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Abstract

Seven coronavirus species, including severe acute respiratory
syndrome coronavirus 2 (SARS-CoV-2), cause respiratory di-
seases in humans. Four of these species, namely, HCoV 229E,
HCoV NL63, HCoV HKU1, and HCoV OC43, typically cause mild
upper respiratory infection in babies, kids, and the elderly.
Severe acute respiratory syndrome coronavirus, Middle East
respiratory syndrome coronavirus, and SARS-CoV-2 lead to
more serious diseases in humans by infecting the lower res-
piratory tract. Epidemic and pandemic situations are the con-
sequences of the rapid transmission of SARS-CoV-2 and large
number of deaths. Evaluations related to the recent COVID-19
pandemic have revealed some requirements, which are not

well known but essential for fighting against this disease. The-
se requirements include the obligation to work at laboratories
with high biosafety level (BSL) and conduction of studies un-
der the guidance of biosafety and biosecurity simultaneously.
Likewise, to overcome the hazardous microorganisms, labora-
tory research is required alongside therapeutic and diagnostic
services in the field. This article aims to explain biosafety and
biosecurity practices at BSL-3 laboratories, which are neces-
sary for the studies of SARS-CoV-2 as the causative agent of
COVID-19.
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Introduction

The word “pandemic” stems from the Greek words, pan and
demos, which means all people as a phrase (Lacroix, 2012). Pan-
demic is an epidemic infection that influences a large number
of people in different continents of the world or even the whole
world (Kelly, 2011; Lacroix, 2012). Seasonal epidemics that cross
international boundaries are not considered to be pandemic
(Kelly, 2011).

Through the history of mankind, there have been several se-
rious pandemics such as pox, influenza, cholera, tuberculosis,
and plaque, some of which had zoonotic origin owing to the
domestication of animals. One of the most recent deadly pan-
demics was the Spanish flu, which emerged in 1918 and caused
the death of about 50 million people (Lacroix, 2012). It should
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also be taken into consideration that 60% of the infections and
70% reemerging diseases of humans have zoonotic origins for
this reason; humans and veterinary health experts should col-
laborate against zoonoses that threaten both human and an-
imal health (Ahmad et al.,, 2020). In addition, “One Health” ap-
proach should be followed in the studies focusing on COVID-19
(Ahmad & Hui, 2020). Nowadays, a new pandemic named as
COVID-19is targeting humankind, the causative agent of which
was identified as severe acute respiratory syndrome coronavi-
rus 2 (SARS-CoV-2). Following the first case detected in Wuhan,
China, the virus has spread all around the world rapidly. Togeth-
er with SARS-CoV-2, there are six coronavirus species infecting
humans. Although HCoV-229E, HCoV-OC43, HCoV-NL63, and
HCoV-HKU1 cause mild upper respiratory diseases, SARS-CoV
and Middle East respiratory syndrome coronavirus (MERS-CoV)
might be responsible for serious respiratory disorders by infect-
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ing lower respiratory tract (Hasoksuz et al., 2020). Studies fo-
cusing on the less dangerous ones that cause mild respiratory
diseases could be carried out at biosafety level 2 (BSL-2) labo-
ratories with appropriate biosafety cabinets. However, studies
including SARS, MERS, and COVID-19, which cause contagious
and fatal diseases, should be carried out at BSL-3 laboratories.

Diagnostic, therapeutic, and prophylactic practices are the
components that support and complete each other during
the struggle with pandemic. However, knowledge provided
by studies focusing on animal models, vaccine, and drug de-
velopment at suitable laboratory circumstances should not be
neglected.

Several research or clinical laboratories have critical roles
against the global struggle with emerging and re-emerging
diseases such as Avian Influenza, SARS, Nipah, Chikungun-
ya, New variant Creutzfeldt-Jakob disease, Lyme borreliosis,
Hantavirus, West Nile, Rift Valley fever, and multidrug-resistant
Mycobacterium tuberculosis, among others. Even though the
work in these laboratories is vital for humankind, effective man-
agement of safety and security practices in these laboratories
is essential (Salerno & Gaudioso, 2007). Work with hazardous
pathogens poses risks to laboratory workers because of the lab-
oratory-associated infections (Astuto-Gribble & Caskey, 2014;
Salerno & Gaudioso, 2007; Seker & Yardimci, 2003). The SARS
laboratory-associated infection in Singapore in 2003 created
international awareness about laboratory biosafety (Salerno &
Gaudioso, 2007). High-level biosafety laboratories must be our
priority to be able to conduct proper studies safely and secure-
ly against biological risks. The main aims of high-level biosafety
laboratories are the reliable containment of the pathogen, pre-
vention of the release of the microorganisms, and protection of
the researchers against the laboratory-acquired infections (OIE,
2012).

