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• COVID-19 has caused over 4.4 million
cases in Brazil by the end of September
2020.

• The presence of SARS-CoV-2 in public
surfaces can result in new infections.

• RT-qPCR was used for assessing the
presence of viral genome in the envi-
ronment.

• SARS-CoV-2 was detected especially in
surfaces near hospitals and public
squares.

• Constant surveillance of the virus in the
environment is essential for disease
control.
⁎ Corresponding author.
⁎⁎ Correspondence to: R.A.L. Rodrigues, Federal Universi

E-mail addresses: jonatas.abrahao@gmail.com, jsa@icb

https://doi.org/10.1016/j.scitotenv.2020.142645
0048-9697/© 2020 Elsevier B.V. All rights reserved.
a b s t r a c t
a r t i c l e i n f o
Article history:
Received 30 July 2020
Received in revised form 22 September 2020
Accepted 23 September 2020
Available online 2 October 2020

Editor: Jay Gan
The world is experiencing the worst global health crisis in recent decades since December/2019 due to a new
pandemic coronavirus. The COVID-19 disease, caused by SARS-CoV-2, has resulted in more than 30 million
cases and 950 thousand deathsworldwide as of September 21, 2020. Determining the extent of the virus on pub-
lic surfaces is critical for understanding the potential risk of infection in these areas. In this study, we investigated
the presence of SARS-CoV-2 RNA on public surfaces in a densely populated urban area in Brazil. Forty-nine of 933
samples tested positive (5.25%) for SARS-CoV-2 RNA, including samples collected from distinctmaterial surfaces,
including metal and concrete, and distinct places, mainly around hospital care units and public squares. Our data
indicated the contamination of public surfaces by SARS-CoV-2, suggesting the circulation of infected patients and
the risk of infection for the population. Constantmonitoring of the virus in urban areas is required as a strategy to
fight the pandemic and prevent further infections.
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1. Introduction

Since late December 2019, the world is experiencing the worst global
health crisis in recent decades due to the ongoing transmission of a novel
coronavirus. The severe acute respiratory syndrome coronavirus 2 (SARS-
CoV-2) causing coronavirus disease 2019 (COVID-19) spread globally
and affected several sectors, including those related to medicine, eco-
nomics, and politics, among others (Cutler, 2020; Gorbalenya et al.,
2020; Lai et al., 2020; Zhu et al., 2020). COVID-19 has already affected
over 200 countries, resulting in more than 30.6 million cases and 950
thousand deaths worldwide as of September 21, 2020 (WHO, 2020). In
Brazil, the first official case was registered on February 26, 2020, and
more than 4,490,000 confirmed cases and 135,000 deaths had been reg-
istered across the country as of September 21, 2020 (WHO, 2020).

Belo Horizonte is the capital of Minas Gerais State, one of Brazil's
most populousmetropolitan regions (6million inhabitants). The city re-
corded 39,379 confirmed cases and 1168 deaths due to COVID-19 as of
September 21 (Secretaria Municipal de Saúde, 2020). The areas within
Belo Horizonte where most of the deaths and confirmed cases have oc-
curred correspond precisely to areas with public squares, bus stations/
terminals, and hospital areas, i.e., where a large flow and concentration
of people is commonly observed (Secretaria Municipal de Saúde, 2020).

Recent studies have identified the presence of SARS-CoV-2 RNA on
different surfaces and environments inside hospitals, revealing the dy-
namics of viral dissemination within these places (Guo et al., 2020; Liu
et al., 2020; Wang et al., 2020). SARS-CoV-2 remains viable on different
types of surfaces, such asmetal and plastic, for up to 72 h, depending on
the type of surfacematerial, and can remain infectious in aerosols for at
least 3 h (Van Doremalen et al., 2020). Assessing the presence of the
virus in the environment, objects, and surfaces in public areas is funda-
mental for understanding the risk of infection in the population. In addi-
tion, any information gained can be used by health managers to control
population movements in these areas, as well as implement environ-
mental disinfection measures.

