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SUMMARY
Background: As an emerging infectious disease, coronavirus disease 2019 (COVID-19) exhibits occult infection,
which might cause difficulties in controlling disease spread. The possibility of aerosol transmission in a relatively
closed environment contributes to the high infectivity of severe acute respiratory syndrome coronavirus 2 (SARSCoV-2) in hospitals. This study presents an environmental surveillance system for SARS-CoV-2 that is suitable for
a clinical laboratory and may also lead to further assessment of infection prevention programs in different departments in hospitals.
Methods: The study was performed in a SARS-CoV-2 RNA laboratory involved in the diagnosis of COVID-19 in
China. Reverse transcription-polymerase chain reaction (RT-PCR) assays were used to detect viral pathogens.
Standard operating procedures (SOPs) for monitoring infectious pathogens were developed in this study.
Results: In total, more than 180 air and surface samples were tested for SARS-CoV-2 to determine whether the virus was present at the airborne and particle level. The employed molecular method effectively identified environmental contamination.
Conclusions: Our study suggests that regular environmental surveillance is critical in a clinical PCR laboratory.
The presented strategy could also be used for monitoring and surveillance in negative pressure wards and clinics
in hospitals to prevent hospital-acquired infections.
(Clin. Lab. 2021;67:xx-xx. DOI: 10.7754/Clin.Lab.2021.200926)
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INTRODUCTION
Among the hazards to healthcare personnel, hospital-acquired infections (HAIs), in particular laboratory-associated infections, may occur if inadequate protective
measures are used [1]. Controlling air quality is crucial
to reduce the dissemination of aerosolized biological
particles, while appropriate hygiene and disinfection
procedures remove respiratory pathogens from surfaces
in hospitals [2]. A wide range of respiratory viruses are
known to infect humans; these viruses not only cause
recurrent epidemics of respiratory tract infections in humans that can lead to severe disease but also mutate to
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be more efficiently transmitted among humans [3]. Human coronaviruses (HCoVs) have resulted in recent respiratory disease outbreaks; the responsible pathogens
include severe acute respiratory syndrome coronavirus
(SARS-CoV), Middle East respiratory syndrome coronavirus (MERS-CoV) and severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) [4,5]. Recently,
SARS-CoV-2 rapidly spread worldwide; in Wuhan,
China, 1,716 medical staff members have become infected, and 5 have died in early period of 2020 [6].
Based on the New Coronavirus Pneumonia Diagnosis
and Treatment Plan guidelines (6th edition) in China,
the main transmission route of SARS-CoV-2 are via
respiratory droplets and direct contact. Recently, it has
become clear that it is necessary to pay attention to
aerosol transmission and contact spread of cold storage
chain system in China, which has been found to be relatively common in hospitals [7]. Therefore, the management of HAIs should involve multiple departments that
are at risk in hospitals.
As SARS-CoV-2 RNA testing of clinical specimens has
increased, biosafety risks in clinical laboratories have
also emerged. The clinical polymerase chain reaction
(PCR) laboratory is part of the Clinical Laboratory Department, and the daily duty of the clinical PCR laboratory is to detect the DNA/RNA of infectious pathogens,
including bacteria and viruses. Therefore, there is an urgent need for evaluation of the risk of transmission of
environmental pathogens in a biosafety level 2 (BSL-2)
laboratory. Improved biosafety of indoor air is one goal
of internal quality control (IQC) in clinical laboratories
[8].
Currently, there are no simple validated technologies
that can be used to collect and identify viruses in the air
rapidly and easily. At present, the most common techniques for collecting pathogens from the air are the airflow and liquid models [9,10]. These systems are complex, and their efficiency has not been thoroughly evaluated. It would be desirable to have a method that not
only collects and identifies pathogens, but also eliminates them [11,12]. To evaluate the risk of SARS-CoV2 spreading from clinical specimens in a clinical laboratory, we developed an operational method of performing regular monitoring for SARS-CoV-2 RNA by sampling the environment and the air, which are key components of IQC in our laboratory. To the best of our
knowledge, this is the first report of a method of identifying SARS-CoV-2 contamination in clinical laboratories.
In this study, we established a methodical strategy to effectively control viral contamination. In addition, we
describe the importance of a clinical laboratory quality
management program that involves monitoring air and
surface contamination. It is clear that the COVID-19
pandemic will continue to spread worldwide via uncertain pathways. It is very important to focus on specific
areas at high risk of contamination and implement effective decontamination measures. Finally, we provide
several suggestions to improve quality control programs

in clinical laboratories and make recommendations regarding the generalization of this SOP to other hospital
wards to facilitate nosocomial infection management.