Microorganisms are classified into four different risk groups
(RGs). The common property of RG-4, which includes the most
hazardous agents such as Ebola and Lassa virus (NIH, 2016),
poses high risk to individuals and community. Although they
are highly transmissible, there is no effective prophylaxis and
therapy (OIE, 2012; WHO, 2004). Brucella abortus, Brucella suis,
Burkhalderia mallei, Coxiella burnetii, Venezuelan equine en-
cephalomyelitis virus, SARS-CoV, and MERS-CoV are some of
the agents belonging to RG-3 (NIH, 2016). These pathogens
cause serious diseases for humans and animals. Although
these agents pose high individual risk and low community risk,
generally, there are shared effective prophylactic and therapy
methods (OIE, 2012; WHO, 2004). The required biosafety level
of the laboratory should be determined in accordance with the
characteristics of the agents belonging to different RGs. In this
sense, classification of the laboratories depending on biosafe-
ty levels provides the safest working area. Identification of RGs
is essential to determine the laboratory biosafety level. Some
of the microorganisms in different RGs are listed in Table 1

(Abacioglu & S6nmez, 2014; BVL, 2013; Council Directive, 2000
Frey, 2013; HSE, 2013; NIH, 2016; Wittek et al., 2013).

Some of the organisms such as Salmonella typhi, classified in RG
3, are not transmitted by air and pose a limited risk to laborato-
ry workers (Council Directive, 2000).

Countries may have their own RG classification; therefore, the
same agents might be classified in different groups depending
on the local regulations. Classification of the pathogens gen-
erally follows the risk-based approach, which is parallel to the
definitions of the World Health Organization (WHO) (OIE, 2018;
Silman, 2014). There is not always a one-to-one compatibility
between the RG of the microorganisms and the biosafety level
of laboratories (OIE, 2018). Laboratories are also grouped under
four categories according to biosafety level. BSL-1 laboratories
that are serving for basic training and research should have
suitable working principles for good microbiology techniques
(GMTs). It should be clarified that good laboratory practice,
which is related to practices for the safety test practices of pre-
clinical search, is different from the GMT in this sense (OECD,
1998).

GMTs indicate the laboratory techniques and practices that en-
able safer working conditions at the laboratories. Most of the
laboratory accidents and occupational infections are the con-
sequences of using equipment wrongly and poor laboratory
techniques. Selection of a suitable sample box and a proper
storage area for samples and even the specific attention paid
to the handling of the microbiological transfer loop so that
it would not be longer than 6 cm are good practices of GMTs
(WHO, 2004). In addition, the GMT is a basic way to reduce aero-
solization risk (WHO, 2012). Laboratories that provide primary
health care, diagnostic services, or research opportunities are
grouped under the BSL-2 laboratory category, which involves
personnel protective equipment, biohazard signage, and GMTs
(WHO, 2004).

BSL-3 and BSL-4 laboratories are identified as biocontainment
and maximum biocontainment laboratories having their ca-
pacities that restrict and enclose the biological risks (Ceyhan,
2005; Yicel et al., 2014). BSL-3 laboratories, whose mission is
specific diagnosis and research activities, have additional mea-
sures such as specific personnel protective equipment, access
control, one-way air flow, and necessity of doing all practices in
the biosafety cabinet (Abacioglu & Sénmez 2014; WHO, 2004).

There are no clear-cut distinctions between RGs and biosafety
levels (WHO, 2004). For instance, BSL-2 laboratory conditions
might generally give sufficient protection for practices with
RG-2 agents. However, it should not be accepted that BSL-2
conditions are adequate for protection against all the practic-
es related to RG-2 agents such as handling a large number of
agents. This possible misconception related to RGs and biosafe-
ty levels may lead to biosafety and biosecurity gaps.
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Table 1
Risk Group 3 and 4 Agents

Risk group 3 agents

Bacillus anthracis

Brucella melitensis

Brucella abortus

Brucella suis

Brucella canis

Burkhalderia mallei
Burkhalderia pseudomallei
Coxiella burnetii

Chlamydia psittaci (avian type)

Escherichia coli, Verotoxigenic strains
(0157:H7,0103)

