Definition of Biosafety
Microbiology Lab Biosafety:
Avoiding Lab Acquired
Infections (LAI)
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Associate Director
University Hygienic Lab to prevent transmission of biohazardous

agents to workers, other persons, and the
environment. (CDC/NIH, 1999)
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TABLE 3. Routes of exposure associated with laboratory work

Route Microbiological practice

v E—— Your pathologist wants to bring in

Splashes of infectious material into

e his 9 y/o daughter for you to show

placed in mouth

Consumption of food in workplace bacte r| al Cultu re and G ram Sta| ns’)

Inoculation Needlestick accidents
Cuts from sharp objects
Animal and insect bites and

scratches < A. Not a problem, we often allow children in

Contamination of skin and Spills or splashes into eyes, mouth, the lab
mucous membranes nose
Spills or splashes on intact or

ponintact skin » B. Our lab biosafety policy does not permit

Contaminated surfaces, cquipment,

. any children in the lab.
Inhalation Numerous procedures that

produce aerosols e C. Not sure, | guess it is ok since a
pathologist asked for it.

D. L. Sewell. 1995. Clinical Microbiology Reviews. 8: 389-405.

TABLE 1. Most [requently reported laboratory-acquired infections
in the United States and Great Britain

Description of the Problem

Infection -
i US.and  Great
L2 world”  Britain®

+ Lab acquired infections are under reported Drtealitei s G

Q fever 184(63)  278(7.1)
q q Typhoid fever 292(100) 256 (65) 3(3.2)
— Data from studies is old D. L. Sewell %}01[’3‘!“? igg tjj; 3:2 :2(7); 13(20‘0)
oo laromia 25(5.
A o Tubercul 174(6.0) 176 (45) 24(253) 4(118)
— Few updates available Clinical Rermslomyoosl 8409 1614y 0 2(59)
) . . . . g'ec\/"‘;s;‘;“’gy Venezuelan equine 1U8(41) 141 (36)
Diverse lab community = differing degrees of risk 389.405, el -
P s 70 (2.4) 116 (3.0) 4(118)
Responsibility of management to: e L
A . Histopl: 81(2.8) 71 (1.8)
— Adhere to standard biosafety practices and Leptospirosis a5 8762 369
Salmonellosis 54(19) 48(L2) 11(1L6) 1(29)

guidelines Shigellosis 54(1.9) S8(15)  26(27.4)
— Ensure that personnel are fully trained Al o i ok

71969 data adapted from reference 151.
B 1976 data adapted from reference 110.
—ClI Osely monitor adherence <1980 1o 1989 data adapted from references 51 through 55.
#Includes possibly attributable and attributable cases.
“NADC, National Animal Discase Center; 1975 to 1985 data adapted from
reference 93

NADC*

34

TABLE 1—Annual Incidence Rates for Infection and Injury in Public fatri P 1
Health and Minnesota Hospital Laboratories, 1986 TABLEZ_DIS;;:U“DH o: In":ury -.rty?eLs ;\mu‘ng‘Pub:l;:BI-éaallh koboretorias
5 an innesota Hospital Laboratories,
Public Health Minnesota Hospital
Laboratories Laboratories Mignesola
Number of laboratories reporting 43 149 Public Health Hospital
Incidence rate per 1000 FTE laboratory Laborateries Laboratories
employees
Type of infection (N = 4202) (N = 2290)
Definitely laboratory-acquired 0.00 0.44 Injury Type N e N %
Probably faboratory-acquired 0.48 0.87
Zossm!y laboratory-acquired 0.95 2.18 Needleslick 17 6 300 63
Overall 1.43 349 ,- 2 i
Incidence rate per 1000 FTE employees gubgcrape ‘ig 55 18; bl
who worked with infectious agents Bran . o 7 1
= 2193) (N = 1986) Eye-injury : : ;
Definitely taboratory-acquired 0.00 0.50 Burn 25 g @ !
Probably laboratory-acquired 0.91 1.01 Inhalation, ingestion
Possibly laboratory-acquired 1,82 2.50 or skin injury 18 6 3 1
Overall 274 4,03 Other 45 15 18 4
Injury incidence rate per 100 FTE Missing 3 1 19 4
employees Total 303
(N = 4202) 2230)
Overall 7.21
Range of individual laboratory rates 0-224

Vesley, D., H.M. Hartmann . 1988. American Journal of Public Health. 78: 1213-1215,

Vesley, D., H.M. Hartmann . 1988. American Journal of Public Health. 78: 1213-1215.




D. L. Sewell. 1995. Clinical Microbiology Reviews. 8: 389-405.

Biosafety Levels

BSL 1 applies to work involving well-characterized agents not
known to consistently cause disease in immunocompetent adult
humans and which present minimal potential hazard to laboratory
personnel and the environment.