2. Material and methods

2.1. Sample collection

We investigated the presence of SARS-CoV-2 RNA in a downtown
area of Belo Horizonte between April and June 2020, in a total of nine
days. Belo Horizonte's climate is classified as tropical with a dry season,
withmoderately hot and humid summers and dry and pleasantwinters.
The temperature is mild throughout the year, with averages ranging
from 19 °C to 24 °C, with the annual compensated average of 22 °C
and 1430mm is the average annual rainfall (INMET, 2020). All samples
were collected between 14:00 pm and 17:00 pm. Temperature was be-
tween 20 °C to 25 °C (average temperature 22 °C) and relative humidity
varying between 36% to 83% (average humidity 54%). Environmental
data was retrieved from Time and Date AS website (https://www.
timeanddate.com/weather/brazil/belo-horizonte/). This region of the
city (central-southeast: 19°55′55.4″S 43°56′16.9″W) has the highest
concentration of hospitals and health units and one of the highest num-
ber of notified COVID-19 cases. Importantly, this part of the city also has
a large number of people accessing public transportation and transpor-
tation facilities daily. A total of 933 samples were collected from eight
different categories of places (Supplementary Table 1), including:
a) 38 health care units (hospitals, medical centers, and emergency
care units); b) 17 public squares; c) two public parks; d) one public
market; e) six bus terminals; f) one shoppingmall; g) 10 education cen-
ters (universities and schools); 8) 21 other public places, including
banks, government departments, among others (Supplementary
Table 1). Samples were collected from different sources including en-
trance doors, handrails, benches and tables, bus stops, and ground,
and from distinct materials, including concrete, metal, rock, brickwork,
and others. For the collection of environmental samples, swabs with
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sterile phosphate-buffered saline were vigorously rubbed on surfaces
(10 cm2) of the aforementioned local and objects. The swabs were
then transferred to tubes containing transport solution (1 mL of guani-
dine isothiocyanate buffer, 4 M) and taken directly to the laboratory for
testing.

2.2. RNA extraction and RT-qPCR

For each sample, 70 μL of transport solution containing a samplewas
submitted to nucleic acid extraction using theQIAmpViral RNAMini Kit
(QIAGEN, Maryland, USA). Total RNA (5 μL) was used as a template for
one-step qPCR (Promega, Wisconsin, USA) (in a final volume of 20 μL
per reaction, GoTaq1-sept qPCR system, Promega), using primers and
probes specific for the N1 and N2 regions of the SARS-CoV-2 genome
(CDC, USA 2020). RNA extraction was performed in batches of 13 sam-
ples plus one negative control. Samples were considered positive when
they presented amplification for N1 an N2 targets region, considering
the threshold for cycle quantification value (Cq) of 40 (CDC, USA
2020). Since between the range of 37–40 Cq indicateminimal quantities
of DNA, Cq ≥ 40 were considered negative. The results of RT-qPCR runs
were manually inspected for the correction of baseline and threshold
parameters whenever necessary due to heterogeneity in the amount
of input RNA among different samples (Bustin et al., 2009). Negative
(extraction control and non-template control) and positive controls
(RNA extracted from inactivated SARS-CoV-2, kindly provided by Dr.
Danielle Durigon and Dr. Edison Durigon, USP, Brazil and Dr. Rafael
Elias Marques (Centro Nacional de Biociencias LNBio-CNPEM) were
used. To confirm the results, all positive samples were submitted to a
second round of RNA extraction and RT-qPCR. Quantification of viral
RNA in the environmental samples was based on a standard curve gen-
erated from serial dilutions (1:10) of SARS-CoV-2 RNA and converted to
genomic units per ten square centimeters of surface (the area wemade
the sampling for this study). To date, for PCR quantification (based on
standard curve) we considered 1 SARS-CoV-2 plaque forming unit as 1
SARS-CoV-2 genomic unit. Quantification was based only on N1 target
gene given the high efficiency of our standard curve (Supplementary
Fig. 1). N2 target gene quantificationwas not performed due to a low ef-
ficiency achieved for the standard curve for this target. Nevertheless, the
Cq values for N2 target for all positive samples are included in supple-
mentary Table 2. SARS-CoV-2 RNA control was previously quantified
as described elsewhere (de Almeida et al., 2020).