Francisella tularensis (Type A)

Rickettsia akari

Yersinia pestis

Orientia tsutsugamushi

Coccidioides immitis

Histoplasma capsulatum

Salmonella paratyphi

Shigella dysenteriae

Mycobacterium bovis (except BCG strain)
Mpycobacterium leprae

Orientia tsutsugamushi

Mpycobacterium caprae

Chikungunya virus

St. Louis encephalitis virus

Lymphocytic choriomeningitis virus (neurotrophic type)
Rift Valley fever virus

Hantaan Virus

SARS-CoV

MERS-CoV

Japanese encephalitis virus

Monkeypox virus

Transmissible spongiform encephalopathies TSE
Human immunodeficiency virus

Vesicular stomatitis virus

West Nile virus

Yellow fever virus

Salmonella typhi
Risk group 4 agents
Guanarito virus Junin Virus
Lassa virus
Machupo virus Ebola virus

Sabia Virus Marburg virus

Venezuelan equine encephalomyelitis virus

Crimean-Congo hemorrhagic fever virus

Influenza virus (1918 HIN1, H2N2 1957-1968, H5N1)

Equine Morbillivirus
Whitepox virus (Variola virus)
Equine morbillivirus

Variola (major and minor) virus

Note. SARS-CoV = severe acute respiratory syndrome coronavirus; MERS-CoV = Middle East respiratory syndrome coronavirus.

Biosafety level that seems proper for the initial practices
should be re-evaluated when there is a large number of mi-
croorganisms or a high concentration of aerosol is generat-
ed (Abacioglu & S6nmez, 2014; Silman, 2014; WHO, 2004).
Therefore, the tendency toward determining the biosafety
level based on the RG of microorganisms does not always
present the optimum solution. RGs might just be a guide in
initial stages for determination and implementation of labo-
ratory biosafety (Silman, 2014). The containment level can be
estimated based on a combination of physical conditions and
practices (OIE, 2012).

Risk analysis and assessment are cornerstones to maintain bio-
safety (WHO, 2004). Biological risk analysis is a process com-
posed of identification and characterization of the risk-related
health, safety and security, implementation of control measures
to reduce the risks to an acceptable level, and measurement of
the effectiveness of control assessments (OIE, 2018). Risk anal-
ysis should be conducted by the experts who are familiar with
the microorganisms in the study, procedure and equipment to
be used, possible animal model, and other facility conditions.
The director of the laboratory and the principal investigator are
supposed to carry out proper risk assessments regularly (WHO,
2004). Risk analysis is used not only for laboratory biorisk man-

agement, but it is also a beneficial tool for finance, engineering,
energy, and health industries (OIE, 2018).

The risk assessment of the COVID-19 pandemic has outlined
the procedures necessary to be performed in order to prevent
the spread of the disease . BSL-2 conditions are found to be suf-
ficient for non-propagative practices such as handling samples
for molecular analysis, sequencing, and nucleic acid amplifica-
tion. However, applications such as cell culture, isolation, and
propagation, which might be necessary for laboratory search
related to SARS-CoV-2, should be carried out at facilities having
at least BSL-3 requirements (WHO, 2020a; WHO, 2020b).

Relationship between BSL-3, Biosafety, Biosecurity, and
Pandemic

In the fight against pandemics, knowing the biological hazard
and threat, being aware of risk posed by hazard or threat, and
implementing safety-security measures to reduce the risk to an
acceptable level are the initial stages that should be followed.
The biological hazard of COVID-19 pandemic is known to be
SARS-CoV-2, which is also the causative agent of the disease
(WHO, 2020a). Some effects of the virus are well known and
demonstrated through clinical studies. However, there are still
some unclarified issues such as virus interaction with immune
system, reaction in the animal model, and in vitro or in vivo tri-
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als of therapeutic chemicals. These issues require handling the
virus at laboratories under BSL-3 conditions.

BSL-3 and animal biosafety level-3 (ABSL-3) laboratories, which
support research and animal experiments, are the laboratories
that are the most difficult to design and operate. These labo-
ratories need certification before initial use, after renovation
of replacement of critical heating, ventilation, air conditioning
(HVAC) system components and on a regular basis (Wilson &
Memarzadeh, 2006).

