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The coronavirus disease 2019 (COVID-19) pandemic, which started in China, has created
a panic among the general public and health care/laboratory workers. Thus far, there is no
medication or vaccine to prevent and control the spread of COVID-19. As the virus is
airborne and transmitted through droplets, there has been significant demand for face
masks and other personal protective equipment to prevent the spread of infection. Health
care and laboratory workers who come in close contact with infected people or material
are at a high risk of infection. Therefore, robust biosafety measures are required at hos-
pitals and laboratories to prevent the spread of COVID-19. Various diagnostic platforms
including of serological, molecular and other advanced tools and techniques have been
designed and developed for rapid detection of SARS-CoV-2 and each has its own merits
and demerits. Molecular assays such as real-time reverse transcriptase polymerase chain
reaction (rRT-PCR) has been used worldwide for diagnosis of COVID-19. Samples such
as nasal swabs or oropharyngeal swabs are used for rRT-PCR. Laboratory acquired infec-
tion has been a significant problem worldwide, which has gained importance during the
current pandemic as the samples for rRT-PCR may contain intact virus with serious
threat. COVID-19 can spread to workers during the sampling, transportation, processing,
and disposal of tested samples. Here, we present an overview on advances in diagnosis of
COVID-19 and details the issues associated with biosafety procedures and potential
safety precautions to be followed during collection, transportation, and processing of
COVID-19 samples for laboratory diagnosis so as to avoid virus infection. � 2020
IMSS. Published by Elsevier Inc.
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Introduction

Coronavirus disease 2019 (COVID-19) has spread rapidly
worldwide, placing the countries around the world on
lockdown while posing a huge global threat and panic
among mass population (1). As of June 03, 2020, there
were 6,287,771 confirmed cases of COVID-19 and
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379,941 deaths worldwide (2). Initially, the newly identi-
fied coronavirus was named 2019-nCoV, but was later re-
named as severe acute respiratory syndrome coronavirus
2 (SARS-CoV-2) because of its similarities to severe
acute respiratory syndrome coronavirus (SARS-CoV)
(3). This is the third coronavirus outbreak in two de-
cades, and because of its spread worldwide, a pandemic
was declared by the World Health Organization (WHO)
on March 11, 2020 (2,4). In just 6 months (as on June
3, 2020), 18, 693 COVID-19-related articles have been
published on PubMed, showing the intensity of the situ-
ation worldwide.
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Presently, there are no antiviral drugs or vaccines avail-
able to combat COVID-19. High efforts are being made by
researchers of several countries to design and develop
effective vaccines, drugs and therapeutics to tackle this
pandemic disease (5). Numerous molecular assays and
serological assays are available for diagnosis of COVID-
19 with varying sensitivity and specificity. The diagnosis
of SARS-CoV-2 infected persons/COVID-19 suspected
and affected patients need to be carried out accurately
and rapidly so as to provide timely treatment and supportive
care as well as follow appropriate isolation and quarantine
procedures to separate them from na€ıve population so as to
prevent SARS-CoV-2 spread to other individuals. COVID-
19 is tested using real-time reverse transcriptase polymer-
ase chain reaction (rRT-PCR), and infected patients are
treated symptomatically. Globally, health care workers are
under significant pressure not only to curtail the disease
and save lives but also to protect themselves from becoming
infected. Therefore, health care workers may experience
stress because of the panic caused by this pandemic (6). Ac-
cording to the Chinese Centers for Disease Control and Pre-
vention, 1,716 health care workers in China were infected
with COVID-19 from a total of 44,672 confirmed cases
(3.8%). Contrastingly, other reports assert that more than
3000 health care workers in China were infected with
COVID-19 (7e9). Italy, reports higher morbidity of
10.7% COVID-19 cases among health care workers (10).
The mortality rate associated with COVID-19 among health
care workers was 0.35% (6 out of 1700 cases), while that
associated with severe acute respiratory syndrome (SARS)
in 2002 was 1.45% (5 out of 343 cases) (9,11). These data
show the importance of having robust biosafety procedures
not only for patient care givers like doctors and nurses but
also for persons processing the sample for the diagnosis of
COVID-19. Health care and laboratory workers are at a
high risk of infection because of being in close contact with
infected patients and material and a lack of personal protec-
tive equipment (PPE) (6). For health care and laboratory
workers involved in COVID-19 testing, PPE is the only de-
fense available to avoid being infected (12).