3. Results

A total of 49 samples (5.25%)were positive for the presence of SARS-
CoV-2 RNA (Table 1 and Fig. 1). SARS-CoV-2 RNA was detected in 20
samples collected around health care units, corresponding to 40.8% of
the total positive samples, with Ct values ranging from 23.3 to 37.7
(N1) and 22.2 to 39.4 (N2). These samples are distributed in 12different
health care units and were detected mainly at bus' stops near the en-
trance of the hospitals and emergency care units (Supplementary
Table 1). Seventeen samples were positive for SARS-CoV-2 RNA at pub-
lic squares distributed across seven different places, corresponding to
34.7% of the positive samples found in this study. Most of the positive
samples were detected in benches, with Ct values ranging from 32 to
37.5 (N1) and 34.4 to 39 (N2).We also detected SARS-CoV-2 in different
bus terminals in the city, being seven positive samples (14.3%) with Ct
values ranging from 29 to 34.7 (N1) and 30.5 to 38.5 (N2). All of these
samples were collected at entrance handrails of the bus terminals
(Table 1). Finally, we detected the presence of SARS-CoV-2 RNA at
very low concentration in one sample collected in the wall of the
major public market of the city (N1 Ct = 36.9; N2 Ct = 39.6), and
four samples collected at bus stops [floor (1) and benches (3)] in front
of public banks (2), sport club (1), and a government department (1),
with Ct values ranging from 34.7 to 38.1 (N1) and 37.8 to 39.5 (N2)
(Table 1 and Supplementary Table 1). After RNA quantification, we
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Fig. 1. Distribution of positive samples for SARS-CoV-2 RNA. 933 samples were collected at different locations in Belo Horizonte, Brazil, with 49 being positive for viral genome detection,
distributed among five different categories of locations. Raw numbers and percentages are indicated.
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observed that most positive samples had very low viral amount (≤1 ge-
nomic unit/10 cm2), and the higher viral load were detected in samples
collected from health care units (Table 1).

It is important to mention that samples were not collected evenly
among the different categories of places. Most of the samples were col-
lected from health care units (403 samples, 43.2%) and public squares
(269 samples, 28.8%) (Supplementary Fig. 2), and it can be the reason
why over 3/4 of positive samples were detected from samples collected
at these locations. Considering the proportion of positivity in the differ-
ent places, bus terminals exhibit the higher positivity rate among the
evaluated places, followed by public market, public squares, and health
care units. The BeloHorizonte CityHallwas informed about the contam-
inated areas, and, after disinfection (laundry detergent followed by 1%
sodium hypochlorite), viral RNA could no longer be detected, except
for one sample recollected at the entrance of a hospital. We did not
identify any positive samples in public parks, education centers, and a
mall that were included in this study.

Samples were collected from different materials, the majority being
from concrete (383 samples, 41.1%) and metal (282 samples, 30.2%),
and also rock, brickwork, wood, glass, and a minority of other materials,
including plastic and pottery (10 samples each) and asphalt (4 samples)
(Fig. 2A). From the 49 positive samples, 20 were identified in metal sur-
faces, especially from benches of bus stops and handrails of hospitals
Fig. 2. Environmental samples collected from differentmaterials. (A) Distribution of samples co
names; (B) Distribution of positive samples among different kinds of materials.
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entrances and bus terminals (Fig. 2B and Supplementary Table 1). Four-
teen positive samples were recovered from concrete surfaces, mainly
sidewalks near health care units and public squares (Figs. 2B and 3).
Nine positive sampleswere found in rock surfaces, all being found in pub-
lic squares but one sampled from a frontal pillar of a hospital (Fig. 3).
SARS-CoV-2 RNAwas also identified in two samples collected frombrick-
works (one from health care unit and other from a public square), and in
two plastic surfaces from benches of an emergency care unit (Fig. 3 and
Supplementary Table 1). Finally, SARS-CoV-2 RNA was detected in one
sample from a wood bench located in a public square, and one sample
from a glass surface in a bus stop in front of a hospital (Figs. 2B and 3).

