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ABSTRACT

Background: The occurrence of COVID-19 as a public health emergency of international
alarm was declared by the World Health Organization (WHO) on January 30, 2020. The
identified transmission path is due to direct close contact or via respirational droplets. There
is uncertainty about other ways, such as transmission of surfaces, air, and other sources.
This study follows the preferred reporting items for systematic reviews and meta-analysis
guidelines to investigate severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2)
virus in environmental surfaces, water, wastewater, and air.
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Materials and Methods: In this study, we performed a systematic literature search in PubMed
(MEDLINE), Scopus, and Web of Science (ISI) databases in August 2022. The investigation
on electronic databases resulted in a total of 2049 articles. A total of 249 potentially relevant
were identified for full-text evaluation. Meanwhile, 30 articles were included in the synthesis.

Results: According to four included studies, negative detection of SARS-CoV-2 transmission
in water is established. A laboratory study has shown that viable SARS-CoV-2 could be found
in aerosols for about 3 h. Also, the virus can be found on dry surfaces, depending on the
material of the surface, for 8 to 72 h. Our results showed it is possible to exciting SARS-CoVs
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Introduction

n early 2020, the pandemic of the corona-
virus disease 2019 (COVID-19) surprised
health professionals as it was a newly
emerged variant of severe acute respiratory
syndrome coronavirus 2 (SARS-CoV-2).
This new variant revealed high mortality
and severity due to having a higher infec-
tious rate, making viral infection more contagious, trans-
missibility, and severity. SARS-CoV-2 mutated to an ad-
ditional variant called omicron (B.1.1.529) [1-4], which
was considerably more infectious and transmissible than
the previous deadly delta variant [5]. The World Health
Organization (WHO) technical advisory group stated
omicron is a concerning variant [6]. SARS-CoV-2 trans-
mits via direct or indirect impact, and person-to-person
spread is the early mode of virus transmission, mainly
via respiratory droplets. The main pathways are respira-
tory aerosol and close contact, virus-contaminated sub-
stances, droplet transmission in locked environments,
urine aerosol, feces, or touching the base in toilets [7].

However, the essential route of spreading COVID-19
is directly contacting an infected person or via respirato-
ry droplets. Droplets cannot transfer more than six feet,
remain intact in the air, and are contagious for a limited
time. The virus transmits via envelopes in the internal or
stick to the surface of respiratory aerosols and droplets.
Aerosols are generated when the surface tension of fluid
lining the respiratory tract is overcome by force. The re-
quired forces can be created by rapid shearing air flows,
vocal cord movement, and the opening and closing of
terminal airways, all of which are influenced by the
type and force of respiratory activity. Heavy breathing,
coughing, talking, and singing generate aerosols, caus-
ing an exhalation plume of respiratory particles of vary-
ing sizes containing potentially infective viral material.
The high viral loads in the pharynx early in COVID-19
make these aerosols a plausible cause of both pre-symp-
tomatic and asymptomatic transmission, which is effec-
tive in fueling outbreaks and challenging to control. The
fluid droplets can cover and absorb greater aerosol ele-
ments in the open air. The spread of aerosols and surface
viruses is also potential since they can endure viable and
transmissible for hours or several days. In poor ventila-
tion locations, viral infection particles <0.1 um in size
can persist in the atmosphere as secondary particles [8].
Studies have indicated that environmental aspects in-
tensely influence the SARS-CoV-2 transmission. SARS-
CoV-2 has been demonstrated in the environment, in-
cluding water, air, surfaces, and soil. SARS-COV-2 is
also found in the sink and toilet bowl; however, indoor

Iilealthin
Emergencies and [dlisasters (0luarterly

and outdoor air was free from COVID-19 after daily
room cleaning. Depending on the surface properties, the
subsistence time of COVID-19 differs less absorbent,
such as steel and plastic. In addition, various environ-
mental issues may influence the quantity of air and the
humidity in the rooms [9]. It is possible to become in-
fected by touching surfaces or objects with the virus and
then bringing the hands toward the mouth, nose, or eyes.
The virus can persist on different surfaces for hours or
days in ideal conditions. The surfaces most exposed to
this transmission type include door handles, lift or light
buttons, mobile phones, and public transport handholds
[10]. Recently, the SARS-CoV-2 virus has been released
in wastewater sources and indicated that the virus can
persist in sewage for a long time. This outcome could
be a thoughtful tool for following and monitoring the
lifecycle of COVID families inside populations. The
persistence of COVID in water sources depends upon
various environmental aspects, such as sunlight, tem-
perature, and organic combinations where the virus can
certainly adsorb and protect itself against antagonistic
circumstances, such as pathogenic microorganisms [11].
As informed by WHO, no confirmation of COVID fam-
ily spread over contaminated drinking water exists. Nor-
mally, enveloped viruses are less biologically satisfac-
tory and are more sensitive to oxidizing mediators. For
example, SARS-CoV-2 is probably more quickly deacti-
vated in interaction with chlorine than human intestinal
non-enveloped viruses [12]. According to the studies
conducted on the presence of coronavirus in the air, wa-
ter, wastewater, and environmental surfaces, this review
article investigates the existence of SARS-CoV-2 in the
air, wastewater, and environmental surfaces.

