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Lab Associlated Infections

. Agent No. cases No. deaths
. M. tuberculosis 199 0
. Arboviruses 192 3
. C. burnetti 177 1
. Hantavirus 155 1
- Brucella 143 4
. Hepatitis B 82 1
. Shigella 66 0
. Salmonella 64 2
. Hepatitis C 32 1

. N. meningitidis 31 11

. Harding, L and Byers, K. (2006) Biological Safety: Principles and Practices. 4th Edition. ASM Press




Laboratory Support Injuries
(1993-1997)

Repetitive stress

Laceratbomn
Brulse, sprain, —Other
strain, fracture __Eye injury, 1%
' "Burn, 2%
C hemical
L i 4

Howard Hughes Medical Institute, Office of Laboratory Safety
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Classification of Infective Microorganisms

* Risk group 1 eRisk group 3

* Acetobacter eBrucella

* Bacteroides *Mycobacterium avium/bovis

« Gardnerella eMycobacterium tuberculosis

eSalmonella typhi/paratyphi
eCoccidioides

eChlamydia
* Risk group 2 eRisk group 4
* Neisseria gonorrhoeae eViruses of haemorrhagic fever
* Neisseria meningitides eMarburg
« Nocardia eLassa and Ebola

. Pasteurella eEquine and other encephalitis viruses

eCertain arboviruses

» Shigella

« Staphylococcus aureus
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Risk Group Classification -BSL

Risk Group 1/BSL-1

* Low disease risk to individuals and community

e Risk Group 2/BSL-2

* Moderate individual disease risk, low community risk o 2wl ¥ o
* Risk Group 3/BSL-3

e High/serious individual disease risk, moderate community risk

* Risk Group 4/BSL-4

e High/serious individual and community risk




Biosafety Levels

Biosafety level

Infection risk

Spread risk

Treatment in case

of infection
1 unusual No Not necessary
2 Disease unusual Possible
3 Serious disease Probably Possible
4 Serious disease High Not known




Table 3. Summary of biosafety level reguiremenis

BIOSAFETY LEVEL

1 2 3 4

Isolation® of laboratory ‘ No No Yes Yes
Room sealable for decontamination No No Yes Yes
Ventilation: ) ,

— inward airflow No Desirable Yes Yes

— controlled ventilating system No Desirable Yes Yes

— HEPA-filtered air exhaust No No Yes/No® Yes
Double-door entry No No Yes Yes
Airlock No No No Yes
Airlock with shower No No No Yes
Anteroom No No Yes —
Anteroom with shower ‘ No No Yes/No° No
Effluent treatment No No Yes/No° Yes
Autoclave: : .

— On site No Desirable Yes Yes

— in laboratory rocom No No , Desirable Yes

— double-ended No No Desirable Yes
Biological safety cabinets No Desirable Yes Yes
Personnel safety monitoring capability® No No Desirable Yes

a Environmental and functional isolation from general traffic.

b Dependent on location of exhaust (see Chapter 4).

< Dependent on agent(s) used in the laboratory.

4 For exampie, window, closed-circuit television, two-way communication.
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All diagnostic and health care laboratories must be designed
and organized for Biosafety level 2 or above
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Safety during
service

° no unauthorized persons
* no friends

° no children

° no animals

Please
CLOSE
the DOOR
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architecture. engineering. planning.

Images produced by CUH2A for the World Health Organization’s
Laboratory Biosafety Manual, Third Edition. Images used by
permission of the World Health Organization.
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architecture. engineering. planning.
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Heightened Control Measures (HCM)

Core Requirements




risk assessment framework

Gather Information(hazard identification)
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Contamination Routes

Inhalation slxl. fwg 51 wiss g &b
Ol j S

Ingestion

Skin penetration
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Mucous Membranes:

Exposures to mucous membranes of the
eyes, nose and mouth through splashes or
splatters.

Ingestion:

Mouth pipetting, eating, drinking,smoking in
the lab.

Inhalation:

Breathing in respirable sized aerosols (<5um),
centrifuge leaks, spills, pipetting, etc.
Percutaneous:

Through intact or non-intact skin via
needlestick, puncture with contaminated sharp
object, animal scratch or bite,through wounds
abrasions, or eczema.

Contact : (indirect transmission)Via mucous
membranes or nonintact skin from hands that
have been in contact with a contaminated
surface (i.e. benches, phones,computers,

A equipment handles) or by failure to wash
hands after working
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key factor to consider in determining the
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Risk Is never zero
Remember, Personal Protective Equipment is the last level of control

Eliminates the exposure
before it can occur

Requires worker or employer
to DO something

Personal Protective Equipment
(Including respirators)

Requires worker
to WEAR something

Most
eoffective

Hierarchy of Controls

Physically remove
the hazard

Substitution s
the hazard
Isolate people

Engineering
N e e .
\ LU

PR Wi
Administrative
Controls
Protect the worker with
Personal Protective Equipment

from the hazard

Change the way
people work

Least
effective
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Compare Gloves Material