4. Discussion

Although we sought to detect the presence of viral RNA, not infec-
tious particles, it is possible that infectious particles were present in
these environments, and care must be taken to avoid further contami-
nation and the eventual collapse of the local health system. The infec-
tious dose of SARS-CoV-2 virions to start a productive infection in
humans is still unclear, and also if infectious particles can be recovered
from surfaces with low viral load. Previous studies have reported the
isolation of SARS-CoV-2 from nasopharyngeal and oropharyngeal
samples from distinct patients in a nursing facility (USA) with high Ct
llected in different surfaces. Raw numbers of samples are indicated in front of thematerials



Fig. 3. Association between locations and materials of positive samples for SARS-CoV-2 RNA. Circos plot associating locations and surface materials of positive samples. HCU: health care
units; PS: public squares; PM: public market; BT: bus terminals; OPP: other public places.
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value (≤34) (Arons et al., 2020). Furthermore, other studies have re-
ported the recovery of the virus from different surfaces, including
metal, cardboard, and plastic (Van Doremalen et al., 2020). Different
studies have reported the detection of SARS-CoV-2 genome in different
environmental surfaces, especially inside hospital facilities, suggesting
that environmental contamination by the virus is possible (Carraturo
et al., 2020; Chia et al., 2020; Jiang et al., 2020; Wu et al., 2020; Ye
et al., 2020). Chin and coworkers observed that SARS-CoV-2 remains vi-
able in smooth surfaces from distinct materials, including metal and
plastic, up to 4 days at 22 °C and humidity around 65% (Chin et al.,
2020). Therefore, it is possible that infectious particles could also be
recovered from the surfaces found positive for the virus RNA in this
study, especially considering that around 40% of the positive samples
4

identified in this study had Ct values below 34. Although the real infec-
tious potential of viruses detected in this study cannot be established,
we believe the detection of SARS-CoV-2 by molecular assays indicates
the potential risk of infection, and care must be taken to avoid further
increases in the number of COVID-19 cases. It is important to mention
that most of the positive samples in our study had very low amount of
RNA (≤1 genomic unit/cm2) and such amount of virus might not be
able to trigger COVID-19 in patients. Nevertheless, the viral RNA in dif-
ferent surfaces was detected in our assays, despite the low concentra-
tion, and care must be taken to avoid possible infection.

Although Belo Horizonte has relatively few cases when compared
with other cities in Brazil, such as São Paulo and Rio de Janeiro, our
data reinforce that the virus is circulating in the city and can be found



Table 1
Positive samples for SARS-CoV-2 RNA in surfaces at different locations in Belo Horizonte, Brazil.

Category Sample ID Surface (material) Ct value (N1) Concentration (N1) (genomic units/10 cm2)

Health care units HCU 29C Wall (brickwork) 25.9 67.9
HCU 2 B Floor (concrete) 34.1 ≤1
HCU 3 N Floor (concrete) 37.2 ≤1
HCU 8 A Floor (concrete) 28.5 11.7
HCU 12 E Floor (concrete) 37.7 ≤1
HCU 13 J Wall (concrete) 34.5 ≤1
HCU 29 A Sidewalk (concrete) 34.2 ≤1
HCU 29 M Sidewalk (concrete) 36.8 ≤1
HCU 30C Floor (concrete) 36.2 ≤1
HCU 3 D Bench (metal) 34.1 ≤1
HCU 3 I Bench (metal) 34 ≤1
HCU 1 D Bench (metal) 31.6 ≤1
HCU 9H Bench (metal) 36.7 ≤1
HCU 11C Handrail (metal) 36.4 ≤1
HCU 9 A Bench (metal) 33.1 ≤1
HCU 13 E Bench (metal) 36.9 ≤1
HCU 21 D Pillar (rock) 36 ≤1
HCU 29 F Bench (plastic) 23.7 299.8
HCU 29H Bench (plastic) 23.3 392.8
HCU 12 D (glass) 36 ≤1