Laboratory biosafety and biosecurity should be established in
the facility to meet the basic necessities for biological hazards
(CWA, 2011). In some countries, the term biosecurity is some-
times used synonymous to biosafety (CDC, 2009). Laboratory
biosafety includes the principle of containment and necessary
practices, which are used to avoid unintentional exposure to
biological agents and toxins and their accidental release. By
contrast, laboratory biosecurity refers to the ways to prevent
loss, theft, misuse, unauthorized access, and intentional release
of the pathogens in the laboratories (CWA, 2011). The import-
ant issues of biosafety include the presence of the hazard due
the biological agent and emergence of the undesirable events
unintentionally. Contrastingly, intentional activities by people,
namely, threats to cause unwanted situations, are the foci of the
security approach (Salerno & Gaudioso, 2007). In this context,
the research studies carried out in the struggle with pandem-
ics might present benefits, and they might also be identified
as gain of function research because of the risks they include.
Therefore, such kind of studies should be evaluated based on
their sufficient capacity of biosafety and biosecurity (Johnson
& Casagrande, 2016).

Even though biosafety and biosecurity represent different con-
cepts, there is an undisputable engagement and complemen-
tary interaction between them (CDC, 2009). A biosafety pro-
gram cannot be considered as safe and steady in the absence
of biosecurity. The same holds true for biosecurity program in
the absence of biosafety. For this reason, the risks stemming
from pathogens should be analyzed with an integrated ap-
proach under the guidance of both biosafety and biosecurity
(CDC, 2009; Salerno & Gaudioso, 2015; Weidmann, 2014; WHO,
2006). All of the organizations working with biological agents
or toxins are supposed to establish safety and security (Gribble
et al., 2015). As a consequence, laboratory studies focusing on
uninvestigated topics related to SARS-CoV-2 should be carried
out in laboratories with minimum BSL-3 under the guidance of
biosafety and biosecurity.

Biosafety Measures: HVAC System

Compeatibility of laboratory to biosafety practice is an essential
approach for COVID-19. All the practices related to this disease
should be conducted at laboratories equipped with proper de-
vice and equipment under the guidance of relevant technique
and safety procedures by trained personnel (WHO, 2020b). To

implement the studies safely within the working plan, every
laboratory should conduct its own risk analysis to decide on
suitable risk control measures (Astuto-Gribble & Caskey, 2014).

Risk assessment is a process that evaluates and collects data
about the consequences and likelihood of hazardous pathogen
release or exposure to hazard worked on. It is aimed to reduce
the risk to an acceptable level by taking risk control measures
determined by risk assessment. In this context, equipment
used and procedures applied play a significant role in the emer-
gence of risk at laboratories (WHO, 2020b).

The biosafety law in Turkey is more about risks coming from
genetically modified organisms and products rather than lab-
oratory biosafety (Resmi Gazete, 2010). There are many inter-
national guides to create the biosafety system and to identi-
fy biosafety measures (CDC, 2009; Solerna & Gaudioso, 2015;
WHO, 2004; YALE University, 2019). Several guiding documents
such as standards, handbooks, or manuals are aimed to explain
and clarify the topic of biosafety. However, decision makers
for a biosafety system should have their own understanding
of the concept of biosafety before giving a final decision. This
understanding consists of not only following rules but also har-
monization of control measures to reduce risks. Therefore, the
biosafety system has to be evaluated continuously, the system
performance has to be determined based on the effectiveness
of risk mitigation strategies, and the system has to be main-
tained in terms of assessment, mitigation, and performance
model (Karagil, 2019). It is known that COVID-19 pandem-
ic causes moderate to severe respiratory diseases and death.
Transmission of the virus is possible through droplets, fomites,
and air (WHO, 2020c¢). When the virus transmission route is tak-
en into consideration, the HVAC system becomes significant for
the BSL-3 laboratory studies of COVID-19. HVAC systems are the
critical components of the initialization and certification of the
laboratory. The convenient design and operation of the system
are also very important for the proper use of biosafety cabinets
(FAO, 2018).In COVID-19, being exposed to respiratory droplets
(>5-10 um) through eyes, nose, or mouth results in the disease.
Airborne transmission might happen through droplet nuclei
(aerosols < 5 um). Transmission of the virus through air might
occur during aerosol-generating procedures (WHO, 2020c).
Equipment that might generate infectious aerosols must be
kept in primary barrier devices such as a class 2 biosafety cabi-
net that will discharge air into the laboratory with high-efficien-
cy particulate air (HEPA) filtration (CDC, 2020).