BSL 2 is suitable for work involving agents that pose moderate

During the week, staff always observe
the “no eating/drinking” rules, but on
weekends no one ever has time for
breaks. What should management do?

» A. Staff better on the weekends so that
breaks can be taken.
* B. Find an area near the lab that can be
defined as a break area
« C. Enforce the rules while accommodating
ased on the principles of exposure

TABLE 9. Summary of recommended BSLS for infectious ag

BSL Prectices and techniques Sty cquipmen Facilties
| Stendard miczabiological praciices Nore Basic
1 BSL-1 ohus biokizz g Signs, Class Lor 11 BSC and PPEs Basic

limited aceess, “sharps™
precautions, and decontamination
ol identified wastes

controlled acess,

BSL-2 plus negative air fow, double

hazards to personnel and the environment.
BSL 3 applies to clinical, diagnostic, teaching, research, or
production facilities where work is performed with indigenous or
exotic agents that may cause serious or potentially lethal disease
through inhalation-route exposure.
BSL 4 is required for work with dangerous and exotic agents that
pose a high individual risk of life-threatening disease, aerosol
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Agent Hazards*
Degree of Laboratory Risk

Agent
Hazards

Pathogenicity

Low to
Moderate

Mild to moderate
disease
(Salmonella
typhimurium)

Moderate to
High

Moderate to serious
disease
(Mycobacterium
tuberculosis)

Severe disease
(Herpes virus B)

Virulence

Mild to moderate
disease or low
infectivity

Severe disease or
moderate infectivity

Lethal disease or
high infectivity

Infective dose

>108 U (Vibrio
cholerae)

109 - 100 IU
(Influenza A virus)

<100 IU (Francisella
tularensis)

Transmission

Indirect contact
(contact with
contaminated
surfaces, animal
bedding)

Direct contact

(droplet, tissue, fluid,

secretion contact
with mucous
membranes;
ingestion)

Inhalation or
percutaneous
inoculation
(needle stick)

nteminztion of all waste,
protective clorhing, and a beseline
Serum saecimer.

4 BSL3 slus decontamination of gll
el , change 1o
protective clothing before
entering, and shower on exit

agenis; all necessary
PPEs

Class I BSC or ather BSC in
o ith a full-body,
ve-pressure

doors, air exbaust to outside

BSL-3 plus separate building or
dedicated sysiems

" Adapted from reference 142

Sewell, D.L. 1995. Clinical Microbiology Reviews. 8: 38

Risk Assessment Matrix for

Protocol

Hazards *

IPIeifeCel Low Risk Moderate Risk High Risk
Hazards

Agent

3
Concentration < MUl

103 — 108 IU/ml

>10° IU/ml

Suspension

<
Volume Al

Im-1L

>1L

Generate
droplets &
droplet nuclei

Streaking
“smooth” agar

Pipetting

Flaming an inoculating
loop

Standard
repetitive
procedures

Protocol
Complexity

Periodic change in
procedures

Frequent change and
complex procedures

Use of safe
Use of Animals | animal care
practices

Necropsies; large animals
handling

Aerosol challenge
protocols

Use of Sharps

With protective devices -
safety sharps

Without protective
devices




Risk Assessment Matrix for ~ Susceptibility to Disease *

Biosafety Levels In Clinical Labs

Risk factors Degree of Laboratory Risk

Susceptibility to Low to Moderate to .. .
Disease Moderate | High Clinical lab work usually done using BSL 2

facilities and precautions;
Potential for Lab workerin | Lab worker Use BSC and BSL 2 practices to prevent

Exposure Visitor to lab room where agent |who handles
is handled agent exposure to aerosols/droplets.
Individual Effective Clarraranlsed “D i
p Al ctiective Immunocompetent | immune Do a “Risk Assessment to determine the
usceptibility immunization . ]
Availabilty of Potential and frequency for exposure,
vald ”yoth v Less effective 5 .
vaccine or other es prophylaxis Seriousness of diseases

prophylaxis ) -
Availability of pre or post exposure treatment

Availability of Treatment offers
effective treatment some value

What's in the SOP?