Materials and Methods

This study followed the preferred reporting items for
systematic reviews (PRISMA) guidelines. This study
investigated SARS-CoV-2 in different surfaces, water,
wastewater, and air from 2021 to 2023. Today, in addi-
tion to PRISMA, the Sinatex strategy is also used. Plain
syntax instructions used by the search engine. These
syntax rules are conducted whether they are a) Entering
words in the main search box under “easy search” on
the main page or in the field boxes under the “structured
search” option, or b) Combining words with exact field
codes in the “expert search” option. For example, we
performed a systematic literature search from 2022 to
2023 in the following databases: PubMed (MEDLINE),
Scopus, and Web of Science (ISI). We used the follow-
ing terms to conduct the search: “Environmental surface
AND SARS coronavirus,” “Air AND SARS corona-
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virus,” “water AND SARS coronavirus,” “wastewater
AND SARS coronavirus,” “surface AND SARS coro-
navirus,” “environmental surface AND SARS-COV-2,”
“air AND SARS-COV-2,” “water AND SARS-COV-2,”
“wastewater AND SARS-COV-2,” “environmental sur-
face AND COVID-19,” “air AND COVID-19,” “water
AND COVID -19,” “wastewater AND COVID-19.” We
imposed the English language restriction on the search.
Additional related articles were retrieved manually
from Google Scholar and were critically evaluated. All
articles were imported to Endnote software, version 20
(Thompson and Reuters, Philadelphia, USA), and dupli-
cates were removed.

Inclusion and exclusion criteria

In collecting the data, attention was paid to the follow-
ing items: a) Original articles; b) Studies published in
English; c) Articles with the keywords mentioned above,
such as articles focusing on environmental surface sus-
tainability, air sustainability, water sustainability, and on
wastewater sustainability.

Meanwhile, excluded items are as follows: Full-text
review articles (n=73), book reviews (n=9), guidelines
(n=56), book chapters (n=5), short communications
(n=17), conference papers (n=24), oral presentations
(n=16), commentaries (n=12). Some included studies
investigated the presence of SARS-CoV-2 in several
media (such as air, surfaces, etc.); Therefore, the sum is
more than 30 articles.

Data extraction

After screening published articles for eligibility, rel-
evant data and information from each eligible study
were entered. Co-authors independently collated data
from all eligible studies and independently evaluated
the data. Then, information, such as first author’s name,
publication year, country, sustainability in air, sustain-
ability in environmental surface, disinfectant/concentra-
tion, sustainability in wastewater, sustainability in water,
sampling method, humidity, temperature, media, sample
volume processed, ventilation system type, gen target
for reverse transcription-quantitative polymerase chain
reaction (RT-qPCR), sampling conditions, rate of posi-
tivity, number of positive samples, and number of the
test was extracted.
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Results
Study characteristics

The search on electronic databases identified a total of
2049 articles. Following the removal of duplicate articles
and a critical appraisal of article titles and abstracts, 249
potentially relevant articles were identified for full-text
evaluation (Figure 1).

After applying the eligibility criteria, 30 articles were
included in the synthesis (Table 1). Then, the included
articles were investigated in detail and considered in-
dependently according to the environmental stability of
coronaviruses to survive in different environmental con-
ditions.

Among the evaluated articles, 12 articles are related to
the presence of the coronavirus in the air or considering
the conditions mentioned in the tables. Meanwhile, 15
articles are associated with the presence of the coronavi-
rus at the surface and 4 articles are related to the presence
of the coronavirus in the water. Finally, 13 articles are
associated with the presence of this virus in wastewater.

Discussion

COVID-19 was detected on December 31, 2019, in
the Wuhan City, Hubei Province, China. The world
faced an emergency condition. This study confirmed
the presence of SARS-CoV-2 in indoor air, open air,
environmental surfaces, water, and wastewater. Such
studies provide valuable evidence about contamination
and the risk of virus transmission between healthy indi-
viduals and patients. There are unalike thoughts about
the transmission and presence of SARS-CoV-2 in envi-
ronmental studies. A direct assessment between results
from studies that evaluated the SARS-CoV-2 transmis-
sibility and existence is not possible due to differences
in sampling technique, investigational approaches, the
number of samples, features of hospital architecture
and cleaning staff service. At the beginning of the pan-
demic, the WHO and many studies mainly highlighted
that the main transmission routes are person-to-person,
and people should observe their physical distance. Over
the past years, COVID-19 has had profound detrimental
effects on everyone worldwide. Such effects have been
compounded by the lockdown that has affected all ac-
tivities and caused global economic disruption. Airborne
transmission is the main route for infectious agents, such
as viruses. Accordingly, airborne transmission of SARS-
CoV-2 has been proven, and caution is taken to prevent
and control the airway. To this end, evaluating the pos-
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Figure 1. Search strategy and study selection process, indicating numbers of studies (and associated datasets) excluded or

Included

sible airborne transmission of SARS-CoV-2 is essential.
In this study, we conducted a general literature search
for original studies on airborne transmission of SARS-
CoV-2.