The safety of laboratory workers involved in the diag-
nosis of COVID-19 is of increased concern as there is no
clear picture of infections in laboratory settings.
Laboratory-associated infection may occur due to a lack
of PPE, improper microbiological techniques, lack of
training, and inadequate decontamination protocols (13).
A graduate student in Singapore in 2003 and a researcher
in Taiwan in 2004 had been infected by SARS in the labo-
ratory setting (13). Thus, there is similar chance of COVID-
19 transmission to laboratory workers. Hence, it is impor-
tant to consider biosafety issues concerning laboratory pro-
cedures during the current COVID-19 pandemic. Here, we
aimed to address the safety issues faced by laboratory
workers involved in the processing COVID-19 samples
and detail potential safety precautions that can be
implemented to avoid virus infection and prevent the spread
of COVID-19. A brief overview on the recent advances in
diagnosis of SARS-CoV-2/COVID-19 has also been pre-
sented. Biosafety issues during the collection, transporta-
tion, and processing of COVID-19 samples for laboratory
diagnosis are addressed in detail.
Advances in Diagnosis and Mapping of COVID-19

Real time PCR is the globally used in vitro diagnostic assay
for the confirmation of SARS-CoV-2 in clinical samples.
Availability of whole genome of SARS-CoV-2 in the public
domain led to the development of several RT-PCR methods
using different target genes (14). Genes like envelope (E),
RNA-dependent RNA polymerase (RdRp), spike (S), nuce-
loprotein (N), open reading frame (ORF) 1a, ORF 1b and
non structural protein (NSP) 2 are employed as targets for
rRT-PCR detection of the virus (15e17). Variations and
up gradation of the existing assays are increasing day by
day to detect SARS-CoV-2 with improved sensitivity of
the assays. RdRp/helicase (Hel) gene targeted rRT-PCR
was reported to be more sensitive and has limit of detection
of 1.80 TCID50/mL using genomic RNA (18,19). Triplex
rRT-PCR targeting N and E gene of SARS-CoV-2 along
with an internal control has been developed which had
reduced sensitivity as compared with uniplex rRT-PCR
(20). Occasional issues of false negative results of rRT-
PCR have been reported from various countries (21). As
per the report of Foundation for Innovative New Diagnos-
tics (FIND), a WHO Collaborating Centre for Laboratory
Strengthening and Diagnostic Technology Evaluation, 313
different molecular assay platforms are available for diag-
nosis of COVID-19.

The rRT-PCR assay requires sophisticated instruments
and consumes time. Hence isothermal amplification assays
like loop mediated isothermal amplification assays (LAMP)
can be employed as a bed-side test (22,23). This assay can
minimize the time required for declaring a result and it is a
highly sensitive assay. Recently, LAMP assay targeting
SARS-CoV-2 ORF1ab and S gene was developed with
100% specificity and sensitivity (24). Similarly, N gene-
based LAMP assay has also been developed with 100%
sensitivity but its specificity with SARS and MERS were
not tested (25). Combination of Recombinase Polymerase
Amplification (RPA) with LAMP assay in a single tube
termed as Penn-RAMP has been developed which had high-
er sensitivity than LAMP assay (26). Other platforms like
CRISPR based point-of-care Specific High Sensitivity
Enzymatic Reporter UnLOCKing (SHERLOCK) and
DNA Endonuclease-Targeted CRISPR Trans Reporter (DE-
TECTR) assays have also been developed for SARS-CoV-2
(27). This assay employs both RPA with CRISPR-cas tech-
nology and report shows that CRISPR based assay requires
lesser time than rRT-PCR but are less sensitive (28). Meta-
genomic approaches are used for sequencing the SARS-
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CoV-2 samples thus enabling identification of the novel vi-
rus (29). Hence, next generation sequencing (NGS) plat-
forms can be used for efficient diagnosis of emerging or
novel diseases. Due to the immediate need for diagnosing
COVID-19 affected individuals, diagnostic potential of
the few of the developed assays for detection of SARS-
CoV-2 has not been properly elucidated, which needs
necessary validation for confirmatory and practical use of
the advanced diagnostics during COVID-19 pandemic (30).

An array of antibody-based diagnostic assays has been
developed to aid in point-of-care testing but they have the
inherent problem of reduced sensitivity and specificity
(31). Assays like enzyme-linked immunosorbent assay
(ELISA) and lateral flow assay (LFA) were developed for
diagnosis of SARS-CoV-2. IgG and IgM assays based on
recombinant S and N protein showed results comparable
to rRT-PCR (32). Reports show that IgA levels can be a
marker for diagnosis of SARS-CoV-2 (33). Other platforms
like microfluidics and lab-on-chip assays are under devel-
opment stages for point-of-care diagnosis of SARS-CoV-2.