MATERIALS AND METHODS
Study design
In this study, all of the environmental samples were collected at the clinical laboratory of the Fourth Affiliated
Hospital, Zhejiang University School of Medicine in
Zhejiang Province of China, a hospital designated for
the diagnosis and treatment of COVID-19 patients in
February 2020. Air sampling was performed in 8 functional laboratories of the Clinical Laboratory Department: the clinical PCR laboratory, clinical biochemistry
laboratory, clinical immunology laboratory, clinical microbiology laboratory, clinical hematology laboratory,
body fluid laboratory, sample preparation area, and clinical fever laboratory. Sterile normal saline was used as a
negative control. Most of these functional laboratories
carry out sample testing services for patients with confirmed COVID-19. The Clinical Laboratory Department
is a China National Accreditation Service for Conformity Assessment (CNAS)-certified laboratory, and all
medical staff involved in SARS-CoV-2 detection were
authorized and qualified professionals who obtained official permission to conduct these tests in China. The
above functional laboratories were BSL-2 laboratories,
with the exception of the PCR laboratory used for
SARS-CoV-2 detection, which has a higher biosafety
protection level of 3 (Table 1). Therefore, the experimental design for air and surface sampling was not
identical in all laboratories.
Each laboratory was sampled 3 times per week to determine the contamination status after disinfection procedures. Therefore, a total of 72 samples and 2 other negative controls, were analyzed for airborne contaminant
levels. Additionally, to reveal the patterns in which potential airborne contaminants settled on the surfaces in
these laboratories, 120 surface samples were collected
from 40 predetermined sampling locations at three different times.
Environmental sampling procedure
The sampling procedure was developed according to
current Chinese hospital disinfection hygiene standards
(GB 15982-2012), although a different dilution ratio
was used. Air sampling plates with a 9 cm diameter that
contained 2 mL of 0.9% sodium chloride solution were
placed in the departments mentioned above for 24
hours. To sample object surfaces, sterile swabs moistened with saline were used to swab an approximately
10 cm x 10 cm area. Then, the swabs were placed individually into sterile tubes containing 2 mL of 0.9% sodium chloride solution. All collected samples were
stored at -70°C until the downstream analysis was performed. Environmental surveillance was also performed
three times each week after disinfection procedures.
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Fluorescent RT-PCR assessment against SARSCoV-2
RT-PCR was performed using a Novel Coronavirus
(2019-nCoV) Real Time Multiplex RT-PCR Kit (detection of 3 genes) (Liferiver, Shanghai, China), according
to the manufacturer’s instructions. Primers and probes
used for multiplex nucleic acid amplification were designed to detect SARS-CoV-2 based on conserved regions in three genes (RdRP, N, and E). The one-step
PCR protocol included one cycle at 45°C for 10 minutes
and 95°C for 3 minutes, followed by 45 cycles at 95°C
for 15 seconds and 58°C for 30 seconds, and singlepoint fluorescence detection at 58°C. The PCR system
was operated according to the protocol in the manual.
The crossing point (Cp) values for the relative quantification of gene expression were used to determine the viral load of SARS-CoV-2. As described in our previous
report [13], samples containing the RdRP gene with Cp
values ≤ 43.0 were considered positive for SARS-CoV2 RNA. Samples containing the RdRP gene with Cp
values of 0 or in which the N or E gene detected alone
were considered negative for SARS-CoV-2 but positive
for other coronaviruses.