In the indoor air environment, after examining the col-
lected literature and conducting an in-depth analysis, we
included 12 eligible studies (Table 2). Among the 12 in-
cluded studies, seven eligible studies were experimental
and reported different findings on positive or negative
detection of SARS-CoV-2 airborne transmission in in-
door air. Among them, five studies (Dohla et al. 2022
[21]; Vosoughi et al. 2021 [23]; Razzini et al. 2020 [24];
Cheng et al. 2020 [25]) indicated that all indoor air sam-
ples in the hospital were negative, thus confirming that
SARS-CoV-2 is transmitted by air. Unlike the results of

these studies, other included experimental studies report-
ed positive results that confirmed transmission of the vi-
rus through the air. In this context, in 2020, Kenarkoohi
et al. and Razzini et al. [41, 24] indicated that air samples
were PCR positive for viral RNA in the hospital’s in-
door air environment of the intensive care unit (Table 2).
Furthermore, Chia et al. [38] confirmed that, despite 12
air change rate isolation rooms for airborne infections in
the hospital, SARS-CoV-2 PCR-positive were 2 out of 3
airborne infection isolation rooms. The outcomes of the
studies in the experimental section disclose a high pos-
sibility of airborne transmission of SARS-CoV-2 in in-
door air in hospital environments, even with a ventilation
rate of 12 air changes per hour. Therefore, it is necessary
that the air exchange rate is more effective and takes into
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Ref. Country

Sam-
pling
Date

State/City

Sample
Type

Sampling Method

Sample
Volume
Processed

Key Findings

[13] Turkey

[14] Iran

[15] Iran

[4] Iran

[16] India

[17] Australia

[18] Czech

[19] Iran

Istanbul 2020

Tehran 2020

Gorgan 2022

Ardabil 2022

Ahmedabad

2020

= 2020

- 2020

Maragheh 2021

Wastewater

Wastewater

Air surfaces
wastewater

Wastewater

Wastewater

Wastewater

Wastewater

Wastewater

Bottles

Plastic bottles

Air: Air pump; surface:

Swabs

Special closed glass
bottles

Sterile bottles

N/A

N/A

Sterile bottles

N/A

140 L

5puL

100-200 mL

50 mL

100-200 mL

500 mL

N/A

All samples were tested positive.

The virus was present in all
influent and effluent samples of
treatment plants.

The presence of the SARS-CoV-2
genome was confirmed in the
indoor air and environments of
different hospital sections.

Out of 76 samples, a total of
15 (19.73%) collected from
wastewater in Ardabil Province
(Iran) were positive regarding
SARS-CoV-2. Wastewater
epidemiology can facilitate the
detection of the incidence of
pathogens through metropolises,
measurement of population
prevalence without direct testing,
and provision of information to
the public health system about
the efficiency of intervening
efforts.

All three (ORF1lab, N, and S genes

of SARS-CoV-2) were found in the

influent, with no genes detected
in effluent collected on 8.

This is a proof-of-concept study,
and we have shown that SARS-
CoV-2 RNA can be detected
in untreated wastewater in
Australia.
Information on the composition
of wastewater and environmental
factors, such as storm flow and its
impact on wastewater, may also
be useful. These requirements
are expected to be achievable
and should provide accurate
information on the disease
burden in the community.

A positive signal was observed
for only 11.6% of samples of
untreated wastewater. The
percentage is lower than
expected. The mild course of the
epidemic in the Czech Republic
and the decline in the number of
infected inhabitants during the
study may be why such numbers
were observed.

