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iosafety is a strategic and integrated

approach to analyzing and managing

relevant risks to human, animal and
plant life, health and associated risks for the
environment. It is based on recognition of
the critical linkages between sectors and the
potential for hazards to move within and be-
tween sectors, with system-wide consequenc-
es.

Biosafety guidelines are a set of policies
and procedures necessary to observe by per-
sonnel working in various facilities for han-
dling the microbiological agents such as bac-
teria, viruses, parasites, fungi and other relat-
ed pathogens.

Dealing with pathogenic microorganisms)
requires precautions that guarantee the safety
of humans and the environment, responsible
authorities and researchers have therefore
developed regulations and guidelines that in
some detail describe containment measures
and working instructions.

Despite containment measures and guide-
lines, laboratory infections, usually occur
more or less Institutions requiring strict ad-
herence to these biosafety guidelines include
clinical and microbiological laboratories, bio-

medical research facilities, teaching and
training laboratories and other healthcare in-
stitutions (e.g., clinics, health centers, hospi-
tal facilities). These guidelines provide prop-
er management and regulation of biosafety
programs and practices implemented at all
levels of the organization.

Essential components of the biosafety
guidelines contain some or all the following,
depending on the available facility:

Biorisk assessment and identification; spe-
cific biosafety measures, which cover the
code of practice, physical plant such as labor-
atory design and facilities, equipment acqui-
sition and maintenance, medical surveillance,
staff training, safe handling of chemicals,
with fire, radiation and electricity safety
among others.

Additional components such as commis-
sioning and certification guidelines for the
facilities.

A comprehensive system incorporating the
most important aspects of biosafety and bi-
osecurity (i.e. Biorisk), which encompasses
both policy and management aspects, is nec-
essary. On the institutional level a policy
must be formulated and should be endorsed
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by the executive management.

On the operational level, the manage-
ment system should subsequently be im-
proved, implemented and continually super-
vised and educational raising activities are
needed to ensure a good application.

The biosafety guidelines must be clear,
practical and suitable for each facility and
must be available for easy reference by all
staff and must be reviewed, and updated reg-
ularly. The technical guide cannot alone en-
sure a safe working environment without the
commitment of each person to adhere ade-
quately to the biosafety guidelines at all
times. (Kimman et al. 2008).

History of Biosafety:

At first, a worthy milestone on biosafety was
referred as “microbiological safety” dates
back to 1908 where Winslow demonstrated a
novel method of examination to enumerate
bacteria present in the air (Winslow ,1908).

Additional study described laboratory-
acquired brucellosis which also revealed that
similar infections could pose a threat to man
has no relation to lab work (Yagupsky and
Baron, 2005) .

The principles of biosafety have developed
together with the history of the American Bio-
logical Safety Association (ABSA).

As briefly described by the Federation of
American Scientists, the first meeting was held
in 1955 with the members of the military, as
the focus addressed “The Role of Safety in the
Biological Warfare Effort”.

The next meetings attendees included the US
Centers for Disease Control and Prevention
(CDC) and the National Institutes of Health
(NIH), universities, laboratories, hospitals and
representatives from the industries. From then,
written regulations covered the shipment of
biological agents, safety training and programs,
with the development of biological safety level
classification (Bayot and Bhimiji 2018).

Biosafety studies on the individual or group
of agents became the focus in the 1980s. Some
from studies focusing on specific biohazard
levels of pathogens and other new strategi-
es were developed to enhance biorisk assess-
ment capacities, biosecurity, and biocontain-
ment measures including the regulation of bi-
osafety through national and international poli-

cies. Other activities such as in agriculture and
biotechnology are now considering biosafety
applications.

Laboratory-Acquired Infections (LAIs)

Laboratory-acquired infections (LAIs) were
considered significant because of the high risk
in the laboratory workforce relative to the pub-
lic, although the exposure to infectious agents
can be higher in other groups of healthcare
workers.

Several works of literature and mail surveys
with an attempt to evaluate the risk of infection
associated with employment in a clinical or
research laboratory. New studies and reviews
led to the identification and description of haz-
ards unique to the laboratories, which later
formed a basis for the development of ap-
proaches to prevent the emergence of LAIs
(Sulkin, 1961; Sewell, 1995).