Presence of possible aerosol-generating procedures such as
pipetting, vortexing, centrifugation, and mixing (WHO, 2012)
at the BSL-3 laboratory indicates the importance of biosafety
conditions deriving from the HVAC system for laboratory work-
ers’ health and the exhausted environment. It is possible to
increase the reliability of central HVAC systems with the help
of multiple air handling units and exhaust fans as they will pro-
vide redundancy (NIH, 2019).
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The primary functions of the HVAC systems are to provide safe
and comfortable working areas for all workers. These systems
also protect the personnel, laboratory animals, and the com-
munity outside from hazardous agents and chemicals (NIH,
2019). Clean air supply into laboratory, discharge of the exhaust
air, creating negative pressure differences between zones, es-
tablishment of proper air conditions, and ensuring inward di-
rectional air flow are among the other essential functions of the
HVAC systems (Ylcel et al,, 2014).

HVAC systems should have the following characteristics to
meet the criteria, such as maintaining the temperature and
humidity at the required levels, serving without interruption,
having an appropriate control system, preventing off-limit
background noises and vibrations, and removing fumes, odors,
and airborne contaminants (NIH, 2019).

Notifying the personnel with audible alarms and visual signs
is as important as the HVAC system itself (WHO, 2006). Safety
measures are built on shell-in-shell approach at BSL-3 laborato-
ries, which provide multilayer barriers for the risky areas (Yicel
et al,, 2014). Although biosafety cabinets are thought to be the
primary containment barriers, the laboratory itself constitutes
the secondary containment barriers for practices with infection
agents (CDC, 2009).

Dedicated Air Supply and Exhaust System

Having a dedicated ventilation system composed of supply
and exhaust parts separately facilitates the isolation of the risk
area in that it does not pose a risk through ventilation (UCOP,
2020). BSL-3 and ABSL-3 laboratories should have such kind of
supply air systems, which specifically serve the risk area, and in
this way, they do not cause cross contamination to other spac-
es outside the containment laboratories. Even BSL-3 and ABSL-
3 laboratories should not use acommon supply air system (NIH,
2014). The laboratories that require the same level HVAC sys-
tems may use common ventilation systems on the condition
that isolation of each laboratory is provided by gas-tight damp-
ers and HEPA filters (FAO, 2018). It should not be forgotten that
there is always a necessary risk analysis and the result of this
analysis behind these recommended actions.

It is not obligatory to conduct the HEPA filtration process to
supply air to BSL-3 laboratories and ABSL-3 facilities; however,
depending on the working program, using HEPA filtration for
supply air should be considered (NIH, 2014). It is necessary to
exhaust laboratory air of BSL-3 and BSL-4 laboratories without
recirculation as it is considered to be potentially contaminated
(UCOP, 2020; WHO, 2004). This kind of exhaustion of air is called
dedicated, single-pass exhaust system (CDC, 2009; UCOP, 2020).

The exhaust air of BSL-3 laboratory must be released away from
inhabited buildings and air intakes or it must be discharged
with the help of HEPA filters (WHO, 2004). If high level of aero-
sol containment is required, HEPA filtration is a necessity for
BSL-4, but it can be optionally carried out at BSL-3 as well (CDC,

2009). Even though HEPA filtration is not essential in all cases,
the air system should be appropriate for revisions for the pro-
spective work requiring HEPA-filtered exhaust air (NIH, 2014).
The changing of HEPA filters must be carried out based on the
requirements of bag-in bag-out principle. Moreover, the venti-
lation lines should have separate flaps so that changing filters
will not shut down the whole laboratory ventilation (CDC, 2020;
Hufert & Weidmann, 2014; UCOP, 2020). Only discharging lab-
oratory exhaust air is not a sufficient precaution for the safety
of the laboratory and the environment. Therefore, the exhaust
laboratory air should be released away from supply air intakes
so that it will not re-enter into the building air supply system
(CDC, 2009; CDC, 2020; UCOP, 2020; Y.U., 2019). The exhaust
stacks of the laboratories must be located at a minimum of 3 m
above off the roofline and horizontally, the radius should be 4
m. At the discharge point, exhaust velocity must be at least 15—
20 m/s (3000 ft/m) (UCOP, 2020; Wilson & Memarzadeh, 2006).

The exhaust air system dedicated for the laboratory should
have pressure-independent constant-volume air terminal units,
roof-mounted exhaust fans, and variable-frequency drives for
filter installation. Exhaust air fans should be N+1, which refers
to at least one more than what is needed. The same is also rec-
ommended for air supply fans (FAO, 2018; UCOP, 2020). All the
exhaust lines must be gas tight for proper decontamination.
There must be independent exhaust and supply air units for
each laboratory room. This design provides constant pressure
differences and room isolation during decontamination (NIH,
2014).

