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ARTICLE INFO ABSTRACT

Handling Editor: Frederic Coulon To increase the capacity of identifying coronavirus disease 2019 (COVID-19) infection, many Biosafety Level 2

Keywords: (BSL-2) labs have been established in a short period of time for severe acute respiratory syndrome coronavirus 2
SARS-CoV-2 (SARS-CoV-2) nucleic acid tests all over the world. However, their biosafety has not been evaluated, which could
COVID-19 have been the first gateway to SARS-CoV-2 transmission. During 9-11 March 2020, the first comprehensive
Biosafety evaluation of the biosafety in all 89 labs qualified for conducting SARS-CoV-2 tests in Sichuan Province of China

BSL-2 was conducted. The degree of compliance with 39 criteria in five categories was evaluated: biosafety require-
Lab sgfety. ments for lab activities (14 criteria), sample transfer, acceptance and management (6 criteria), waste manage-
Nuc,lelc acid teSt_ ment (9 criteria), personnel training and protection (4 criteria), and lab environmental disinfection, emergency
Environmental risk . . s . :
plans and accident handling (6 criteria). Our results revealed that, although an overall median compliance rate
of 94.6% for 39 criteria, only four of 89 labs met all of them. Criteria in personnel training and protection have
been most satisfactorily met, followed by lab environmental disinfection, emergency plans and accident hand-
ling. The most severe risk was the lack of automatic doors at the main entrance or in core operation areas,
especially among labs in CDC and hospitals. This risk, together with failure for keeping pressure in the core
operation areas 25 = 5 Pa (mainly among labs in the third-party testing agencies), may cause accidental
exposure to biological agents from lab activities. Other severe risk included failure for standard labeling of SARS-
CoV-2 wastes and lacking regular monitoring of sterilization effects. Our findings would provide experiences and
lessons for strengthening lab biosafety in other Chinese provinces, and also serve as an important reference for
many other countries where such labs are being or will be quickly built for fighting the COVID-19. The in-
formation of lab safety should be considered to be internally linked to the national intelligent syndromic sur-
veillance system (NISSS), for better improving the safety of the labs at the greatest need and facilitating more
comprehensive surveillance of risk for disease outbreak.

1. Introduction

At the end of 2019, a series of pneumonia cases of unknown cause
were reported in Wuhan, Hubei Province of China (Coronaviridae Study
Group of the International Committee on Taxonomy, 2020). In January
2020, deep sequencing analysis from lower respiratory tract samples
identified a new strain of coronavirus, severe acute respiratory syn-
drome coronavirus 2 (SARS-CoV-2), as causative agent for that ob-
served pneumonia cluster (Sterpetti, 2020). The viral infection was
named as coronavirus disease 2019 (COVID-19) on 11th February
2020, which could develop a severe acute respiratory syndrome with
serious clinical symptoms, including fever, dry cough, dyspnea, re-
spiratory disorders, and pneumonia, and may result in progressive re-
spiratory failure and death (Coccia, 2020). The World Health Organi-
zation (WHO) declared it as a pandemic on 11th March 2020 when
more than 118,000 cases, including over 4000 deaths, were confirmed
in 114 countries worldwide (Di Gennaro, 2020). In addition to the
human movement resulting in person-to-person contact (Weitz, 2020;
Jia and Yang, 2020), the geo-environmental factors have also been
identified as determinants of the accelerated diffusion and severity of
COVID-19 (Coccia, 2020; Zhou et al., 2020).

To prepare for a long fight against the COVID-19, we need to in-
tensity every link in the chain of COVID-19 control and prevention.

https://doi.org/10.1016/j.envint.2020.105964

Working largely unseen, pathogenic microorganism labs will have been
playing a vital role as the first gateway in nucleic acid testing for severe
acute respiratory syndrome coronavirus 2 (SARS-CoV-2) from begin-
ning to the end of this pandemic. To increase the capacity of identifying
SARS-CoV-2 infections, many Biosafety Level 2 (BSL-2) labs for testing
SARS-CoV-2 have been established or adapted from the existing pa-
thogenic microorganism labs in a short period of time all over the
world. However, the potential biological hazards from such rapidly
built labs could threaten the safety of lab workers and consequently all
citizens, e.g., leakage of infectious agents outside the labs. The biolo-
gical accidents in pathogenic microorganism labs have occasionally
occurred since 1897 (Meyer and Eddie, 1897). According to the US
governmental data on biosafety in the labs, during 2008-2012, there
had been plenty of accident (e.g., spills, record-keeping errors) occur-
ring between 100 and 275 potential releases of pathogens each year in
labs that handle select agents, although few lab workers were reported
to be infected (Kaiser, 2014). The largest accident of lab-acquired in-
fections (LAIs) was reported in 1976, with 159 released biological
agents causing 4079 infections (Pike, 1976). Recently, the most severe
accident was the mishandling of severe acute respiratory syndrome
(SARS) virus in March 2004, which has resulted in one death, eight
infections, and more than 200 contacts quarantined in a leading SARS
research lab in China (Normile, 2004). Although the risk of LAIs is