Based on the Risk Assessment

Develop the ... Reporting of events & illnesses

Responding to potential exposure events
Infectious Agent Exposure Responding to respiratory illness in

Laboratory Occupational Esggitr?srz \fl\(;?rill(lifss post exposure
Health SOP

Basis for Return to Work

Laboratory Occupational Health and
Safety Practices

Biosafety in Microbiological and
Biomedical Laboratories
Information on agents which cause human CDC/NIH BMBL

disease can be found in: provides guidance for

safe and secure work
BMBL agent summary statements with potentially
Canadian MSDS; biohazardous agents:

Control of Communicable Disease Manual bacteria, fungi, viruses,
if listed in a risk group (EU, UK, AU) prions,parasites, cell lines,

www.absa.org data base biological toxins
5th edition now available

Biosafety Resources




CLSI Standard

Biological Safety: Principles and Practices,
4th Edition Author:  Editors: Diane O.
Fleming, Biosafety Consultant; Debra L. Hunt,
Duke University Health System

Book ISBN or Item Number: 978-1-55581-
339-0

Biosafety Resources

NIH. 2002. Guidelines for research with
recombinant DNA molecules

http://www4.0d.nih.gov/oba/rac/quidelines/quidel
ines.html

CDC/NIH. 1999. Biosafety in Microbiological
and Biomedical Laboratories (BMBL), 4 ed

http://www.cdc.gov/od/ohs/biosfty/bmbl4/bmbl4t
oc.htm (5 edition in press)

Safety Orientation and Annual
Competency

Proper and Safe Handling Practices

Use of the BSC

Biohazardous waste handling

Use of autoclave

Available vaccinations; disease symptoms
Post exposure management

Reporting exposures and illnesses

Biosafety Resources

World Health Organization. 2004.
Laboratory Biosafety Manual. 3rd Edition .

http://www.who.int/csr/resources/public

ations/biosafety/WHO CDS CSR LYO
2004 11/en/index

Laboratory Occupational Health
and Safety Practices

General laboratory safety training and familiarity
with safety guidelines, universal precautions,
training and experience are required to conduct
work in the laboratory.

At a minimum, occupational health practices
include:

— Offering of Hepatitis B immunization and other
immunizations as available and based on expected
work areas such as rabies and anthrax

— Ongoing evaluation if in the respirator program, based
on expected work area

Vaccinations

Tetanus, Diphtheria MMR
Influenza Varicella
Pneumococcal Meningococcal
Hepatitis B Pertussis

Hepatitis A Others (ex. Rabies,
Anthrax)




Staff at increased risk

Pregnancy
Known immunosuppression

Open wounds or skin lesions that cannot
be adequately protected

Chronic asthma, emphysema or severe
respiratory conditions

Current use of clinically directed
medications known to reduce dexterity or
reaction time

Analyze Every Exposure

Review the incident.

Review the PPE.

Ask the exposed person what could have
been done to prevent the exposure.
Determine what changes need to be made
to prevent reoccurrence.

Have the safety committee review all
exposures.

Use a BSC for manipulation of

broth or plate cultures of suspect or known
Neisseria meningitidis, Francisella tularensis,
and Brucella species, or any culture with small
gram-negative coccobacilli that fail to grow after
48 hours incubation.

specimens collected from a patient suspected of
SARS infection.

any cultures suspected to be VISA or VRSA
isolates

any cultures containing mold-phase (filamentous
growth) fungi

Post Exposure Management Plan

The Infectious Agent Exposure —
Laboratory Occupational Health SOP
includes:
Reporting of exposure events and illnesses
Responding to potential exposure events

Responding to respiratory illness in
laboratory workers post exposure

Initiation of laboratory testing
Basis of return to work

When to use the BSC?

Inoculation of cultures and preparation of
smears from body fluid specimens (except
urine)

Inoculation of respiratory specimens that have
the possibility of containing M. tuberculosis,
Legionella, or similar significant respiratory
pathogens

Performance of subcultures and preparation of
smears from blood culture bottles

Manipulation of specimens collected at autopsy




What goes into a BSC? Before you work in a BSC.

As you work in a BSC. As you work in a BSC.

As you work in the BSC. Before you leave the BSC.




Other means of protection...

Lab Coats / Gowns
Masks or respirators
Eye Protection

Face Shields
Gloves

Hand washing

Gloves Gloves for plate reading?

* Remove gloves promptly after use and “Gloves worn during plate reading and not
wash hands thoroughly appropriately removed are a substantial
risk for cross contamination of surfaces
and items”
— Spina et. al., JCM 2005,43: 2938-2939.
— 4 LAl of E. coli O157:H7

Glove protocol Gowns

Wear when hands may come in contact * Worn at all times when in the lab

with potentially infectious material « Do not take home to launder (this practice
Remove after exposure prone procedure is per CDC guidelines)

is complete « Removed before exiting the lab and wash
Never touch other surfaces/items with your hands
gloved hands

Wash hands immediately after removal




One of the lab staff comes in to
work early, puts on his lab coat and
goes to breakfast in the cafeteria?