Nitrile
Latex Vinyl Polyvinyl Acrylonitrile
Reference Natural Rubber Chloride and Butadiene | Polyurethane

Latex PVC
Barrier Protection Excellent Fair to Poor Excellent Excellent
Strength and Durability Excellent Poor Excellent Excellent
Elasticity Excellent Poor Good Good
Puncture Resistance Good Poor Excellent Excellent
Chemical Resistance Good Poor Excellent Good
Fit and Comfort Excellent Fair Good Excellent
Protein Allergy Depend on gloves | None None None

and manufactures
Cost Low to Moderate Low to Moderate | Moderate to Moderate to
High High
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Respirators

N95 (United States Standard NIOSH N95) or

FFP2 , Filtering Face Piece (European Standard EN149:2001) respirators

should be worn if indicated by a risk assessment.
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filter 94-95% of particles that are 20.3-0.4 pm.




Personal protective equipment
Respirators with HEPA

ull- or half facepiece respirators
(replaceable filters)

Decontamination; protection from
particles and gas

Particulate respirators
(mask with filter)
Protection particles; FFP1-FFP3

Powered respirators (replaceable filters,
FFP1-FFP3)

Airflow at min. 120 I/minute for
protection
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Personal protective equipment

No plpettlng
by mouth
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General Safety Equipment

shower

eye washer fire safety | PPE

b=
waste disposal
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SEQUENCE FOR PUTTING OMN
PERSONAL PROTECTIVE EQUIFMVIETNT (PFPRE)

The typo of PFE usad vwvill vary based o 18 Bevel Oof precaaticons raequaweecd =ach ms stesydmerd and contac it AropDiat or
arDormye snffoction sasolfatnos pressutions. The gpaocodur e for putang Oon and resmovesg PRE sHowaldd Do toilored 10 thhe specific
Dy e of T

qT. GOVWIN

- Fully cover torso from neck to knees, arnms
O &nd Oof vraisss, and wrasp around thhe back

- Fastenimn back of neck arnd waist

Z. WMiASK OR RESPIRATOR

- Scocurc Sics or cilscst:c bomd=s ot rmmrddics
of head and mneck

Firt Ffexibie band to mnose bndge
Fit snug 10 face and belowvw chin
Fit-check respirator

S. GOGGLES OR FACE S HIELWLD

- PFPiace over face and seyes and adjust to it

q. GLOVES

- Extend to cover wrist of isoflauomn gown

LIS E SAFEWORK PREACTICES TO PROTECTYT YOURSELYF
AAND LITVITT THE SPREAD OF CONTATVIINAT ION

Heewp hands svvaeay feom fac o

Lirmy surfacos Towmchod

Change gloves Wwhoan torn or heandy © ontarmann Socd
Pectormm hand hyglieno
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HOWVV TO SAFELY RENVIOVE PERSONAL PROTECTIVE EQCQUIPIVIEINT (PPE)
EXANVIFPLE 1

Theare are a variety of ways to safely remove PPE without contaminating yvour clothing., skin, or mucous membranes with
potentially nfectious materials. Here is one example. Remove all PPE before exiting the patient room exceplt & respirator, if
weworn. Remove the respirator after leaving the patient room and closing the door. Remove PPE in the following sequence:

1. GLOVWVES

- Ours:de of gloves are contaminated!

If yvour hands get contamumated during glove remaval simmediately
veash your hands or us= an alcohol-based hand santtizer

Using a gfowved hand, grasp the palm area of the othher gloved hand
and pasl off first glove

Hold remaoved glave «n gfoved hand

Shide fingers of unglioved hand under remaining glove at vwrist and
pes=sl off second gilove over first glaove

Discard gloves N a8 vwaste comamner

2. GOGGLES OR FACE SHIELD

- Ourtside of goggles or face shield are contammated!

- If your hands get contarmmated dunimg goggle or face sfunaeld removal,
immedciately vweash your hands or use an alcohol-based hand samtizer
Remove goggles or face shield from thhe back by hifting head band or
ear Dieces

Ifthe rfteam is reusable. place in designated receptacia for
raeprocessing. Utharveise, discard s a waste contamer

S. GOV

Gowver front and sleaves are caormtarminated!

If yvour hands get contarmunated dunng gowvwn ramoval, immed:atsly
wash your hands or use an alcohol-based hand samtizer

Unfasten gowwwn ties, taking care that sleasves don't contact your body
vwhhen raaching for ties

Pull gowwn avway from neck and shaoulders, touching snside of gowwn only
Turn goven inside out
Fald ar rall into a bundle and discard 1 a vwaste container

VIASK OR RESPIRATOR

Front of meskirespsirator is contaminated DO NOT TOUuCH!