Received 30 April 2020; Received in revised form 6 July 2020; Accepted 7 July 2020

Available online 14 July 2020

0160-4120/ © 2020 The Authors. Published by Elsevier Ltd. This is an open access article under the CC BY-NC-ND license

(http://creativecommons.org/licenses/by-nc-nd/4.0/).


http://www.sciencedirect.com/science/journal/01604120
https://www.elsevier.com/locate/envint
https://doi.org/10.1016/j.envint.2020.105964
https://doi.org/10.1016/j.envint.2020.105964
https://doi.org/10.1016/j.envint.2020.105964
http://crossmark.crossref.org/dialog/?doi=10.1016/j.envint.2020.105964&domain=pdf

Environment International 143 (2020) 105964

Table 1
Percentage of Biosafety Level 2 (BSL-2) labs for SARS-CoV-2 nucleic acid testing that meet different numbers of criteria under each major category of biosafety
regulations.
Categories Criteria Percentage of labs compliance with criteria (n = 89)
100% 75-100% 50-75% < 50%
N % N % N % N %
Biosafety requirements for lab activities 14 28 31.5 54 60.7 7 7.9 0 0.0
Sample transfer, acceptance and management 6 56 62.9 25 28.1 8 9.0 0 0.0
Waste management 9 40 44.9 47 52.8 2 2.2 0 0.0
Personnel training and protection 4 85 95.5 4 4.5 0 0.0 0 0.0
Lab environmental disinfection, emergency plans and accident handling 6 73 82 11 12.4 5 5.6 0 0.0

usually lower and the quality and safety measures are higher in diag-
nostic labs than in research labs, those accidents indicate that biosafety
of pathogenic microorganism labs remains a serious concern to the
public and community health.

Although it remains unknown how many SARS-CoV-2 LAIs have
occurred among the infected health workers (3019 in China as of 11
February 2020) (Wu and McGoogan, 2020), the importance of biosafety
in the rapidly built labs can never be overemphasized. In China, before
carrying out SARS-CoV-2 tests in a given diagnostic lab, a request ac-
companied by the required proof documents demonstrating meeting all
biosafety regulations must be submitted to the National Health Com-
mission of the People’s Republic of China for approval, in order to have
that lab qualified for conducting the corresponding activities (National
Health Commission of the People's Republic of China, 2020). However,
according to the previous lessons, an array of factors may emerge
during the operation of the lab, which could play crucial roles in the
exposure to and transmission of LAIs, such as inadequate compliance
with existing regulations and procedures, weak personnel protection,
and insufficient facilities (e.g., appropriate sterilization or decontami-
nation facilities) (Zhong and Zeng, 2006). With the newly emerging
pathogens and an increasing variety of lab materials and facilities, there
may be even more potential biosafety risks nowadays. However, bio-
safety of the newly established pathogenic microorganism labs for
SARS-CoV-2 tests has not been evaluated. This study filled this critical
gap by investigating the potential biological hazards of those labs in
Sichuan Province of China, which could provide experiences and les-
sons for strengthening biosafety of both diagnostic labs and research
labs in other Chinese provinces. Although the regulatory measures are
usually different among countries, findings of this study would be an
important reference for many countries where similar labs are being or
will be quickly built for fighting against the COVID-19, especially the
developing countries and regions with incomplete regulations and
limited resources.