SARS-CoV-2 RNA was detected
in all untreated wastewater
samples; however, it was not
found in the liquid and solid
effluent of the WWTPs.
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Sam- sample Sample
Ref. Country State/City pling T pe Sampling Method Volume Key Findings
Date P Processed
The detection of SARS-CoV-2 in
wastewater in the early stages of
[20] Spain Murcia 2020  Wastewater  Sterile HDPE plastic 200 mL the spread of COVIQ—19 highlights
the relevance of this strategy as
an early indicator of the infection
within a specific population.
No statistically significant
Wastewater: Sterile . correlation between reverse
. . Wastewater: s G
syringes and catheters; transcription-quantitative
LR air: Coriolis micro—air 20l olymerase chain reaction
[21] German Heinsberg 2020 water, air, ) ; . Air: 15 mL poly B
surfaces samplgr, surfaces.. Surfaces: positive environmental samples
Swab with a synthetic N/A ’ and the extent of the spread of
tip and a plastic shaft infection between household
members was observed.
[22] Iran Ardabil 2022 Water Special glass contain- 200 uL P95|t|ve sample§ were taken_from
ers rivers and tabs in different cities.
Air samples 2 to 5 m away from
23] Iran Ardabil 2021 Air Pump with a flow N/A the patients’ beds were negative
for the presence of the virus.
Air: Airport portable - . All the air samples were positive,
R . Air: 5 uL; S
[24] Ital Milan 2020 Airsurface 2 sampler with gela- surface. while viral RNA was not detected
v tin membrane filters; 5L ' in semi-contaminated or clean
surface: Swab H areas.
The presence of SARS-CoV-2 in air
Air: Sartorius MD8 air Air: 5 mL; Saa?gﬁ?::}:ic\}fi;jhl(?rcwn?tlfqrgﬂ: :
[25] German Singapore 2020  Airsurfaces  scan sampling device; Surfaces: patl - - ;
. surgical mask in a single airborne
surfaces: Swab 1mL ) S ; .
infection isolation room setting
was not shown.
Air: N/A; The SARS-CoV-2 can be found
[26] Iran Kerman 2022 Air surfaces Air: Pumps at flow; sur.faces" in the high-touch surfaces and
surfaces: Sterile swab 2ml ’ indoor air of the COVID-19 patient
reception centers.
Air: Conical vial: sur- SARS-CoV-2 RNA was detected
[27]  London - 2021  Air surfaces ’ . ! 140 pL frequently from surface and air
faces: Swab
samples but was not cultured.
Air: Sartorius . .
[28]  Greece - 2020  Airsurfaces Airport MDS; surfaces: 50 mL This study was L_mablg to. guant|fy
or check virus viability.
Swab
This study provides critical insight
into the persistence of human
coronaviruses at different hospital
surfaces and is consistent with the
results of recent similar research.
It revealed that several samples
[29] Iran Ardabil 2021 Surfaces Swab 5uL taken from hospital surfaces,

such as handles, cupboards, light
switches, and door handles, were
positive. However, the likelihood
of infection from various
characters in hospital wards
remains threatening.
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Ref.

Country

State/City

Sam-

pling
Date

Sample
Type

Sample
Volume
Processed

Sampling Method

Key Findings

(30]

[31]

(32]

(33]

(34]

(35]

(36]

(37]

(38]

[39]

Iran

Singa-
pore

USA

Italy

Wuhan

Ecuador

Japan

Italy

Singa-
pore

China

Ardabil

Slovenian

Utah

Campania

Guanggu

Quito’s

Yamanashi

Milano Met-
ropolitan

Wuhan

2021

2020

2021

2022

2020

2020

2020

2020

2019

2020

Surfaces

Surfaces

Surfaces

Surfaces

Wastewater

Water

Wastewater
water

Wastewater
water

Air surface

Air surface

Swab 10 um

Pre-soaked swab 600 pL

Swab 4 mL

Swab 20 mL

N/A 200 pL

Plastic bottles 2L

Sterilized 1 L plastic

bottles 500 mL; wa-

ter: 50 mL

Stainless steel buckets 200 pL

Air: Pumps set at a
flow rate; surface:
Swab

5puL

Air: N/A; surface:

Swabs N/A

Wastewater:

The results showed that the
inside parts of all samples were
positive for the presence of SARS-
CoV-2. Wearing masks is a part of
physical preventive measures that
may help decrease the spread
of coronavirus from respiratory
excretions.

The frequency of environmental
contamination was lower in the
intensive care unit than in general
ward rooms. Eight samples from
the common area were positive,
though all were negative on cell
culture.

SARS-CoV-2 RNA was most
frequently detected on
nightstands and pillows by
persons who recently tested
positive for SARS-CoV-2. Also, it
was detected viral RNA on high-
touch surfaces, including light
switches, doorknobs, and kitchen
appliances.

The risk of contamination
increases in environments
with more people and where
decontamination strategies are
not always feasible.

Positive samples were detected
in municipal and hospital
wastewater systems during the
middle-risk period.

SARS-CoV-2 was detected for
both target regions in all samples
analyzed.

None of the river water samples
tested positive for SARS-CoV-2
RNA.

The presence of the SARS-CoV-2
genome in rivers indicated the
partial efficiency of the current

sewerage system.

The polymerase-chain-
reaction-positivity high-touch
surfaces were associated with
nasopharyngeal viral loads and
peaked at approximately days

4-5 of symptoms. Air sampling of
the airborne infection isolation
room environments detected the
presence of SARS-CoV-2 particles
sized 1-4 pm and >4 pm.