The real-time COVID-19 tracking and mapping could be
performed by using geographical information systems
(GIS) (GIS softwareKosmo� 3.1), web-based real-time
dashboards, and advanced information technology plat-
forms for designing useful apps, which would aid in check-
ing the spread of the disease by adopting appropriate and
timely prevention and control measures (34e37).
General Recommendations for Laboratory Workers

Social distancing among laboratory workers is vital as an
asymptomatic colleague can infect others. In addition,
robust hand hygiene should be followed. The health status
of all laboratory workers should be regularly monitored for
symptoms, and suspected laboratory workers should be
quarantined. PPE, such as a lab coat or gown, face mask,
face shield, gloves, goggles, and head cap, should be used
during all laboratory procedures (10). Aerosols or droplets
are also generated while talking, and therefore, a mask
should be worn even outside the laboratory (38). Under
experimental conditions, SARS-CoV-2 has been found to
be viable in aerosols for 3 h. Thus, PPE should always be
worn inside the laboratory to prevent infection (39).
Although N95 face masks are recommended for all labora-
tory work that can generate aerosol droplets, there is a
considerable shortage of N95 masks worldwide. If an
N95 mask is not available, a surgical mask should be used.
All workers should be trained on donning and doffing of
PPE and decontamination procedures in case a spill occurs.
Extra care should be taken while doffing PPE as there is a
high chance of contamination during this procedure. Pro-
cedures such as centrifugation and vortexing during nucleic
acid extraction can generate aerosols; hence, sealed rotor
caps should be used while centrifugation and care should
be taken to prevent contamination. Lids should be tightly
closed during centrifugation, the speed limit should not
be exceeded, plastic centrifuge tubes should be used as
glass tubes can break, and centrifuges should be used inside
a biosafety cabinet (BSC) class II if possible (10). Before
processing COVID-19 samples, each laboratory should
conduct a risk assessment, identify the potential hazards,
prepare a standard operating procedure, and train laboratory
workers to prevent the spread of COVID-19 (40).

Biosafety Concerns During Sample Collection

rRT-PCR has been used extensively worldwide to confirm
COVID-19 cases. The CDC recommends using upper respi-
ratory samples such as oropharyngeal or nasopharyngeal
samples for confirmation of SARS-CoV-2 using rRT-PCR
(41,42). However, acquiring oropharyngeal or nasopharyn-
geal samples require close contact with suspected patients.
SARS-CoV-2 is transmitted through respiratory droplets.
Therefore, care should be taken during sample collection
(43). In the absence of respirators, eye protection goggles,
gloves, and full-sleeved gown, N95 respirators, higher-
level respirators, or face shield should be used (44).
Increased use of face masks by the general public has led
to a shortage of masks for health care/laboratory workers
(45,46). Health care workers collecting COVID-19 samples
may be at risk of infection if the PPE, especially masks or
respirators, are not available or not used properly. Other op-
tions for sample collection because of PPE shortage may be
the self-collection of saliva samples (early-morning
coughed-up sample) (47). Saliva samples have been used
for detecting several respiratory viruses, including SARS-
CoV (48,49). Walk-in sample collection centers are used
in India and South Korea. These centers have a barrier be-
tween patients and health care workers, and swabs are taken
with a gloved hand (50). Although the effectiveness of
these centers has not been validated, the transmission of
COVID-19 to the health care worker may be reduced
because of the barrier. Movement or unwanted entry inside
the sample collection area should be prevented since this
can increase the risk of further spread.

Biosafety Concerns During Transport

The collected swabs should be transported in a viral trans-
port medium to testing laboratories under cold conditions
or at room temperature as per the recommendations (51).
If the specimen is being transported a short distance, it
should be sealed in a biohazard zip-lock bag or container
within a leak-proof cryobox. The outer layer of the box
should be disinfected, the labeling of samples should be
clear, and a biohazard symbol should be present on the
box. All the samples should be labeled properly so that
there is no problem for result communication. If the speci-
mens are being transported to another city or country for
further processing, triple-layered packaging should be used
(10,52). Triple-layered packaging consists of a primary



Table 1. Disinfectants effective against SARS-CoV that can be used

against SARS-CoV-2

S. No. Disinfectant Concentration

Contact

time References

1 Hydrogen peroxide 0.5% 1 min (54)

2 Sodium

hypochlorite

0.1% 1 min (55)