RESULTS
Biosafety protection measures in the clinical laboratory
The stability of SARS-CoV-2 is similar to that of
SARS-CoV in aerosols and on surfaces; SARS-CoV-2
was found to exist in aerosols for hours and on surfaces
for days [14]. SARS-CoV-2 is also highly stable at
room temperature, at normal relative humidity, and on
smooth surfaces [17]. During sampling in this study, the
mean temperature and relative humidity were 20 - 23°C
and 40 - 65%, respectively, and these conditions are
suitable for the survival of SARS-CoV-2 (Table 1).
Moreover, these relative humidity (70 - 80%) and temperature (12 - 15°C) conditions in laboratories promote
bioaerosol survival and higher emission levels. However, SARS-CoV-2 is also susceptible to standard disinfection methods [15]. Our experience shows that it is essential to disinfect environmental surfaces, including
sample storage refrigerators, and to record the humidity
and temperature every day for effective monitoring.
In laboratories, UV irradiation is effective at reducing
the transmission of microorganisms by damaging their
DNA and thereby rendering them noninfectious [16].
The ability of UV irradiation to kill pathogens depends
on the relative humidity of the environment, and some
studies have shown that the effectiveness of UV irradiation with regard to killing or inactivating microorganisms decreases when the relative humidity in a room exceeds 60%. UV lamps were mounted on the ceiling and
placed on removable carts; these UV lamps are standard
devices in clinical PCR laboratories in China. The use
of UV light needs to be supported by the maintenance
of an appropriate level of humidity. Furthermore, plasma air disinfectors are also widely used in our laboratories and are effective for disinfecting the air.
The transport of infectious droplets through the air can
lead to an outbreak in an enclosed space. In the relatively closed environment of a laboratory, a ventilation system is essential.
Due to the high risk of infection associated with testing
samples for the presence of SARS-CoV-2 RNA, the
clinical PCR laboratories are the only areas with negative-pressure systems to increase the level of protection.
Overall, these systems ensure greater protection and less
risk of laboratory contamination. However, low biosafety levels may result in greater risk in the laboratory.

Decontamination of the lab environment
The presence of SARS-CoV-2 in laboratories can cause
widespread contamination of the air, working surfaces,
and equipment and can affect the health of personnel.
Based on the current Chinese standards for disinfection
techniques in healthcare settings (WS/T 367-2012, China) and the characteristics of SARS-CoV-2, we used
75% ethanol, 1,000 mg/L hypochlorite solution, UV irradiation, HEPA filters, negative-pressure systems, and
ionizing air and fresh air systems in different combinations to achieve decontamination. All environmental
monitoring was carried out for three weeks.
As described in a previous study by our team [8], the
standard procedure for laboratory decontamination that
was employed once per day was as follows: (1) spraying a 75% ethyl alcohol solution into the air before
cleaning the room; (2) wiping objects and equipment in
the rooms with a hypochlorite solution to remove settled particles; (3) wiping equipment, including disassembled centrifuge rotors or PCR instruments, with a
75% ethyl alcohol solution; (4) increasing ventilation
frequency; and (5) using in-room air cleaners, including
portable or ceiling-mounted units with ionizing air, UV
lights or ventilation. Separate sets of cleaning tools
were used for each room and were not mixed. These
steps were carried out twice each day after contamination was identified, and environmental samples were
collected after decontamination.

Sampling types and numbers show the diversity distribution in the clinical laboratory
It was noted that in a nosocomial SARS outbreak, an inoperative return air outlet could enhance the spread of
aerosols in the same hospital ward [17]. When appropriate disinfection measures are taken, airborne contamination is preventable. Individual laboratories perform different tasks that are associated with various levels of
risk of exposure; the level of personal protection required is adapted to that risk (Table 2). The ability of
SARS-CoV and MERS-CoV to survive on dry surfaces

Statistical analysis
Statistical analysis was performed using SPSS Statistics
version 23 (IBM). A p-value of ≤ 0.05 was considered
significant.
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Table 1. Functional labs in the clinical laboratory.
Approximate
area size
(m2)

Existing biosafety
facilities

Personal
protective

Temperature
and humidity
values

nucleic acid detection
for pathogens

80

negative-pressure
system,
ceiling UV light,
removable UV car,
biosafety cabinet,
ventilation system

level-3

21 - 23°C,
40 - 50%

biochemistry tests

200

ventilation system

level-2

immunology tests

150

ventilation system

level-2

Clinical microbiology
lab

microbial culture and
identification
(not including virus)

150

ventilation system,
plasma airsterilizing machine

level-2

21 - 23°C,
40 - 50%

Clinical hematology
lab

complete blood count,
coagulation function
routine

100

ventilation system

level-2

21 - 23°C,
40 - 50%

Body fluid lab

routine urine test,
stool-routine test,
cell count and
classification of sterile
CSF, hydrothorax,
and ascitic fluid