Air and surface contamination
with viral RNA was relatively low
in these healthcare settings after
infection prevention and control

were enhanced.
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Sam- sample Sample
Ref. Country State/City pling T pe Sampling Method Volume Key Findings
Date P Processed
SARS-CoV-2 RNA was not
detected in the airin a
China Wuhan 2020 Air surface Alr: N'atural pr.euplta- N/A de5|gnat.ed hospital for CO\{ID—19.
[40] tion; surface: Swab Environmental surface in
medical areas was frequently
contaminated.
Due to the potential of airborne
(aerosol) virus transmission in the
[41] ran lam 2020 Air Liquid-phase sampler, 20 ul indoor air of hospitals and based

SKC bio sampler

on national and international
evidence, it is essential to take the
highest levels of PPE precautions.

reason what was reported in the included study. In 2020,
Faridi et al. [42] showed that all air samples collected in
the selected large hospital indoor air were PCR negative;
however, we recommend more in vivo investigations fo-
cused on using definite patient coughing, sneezing, and
breathing (Table 2). Aerosols in instruction to show the
possibility of generation and the viable portion of the
surrounded virus in those carrier aerosols. Transmission
through respiratory droplets and contacts is considered
the primary transmission route in SARS-CoV-2.

Airborne infection with COVID-19 has remained con-
troversial since the beginning. Several researchers have
appealed to the different motivations and relevant nation-
al/international cooperation to recognize airborne trans-
mission as another probable dominant route for spread-
ing SARS-CoV-2 [43]. Airborne viruses’ Transmission
and infectivity depend on the size and quantity of aero-
sols generated, which regulate the amount (dose) and
pattern for deposited particle dose rate [44]. Vosoughi et
al. [23] maintained that a comprehensive understanding
of the risk of the transmission pathways of SARS-CoVs
could allow for a better preventative program.

Such pathways include the airborne transmission
path, which triggers the discussion that the virus goes
far outside 1 m reported by WHO [45]. This should be
observed as a distance protection, especially in general
medical settings. International case studies have estab-
lished that the behavior change of the SARS-CoVs virus
has been unprecedented in an environment with most
likely persistence and probability viable rates in the air.
Atzrodt et al. [46] tested a mix of environmental factors
on Cho persistence, especially two temperatures typi-

Izlealthin
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cal of the two extreme indoor atmospheric conditions
in temperate countries (6°C and 20°C) and three relative
humidity demonstrating low (30%), medium (50%), and
high (80%) conditions in both indoor and outdoor envi-
ronments. Based on the obtained results, the presence of
the coronavirus in the air and its transmission through
aerosols is possible; however, the existence of the coro-
navirus has not been proven in some hospital air, which
is in agreement with the study of Revilla Pacheco et al. in
2021. SARS-CoV-2 can be presented in wastewater by
various pathways, such as hand washing, sputum aero-
solized particles resulting in vomiting [47], and mainly
via viral RNA shedding with gastrointestinal symptoms
[48] (). Thus, the viruses may enter the water systems
through several paths, including fecal contamination
from hospitals and home isolation and quarantine for
COVID-19 [49]. Also, from houses and habitats of build-
ings frequented by an infected person, whether patients
were more likely to be non-symptomatic [50]. Conven-
tional wastewater treatment processes commonly accept
that this method, depending on the process and opera-
tional conditions, usually at a secondary or tertiary level,
may be sufficient to eliminate. Meanwhile, studies [4]
have indicated that all the different parts of Ardabil City
and Khalkhal City, Iran, wastewater treatment plants the
white (lower risk of COVID-19) and red (high risk of
COVID-19) conditions were positive, which shows that
following coronavirus through sewage as a tool for the
COVID-19 pandemic detection.

Sewage surveillance is an early warning system be-
cause people with COVID-19 and common symptoms
can be identified with people without symptoms in dif-
ferent areas [51].
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Table 2. Detection of SARS-CoV-2 RNA genome in the air

5 o
No. T 0
o o
3 oF Ventilat
entilation
Ref. Sampling Point 2 S Sampling Conditions
ping 2 g Ping System Type
Positive S )
Test s | < ;
ample 3 3
Intensive care unit; emergency ward: RdRp
[15] Triage, admission, and doctor’s room 26 > 29 N 25 N/A N/A N/A
[21] Living room; household kitchen 15 0 0 N/A N/A N/A N/A N/A
Hospital wards:
Respiratory section-1 (COVID-19),
laboratory section, computed
tomography section, respiratory .
[23] section-2 (COVID-19), respiratory 33 0 0 N/A 28 37 438 Micahti?'acla'/

section-1 (COVID-19) checkup room,
respiratory section-2
(COVID-19) station section,
emergency section intensive care unit