2. Methods

Sichuan Province is located in the west to Hubei Province and has
the fourth largest population in China (around 83 million as of the end
of 2019), with about 60,000 traveling back from Wuhan (the early-
stage epicenter of the COVID-19 epidemic) during 10-20 January 2020.
Jointly by Sichuan Provincial Health Commission, Sichuan Public
Health Law Supervision Enforcement, and Sichuan Provincial Center
for Disease Control and Prevention (CDC), the first comprehensive
evaluation of the biosafety in all 89 BSL-2 labs qualified for conducting
nucleic acid testing for SARS-CoV-2 in Sichuan Province was conducted
during 9-11 March 2020. Only one qualified BSL-2 lab in Sichuan CDC
has existed before January 29, 2020; 88 were later qualified in CDCs at
different levels, hospitals, and third-party testing agencies.

Following the Lab Biosafety Guide for COVID-19, issued by the
Chinese National Health Commission, the biosafety of 89 BSL-2 labs
were evaluated on a basis of 39 criteria in five categories: biosafety

requirements for lab activities (14 criteria), sample transfer, acceptance
and management (6 criteria), waste management (9 criteria), personnel
training and protection (4 criteria), and lab environmental disinfection,
emergency plans and accident handling (6 criteria). We examined the
completeness of the required facilities and infrastructure and lab re-
cords (e.g., for experimental procedures, equipment maintenance,
waste disposal), and interviewed lab workers who were engaged in
SARS-CoV-2 tests for assessing operational procedures due to inability
to access the core operation areas during the SARS-CoV-2 tests. All
information was collected via a paper-based questionnaire, entered into
computer, and cross-checked by all participating parties. We calculated
the degree of compliance to each category (i.e., percentage of meeting
different numbers of criteria in each category) among the 89 BSL-2 labs,
and the compliance rate to each criterion (i.e., percentage of meeting
each criterion) among the 89 BSL-2 labs, as well as compliance rates
among the labs established in CDCs, hospitals, and third-party testing
agencies, separately.

3. Results

There were two to 20 staffs in each lab, with five working in one lab
on average. The daily maximum amount of nucleic acid tests for SARS-
CoV-2 in all those labs was 4578. Although an overall median com-
pliance rate of 94.6% for 39 detailed criteria, only four of 89 labs
met all of them. In general, criteria in personnel training and protection
have been most satisfactorily met (85 out of 89 labs have met all four
criteria under that category), followed by lab environmental disinfec-
tion, emergency plans and accident handling (Table 1). The high
compliance rates in those two aspects should have greatly contributed
to no reports of LAIs so far during the COVID-19 pandemic, compared
to some LAIs happening during the SARS epidemic (Zhong and Zeng,
2006).

However, some potential risks still existed. The most severe risk was
the lack of automatic doors at the main entrance or in core operation
areas (28 out of 89, 31.5%), especially in CDC (17/43, 39.5%) and
hospitals (11/36, 30.6%) (Table 2). This risk, together with failure for
keeping pressure in the core operation areas 25 + 5 Pa (11/70,
15.7%), especially in labs in the third-party testing agencies (3/8,
37.5%), may cause accidental exposure to biological agents from lab
activities. Another severe risk was failure for standard labeling of SARS-
CoV-2 wastes (22/89, 24.7%), which often occurred in non-hospital
labs, i.e., in the third-party testing agencies (5/10, 50%) and CDCs (12/
43, 27.9%); lacking regular monitoring of sterilization effects was a less
severe risk (17/89, 19.1%), but still increased potential risk for waste
management, especially in CDCs (10/43, 23.3%) (Table 3). Two less
severe but still serious risks existed in sample transfer, acceptance and
management: failure to meet the UN2814 requirements for outer
packaging of specimens to be transported (15/89, 16.9%) and lack of
double-locker management of specimens by two people (14/89, 15.7%)
(Table 3). Some other issues, although generally fine, may still run
certain types of agencies into risk. For example, 20.9% (9/43) of CDCs
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Table 2
Percentage of meeting biosafety criteria for lab activities (i.e., compliance rate) among the 89 Biosafety Level 2 (BSL-2) labs for SARS-CoV-2
nucleic acid testing, established in the Centers for Disease Control and Prevention (CDC), hospitals, and third-party testing agencies.