60

ventilation system,
plasma
air-sterilizing
machine

level-2

21 - 23°C,
40 - 50%

Fever clinical lab

fever screening for
hematology,
body fluid,
respiratory pathogen
antigens screening

30

plasma
air-sterilizing
machine

level-2

20 - 22°C,
50 - 60%

Sample preparation
area

classification and
centrifugation of
samples

60

ventilation system,
plasma
air-sterilizing
machine,
biosafety cabinet

level-2

21 - 23°C,
40 - 50%

Staff office

clean zone as negative
control

100

N/A

N/A

15 - 20°C,
55 - 65%

Functional lab
PCR lab
a. First Room:
Reagent preparation
area
b. Second Room:
Sample preparation
area
c. Third Room: Gene
amplification area
d. Fourth Room:
Amplification
product analysis area
Clinical biochemistry
lab
Clinical immunology
lab

Professional category

21 - 23°C,
40 - 50%
21 - 23°C,
40 - 50%

Level-3, biosafety protective level 3 includes N95 respirators, 3M protective clothing, medical gloves, and protective goggles, medical positive
pressure headgear. Level-2, biosafety protective level 2 includes N95 respirators, contagion gown, medical gloves, and protective goggles.
m2 - square meter.

has not been verified [18]. Therefore, we considered the
importance of contaminated surfaces in laboratories and
performed surface sampling for SARS-CoV-2 (Table
3).
Because sampling should reflect the actual environmental state, it is preferable to sample after disinfection
but not during working hours. The first sampling results

showed that the amplification curves of the surface samples from the clinical biochemistry laboratory were
slightly abnormal. Targeting these key sites of contamination would improve the disinfection of this laboratory. Fortunately, contamination on hard surfaces is more
easily removed than contamination in the air (Figure 1).
Although contamination was detected in the first and
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Table 2. Aerosol sampling for SARS-CoV-2 in different locations.

Location (n = 24) a
PCR lab (n =

10) a

Clinical microbiology lab
(n = 2) a
Sample preparation area
(n = 3) a

Body fluid lab (n = 1) a
Clinical fever lab (n =

4) a

Clinical immunology lab
(n = 1) a
Clinical biochemistry lab
(n = 1) a
Clinical hematology lab
(n = 1) a
Staff office (n = 1) a
a
*

PCR results (Cp values) *

Sampling site
1st

2nd

3rd

operation desk (first room)

0

0

0

biosafety cabinet (level B2) 1 (second room)

40

0

0

biosafety cabinet (level B2) 2 (second room)

0

0

0

nucleic acid extraction instrument
(second room)

0

0

0

operation desk 1 (second room)

0

0

0

operation desk 2 (second room)

0

0

0

buffer ward (second room)

0

0

0

operation desk 1 (third room)

0

0

0

operation desk 2 (third room)

0

0

0

operation desk (fourth room)

0

0

0

biosafety cabinet (level B1)

40

0

0

operation desk

0

0

0

biosafety cabinet (level A2) 1

0

0

0

biosafety cabinet (level A2) 2

0

0

0

operation desk

0

0

0

operation desk

0

0

0

operation desk

0

0

0

biosafety cabinet (level A2)

0

40

0

nasopharyngeal swab collection window 1

0

0

0

nasopharyngeal swab collection window 2

0

0

0

operation desk

0

0

0

operation desk

0

0

0

operation desk

0

0

0

office desk

0

0

0

- Numbers of tests.
- Cp values of 0 means a non-amplified result. Underlined numbers indicate positive amplification curves.

second sampling periods, no contamination with SARSCoV-2 was detected in the third sampling period (Figure 1). Regular monitoring can allow early identification and timely disinfection. In this study, we monitored
the short-term implementation of the decontamination
procedures for three weeks after the disinfection protocols were established (Table 2, Table 3). Although an
outbreak of COVID-19 has not occurred in the clinical
laboratory, despite slight amplification observed in the
first and second sampling periods, monitoring for viruses, such as hepatitis B virus (HBV) and influenza virus,
by PCR has continued routinely once every three
months for four years.
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Viral load of SARS-CoV-2 in the surrounding environment identified by RT-PCR
In general, for indoor environments, a total bacterial
count is generally specified in indoor air quality standards [19], the conventional method of bacterial culture
is not suitable for viruses. In this study, PCR was used
to detect the presence of SARS-CoV-2.
The decontamination procedures were repeated twice
every day. Over this period, 192 samples were collected
at three time points. The Cp value was used as an index
of SARS-CoV-2 RNA contamination and showed that
the contamination decreased over the two-week period
(Figure 1). The Cp value is inversely proportional to the
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Table 3. Surface sampling for SARS-CoV-2 in different locations.

