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Biological safety
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Different laboratories have different biosafety issues

Diagnostic Laboratory
Agent unknown!
Pathogenicity unknown

Agent free in the nature!

Aidentify cause of infection
Aguarantee food safety
Abest possible therapy
Aavoid spread of disease
Aavoid epidemic

Biosafety issue:
Asafety of the result
Arapidity of the result

Medical diagnostic
laboratory standard
BSL-2 with exceptions

Research Laboratory
Agent known
Pathogenicity conceptually
known

Agent in the containment

Production laboratory
Agent known

Generally non-pathogenic
safe organism (GMO) or
mutant

Agent in the containment

Adiscovery of novel
mechanism

Adevelopment of new
products / processes

Biosafety issue:
Aknowledge of organism
Asafety of the method

Microbial laboratory
standard
BSL-2, BSL-3, BSL-4

Adevelopment of safe
process

Aquality product

Asafe product

Biosafety issue:
Asafety of the procedure
Asafety of the product

Process adjusted to produce
under safe conditions GMP
[avoid product contamination]




Particular installations

Military installations
Bio-Weapon production
Bio-Weapon detection

Particular safety measurements required
= Specialists with internal informations
= often non-public knowledge



Hazard criteria and categorization of
microbes

Classification of pathogens on the risk they present to the
laboratory workers and environment:

World Health Organization (WHQO) recommend that each country
draw its own classification based on:

APathogenicity of agent

AMode of transmission and host range of agent (vectors, hygiene)

AAvailability of preventive measures e.q. food and water hygiene,
control of animal reservoirs

AAvailability of effective treatment




Other facts influencing biological risk

Categorization does not take into account the work that is being carried
out using the agent

AAmount and concentration of the agent.

AProcedures undertaken.

AZoonotic characteristics

AAnimals involved

additional risks

APre-existing disease of operator

ACompromised immunity of operator

APregnancy of operator and other personnel in the lab
AEffects of medication



Risk assessment
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Organizational Aspects of Laboratory Safety

Diagnostic Laboratories

Case history

Sample from

- environment

- human patient

- which organ

- status of patient

- animal

- plant

- soil

- suspect
substance

Evaluation of
the risk for the
laboratory
personnel

=

Choice of
appropriate
method

e.g.
- automate
- manual

method

=) Perform Analysis

I

Communicate
the result

Perform
reference
analysis

3

Confirm the
result




Main task of medical diagnostic laboratories

Medical and Veterinary diagnostics must be able to
Aidentify accurately and rapidly the cause of infections
Acommunicate instantaneously the results to the authority and persons

iInvolved.

Diagnostics must be performed using biosafety standards that fulfill

medical diagnostic requirements

= generally BSL-2 level,

= exceptions e.g. for Mycobacterium laboratories BSL3*

= laboratories for diagnosis and confirmation of severe pathogens BSL3
or BSL4



Major biosafety issue of a medical diagnostic laboratory:

Asafety of the result
Arapid and adequate communication

'It has been reported that anthrax [bacteria] have infected residents of
Tenrigangkae village, Mandai township, Maros regency in South
Sulawesi. In Makassar, South Sulawesi, (30 Mar 2010), the local official
for South Sulawesi, Devi Santy Erawati has reported that 4 people and
one head of household rapidly became ill following consumption of beef
confirmed to be contaminated with anthrax. According to this report, 3 of
the people who were involved with the slaughter of the cow on [19 March
2010] subsequently died, with signs of skin peeling and hand wounds.

Was the diagnostic wrong?

Was no diagnosis done on diseased animals?

Was the result not communicated, communicated to late or to the wrong
destination?

Was the information not used.



Severe pathogens often appear unexpectedly

Case: Zoo monkey from a zoo for children
day
Zoo reports sudden death of 2 squirrel monkeys
Carcasses are sent to veterinary pathology department for routine inspection
Pathologist sends a slightly swollen kidney to bacteriological routine diagnosis
Intermediate bacteriological report: negative
Intermediate bacteriological report: negative
Slow growing bacteria detected suspicion of brucellosis
Rapid screening for pathogens = Francisella tularensis
Immediate reporting to the veterinary federal office
Immediate report to the head of the Institute
Immediate report to Zoo: quarantine of the other animals in same cage
medical surveillance of the keepers
Immediate report to the pathology department
Pathologist from day 1 stayed home with headache, fever, respiratory distress
4 Pathologist is advised to contact immediately the hospital: suspicion of Tularemia
4 Pathologist receives specific antibiotic therapy
10 Pathologist recovers fully
20 Tularemia of pathologist is confirmed serologically
- No other cases of tularemia appeared in the zoo
- Additional safety measurement in necropsy hall implemented
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Zermatt Typhoid outbreak 1963

o Appropriate use

-:T_?E - /’ . of a school

classroom by B-
troops of Swiss
Army as an
emergency
1 i} laboratory for
= , ; : medical

. S . : diagnosis and
epidemiological
investigations

Fully trained
personnel, order
and correct
setup and
behavior.

Room was not
built as a
laboratory but
used adequately



Main task of food safety diagnostic laboratories

Food safety diagnostics must be able to

Aguarantee the microbial quality of food and feed

Adetect microbial contaminations

Adetect and identify pathogenic organisms in food, feed and water

Acommunicate instantaneously the results to the authority
and/or corporations involved.

Diagnostics must be performed using biosafety standards that fulfill
requirements for food safety.