The incidence of laboratory-acquired infec-
tions varies among institutions conducting sur-
veys to a specific of laboratories and facilities.
Monitoring and evaluation of LAIs are still ab-
sent for some institutions which could be
caused by the difficulties in the reporting
schemes and lack of accurate data interpreta-
tion.

The reporting of LAI is not similar to that of
notifiable diseases which is highly regulated
for each healthcare institution across countries
as implemented by their ministries of health.
An example of Laboratory-acquired infections
would be a person infected with tuberculosis,
who could have an infection with TB bacilli
but with no signs and symptoms, thus, cannot
be considered as TB disease.

The need for data collection for current LAIs
should highlight the importance of improving
biosafety, then LAI databases were created to
contain all recently published studies and to
verify its relevant findings.

In 2018, Siengsanan and Blacksell presented
the results of a rapid review of LAI studies
within the Asia-Pacific. Regarding potential
biorisks for zoonotic diseases, viruses predom-
inate, followed by bacteria and parasites. The
importance of biorisk assessment and manage-
ment was also emphasized, including preven-
tive practices.

Strict biosafety measures are a must for these
working environments to protect themselves as
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well as the community (Siengsanan-Lamont
and Blacksell 2018).

Specimen Requirements and Procedure

All specimens collected from patients require
the application of biosafety measures. It starts
with the instructions provided by the
healthcare worker to the patient. Clear state-
ments with explanations and step-by-step pro-
cedures are necessary, especially for patients
who will collect the specimen. Healthcare
workers, including laboratory staff, should be
well-oriented especially when they are to col-
lect specimens directly from patients. Personal
protective equipment (PPE) must be worn at all
times during the specimen collection (Comwell
1992; Hersi et al. 2015), also the Universal
precautions must be applied .

Several procedures exist for collecting sterile
and non-sterile sample specimens. Good strate-
gies were developed recently to minimize haz-
ards either during or after sending the speci-
mens to the laboratory. For example, the use of
the evacuated tube system (ETS) prevented the
contact of the patient’s blood from the site of
extraction to the phlebotomist and the external
environment during venipuncture. (Ialongo
and Bernardini 2016)

This is much safer than the previous practice
of manual transferring blood samples from the
syringe to the tube (Fujii et al. 2013). Sputum
collected in a clear and transparent container
will aid in efficient Supervision and assess-
ment of sputum quality which is safer than reo-
pening the cap. (Karinja et al. 2015).

Safe handling and processing of specimens

Clinical laboratory scientists must perform
laboratory procedures accurately and safely
(Sewunet et al. 2014). PPE must be worn out
while inside the premises of the laboratory and
throughout the diagnostic procedure. There is a
proper sequence of donning (putting on) and
doffing (removing) PPE as recommended by
the US Centers for Disease Prevention and
Control (CDC).

Generally, donning starts with gowning,
wearing a mask (or respirator), goggles (or
face shield) and gloving. Doffing may be done
by removing gloves, goggles, gowns, and mask
followed by proper hand washing.

Pathogen-specific and risk-specific biosafety
measures are shown to be more practical and

cost-effective. For example, low and medium-
risk procedures do not need a containment fa-
cility and infrastructure which are designed
only for high-risk procedures.

Safe handling and processing of specimens
can be conducted in biological safety cabinets
(BSC) to prevent inhalation of generated aero-
sols when performing a microbiological proce-
dure(Kruse et al. 1991). The purpose of using
BSC must be well differentiated from using
fume hoods, in which the latter is only neces-
sary for handling chemicals and not for infec-
tious microorganisms.

When dealing with specimens keep hands
away from the face and should remain inside
the cabinet. Unnecessary movements inside the
BSC are prohibited to prevent changes in the
flow of air. For instance, the crossing of arms
during the laboratory procedure is inadvisable.
Also, ensure to disinfect the BSC before use.
In procedures done in the absence of a BSC, a
well-ventilated area must be secured and main-
tained before considering it as a bench work
area. When gloves become heavily contaminat-
ed, wear new gloves. Do not reuse gloves in
other procedures nor soiled masks or respira-
tors. Molecular biology laboratories perform
procedures that require the use of different
rooms for (sample preparation, DNA extrac-
tion, amplification and sequencing) so, we
need for additional biosafety measures (Beilby
2006).