Location (n = 40) a
PCR lab (n =

Sampling site

19) a

1st

2nd

3rd

operation desk (first room)

0

0

0

biosafety cabinet 1 (second room)

0

0

0

biosafety cabinet 2 (second room)

0

0

0

biosafety cabinet 3 (second room)

0

0

0

0

0

0

0

0

0

0

0

0

regent refrigerator (second room)

0

0

0

transfer window I inner (second room)

0

0

0

transfer window I outer (second room)

0

0

0

operation desk (second room)

0

0

0

transfer window II (second room)

0

0

0

nucleic acid extraction instrument inner 1
(second room)
nucleic acid extraction instrument inner 2
(second room)
nucleic acid extraction instrument outer
(second room)

Sample preparation area (n =

Clinical microbiology lab (n =

Clinical hematology lab (n =
Body fluid lab (n =

4) a

3) a

3) a

2) a

Fever clinical lab (n = 4) a

Clinical immunology lab (n =

2) a

Clinical biochemistry lab (n = 2) a
Clinical hematology lab (n =
Staff office (n = 1) a
a

1) a

PCR results (Cp values)

inside door (second room)

0

40

0

outside door (second room)

0

0

0

buffer ward desk (second room)

0

0

0

operation desk 1 (third room)

0

0

0

operation desk 2 (third room)

0

0

0

transfer window 1 (fourth room)

0

0

0

transfer window 2 (fourth room)

0

0

0

biosafety cabinet inner 1

0

0

0

biosafety cabinet inner 2

0

0

0

operation desk 1

0

0

0

operation desk 2

0

0

0

biosafety cabinet 1

40

40

0

biosafety cabinet 2

0

0

0

operation desk

0

0

0

operation desk 1

0

0

0

operation desk 2

0

0

0

operation desk 1

0

0

0

operation desk 2

0

0

0

biosafety cabinet 1

0

0

0

biosafety cabinet 2

0

0

0

operation desk

0

0

0

nasopharyngeal swab collection window

0

0

0

operation desk 1

0

0

0

operation desk 2

0

0

0

operation desk 1

0

0

0

operation desk 2

0

0

0

operation desk

0

0

0

office desk

0

0

0

- Numbers of tests. * - Cp values of 0 means a non-amplified result. Underlined numbers indicate positive amplification curves.
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Table 4. Assessment of indoor environmental quality in isolation wards (n = 35).
Category

Sites

Sample type

RT-PCR results

isolation ward of room no. 2

A/S

negative

buffer ward of isolation ward room no. 2

A/S

negative

toilet room of isolation ward room no. 2

S

negative

doorknob of isolation ward room no. 2

S

negative

isolation ward of room no. 3

A/S

negative

buffer ward of isolation ward room no. 3

A/S

negative

toilet room of isolation ward room no. 3

S

negative

doorknob of isolation ward room no. 3

S

negative

wards of no. 13 - 15

A/S

negative

wards of no. 16 - 17

A/S

negative

wards of no. 16 - 17

A/S

negative

Patient areas
Negative pressure wards

Semi-contaminated area
monitor

S

negative

treatment vehicle

S

negative

digital radiography machine

S

negative

biohazard waste room

S

negative

treatment room

S

negative

nurse station

S

negative

buffer ward

S

negative

Medical staff areas

A - aerosol sampling, S - surface sampling, n - numbers of tests.