* A. Lab coats are not worn outside the lab.
< B. Not a problem, since it is a clean coat.

» C. He has not started work yet, so
management does not have the right to
say anything about this practice.

Is it safe to sniff?

Sniffing exposes Caution staff to never

staff to organisms
on the plate that are
aerosolized when
the lid is removed.

meningitidis or other
highly virulent
pathogen is present.

The average sniff \
would be too To be

small to inhale a safe...never

significant number sniff at all
of organisms. )

Barkham, T., M. B. Taylor . 2002. Sniffing bacterial culture
on agar plates: a useful tool or a safety hazard? Journal of
Clinical Microbioloav. 40: 3877.

Of the following which is the least effective
at killing organisms on the bench top?

10% bleach
70% alcohol

Alkyl (68%C12, 32%C14)
dimethylethylbenzyl ammonium chloride

5% Phenol

sniff when Brucella, N.

Goggles, Face Shields, Splatter
Guards

e Can all be used to protect against splatter
< Should never replace the BSC

Decontamination of bench tops

« Daily with bleach, phenol or 70% alcohol
« After spills and splashes

* Some labs may decide to wipe down
before and after work begins

Neisseria meningitidis
BSL 2, with aerosol/droplet precautions; BSC

11 of 31 LAIs were fatal in lab techs preparing a
suspension or doing a catalase test on the open
bench (Harding & Byers,2006)

Estimate 3000 isolates of invasive Nm/year

« Est. attack rate 13/100,000 lab techs versus
0.2/100,000 adults aged 30-59

* (MMWR 2002.vol 51:41-4;)




Do you need meningococcal
vaccine? if...

You are a college freshmen living in a dormitory
You are a military recruit

You have a damaged spleen or your spleen has
been removed

You have terminal complement deficiency

You are traveling or residing in countries in
which the disease is common.

Brucella spp.

Highly infectious; frequent cause of LAI
Containment BSL 3 facility and practices

BSC use is prudent for clinical samples or
proficiency test cultures

Blood samples from FUO of 20 days
eventually grew B. melitensis;

prophylactic doxycycline given to 3 techs,
no seroconversions (Lancet.1997.49:651)

Francisella tularensis

Third most common cause of LAl
Risk present because of delayed
recognition & work on open bench
Need for use of BSC

Infectious dose by aerosols 10-50
organisms

Sejvar, J.J. et. al. 2005. JCM. 43: 4811-4814.

* Yagusky and Baron. Laboratory Exposures
to Brucellae and Implications for
Bioterrorism. Emerg Infect Dis. 2005
Aug;11(8):1180-5.

— “Discovery of a laboratory exposure to brucellae
should prompt an exhaustive investigation of the
event and its circumstances, definition of the
population at risk, enforcement of safe laboratory
practices, and antimicrobial drug prophylaxis for
exposed persons.

— Inadvertent exposures to brucellae in the clinical
laboratory indicate a widespread lack of
preparedness to cope with eventual biologic threats
involving use of the organism.”

Mycobacterium tuberculosis

Risk depends on community prevalence
Infectious dose 1-10 organisms

Risk to laboratorians who process
specimens in micro and histology

All aerosol producing procedures must be
done in a BSC

Propagation and culture must occur in
BSL3




West Nile Virus Enteric Pathogens

« Infectious materials — serum, blood, tissue, « Ingestion is major risk factor
& CSF — Splashes

* BSL2 for clinical material & BSL3 for WNV — Contaminated articles placed in the mouth
culture « BSL2 work practices
» Risk to laboratorians — 2 cases in 2002
— Percutaneous inoculation
— Contact of non-intact skin
— Aerosols

Multi Drug Resistant Organisms If it’s fuzzy use a BSC

< Contamination of lab environment may « Dirty dark and wooly = possible
pose risk to laboratorians. Coccidiodes immitis, send to UHL

» Known or suspect VISA/VRSA always « Inhalation of B. dermatitidis can cause
manipulate in a BSC pulmonary infection

« Inhalation of spores of Histoplasma
capsulatum can result in pulmonary
infection

BMBL Section VII B

Influenza Virus Consider labs policy regarding...

« All staff performing influenza testing Children <12 y/o visiting the lab?

should get the vaccine each year. Handbags and personal items in the lab?
O “Biosafety Level 2 faCiIitieS, pI‘aCticeS and Are refrigerators in corridors locked?

p.rocedur.es TS [EEETITEIEEE for Cooling inoculating loops after incineration?
diagnostic, research and production

activities utilizing contemporary, circulating DEGEEIMMETIG SEmeln fope
human influenza strains” Dirt, dust and clutter?

—BMBL V ed. Cleaning incubators and refrigerators?




Be safe out
there!