BSL-3 laboratories must possess supply and exhaust fans with
interlock. With help of these interlocks, it can be possible to
overcome reversing of air flow in the case of exhaust fan break-
down. When there is supply air fan failure, interlocks might pre-
vent decreasing pressure dramatically (FAO, 2018; UCOP, 2020).
Air system capacity should be appropriate for a 20% increase
for a possible need in the future (NIH, 2019; UCOP, 2020).

Another function of the HVAC system is the dynamic interaction
with the other components of the laboratory biosafety such as
decontamination. For instance, the hood of the double-door
autoclave located on the dirty side should be attached to the
exhaust air system of BSL-3 (UCOP, 2020). This simple attach-
ment shows that the laboratory biosafety, which includes
HVAC and decontamination measures, should be managed via
a complementary and supporting approach between all com-
ponents of the safety system.

Directional Air Flow

Safety measures of the facility should support avoiding the
release of agents unintentionally from the laboratory. Applica-
tion of safety measures is very important, particularly for BSL-
3 and BSL-4 laboratories, because fatal pathogens that need
high-biosafety-level standards during the work might be trans-
mitted by inhalation. Directional air flow, which is one of the
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mentioned measures, prevents the spread of aerosol from the
laboratory to other areas of the building. Directional air flow is
associated with the integration of the HVAC system component
(CDC, 2009). The air ventilation system provides the flow of air
from the entrance toward the working area directly (Y.U., 2019).
In this way, the air moves from the cleanest areas to the most
possibly contaminated rooms (CDC, 2009; Y.U., 2019), which di-
rects the air from the safest to the potentially most dangerous
areas (UCOP, 2020). The airflow into the laboratory is built by
release of the air, which is greater in volume than the supply
air (CDC, 2009). Laboratory staff must be able to confirm the di-
rection of the airflow (CDC, 2009; Y.U., 2009). This confirmation
must be verified with the help of visual monitors. In addition,
audible alarms must inform the stuff in the case of a possible
air flow disruption (CDC, 2020; Wilson & Memarzadeh, 2006).
Air flow alarms should inform the staff when the room pres-
sure changes from negative to positive or when the door stays
open for more than 20 s (Wilson & Memarzadeh, 2006). Digital
or analog pressure indicators should be placed at the entrance
of each pressure zone (UCOP, 2020). The directions of the lab-
oratory air flow should be checked regularly with smoke tests
(UCOP, 2020; Wilson & Memarzadeh, 2006; Y.U., 2019).

Pressure Differences between Zones

The air flow of the BSL-3 and ABSL-3 facilities that moves from
the expected clean areas to contaminated areas is related to
the pressure differences between zones (NIH, 2014; Wilson &
Memarzadeh, 2006). There should be an ideal -12.5 Pa pres-
sure difference between clean and contaminated areas (NIH,
2014; UCOP, 2020; Wilson & Memarzadeh, 2006). However, the
pressure difference should not be less than 7.6 Pa under any
conditions (Wilson & Memarzadeh, 2006). The aim of the ideal
pressure difference is to avoid spread of the pathogens to the
other areas in case of the pathogen release from biosafety cab-
inets (UCOP, 2020).

When there are a lot of containment areas, more negative
pressure values are supplied sequentially in the laboratory. In
this way, more negative pressure is kept steady in the more
contaminated areas compared with the clean areas. Visual in-
dicators and alarms should be in use in order to maintain the
pressure difference. These devices should be present at the
entrance of the containment area, in anterooms, and in every
single room of the containment area (NIH, 2014; Wilson & Me-
marzadeh, 2006). To provide the negative pressure sequencing,
an airflow difference at the level of 47 L/s (100 cfm) is needed
(NIH, 2019; UCOP, 2020).

In short, the supply and exhaust units of the ventilation system
should keep the laboratory at negative pressure to provide
gradual pressure differences between neighboring zones and
directional air flow, which is the expected outcome (CDC, 2009;
FAO, 2018). For this outcome, the exhaust system capacity has
to be 15% more than the supply air (Y.U., 2019).