concentration of the target gene. A Cp value of 0 indicates non-amplification of the target gene. The results in
Figure 1 show a low risk of SARS-CoV-2 exposure,
even though six sites separately had weak amplification
in the first and second environmental samplings. Based
on the manual analysis, we considered the contamination to be due to other coronaviruses, not SARS-CoV-2.
Air monitoring results showed weak positive amplification in the biosafety cabinet of the PCR laboratory (Figure 1), clinical microbiology laboratory, and clinical fever laboratory. Surface monitoring results showed slight
contamination on the biosafety cabinet of the clinical
microbiology laboratory, handles in the PCR laboratory,
and the work bench of the biosafety cabinet in the clinical microbiology laboratory (twice). Moreover, daily
work in the PCR and clinical microbiology laboratories
involve the identification and culturing of microorganisms, and the pathogen load may be higher in these laboratories than in other laboratories because coronaviruses are ubiquitous.
After the disinfection measures were implemented, no
amplification was observed in the samples from the
third sampling. Clearly, these monitoring and decon-
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tamination measures were effective. Furthermore, the
results of the indoor environmental assessment in isolation wards were negative in 35 key locations, which
could be valuable for monitoring and preventing the occurrence of nosocomial infections (Table 4).

DISCUSSION
Some studies have focused on environmental monitoring [20], including cold storage chain systems in China;
therefore, monitoring is important for managing patients
and controlling the infectious transmission of SARSCoV-2 [21]. There is a risk of nosocomial infection in
hospitals, with a 0.77% positive detection rate on the
surfaces in the isolation ward housing intensive care patients and a 3.57% positive detection rate in the air.
Clinical laboratories are high-risk departments in hospitals because specimens from patients with COVID-19
must be tested in a relatively closed area. The objective
of this study was to identify environmental SARS-CoV2 contamination in our clinical laboratory and to determine its concentration and distribution. Various factors,

7

Yingping Wu et al.

Figure 1. Real-time PCR assays were performed three times for air and surface monitoring in our clinical laboratory.
The first (A), second (B), and third (C) samplings were tested for the presence of three viral genes, namely, RdRP, N, and E. Amplification of
the E gene was observed in the first samples at three sites, while amplification of the N gene was found in the second samples. No contamination with SARS-CoV-2 was detected in the third set of samples. Positive amplification is labeled with an oval. The Y-axis represents the number of cycles, and the X-axis represents the amount of fluorescence.

including the relative humidity, temperature, intensity
of UV, ventilation frequency, and disinfectant use, have
been verified to influence environmental contamination
(Table 1). In this study, we have shown that tighter control of environmental contamination may reduce or prevent airborne and contact transmission. Furthermore,
our strategy was implemented in high-risk and other areas of the hospital to monitor contamination in the air.
The greatest fear when encountering any new or reemerging pathogen is how and when it can be transmitted, including whether it can be transmitted through the
air. Nosocomial cluster outbreaks are the predominant
type of outbreak seen in the healthcare setting for most
infectious diseases, including influenza and SARS [22,
23]. The practical importance and frequency of hospitalassociated infections remain controversial, although the
occurrence of infectious pathogens has increased sharply in recent years [24]. The methods of monitoring in-