3 Formaldehyde 0.7e1% 2 min (56)

4 Glutardialdehyde 2.5% 5 min (57,58)

5 Ethanol 78e95% 30 sec (56,58,59)

6 2- propanol 70e100% 30 sec (56,59)

7 Povidone iodine 7.5%,0.23% 15 sec (60)
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leak-proof receptacle holding the specimen, which is wrap-
ped with a material that can absorb the fluids in case of
damage to the receptacle. The primary receptacle should
be positioned inside a durable, leak-proof secondary recep-
tacle. More than one primary receptacle can be placed in-
side the second receptacle with proper absorbent
cushioning material in between. The third layer should be
a rigid outer packing material that can protect the samples
(53). The outer layer should have a label that clearly states
‘‘Specimen for COVID-19 testing’’ and should have details
of the transportation company and the receiver (Figure 1).
People transporting the samples should be aware of the haz-
ardous nature of the sample and should be trained in
handling risk group pathogens. In addition, they should
be aware of the emergency decontamination procedures
in case a spill occurs. Any spill event should be reported
to the relevant authorities. The laboratory receiving the
sample should be informed in advance regarding the trans-
port of the sample and the number of samples being trans-
ported (10).

When sending samples on a flight for international
transport, UN3373 biological substance, category B regu-
lations should be followed (52). After packing and trans-
porting the sample, the surface should be disinfected with
agents that are known to be effective against SARS-CoV
and Middle East respiratory syndrome coronavirus
(MERS-CoV) (Table 1). Cultures or isolates of SARS-
CoV-2 should be transported as a UN2814 biological sub-
stance, category A and labeled as an infectious material
affecting humans.

Once the sample is received by the testing laboratory, the
outer container needs to be decontaminated and then sent to
a biomedical waste management facility.
Figure 1. Triple-layered packaging for sending infectious samples.
Biosafety Concerns During the Processing of Samples

The laboratory should have three separate rooms for extrac-
tion of nucleic acid from sample, making a reaction
mixture, and amplification. Samples should flow in a single
direction to prevent contamination and false-positive ampli-
fication. Similarly, separate pipettes should be used for
sample preparation, reaction mix preparation, and post-
amplification procedures. Filtered tips may be used to pre-
vent sample contamination (61). A separate team of people
may work on extraction and amplification procedures. The
outer surface of the package should be disinfected with
70% ethanol or 0.1% sodium hypochloride before opening
the package (62). The specimens intended to undergo a nu-
cleic acid amplification test should only be opened in a
BSC class II A1 or A2 or higher-level biosafety cabinets
such as BSC class III (63,64). Based on availability, sam-
ples can be handled in biosafety level 3 or 4 containment
facilities. The required biosafety levels for various labora-
tory activities during the processing of SARS-CoV-2 sam-
ples, as recommended by the CDC, are presented in
Table 2.
Table 2. Biosafety level requirements for processing SARS-CoV-2-

suspected samples

S. No. Laboratory activities

Laboratory facility

required

1 � Media preparation
� Histopathology of formalin-fixed
specimens

� Electron microscopy of fixed
samples

� Staining and examination of
fixed smear for bacteriology

Biosafety laboratory

level 2 facility

2 � Sample inactivation
� Nucleic acid extraction
� Polymerase chain reaction
� Smear preparation for bacterio-
logical and mycological work

� Serological tests

Biosafety laboratory

level 2 facility with

biosafety laboratory

level 3 practices

3 � Virus isolation and manipulation
of viral culture

� Animal experiments using live
culture

Biosafety laboratory

level 3 facility
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PPE, including respirators or masks, face shields or gog-
gles, gloves, aprons or coveralls, and shoe covers, is
required when handling samples as they are not deactivated.
All staff working on processing SARS-CoV-2-suspected
samples should be trained on biosafety practices and the
safe donning and doffing of PPE. Nucleic acid extraction
should be performed inside a BSC class II as procedures
such as centrifuging and vortexing can generate aerosol
droplets. If a centrifuge cannot be accommodated inside a
BSC, extra care must be taken while handling the samples.
A centrifuge with a closed lid should be used to prevent the
spread of aerosol droplets. Samples opened for processing
should immediately be transferred to a sample lysis buffer
containing a guanidinium-based agent and a non-
denaturing detergent that can inactivate the virus (65,66).
The addition of lysis buffer not only inactivates the virus
but also preserves the RNA from degradation. Alternative
methods of inactivation include heating the virus at 56�C
for 30 min. However, studies have shown that this not only
inactivates the virus but also affects the nucleic acid ampli-
fication, producing false-negative results (67). An auto-
matic nucleic acid extractor can be used outside a BSC
class II after the inactivation of the sample using a lysis
buffer.
Figure 2. Personal protective equipment to be used during the sampling, transp