Contaminated area: Corridor for
patients, intensive care unit clean
[24] area: Lockers passage for the medical 5 0 0 N/A 20-22 18 N/A N/A
staff dressing room clean area:
Undressing room

[25] Intensive care unit 12 0 0 N/A N/A N/A N/A N/A
COVID-19 intensive care unit, general
[26] Intensive care unit, emergency ward, 23 2 N/A N/A 24-26  25-35 N/A N/A

infectious disease ward

Emergency department, admissions
ward, COVID-19 cohort wards,

(27] theatres during tracheostomy 31 14 38.7 N/A N/A N/A N/A N/A
procedures, an intensive care unit
Cabins toilets of symptomatic
[28] asymptomatic patients 2t L N/A N/A N/A N/A N/A N/A
[38] General ward in the hospital 6 2 66.7 N/A 23 53-59 N/A N/A
General isolation wards
[39] Intensive care unit L e N/A N/A N/A N/A N/A N/A
General isolation wards, intensive N

[40] care unit, fever clinic, clinical 44 0 0 N/A N/A N/A N/A

laboratory, office areas, restrooms E
Intensive care unit, Intensive care
unit entrance hall, hospital entrance OR-
[41] il osiieny i, ez 14 2 - Flab 25 50 377  Mechanical
tomography scan, radiology, men’s N

internal ward, women'’s internal
ward, and emergency ward

Izlealthin
€mergencies and |Blisasters [0luarterly

Javanbakht P, et al. SARS-CoV-2 Virus in Environmental Surface, Water, Wastewater and Air. HDQ. 2024; 9(2):69-86.

—
77



https://ijm.tums.ac.ir/index.php/ijm/article/view/3473

Iilealthin

January 2024, Volume 9, Number 2 E€mergencies and [dlisasters [0luarterly

Table 3. Detection of SARS-CoV-2 RNA genome in wastewater

I Rate of

Ref. Sapling Point Positivit Gene Target  Tem

’ Positive o Y for RT-qPCR (€9

Test (%)
Sample
[13] Primary and was.te.: activated; sludge samples; 9 N/A N/A N/A 19
municipal wastewater
[14] Influent refinery; final effluent refinery 11 9 80 ORLlab N/A
[15] Treated aqd unFreatefj sewage; the hospital 3 2 375 RdRp 25
refinery; hospital wastewater N

Wastewater collection network, wastewater
treatment plant, hospital wastewater; influent ORFlab
[4] and effluent of municipal; hospital wastewater 76 15 19.73 N N/A
treatment plants, samples of municipal
wastewater manholes,

Hospital treating COVID-19 patient;

[16] WWTP receives the sewage waste of a 3 3 100 ORl’:\llab N/A
government civil Influents; final effluents after S

UASB aeration pond

Untreated wastewater (sewage); suburban
[17] pumping station (PS); 3 2 22.2 N N/A
WWTPs representing urban

untreated wastewater
[18] inflow wastewater treatment plants 112 13 116 N/A N/A

A wastewater collection system in urban: Influent

[15] wastewater untreated hospital wastewater & N/A N/A N/A N/A
Influent secondary and tertiary treated effluent N1
[20] y v 72 37 N/A N2 N/A
water treated effluent water N3
[21] Households wastewater: siphons, showers, toilets 66 10 15.15 N/A N/A
Wastewater treatment plants: samples of
municipal wastewater system; hospitals for
COVID-19: of hospital wastewater environment
wastewater: lakes and rivers influent, primary ORFlab
(34] treatment effluent, secondary effluent, final 216 2 N/A RBD2 N/A
effluent, surplus sludge, concentrated sludge,
de-watered sludge, surface water, lake sediment,
soil samples
ORFla
[36] Influent secondary treated wastewater 500 mL 200 mL %30 S N/A
ORF1lab
37] WWTPs globally sewage wastewater treatment 3 0 %0 N N/A
in urban E
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Table 4. Detection of SARS-CoV-2 RNA genome in the water

January 2024, Volume 9, Number 2

No.
. . Rate of Posi- Gene Target for . -
Ref. Sampling Point E—— tivity (%) RT-qPCR Sampling Conditions
Test
Sample
[22] Rivers, dams, lakes 267 2 N/A N ORF1a/b 7.5 221 7.7
[35] River 2L N/A N/A N N/A N/A 35
[36] River 3 0 0 ORSF la N/A N/A N/A
ORFlab
[37] River 3 0 0 N N/A N/A N/A
E

Due to the water resources in various types and differ-
ent conditions, the persistence of viruses is not always
in a similar condition. Rivers usually provide an unsta-
ble condition for viruses due to the difference between
stable and unstable substrates and physical disturbance.
Still, the formation of viral aerosols is more likely than
in lakes [52] (Table 3).

