RNA (VRNA) was de-
tected by real-time reverse transcriptase quantitative
polymerase chain reaction. This study showed that
the viable virus could transmit a distance of over 2
meters (17).

Based on available epidemiological data and studies
of environmental transmission factors, surface trans-
mission is not the main route by which SARS-CoV-2
spreads, and the risk is considered low. Other studies
in this field in hospitals have identified the genome
of the SARS-CoV-2 virus on different surfaces. For
example, in a study conducted in Turkey, Aytogan et
al. using Dacron swabs took surface samples from an
ophthalmology examination room to measure the de-
gree of environmental contamination by asymptom-
atic patients. After sampling and rRT-PCR tests, two
of the seven samples taken from surfaces in contact

http://ijm.tums.ac.ir

IRAN. J. MICROBIOL. Volume 14 Number 5 (October 2022) 617-623

with asymptomatic individuals were positive for the
presence of the virus genome (18).

In a study by Pasquarella et al., in a person's room
with a positive SARS-CoV-2 test, environmental
samples were taken from a bed, chair, desk, and tele-
phone 2 hours after disinfection. After genome ex-
traction and rRT-PCR tests, out of 15 environmental
samples taken, four samples (26.66%) were positive
for the presence of virus genetic material (19). In an-
other study by Razzini et al. at a hospital in Milan,
Italy, environmental samples were taken from inpa-
tient wards of patients with COVID-19. In this study,
37 different environmental samples were taken from
the wards of patients, and after RT-PCR tests, 24.3%
of the samples were positive for the presence of the
virus genome (20).

The principal mode by which people are infected
with SARS-CoV-2 is through exposure to respiratory
droplets carrying the infectious virus. In most situa-
tions, cleaning surfaces using soap or detergent and
not disinfecting is enough to reduce risk. Disinfec-
tion is recommended in indoor community settings
where there has been a suspected or confirmed case
of COVID-19 within the last 24 hours. The risk of fo-
mite transmission can be reduced by wearing masks
consistently and correctly, practicing hand hygiene,
cleaning, and taking other measures to maintain
healthy facilities (21).

The SARS-CoV-2 virus can spread in the feces
of people with COVID-19, whether asymptomatic or
symptomatic or recovering from illness. In people
who excrete the virus through the gastrointestinal
tract (approximately 30-60% of people), the viral
load varies greatly, ranging from 104 to 108 copies
per liter of feces. Gastrointestinal transmission of the
virus peaks just before the onset of clinical signs of
the disease, and the spread of viral RNA from an in-
fected person can continue for several weeks. How-
ever, the viable virus is rarely detectable more than 7
to 10 days after the onset of symptoms (22, 23).

Based on previous studies, the genetic material of
SARS-CoV-2 has been found in untreated wastewa-
ter. There is little evidence of the infectious virus in
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wastewater and no information to date that anyone
has become sick with COVID-19 because of expo-
sure to wastewater. Wastewater treatment plants use
chemical and other disinfection processes to remove
and degrade many viruses and bacteria (24). Based
on the results obtained in this study, 37.5% of waste-
water samples were positive for the presence of the
SARS-CoV-2 genome. Studies in other places also
show almost identical results in the presence of the
virus genome in sewage. Giuseppina La Rosa et
al. performed the study and collected twelve raw
sewage samples from three wastewater treatment
plants (WWTPs) in Milan and Rome. After that,
Sample concentration took place using a two-phase
(PEG-dextran method) separation as detailed in 2003
WHO guidelines for environmental surveillance of
poliovirus protocol. 50% of the wastewater samples
showed positive results for SARS-CoV-2 RNA (25).
In Research by Kocamemi et al. in Istanbul, the pri-
mary and waste-activated sludge samples were col-
lected from nine WWTPs in Istanbul, Turkey. After
analyzing the data, all collected samples were posi-
tive for SARS-CoV-2 (26).

Our study had several limitations. First, RT-PCR
test results did not indicate the presence of active and
reproducible viruses in the collected sample. Finding
the genome is not necessarily the reason for trans-
mitting the virus. Second, the aerosol transmission
distance cannot be strictly determined for the un-
known minimal infectious dose. Finally, the number
of samples taken from different hospital wards could
be more.

CONCLUSION

This study investigated the presence of the SARS-
CoV-2 virus in different parts of referral hospitals for
COVID-19 patients in Gorgan city, Golestan prov-
ince, Iran. Due to the rapid spread of the virus and
the different behaviors of variants, our study shows
that measures such as continuous disinfection of hos-
pital environments, proper ventilation, and the use
of safety equipment such as masks can help reduce
the transmission of disease in hospital environments.
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