Public squares PS 18 R Wall (brickwork) 37.4 ≤1
PS 1 E Table (concrete) 33.1 ≤1
PS 3C Bench (concrete) 35.8 ≤1
PS 6 G Bench (concrete) 37.5 ≤1
PS 18 X Sidewalk (concrete) 35.4 ≤1
PS 15 F Bench (wood) 34.8 ≤1
PS 3 K Bench (metal) 35.7 ≤1
PS 17 J Handrail (metal) 36.5 ≤1
PS 18 I Handrail (metal) 35.1 ≤1
PS 2 G Bench (rock) 35.6 ≤1
PS 2H Bench (rock) 34 ≤1
PS 2 I Bench (rock) 33.9 ≤1
PS 9C Bench (rock) 35.5 ≤1
PS 17 A Bench (rock) 32.3 ≤1
PS 17 D Bench (rock) 32 ≤1
PS 17 E Bench (rock) 34 ≤1
PS 18 M Bench (rock) 36.9 ≤1

Bus terminals BT 1 A Handrail (metal) 32.8 ≤1
BT 1 B Handrail (metal) 34.5 ≤1
BT 1C Handrail (metal) 29 8.4
BT 1 Q Handrail (metal) 32.1 ≤1
BT 1 S Handrail (metal) 32.8 ≤1
BT 1 W Handrail (metal) 29 8.4
BT 2 D Handrail (metal) 34.7 ≤1

Other public places OPP 11C Floor (concrete) 36.7 ≤1
OPP 5 A Bench (metal) 36.2 ≤1
OPP 10 A Bench (metal) 38.1 ≤1
OPP 11 A Bench (metal) 34.7 ≤1

Public market PM 1 G Wall (concrete) 36.9 ≤1

For PCR quantification, we consider 1 SARS-CoV-2 plaque forming unit as 1 SARS-CoV-2 genomic unit.
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on surfaces such as benches, tables, handrails, and floors, and in places
with a large flow of people, such as public squares and hospital
entrances. The detection of the viral RNA at these sites indicates that ad-
equate cleaning of public environments and reinforcement of educa-
tional campaigns for hygienic and social distancing practices should be
undertaken. Given the short sampling period in this study, our data do
not support a correlation between different environmental parameters,
such as local temperature or humidity, and the detection of the virus.
Nevertheless, other studies addressed this matter and suggested that
SARS-CoV-2 remains viable for up to 7 days at 22 °C, precisely the aver-
age temperature in the days we made the sampling for virus detection
for this study (Chin et al., 2020). Furthermore, in our work, a mean of
54% of humidity was observed, and another human coronavirus,
HCoV-229E, was more stable at 50% of humidity, a similar humidity
value (Kampf et al., 2020). These data support the indication that viable
viruses could be recovered from places where we detected the viral
RNA. Further studies may contribute to elucidate better how frequent
we can isolate SARS-CoV-2 from inanimate surfaces in the field.

It is important to notice that the transmission of the virus in buses
seems to be considerably high, as demonstrated in China, where in a
5

bus with 68 individuals, one person in a 100 min trip disseminated
the virus to another 23 passengers (Shen et al., 2020). Although we
did not evaluate the presence of the virus inside the buses of our city,
the detection in the bus terminals and stations is an indicative that
those places are an important risk factor for people to get infected, not
only inside the buses. Our study highlights the need for the constant as-
sessment of the presence of the virus, not only in hospital facilities, but
also in places close to medical areas and with a large circulation of peo-
ple. The presence of SARS-CoV-2 in these environments can result in an
increase in the number of cases of the disease in the near future if con-
trol measures are not forcefully adopted.

Supplementary data to this article can be found online at https://doi.
org/10.1016/j.scitotenv.2020.142645.
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