Criteria CDC Hospital Third-party All
(n=43) (n=36) agency (n=10) (n=89)
N % N % N % N %
1. Completed license for the BSL-2 lab 39| 907 34| 944 10| 1000 83| 93.3
2. Reasonable layout of lgb space (arefas fqr PCR system preparation, nucleic 39| 907 33| 917 10] 1000 821 921
acid extraction and nucleic acid amplification)

3. Keeping pressure in the core operation areas 25+5 Pa (at least 10 Pa lower

than adjacent areas)’ 29| 829 25| 92.6 59| 843
4. Equipped with automatic doors at the main entrance and core operation areas 10| 100.0

5. Equipped with eyewash devices 36| 837 31| 86.1 10| 1000] 77| 865
6. Equipped with automatic faucets installed near the exit of the lab 39| 907 32| 889 9 90.0| 80| 89.9
7. Equipped with at least one pressure steam sterilizer 37| 86.0 29| 80.6 10| 1000 76| 854
8. Certified pressure steam sterilizers and qualified workers 36| 837 32| 88.9 8 80.0| 76| 854
9. Biohazard signs and emergency escape lighting system 38| 884 34| 944 10| 1000 82| 92.1
10. Regular quality checking for biosafety cabinets 35| 814 32| 88.9 10| 1000 771 865
11. More than two or more lab workers at the same time 43| 100.0 34| 94.4 10 1000] 87| 978

12. No allowance of conducting other non-SARS-CoV-2 nucleic acid testing at
the same time
13. Regulations for lab facility management, inspection, and maintenance 39| 907 35| 972 9 900| 83| 933

431 100.0 351 972 10| 100.0 [ 88| 98.9

14. Regular records of lab operation and safe monitoring 42| 977 32| 88.9 10| 100.0| 84| 944

*Not applicable to 19 BSL-2 labs, with 8 in CDCs, 9 in hospitals, and 2 in third-party testing agencies.
Items colored in grey, yellow, orange, and red represent the compliance rates of 90-95%, 85-90%, 80-85%, and < 80%, respectively.

did not classify solid wastes with warning signs; 20% (2/10) of the sterilizers and qualified lab workers, and records of storing, lending,

third-party testing agencies were not equipped with disinfectants for and destroying specimens (Table 4). A moderate risk that lab workers

specimen leakage accidents, and did not have certified pressure steam operated experiments outside the core operation areas of the lab,
Table 3

Percentage of meeting criteria of sample and waste management (i.e., compliance rate) among the 89 Biosafety Level 2 (BSL-2) labs for SARS-
CoV-2 nucleic acid testing, established in the Centers for Disease Control and Prevention (CDC), hospitals, and third-party testing agencies.
CDC Hospital Third-party All
Criteria (n=43) (n=36) agency (n=10) (n=89)
N % N % N % N %

Sample transfer, acceptance and management

1. Collecting specimens in specially sealed, freeze-proof tubes, and

transferring specimens in sealed and labeled box by special staffs 43| 1000 351 972 10/ 1000 88 989

2. Meeting the UN2814 requirements for the outer packages of specimens to
be transported, with the certificate for transporting the human-transmitted 43 [ 100.0
pathogenic bacteria/viruses or its specimens

10| 100.0 74 | 83.1

3. Regular disinfection of devices for transferring specimens 43 [ 100.0 36 | 100.0 10| 100.0 89| 100.0

4. Disinfecting outer packages or tubes when receiving, unpacking, and
taking out specimen with 75% ethanol

42 97.6 36 | 100.0 10| 100.0 88| 98.9

5. Records of checking in, checking out, and destroying specimens 38 88.4 34| 944 8 80.0 80| 89.9
6. Double-locker management of specimens by two people 37 86.0 30| 833 8 80.0 75| 843
‘Waste management

1. Operational procedures for infectious waste and sewage disposal 40 93.0 34| 944 10| 100.0 83| 933
2. Disinfecting waste water during testing and discharging sewage system 43 [ 100.0 36| 100.0 10| 100.0 89| 100.0

3. High pressure sterilization (at least for 121°Cand 15 min) for solid waste
(tissue samples, consumables, personnel protective equipment, etc.) after on- 43| 100.0 35| 972 10| 100.0 88| 98.9
site packaging

4. High pressure sterilization (at least for 121°Cand 15 min) for sharps
(needles, knives, glass, etc.) discarded in special boxes

5. Sterilization and double layer sealing packaging of solid waste 40 93.0 36| 100.0 9 90.0 85 955

43| 100.0 35| 972 9 90.0 88| 98.9

6. classifying solid wastes with warning signs
7. Standard labeling of SARS-CoV-2 wastes

8. Records of disinfection, sterilization, and waste disposal

9. Using chemical indicator tapes/cards every time and using biological
indicators per month to monitor the effect of sterilization

Items colored in grey, yellow, orange, and red represent the compliance rates of 90-95%, 85-90%, 80-85%, and < 80%, respectively.
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Percentage of meeting criteria of personnel training and emergency handling (i.e., compliance rate) among the 89 Biosafety Level 2 (BSL-
2) labs for SARS-CoV-2 nucleic acid testing, established in the Centers for Disease Control and Prevention (CDC), hospitals, and third-party

testing agencies.