Proper disposal of wastes is necessary to pre-
vent disease transmission. Waste segregation
must be appropriately employed (e.g., infec-
tious and non-infectious waste). Waste dispos-
al through burning may not be practical nowa-
days. Hence, alternative disposal mechanisms
must be finalized and institutionalized in each
healthcare  institution  (Singh et al.
2001). Environmental impact is always a con-
sideration when making decisions for waste
disposal and specific steps should be written on
standard operating procedure manuals and
work instructions intended for laboratory staff
involved. Recording and reporting procedures
must be free from possible contamination and
should of in a clean and dedicate space.
(Ezzelle et al. 2008).

Similarly, wearing gloves when encoding via
a computer or when using the phone is forbid-
den due the risk of the laboratory work, one
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person must be well-trained and supervised to
perform biosafety measures at work, while non
-authorized personnel must have restricted ac-
cess to the laboratory, especially when a diag-
nostic test is in process.

Testing Procedures

The biosafety guidelines are part of the over-
all quality management systems implementa-
tion. For newly established facilities, ensure
biosafety before the start of operations. Work-
flow inside the laboratory must facilitate an
efficient means for carrying out processes by
the lab workers. Activities involving dirty are-
as (e.g., a specimen receipt, sample prepara-
tion, etc.) should be kept separate from the
clean areas like: (e.g., microscopy, use of auto-
mated instrumentation, recording of results,
etc.). Procedures for laboratory workflow can
be tested through observation and evaluation
by a designated biosafety officer, laboratory
supervisor or an independent consultant who
can conduct monitoring activities and provide
technical helping.

Labs using BSC, a smoke pattern test using
in-house or commercial testers may be regular-
ly performed to assess for good airflow before
use. Anemometers may be used to check for air
velocity. BSC certification provided by a ser-
vice professional must be secured before use
and continually re-certified once a year.
(Whistler et al. 2016).

Before performing any laboratory test, the
provision of required training on biosafety to
the laboratory workforce is vital, either as a
focused training program or as part of the
training curriculum for certain laboratory pro-
cedures. Laboratory managers, section heads
and supervisors should receive biosafety train-
ing as well, including topics on bio risk man-
agement and biosafety program implementa-
tion. Effective supportive supervision of labor-
atory staff working in any facility is a key fac-
tor for the sustained implementation of quality
laboratory services. (Heiby 1998).

The integration of the monitoring of biosafe-
ty practices with monitoring of laboratory pro-
cesses should proceed based on set criteria or
standards. Certain indicators which indirectly
assess the overall biosafety may include the
presence of an updated procedure manual and
work instructions, a list of trained staff with

regular competency or proficiency tests, with
regular quality control and maintenance of la-
boratory equipment. Regular medical consulta-
tion for staff can early detect the risk of infec-
tion.

Moreover, the presence of laboratory signage
such as a biohazard symbol to recommended
sites of the facility, with a well-organized
mechanism for disposal of wastes can signifi-
cantly minimize the risk of accidents and inci-
dents both inside and outside the laboratory.
Laboratory accreditation and certification may
also aid in ensuring that biosafety measures get
implemented in accordance with the written
guidelines (Rim and Lim 2014).

Factors help or hinder the biosafety measures

Several factors impede the application of la-
boratory-related biosafety measures within the
facility. These may include:

oThe absence of a technical document con-
taining specific biosafety guidelines

ePoor biosafety skills (for example, on spills
management) because of lack of training

eThe continuous presence of laboratory haz-
ards and increased vulnerability due to poor
execution of biorisk assessment, reduction, and
management activities

eUse of substandard laboratory supplies

Poor equipment maintenance

As well as the biosafety guidelines are more
likely to be poorly implemented in facilities
because of:

ePoorly written guidelines, including the
nonspecific procedures

eUnclear roles and responsibilities for each
worker

eLack of review and updating process of ex-
isting guide

Poor dissemination and access to such guide-
lines.
Reporting the results

Results of testing procedures done for bi-
osafety checks must be recorded, consolidated
and interpreted regularly either daily, weekly,
monthly, quarterly, or as applicable). The re-
sults may show a trend that may signal a need
either for equipment maintenance, or replace-
ment. Frequent incidents associated with a par-
ticular process may demonstrate a need to have
a review and modification of the procedure.
Involved staff should willingly report accidents
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inside the laboratory. Lab workers should not
be reluctant to report such events as these may
become a future source of infection. The basic
data and critical findings encountered relative
to implementing biosafety guidelines can im-
prove existing practices and limit the bio-risks
from all personnel. (Karim and Choe 2000).