Physical, chemical, and biological conditions associ-
ated with the lake may help to inactivate the viruses [4].
SARS-CoV-2 can persist in a surrounding matrix to an
infected discharge of untreated wastewater. Among the
4 included water studies, all studies were negative de-
tection of SARS-CoV-2 transmission in water, thus con-
cluding that there is low evidence that SARS-CoV-2 is
transmitted by water (Table 4). The viability of SARS-
CoV-2 on dry surfaces seems identical to that of SARS-
CoV-2 and MERS [54]. However, the main difference
between SARS-CoV-2 and other viruses is the higher
transmission rate, which is currently attributed to indi-
viduals carrying the virus asymptomatically. Despite
laboratory studies showing the presence of the virus on
various surfaces, they had some practical limitations
[55]. According to the study of Seif et al. in year 2021
[56], due to the high transmissibility of SARS-CoV-2,
investigation of fomites and environmental surfaces to
determine the fomite transmission risk of COVID-19
infection is essential. We included 15 eligible studies.
Among the 15 included studies, 14 eligible studies were
experimental and reported different findings on positive
or negative detection of SARS-CoV-2 transmission in
environmental surfaces. Among them, one study indi-
cated were negative [57]. To guarantee data uniformity
and allow comparison of virus survival studies, we rec-
ommend the definition of a reference study protocol for
all laboratories investigating this topic. For example, it is
essential to assess viral viability until it is completely in-

Iilealthin
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activated. Further, more homogeneous studies assessing
coronavirus survival on fomites are needed to fill data
gaps. Although prolonged survival of SARS-CoV-2 on
surfaces has been proved, evidence of transmission from
contaminated dry surfaces is still needed, while direct
person-to-person transmission remains the main con-
firmed route (Table 5). The positive point of our article
is the presence of SARS on different surfaces depends
on various factors, for example, in the air, on specific hu-
midity and temperature conditions, in water and waste,
on the flow rate, biofilm formed, the formation of vesic-
ular structures in the virus, and on surfaces, it depends on
the type of surfaces and temperature and humidity con-
ditions which causes contradictions in different articles.

Conclusion

SARS-CoV-2 detection in air, environmental surface,
and wastewater samples in a building with clinically
confirmed COVID-19 cases suggests that the RNA ge-
nomic of the virus, speared by an infected patient, can be
traced in the environment. This study provides essential
awareness of the persistence of SARS coronaviruses at
different environmental surfaces, air, water, and waste-
water, consistent with the results of current related re-
search. It showed that several samples taken from hos-
pital surfaces, such as cupboards, light switches, and
door handles, were positive. However, the possibility
of infection from numerous surfaces in hospital wards
remains threatening. This study has elevated significant
demands about virus persistence and its relationship with
the various conditions of the environment. Appropriate
protective strategies such as physical distancing, hand
hygiene, and wearing masks are essential to control the
COVID-19 pandemic. Despite this, more studies should
be done to get more information about the persistence of
COVID-19 on different surfaces, water, sewage, and air.
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Table 5. Detection of SARS-CoV-2 RNA genome in surface

No. Rate of Gene Disinfec
Ref. Sampling Point Positive Positivity Target for tion Tvpe
Test (%) RT-qPCR P
Sample
Bed handles, mobile, floor 14 8 16 RdNRp N/A
Remote control, cell phone, and knobs
handle furniture, fixtures, and clothing 119 4 3.36 N/A N/A
[15] .
Bedrails, benches, computer keyboards,
door handles, glove boxes, hand sanitizer
dlspepsers, medical equipment, medical 37 5 243 N/A Chlorine
equipment touch screens, shelves for
medical equipment, staff lockers, walls,
waste containers, water taps, and windows
Bed rail, locker, bed table, toilet door
[25] handle, mobile phone S/ = 2 N/A N/A
26] Intensive care units, emergency ward, 60 8 13.32 N/A N/A

infectious disease ward, nursing station

Bed rails, clinical monitoring devices (blood
pressure monitors), ward telephones,
[21] computer keyboards, clinical equipment 218 114 52.3 N/A N/A
(syringe pumps, urinary catheters), hand-
cleaning facilities