Criteria

CDC Hospital Third-party All
(n=43) (n=36) agency (n=10) (n=89)

N % N % N % N %

Personnel training and protection

15. Regular training for biosafety and operational skills

43| 100.0 36 | 100.0 10| 100.0 89 1 100.0

16. BSL-3 biosafety protection when collecting and testing specimens
(protective clothing, medical cap, N95 mask, double latex gloves, boot
cover, goggles/face shield)

40 93.0 36 | 100.0 10| 100.0 86| 96.6

17. BSL-2 biosafety protection of receiving specimens (protective clothing,
medical cap, N95 mask/surgery mask, gloves)

43| 100.0 36 | 100.0 10| 100.0 89

18. Operating experiments in the core operation areas of the lab

43| 100.0 36 | 100.0 9 90.0 88| 98.9

Lab environmental disinfection, emergency plans and accident handling

34. Processing specimens in biological safety cabins

43| 100.0 36 | 100.0 10 100.0 89

35. Disinfecting ground and operation tables (chlorine concentration of 500
mg/L), and safety cabinet (75% ethanol) by disinfectants with certified
concentration

39 90.7 34| 944 10| 100.0 83| 933

36. Equipped with disinfectants (chlorine concentration of 3000-5000 mg/L)
for specimen leakage accidents

37 86.0 33| 91.7 8 80.0 78 | 87.6

37. Radiation intensity of ultraviolet lamps for regular monitoring in core

40 93.0 351 972 10| 100.0 85| 955

operation areas

38. Procedures for recording the disposal and evaluation of accidents

43| 100.0 36 | 100.0 10| 100.0 89 1 100.0

first-aid kit, disinfection equipment, full face mask, etc.)

39. Equipped with first-aid and accident handling devices (fire extinguisher,

43| 100.0 36 | 100.0 10| 100.0 88 | 100.0

Items colored in grey, yellow, orange, and red represent the compliance rates of 90-95%, 85-90%, 80-85%, and < 80%, respectively.

although observed in only one lab in a third-party testing agency, may
cause potential leakage of biological agents and hence should be era-
dicated.

4. Implications and limitations

According to these results from our comprehensive evaluation, there
were various biosafety risks in many aspects of those newly established
labs for SARS-CoV-2 tests, and any problem could lead to unpredictable
biosafety accidents. Early detection of these problems can effectively
reduce or even avoid these potential risks. In addition to overcoming
those problems, it is more important to have deeper reflection on how
to strengthen the current biosafety system, in order to avoid such bio-
logical hazards fundamentally and cost-effectively. We suggest to
strengthen the biosafety system in the following aspects:

(1) Tightening procedures for qualifying labs on the basis of all bio-
safety requirements before approval. Any inadequate protection in
microbiology activities, waste disposal, and storage and transpor-
tation of biological agents would result in potential consequences of
LAIs. For example, failure to keep lower pressure in the core op-
eration areas and lack of automatic doors at the main entrance and
core operation areas in some labs were revealed from this study.
Therefore, even during the emergency period, the rapid establish-
ment or qualification of pathogenic microorganism labs needs to
check all basic requirements of BSL-2 labs before carrying out any
microbiology activity.

(2) Strengthening enforcement of the existing regulations and proce-
dures and continuous training for personnel protection. The ex-
isting regulations on general biosafety of pathogenic microorganism
labs of China (e.g., a technical guidance for lab testing of 2019-
nCoV infection (National Health Commission of the People's
Republic of China, 2020), although not legally mandatory, were
formulated based on the previous lab accidents, LAls, and opinions
of peers. Therefore, strict compliance with these regulations and
procedures can effectively avoid many known infection threats. For

example, failure to conduct standard labeling of SARS-CoV-2 wastes
in some labs was found in this study. Mistakes made by lab workers
have accounted for about 78% of the underlying causes of LAIs
(Wurtz, 2016), and most risks of biological hazards for humans
could be significantly reduced through proper training on the use of
appropriate techniques, containment devices, and facilities in cor-
rect procedures. Therefore, routine training and strict supervision
for personnel protection is an important guarantee for biosafety.