aprons, gloves, masks or respirators, and goggles should be worn at all times from

cabinet class II should be used.
Once inactivated, the samples can undergo nucleic acid
extraction. Even though theoretically, the samples have
been inactivated after the addition of lysis buffer, care
should still be taken, as there may be a chance of droplet
spread during centrifugation and other procedures. Samples
can be stored at �70�C for extended storage or discarded
after proper decontamination procedures. The entire work-
ing surface and equipment need to be decontaminated with
disinfectants such as bleach, followed by 70% ethanol to re-
move the bleach residues (Table 1). Regular cross-
contamination checks of exposed laboratory surfaces
should be performed to prevent erroneous results. The
PPE used by laboratory workers and the laboratory medical
waste generated should be autoclaved and appropriately
packed before disposal to a biomedical waste management
facility. Biosafety laboratories level 3 or 4 (BSL 3 or 4)
handling virus isolation should store the isolates with clear
labeling, and an inventory should be maintained to trace
back the isolates stored. During the SARS-CoV outbreak,
the WHO recommended the destruction of all unnecessary
samples. Similarly, SARS-CoV-2-negative samples may be
disposed of after decontamination. SARS-CoV isolates
recovered during the outbreak were maintained and regu-
larly audited. Similarly, SARS-CoV-2 isolates should be
ortation, and processing of COVID-19 samples PPE, such as coveralls or

sampling to final processing. During the processing of samples, a biosafety



Figure 3. Chance of spreading COVID-19 through improper disposal of face masks in the environment.
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accounted for and external auditing should be performed to
prevent the loss of isolates because of dual-use research
concerns (68,69). The biosafety measures to be imple-
mented during COVID-19 testing are shown in Figure 2.

Additional Biosafety Concerns

As a general laboratory protocol, all used PPE and labora-
tory waste generated during the sample processing should
be decontaminated before being discarded. Presently masks
are used by all people around the world to prevent spread of
COVID-19. There is limited awareness among the general
public regarding the disposal of masks, and the majority
of the masks used are discarded in the environment. It
has been found that viruses can be detected at lower levels
on the surface of masks, even 7 d after use (63). Hence, face
masks should be discarded carefully, and the general public
should be informed of the same procedures. Improper
disposal of face masks could potentially aid in the spread
of COVID-19. Recent reports on the susceptibility of ani-
mals to SARS-CoV-2 are also concerning since stray dogs,
cats, and other animals may come in contact with these
masks, and if this occurs, it will be a significant issue
(70) (Figure 3).

Similarly, all laboratory waste generated during the pro-
cessing of COVID-19 samples should be decontaminated
before final disposal to a biomedical waste management fa-
cility. A list of disinfectants for SARS-CoV-2 and their
manufacturers is available at the United States of America
Environmental Protection Agency (https://www.epa.gov/
pesticide-registration/list-n-disinfectants-use-against-sars-
cov-2).
Conclusion

Since the SARS-CoV-2 is novel, there are several gray
areas starting from its pathogenesis to treatment. People
around the world are afraid about the fast spreading nature
of the disease. Presently testing and isolation is the only
known method to prevent the spread of SARS-CoV-2. Early
diagnosis of COVID-19 is essential to cut the epidemic
curve hence robust diagnostic assays are essential that
can detect SARS-CoV-2 accurately and swiftly. Health care
and laboratory workers are at risk and hence protective
wears play a major role to prevent infection. The proper
use of PPE can prevent the spread of SARS-CoV-2 infec-
tion among health care and laboratory workers. In addition,
biosafety measures such as careful sampling techniques, the
transportation of samples in leak-proof containers, the use
of biosafety cabinets, good microbiological techniques,
decontamination of samples and workspace, and

https://www.epa.gov/pesticide-registration/list-n-disinfectants-use-against-sars-cov-2
https://www.epa.gov/pesticide-registration/list-n-disinfectants-use-against-sars-cov-2
https://www.epa.gov/pesticide-registration/list-n-disinfectants-use-against-sars-cov-2
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accounting for isolates are essential in preventing
laboratory-associated SARS-CoV-2 infection.
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