Toilet outside doorknob toilet inside
doorknob toilet bow! patient food table

(24] living room table floor outside the patient’s 65 13 N/A N/A N/A
room
Ambulances, handles, faucets, nursing
station platforms, files, computers,
[29] keyboards, soaps and alcohol tanks, blood 50 9 N/A N/A N/A
pressure equipment, pulse oximetry, and
thermometers.
(30] Internal and exterr:aal;;rfaces of various 30 6 N/A N/A N/A
[31] Intensive care unit patient 200 28 10 N/A N/A
Kitchen surfaces appliances, sink handle,
32] countertop table, refrigerator handle, 150 23 15 N/A N/A
microwave, trash can lid, phone, computer,
TV remote control
. . RdRp,
Animal farms public transport buses, !
33] supermarket, hotel 2B A N/A :\El N/A
Cardiac table, the entire length of the bed
rails including bed control panel, call bell,
38] bedside locker, electrical switches on top of 245 N/A 6.7 N/A N/A
the beds, chair in general ward rooms
Touch surfaces near patients, hands, masks Sl
[39] el ’ 355 9 5.7 N/A hypochlorite
p 1000 mg/L
Beepers, water machine buttons, elevator N
[40] buttons, computer mouse, telephones, 200 38 24.83 E N/A
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Section/Topic # Checklist Item Reported on Page #
Title
Title 1 Identify the report as a systematic review, meta-analysis, or both. 1
Abstract
Provide a structured summary including, as applicable: background;
objectives; data sources; study eligibility criteria, participants, and
Structured summary 2 interventions; study appraisal and synthesis methods; results; limitations; 2
conclusions and implications of key findings; systematic review registra-
tion number.
Introduction
. Describe the rationale for the review in the context of what is already
Rationale 3 K 1
nown.
Provide an explicit statement of questions being addressed concerning
Objectives 4 participants, interventions, comparisons, outcomes, and study design 2
(PICOS).
Methods
. Indicate if a review protocol exists, if and where it can be accessed (e.g.
Protocol and registra- . - h A - A h
tion 5 web address), and, if available, provide registration information including 3
registration number.
Specify study characteristics (e.g. PICOS, length of follow-up) and report
Eligibility criteria 6 characteristics (e.g. years considered, language, publication status) used 4
as criteria for eligibility, giving rationale.
Describe all information sources (e.g. databases with coverage dates,
Information sources 7 contact with study authors to identify additional studies) in the search and 3
the date last searched.
Search 3 Present a complete electronic search strategy for at least one database, 4
including any limits used so that it could be repeated.
Study selection 9 state the process f(?r selecthg StU(I!IeS (|.e: screening, eligibility, |nc|uded 4
in a systematic review, and, if applicable, included in the meta-analysis).
Describe the data extraction method from reports (e.g. piloted forms,
Data collection process 10 independently, in duplicate) and any processes for obtaining and confirm- 3-4
ing investigator data.
. List and define all variables for which data were sought (e.g. PICOS, fund-
Data items 11 X . o2 e T T e
ing sources) and any assumptions and simplifications made.
. o Describe methods used for assessing the risk of bias in individual studies
Risk of bias in indi- . - e .
. . 12 (including specification of whether this was done at the study or outcome ~ —--
vidual studies - - : - .
level) and how this information will be used in any data synthesis.
Summary measures 13 State the principal summary measures (e.g. risk ratio, differencein
means).
. Describe the methods of handling data and combining results of studies, if
Synthesis of results 14 - . : 5 >
done, including measures of consistency (e.g. I?) for each meta-analysis.
Risk of bias across Specify any assessment of risk of bias that may affect the cumulative
R 15 . s . . . e SN e
studies evidence (e.g. publication bias, selective reporting within studies).
Additional analyses 16 Describe methods of_addlt_lonal an§|y§es _(e.g. sensitivity or subgrqt._lp _____
analyses, meta-regression), if done, indicating which were pre-specified.
Results
Give the number of studies screened, assessed for eligibility, and included
Study selection 17 in the review, with reasons for exclusions at each stage, ideally with a flow 4
diagram.
- For each study, present characteristics for which data were extracted (e.g.
Study characteristics 18 study size, PICOS, follow-up period) and provide the citations. 46
Risk of bias within 19 Present data on the risk of bias of each study and, if available, anyout-

studies

come level assessment (see item 12).
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- For all outcomes considered (benefits or harms), present for each study:
Results of individual ) : ’ :
. 20 (a) simple summary data for each intervention group, (b) effect estimates -
studies ) . - .
and confidence intervals, ideally with a forest plot.
. Present results of each meta-analysis done, including confidence intervals
Synthesis of results 21 Lo R R e
and measures of consistency.
Risk of bias across 2 Present results of any assessment of risk of bias across studies (see ltem
studies 15).
A ee] sl 23 Give results of additional analyses, if done (e.g. sensitivity or subgroup -
analyses, meta-regression [see Item 16]).
Discussion
Summarize the main findings, including the strength of evidence for each
Summary of evidence 24 primary outcome; consider their relevance to critical groups (e.g. health- 6-7
care providers, users, and policymakers).
S Discuss limitations at the study and outcome level (e.g. risk of bias) and re-
Limitations 25 h . N X - . o
view level (e.g. incomplete retrieval of identified research, reporting bias).
. Provide a general interpretation of the results in the context of other
Conclusions 26 - R 7
evidence and implications for future research.
Funding
Funding 27 Describe funding sources for the systematic review and other support .

(e.g. supply of data) and; role of funders for the systematic review.

Abbreviations: PICO: Population, intervention, control, outcomes.
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