Biologically safe work environment

Ensuring quality and biologically safe work
environment fosters good and effective deliv-
ery of laboratory and clinical services for pa-
tients. While performing complex laboratory
procedures, staff can work with a certain level
of confidence they won’t contract any infection
or disease. The spread of infectious agents
from facilities to other healthcare workers, pa-
tients and from the community is preventable
with the application of good biosafety practic-
es.

Lab Safety

Biosafety monitoring can be part of quality
control measures and quality assurance pro-
grams in the laboratory or any healthcare insti-
tution.

It must be an important component of com-
petency tests for staff and must be an essential
factor of organizational plans and goals.

Enhancing The Healthcare Team Outcomes

Biosafety, as implemented in laboratories
and related facilities, supports the aims and
principles of infection control, as implemented
in hospitals and clinics (Mehta et al.
2014). Lik-ewise, adherence to biosafety
guidelines takes a collaborative approach from
all professionals including non-laboratory
healthcare personnel. Respirator fit testing, for
example, can be carried out at regular intervals
(once a year), in partnership with the infection
control committee (ICC) or an infection con-
trol nurse of a hospital facility (Murphy 1992).

Laboratories may seek the advice of labora-
tory staff in the application of biosafety
measures when handling certain infectious
agents or products. Clinicians may work with
laboratory professionals, nurses, pharmacists,
sanitary officers, among others, in coming up
with organizational strategies as part of the
healthcare-associated infection program in hos-
pitals and medical facilities. Now, biosafety
has expanded to research facilities such as in
animal research (Collins et al.

2017). International conferences from various
institutions still exist which concentrate on
sharing of best practices and harmonization of
biosafety guidelines at the regional, national
and global scale.

Biosafety has been an emerging concern for
occupational health (Thelaus et al. 2017). Edu-
cational intervention on biosafety is highly es-
sential so that staff can be fully equipped with
the correct knowledge of biosafety principles
and can be able to demonstrate or enhance
proper biosafety skills for all healthcare work-
ers (Ritterson and Casagrande 2017).

Finally, the best practices for healthcare, re-
search, and other institutions would always re-
quire a team commitment and cooperation to
achieve a biologically “safe and secure” work-
place and community.

Chemical Storage and Use in biological La-
boratories

A variety of utilities, including those identi-

fied below, have a correct chemical inventory
(Fall 2012).
Ordering effectively: A detailed inventory
lets laboratory managers monitor the materials
in the laboratory and whether more products
have to be purchased before double/excess or-
ders are made.

Reagents place: The placement of reagents in
identifying and recording positions makes it
faster and simpler to find the reagent contained
in the laboratory with products already present
in the laboratory before ordering.

Disposal deliberately: A detailed inventory
allows to distinguish non-use materials and to
monitor materials with short shelf life, even
those which can become hazardous over time.

A good answer: In order to allow fire and
hazmat reporters to plan a secure & productive
response to on-campus incidents, chemical in-
ventories offer useful information in addition
to the EIP.

Observing the boundaries of toxic materials:
Fire and construction regulations regulate the
amount of unsafe content which can be kept in
a position depending on a variety of building
conditions. The Homeland Security Depart-
ment has established unique chemicals of sig-
nificance that may require additional security
precautions to protect against deliberate re-
lease, robbery or sabotage when held over
specified thresholds. Precise (quantitative and
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qualitative) monitoring of chemical inventories
helps the risk of life protection of harmful sub-
stance overages to be detected and remedied.
Efficient communication of risks: A detailed
chemical inventory facilitates the detection and
disclosure of threats associated with materials
to prospective consumers. The inventory also
acts as a benchmark for complete access to
protection data sheets.
More safe storage: An correct inventory can
help to relieve any work related to finding lo-
cations in which incompatible items are stored
together and help plan how reliable and safety
handling and separating methods can be used.
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