fection transmission routes are always improving; however, the surveillance and management of airborne pathogens remain difficult. The presence of organisms, especially viruses, in the airborne environment was more
common than expected. Although many pathogens can
be identified using conventional culture-based methods,
the distribution of viruses in the hospital cannot be ascertained in the same manner [25]. In this paper, a simple strategy of environmental sampling in a clinical laboratory was used for the first time to identify contamination with SARS-CoV-2 in a real-world setting. It is
important to note that positive molecular detection results may not necessarily reflect the presence of viable
viruses.
Air quality varies among different settings in hospitals.
Healthcare settings are directly and inevitably affected
by infectious aerosolized pathogens. The major factors
affecting hospital-acquired infections are microbial
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agents, patient susceptibility, and environmental factors
[26]. Routine air monitoring is time-consuming, laborintensive, and valid only for the moment and location of
collection. It has been suggested that particle counting
could be used [27]; however, its value in the prediction
of airborne bacteria in various parts of hospital environments has rarely been investigated [28]. In a clinical
laboratory, there is a high level of risk of generating
aerosols when devices such as automated blood cell analyzers, coagulation analyzers, chemical detectors, and
immunological detectors are used. Although the New
Coronavirus Pneumonia Diagnosis and Treatment Plan
(6th edition) and New Biosafety Guidelines (2nd edition) were released by the National Health Commission
of the People’s Republic of China, evaluation of the
contribution to contamination of splashes and aerosols
generated by some operational steps, including nucleic
acid extraction, microbial smear generation, centrifugation and specimen lid opening, has not been performed.
Therefore, assessing the distribution of SARS-CoV-2 is
particularly important, due to the high level of sensitivity of the detection method; this is especially true for environmental surveillance, although few studies are
available with regard to clinical laboratories in hospitals.
To date, there have been few reports of medical staff in
clinical laboratories contracting COVID-19; however,
the key risks still exist while handling clinical samples
from COVID-19 patients during the pre-analytical and
analytical phases [31]. We speculate that there are two
reasons for this observation. First, clinical laboratories
are BSL-2 facilities with ventilation purification systems designed to maintain a clean environment, and
medical staff in laboratories have a strong awareness of
biosafety protocols and typically use BSL-2 personal
protective equipment, including an N95 respirator [29],
protective suit, medical gloves and protective goggles.
These methods may be effective for preventing
COVID-19. In addition to sufficient personal protection, laboratory staff may employ additional protective
protocols, including those pertaining to specimen handling. Second, it should be noted that PCR laboratories
are always fully managed in major hospitals and are
equipped with a negative-pressure system, ceiling UV
lights, biological safety cabinets and separate ventilation systems. During the initial outbreak of COVID-19
in Wuhan, PCR laboratories could be rapidly upgraded
to BSL-3 facilities. To assess the factors related to
SARS-CoV-2 detection in BSL-2 facilities, various environmental-factors, including clinical specimen type,
exposure risk, biosecurity equipment and disinfection
frequency, were studied. Our results showed that no
biosafety risks existed in our clinical laboratory, and our
experience with environmental monitoring could be applied to other zones of the hospital, especially operating
theatres and intensive care units (ICUs).
Surveillance is the key method used to control and manage infections in specialized units of hospitals [30]. In
this study, we developed and implemented a simple de-
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tection system for monitoring and surveillance of the
clinical laboratory environment, which can also be applied in other areas in the hospital; in addition, our results provide information on the current situation regarding specific airborne pathogens in the clinical laboratories of hospitals. Moreover, our results highlight
that the risk of exposure to potentially harmful airborne
pathogens is widespread in hospitals, which conflicts
with the results of previous studies on conventional hospital infection surveillance systems. The possibility of
aerosol transmission exists during prolonged exposure
to high concentrations of aerosol in a relatively closed
environment. Clinical laboratories have advanced molecular detection technologies for pathogens, and this
surveillance system should become part of the routine
procedures. Furthermore, PCR for specific highly pathogenic microbes can be considered the main index by
which indoor air quality is evaluated by the hospital
control manager (Table 4). Environmental surveillance
systems for specific highly pathogenic microbes, including SARS-CoV, MERS-CoV, and SARS-CoV-2,
are lacking in clinical laboratories, even in general hospitals in China.
Our study has some limitations. We monitored environmental contamination only in the clinical laboratory and
isolation wards and not in other departments in the hospital. Additional trials should be carried out in negativepressure wards or ICUs; however, departments that experience nosocomial infections often focus on preventing disease outbreaks rather than routine surveillance.
We note that reports by Loh TP et al. [31,32] show that
only 15% of laboratories have formulated decontamination steps. However, in the early stage of the COVID19 outbreak, we systematically decontaminated the laboratory and monitored the environment to ensure the
biosafety of our laboratory. Moreover, the detection of
SARS-CoV-2 RNA merely indicates that some nucleic
acids were present in the environment and did not necessarily indicate the presence of live, infectious viruses.

CONCLUSION
To date, for basic control of the epidemic situation, we
still carry out routine monitoring of the key departments
of the hospital, such as the fever clinic, emergency department, respiratory department, and even the cold
chain system of the staff canteen, so as to ensure the implementation of hospital infection monitoring. In conclusion, we suggest that this environmental surveillance
system is suitable for routine implementation in a clinical laboratory after the emergence of specific pathogens. In addition, the use of environmental surveillance
systems may also lead to the further assessment of infection prevention programs in different departments of
hospitals, with the aim of providing a reliable method of
managing hospital department and developing improved
hospital pathogen surveillance systems.
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