(3) Speeding up the progress of the institutionalized biosafety.
Biotechnology is a “double-edged sword”, benefiting and also
bringing potential risk to humans. Thus, it is necessary to prioritize
biosafety by law. “Regulations on the Biosafety Management of
Pathogenic Microbe Labs” were amended in 2018 in China, which,
however, has not been effective as the law. When conflicts occur
between the regulations and the law, the law still holds more power
than do regulations. The COVID-19 pandemic should urge all
countries without complete institutionalization of biosafety to step
up the efforts for systematically establishing or improving the na-
tionwide control and prevention capacity of biosafety risk, espe-
cially low- and middle-income countries.

(4) Establishing the real-time reporting systems of LAIs and the net-
work surveillance systems of BSL-2 labs. The actual risk of LAIs is
usually difficult to quantify due to lack of information, which has
disabled evidence-based control measures and regulations. The
network surveillance systems for COVID-19 nucleic acid tests can
monitor and collect information from many aspects of lab activities
(microbiology activities in the lab) and environments (e.g., quality
of lab facilities). Such public health infrastructures will perma-
nently be important reserves of emergency handling capacity in one
country, for both COVID-19 re-emergence and other emerging in-
fectious diseases in the future. For example, 21 of 89 BSL-2 labs in
Sichuan Province have been adapted from the labs that are part of
the Chinese National Influenza Surveillance Network, which have
unprecedentedly speeded up the construction during the emer-
gency.

(5) The course “biosafety in the lab” should be a compulsory course of



all relevant disciplines in the university (e.g., life science, biome-
dicine, clinical medicine, and preventive medicine), in order to
improve safety awareness and capacity of relevant technicians who
are or will be engaged in lab work, and to reduce potential biosafety
accidents in the future, such as safe operation, disposal of solid
wastes, and lab emergency handling.

There are some limitations of this survey, which should be improved
in future for a better evaluation of the biosafety of labs established or
qualified in response to emerging infectious diseases. First, lab directors
were interviewed for answering all operation-related questions, which
is more subjective than by observation and might overlook some in-
compliance with safety regulations during practical operations. In fu-
ture, an alternative way of evaluating those aspects could be observing
mock operations, which can be set up ahead of time in mock core op-
eration areas. Second, due to the urgency of this survey, we could not
conduct an in-depth interview for more open questions, which might
help to identify potential reasons underlying the incompliance. Third,
for the same reason above, we could not systematically examine all
historical records of all labs since the COVID-19 outbreak. Therefore,
we could not have the total number of SARS-CoV-2 tests in each lab,
which might have related to the degree of compliance with safety
regulations, and also have enabled us to quantify the potential risk of
incompliance for better the current emergency plans.

5. Conclusions

It has been warned in the spring of 2020 that the COVID-19 pan-
demic outside China was still escalating with the unclear moment of
reaching the peak. In particular, the current and future waves of in-
fections have and will have been inevitably hitting the most vulnerable
regions in the world (e.g., Africa and Latin America) (Jia and Yang,
2020), where many countries had weaker capacity of nucleic acid
testing for SARS-CoV-2 and biosafety prevention. In the face of rapid
growth of COVID-19 patients, most, if not all, countries have estab-
lished or are establishing nucleic acid testing labs for SARS-CoV-2 in a
short period of time, so they may have encountered or will encounter
many similar or even more biosafety problems. Experiences from China
will be crucial to continuing strengths and overcoming those potential
risks during the procedures for ensuring the lab biosafety, especially in
middle and low-income countries that cannot afford consequences re-
sulting from avoidable risks as do high-income countries. Therefore,
there is an urgent need of involvement of multiple disciplines and in-
ternational collaboration to build more robust biosafety systems for the
improved biosafety. More prospectively, the information of lab safety
(e.g., raw data, evaluation results) should be considered to be internally
linked to the national intelligent syndromic surveillance system
(NISSS), which could help different levels of CDCs better coordinate
and allocate limited resources for targeted investigations and inter-
ventions to improve the safety of the labs at the greatest need, as well as
facilitate more comprehensive surveillance of risk for disease outbreak
(Jia and Yang, 2020).
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