Makeup Air Capacity and Ventilation Rates

BSL-3 laboratories have to supply at least 6 air changes per hour
(ACH) (NIH, 2014; NIH, 2019; UCOP, 2020, Wilson & Memarza-
deh, 2006), while 12-15 ACH is also one of the recommenda-
tions (Y.U., 2019). For instance, 6-12 ACH is the recommended
value for Tuberculosis Laboratory (WHO, 2012). This value rises
up to 10-15 ACH in animal facilities. Required makeup air at
a minimum rate should be generated at all times even when
the laboratory is not fully active (NIH, 2014; NIH, 2019; Wilson
& Memarzadeh, 2006). These ventilation rates are not only re-
quired to remove airborne contaminants safely, but they also
support managing heat and odor issues (NIH, 2014; Wilson &
Memarzadeh, 2006).

ACH indicates the required duration for the effective discharge
of the airborne contaminants. For instance, the required dura-
tion for the removal of aerosols by 99% is 46 min with 6 ACH.
This duration will decrease to 23 min with 12 ACH (Buchan et
al,, 2019; CDC, 2019). These rates primarily state the duration
before entering the evacuated laboratory after a large amount
of spill occurs.

There is a correlation between ACH and airborne pathogens at
the laboratory. If ACH rates increase, it directly affects the possi-
bility of airborne pathogen transmission. There are some factors
involving humidity, aerosol diameter, infective dose, and air tur-
bulence that should be taken into consideration for the determi-
nation of the best ACH for the laboratory (Buchan et al., 2019).
There are other issues such as fume hood need, cooling load,
pressurizing the area, and getting rid of fumes and odors, which
are used to calculate the ventilation rate. Therefore, the device in-
frastructure and cooling need for the heat generated from equip-
ment are also significant for the ventilation rate (NIH, 2019).

Biosecurity System

Contagious diseases are still responsible for death at the glob-
al level, and they constitute one-third of the death causes all
around the world (Salerno & Gaudioso, 2015). At present,
humanity is facing the intercontinental impact of the agent
of another transmissible disease. Apart from causing diseas-
es, biohazard agents also have the potential to be biological
weapons. This unwelcome potential is warning people about
the risk of bioterrorist attacks via these agents. A recent case,
which is known as Anthrax attack or “Amerithrax,” occurred in
2001, could be considered as an example for such kind of bi-
ological attacks (Salerno & Gaudioso, 2015). The necessity of
biosecurity measures on farms because of the potential role of
microorganisms in agroterrorism has also been stated (Kelly,
2005; WHO, 2004). The recent incidents in the global level have
indicated the need to protect the laboratories and biological
materials (WHO, 2004). High-level biosafety laboratories might
be the target of bioterrorist attacks because of the pathogen
handling in them. Therefore, biosafety and biosecurity mea-
sures should be followed strictly at BSL-3 laboratories, which
are being used to struggle against COVID-19.
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Laboratory biosecurity has got a shorter history than biosafe-
ty (Astuto-Gribble & Caskey, 2014). Estimated biosafety level is
generally thought to be equal to the biosecurity level. Howev-
er, this approach is not considered as correct, particularly for
biosecurity (Salerno & Gaudioso, 2015). Laboratory biosecurity
measures are aimed to avoid theft, misuse, loss, and intentional
release of microorganisms (Buchan et al., 2019; CDC, 2009). In
this respect, biological waste should not be lost or stolen either
(Buchan et al., 2019).

Biosecurity is a discipline, which focuses on the security of mi-
crobiological agents and toxins and on their intentional misuse
or release. Moreover, it addresses the things threatening hu-
mans, animals, environment, and economy (CDC, 2009). Unlike
biosafety, biosecurity aims to prevent people with bad inten-
tions from reaching biological materials rather than avoiding
the transmission of hazardous and also valuable biological ma-
terials to humans (CDC, 2009; Salerno & Gaudioso, 2007).

All hazardous biological materials have got dual uses: they
have both medical and research-related uses, and they might
be exploited to cause infectious diseases deliberately (Saler-
no & Gaudioso, 2007). Briefly, biosafety mainly aims to protect
people from microorganisms. By contrast, biosecurity intends
to protect microorganisms from people with bad intentions. Bi-
osecurity, which is the starting point of the need to protect the
microorganisms that scientists investigate, is the basic compo-
nent of the biorisk management.

Biosecurity Precautions

A risk analysis should be conducted for biosecurity as well as
for biosafety (Salerno & Gaudioso, 2007). In some cases, there
might be conflicts between biosafety and biosecurity practic-
es. The warning signs at the entrance of the laboratories might
serve as examples for these conflicts. These biohazard signs are
used to warn people against the hazards in laboratories; how-
ever, they might not be in line with the security objectives all
the time (CDC, 2009).