Main task is the identification of indicator organisms as well as food
borne pathogens. Generally the occurrence of pathogens is rare and
low.



Major safety requirements for medical (food safety) diagnostic
laboratory
Agood and broad knowledge of medical microbiology
Agood organization allowing the handling of large amounts of various samples
Aknowledge of the medical background of the patients (case history)
Agood laboratory techniques adapted for the various specimens
Asufficient staff and laboratory space
Agood knowledge on operational modes of instruments and automates
Aelaborated data management = necessary alerts in case of severe pathogen
Aquality management
Awell equipped laboratory (fulfilling general BSL-2 requirements)
Avalidated waste treatment and waste evacuation procedure (differentiate medical
and food safety)
Areference laboratory network for confirmation of rare diagnostic analyses (rapid
transport possibilities)

= Particular additional requirements for laboratories for clarification of biological
terrorism and biological military actions.



Evaluate whether automates are adequate for use with critical samples:

U Sealed samples
U No formation of aerosols
U Possibility of machine decontamination




Conceptional basic rules for a microbiological laboratory

AAnalytic concept - flow chart (can parts of the analyses be done in vitro?)
AValidated methods for critical analyses and manipulations
ASeparate data processing from microbiological bench space

AValidated operation modes and good knowledge of instruments
(note some automates are not conceived for certain pathogens)

AConcept of the location of the instruments
AValidated waste disposal concept

AValidated disinfection concept



Organizational Aspects of Laboratory Safety
Research

Scientific

background

Broader context of

the project

- live organisms

- toxins

- transmissible
systems

Oriqgin of the strain

- environment

- patient

- endemic or not

Virulence of strain

- W.t. strain

- collection strain

- vaccine strain

- mutant (how)

- identification method

Evaluation of
the risk of
particular
manipulations
for the
laboratory
personnel,
for the
environment

=

Choice of
appropriate
methods and
laboratory
conditions

Replace in vivo
with in vitro ?

Perform
Research
surveillance of
safety aspects
Include new
knowledge

]

Communicate
the results
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Biosafety-relevant concept of a research project

Study plan available
Risk assessment done
Study plan includes biological confinement concepts
V attenuated strains
V strains that are unable to survive in the environment or in mammalians
V safe knockout mutants
V recombinant technology
SOPs available at the workplace and known to all involved in the study
Application mode corresponding to the study plan
Application volume corresponding to the study plan and safety requirements
Application volume adequate to the technical installations
Application time corresponding to the study plan and safety requirement
All records (also labels on samples) legible, dated and initialed



Example for a biological containment safety concept:
Study of binding and endocytosis of botulinum toxin from C. botulinum to neural synapsis

Botulinum toxin Use a recombinant clone expressing the heavy
chain which is non-toxic
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Major safety requirements: research laboratory

Aconcept of the research project including biosafety aspects

Agood knowledge of the organism that is investigated

AReliable tests to identify the various strains used in the research
Aknowledge of the molecular mechanism of pathogenicity

Agood laboratory techniques adapted for the various part of the project
Asufficient staff and laboratory space

Awell equipped laboratory (fulfilling the requested BSL requirements)
Avalidated waste treatment and waste evacuation procedure
Aelaborated study plan and constant update depending on latest results

additional measurements:
Aserological monitoring of personnel
Amedical suveillance
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While studying a relatively benign strain of Francisella tularensis
last year, three lab workers at the Boston University fell ill. Two
got sick in May, the third in September. Their symptoms were
consistent with tularemia, which can cause fever, chills, malaise,
low back pain, and chest pain. F tularensis is also considered
one of a handful of pathogens with potential to be used as a
biological weapon.

The investigation yielded some information on how the workers
came to be infected through working with an attenuated
laboratory strain not previously linked with human infection: they
may have also been exposed to a wild strain of F tularensis
found in some samples of their laboratory strain.

But how the virulent bacteria found its way into the attenuated
samples remains a mystery.


http://bostonglobe.com/subscriber/offer/go/zip.asp?cd=WW048982&od=28

Operational basic rules for microbiological laboratories

AAlways wear a lab coat (correctly fastened)

ARemove lab coat when leaving the laboratory

AWear Safety glasses for handling hazardous chemicals

AHandle specimens with instruments of forceps if possible

AWear disposable gloves for handling specimens if not possible with instruments

AAlways remove gloves before touching instrumentations, doors etc

ANo eating drinking or application of cosmetics

ANo open toed footwear in the laboratory

ANo mouth pipetting

ADispose microbial cultures in a safe manner

AReport immediately any spillage of microbial cultures to BSO

AAvoid aerosol formation

ADo not put broken glass, pipette tips or other sharps in the normal waste, use
special disposal bins

ACarefully label all items and if necessary mark with particular biohazard notice

APut any contaminated item in special biological waste container

ASwitch off all electrical equipment and gas burners when finishing work in the lab

ACorrect handling of all items

ADisinfect hands and bench at the end of the work or by occasional spilling

AKeep detailed records on isolates or strains



Avold aerosol formation

Aerosols formation: the most frequent cause of
laboratory infections

Critical manipulations:

U Centrifugation of clinical material and cultures
U Cultivation of bacterial strains

U Inappropriate autoclaves

U Inappropriate use of laminar flow



The technigue makes the difference

Aerosol formation by inadequate use of the platinium loop




Avolid aerosol formation during centrifugation

U Use only sealed tubes
U Use safety rotor
- load and unload safety rotor
only under a laminar flow