High-level biosafety laboratories might be the target of the bio-
terrorist attacks; therefore, such kind of informative signs could
be considered to be a biosecurity gap by showing the risky ar-
eas. In this sense, both biosafety and biosecurity approaches
should be managed simultaneously without unbalancing bior-
isk management. Taking combined safety and security mea-
sures, which are identified through risk assessment, might be
the best recipe against conflicts (CDC, 2009).

Laboratory biosecurity is composed of five essential items:
physical security, personnel security, material control, trans-
port security, and information security (Caskey & Sevilla-Reyes,
2015; CDC, 2009; Salerno & Gaudioso, 2007; WHO, 2006). Some
of the components are common for both biosafety and biose-
curity (CDC, 2009). However, as they focus on different risks, the
aim, content, and performance of their mitigation measures
may differ from each other. Biosecurity measures must be prac-

ticed more strictly for high-risk scenarios. In other words, high-
er risk pathogens need more security applications than low risk
ones (Salerno & Gaudioso, 2007).

Physical security aims to minimize the risk of access to con-
tainment areas without authorization. To achieve this, several
different elements such as putting physical barriers, access con-
trol, and detection of trespassing and alarms must be evaluat-
ed (Salerno & Gaudioso, 2007; WHO, 2006). Physical biosecurity
includes engineering and the personnel responsible for the
structure of the building and its security (WHO, 2006).

Personnel security is a measure focusing on the insider threat.
It does not aim to provide the security of the personnel but
rather secures the system against threats stemming from the
personnel. In this way, only the trusted staff is allowed to enter
the restricted areas (Salerno & Gaudioso, 2007). Appointing the
laboratory staff at suitable positions may mitigate the risks that
might stem from unintentional and intentional actions (Saler-
no & Gaudioso, 2007; WHO, 2006).

The aim of material control and accountability is to establish a
discouraging environment for the insiders who intend to steal
or use agents for harmful reasons (Salerno & Gaudioso, 2007).
Regular updates of inventories, selection of access personnel,
documentation of material transfers, inactivation, and disposal
of the material are among the applications of material control
and accountability (WHO, 2006). Even though it is not possible
to keep track of every single microorganism in the laboratories,
it might be possible to take the necessary precautions to pre-
vent the theft of these materials from the laboratories (Salerno
& Gaudioso, 2007).

Transport security is a mechanism that reduces the theft risk
stemming from insider and outsider threats via material con-
trol and accountability during transfer of the material from one
restricted area to another. Transportation of the material could
be carried out both in the facilities and between national and
international institutions. The exchange of biological materials
could be made for different reasons by scientists, health insti-
tutions, and diagnostic laboratories (Salerno &Gaudioso, 2007;
WHO, 2006). The materials become more prone to theft and
tampering when transported out of the restricted area (Salerno
& Gaudioso, 2007).

Information security includes some policies and practices used
to protect the critical knowledge (Salerno & Gaudioso, 2007;
WHO, 2006). When such kind of information is accessible to
people, it will reveal the ways of overcoming the laboratory
biosecurity system in the case of theft attempts for these bi-
ological materials. Therefore, the protection of this critical and
sensitive information is an important security measure (Saler-
no & Gaudioso, 2007). The first step of establishing information
security is to define the sensitive information. Such kind of in-
formation should be confidential both for the public and for
unauthorized bodies (CDC, 2009; Salerno & Gaudioso, 2007).
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Laboratory security plans, inventories, and the locations of bio-
logical materials might be given as examples for such sensitive
information (CDC, 2009; WHO, 2006).

Biosecurity measures should be a part of the usual practices of
laboratories like other microbiological work. These measures
should not prevent the effective sharing of reference materials,
clinical, and epidemiological samples for studies related to clin-
ical and health studies (WHO, 2004).

Conclusion

Both managing biosafety and biosecurity at BSL-3 laboratories
and fighting against pandemic might be thought to have simi-
lar workflows. In both of them, the success depends on the con-
stant and complete implementation of all the necessary duties
without showing tolerance. Nowadays, the world is at a critical
time that sharing knowledge at national and international lev-
els provides tremendous health benefits while fighting against
COVID-19 pandemic. In this sense, while struggling against this
pandemic at laboratories under the biosafety and biosecurity
barriers, sharing of all details related to possible remedies is a
necessity for humanity to win this fight.
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