IFfyvour hands get contammated dusring maskfrespirator remowval,
immediately vwash your hands or use an aicohol-based hand samtizer
Grasp bottom ties or slastics of the mask/respiratar,. thhen the ones at
th= top. and remove wiathout touching the front

Discard 1™ a8 waste contasner

VVASH HANDS OR USE AN
ALCOHOL-EASED HAND SANITIZER
IVIVIEDIATELY AFTER REMIOWVING
-V B OBE . ol =

PERFORIVI HAND HYGIENE EETVVEEN STEPS IF HANDS
EECONVMIE CONTAMIINATED AND IMIIVIEDIATELY AFTER
RENVIOWVING ALL PPE

o5 oWEla 3 e ) Cidal g el



ExADNMPLE 2

Here is anaothar waw to safely remowe FFE withouut contamemnatimg yvyour clothimng, skin, or mmucouus membrameae s wwith potentaa by
imfectious Mmaterials. Remowe all PPE before exiting the patient room e<cept a respiratorn, if vworm., Remows the respiratbor after
leawing thhe pabment room and closimg thhe door. ReEemowe FPE im the followwim@o Ssa0 uems 2

M. GOWVA AND GILOWIES

- Gaawem fromt and sleawas and thha outsidae of glowvae=s ara
Sarmtarmin ated!
- If wowr hhands gat caontamanated durimng goswre ar glowe ramoasall,

imrmediately wwaskh your bhamnds or use an alcaohol-bBbaseod s mad
s amnitizar

- Gra=s=p the gowwer im The fraomt amnd puall asveay from gour body =sa
that thea tias hraak, touching outside of gowen amby wwith glowed
hamd=

- WHiile remoswing the gosur . fald or roldl thie gowsen inside-out amta

= buredla

- e o @ara raermoweng the gowen, pael off your glava=s ot thee
Sarmee thmea, anmnly towching tha insideae of the glowves amd gowen wwiths
wour bare hamd=_. Place the gowern @amd glawvas imnma an infae cohow =™
wraste contEinar

2. GOGGLES OR FACE SHIELD

- Owutsida aof gogglas aor Taca shield are caontaminatsad!

- If wowr hhands gat caoantaminated during gogagle aor faca shiald ramawal,
irmrmediately svash your bharnds or use an alcaoahaoal-bBbased hamnd sanitizar

- FRemowe gogolas or facs hiald from the back by lifting haad band and
writhowt tauwching thha framt aof tha gogoles or Taca =hield

- IfTthe ivam i=s reusabhla, placs in designated receptacla far
reprocaessing. Dtherswisa, discard im am enfectious™ wasta container

2. MMASK OR RESFIRATOR

- Fromt aof ma sk /respiralor is camntarnminated Oy OT TOWCEH!
- If wowr hhands gat caontamianated during mMmaskfrespiratbor ramoaowall,
immediataly swash wour bhands or use an alcohal-based hand sandtizar

- Grasp batmmom ties ar elastics of thhe mask'reaspirator, Thien thheae ones at
thha top, and ramasa swithout tou chimg e front

- Discard im amn mfactiouws™ vevasta contairmner

. VWASH HAaNDS OR USE A’
AL COHOL-BEASED HAND SANMNMITIZER
INAMMEDLATELY AFTER REMNMOWIN G
AL PPIE

= A infectious wwastes cont@iner is usad o dis=paose of PIFE thhat i=s potsrmta by
camtarmimnastad weith Ehaolas wirwms.

FERFORMN HAMND HY''"SIENRMNE BETWVWWEERMI S TEPRPS IF HANMRD S
EECOMNME CORMTAMNIIMATIED AR INMIVIIERXLATELRLY AFTER
REMNWMOWING AlLL PPRE
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(Spill Management) sl gy <y 0w

« Accident: An inadvertent occurrence that results in actual harm such as infection, illness, injury or
contamination of the environment.
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* Incident: An occurrence that has the potential to, or results in, the exposure of laboratory personnel to
biological agents and/or their release into the environment that may or may not lead to actual infection.
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Spill Management

Spill clean-up |

Someone p

NO ENTRANCE
Decontamination ongoing
Risk for infection
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~ Emergency trolley

Spill Management

Sign (No entrance)

Absorbent
Gloves
Disinfectants (70% ETH)
Bucket

Forceps

Shoe cover
Broom/dustpan
Lab coat/overall
Plastic bin bags
Paper towels
Respirators
Scissors

Scraper
Sharps container

Safety glasses, goggles or full

face shield
Biohazard waste bag
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Autoclaves

Exhaust valve (toremove  Steam to Safety

steam after sterilization) chamber
/
/ —

“Lmk S
/4

o~

thermostatically
and closes on contact with
pure steam when air is

Towasteline ~ ®xhausted.
Cagyngrt © 2006 Fuarson Edutation e subihong as Beryarme Cumenngs

-
ﬁ Automatic ejector valve is

Jacket pressure gauge
and safety valve

Flexible temperature probe for introducing

Pressure gauge and to liquids or material in bags

safety valve

Steam
to jacket
Material for
autoclaving Steam
to chamber
Door ——» | ' Heated jacket
Vent filter To drain

Cold air is drawn out of the chamber by a
vacuum-pump or pushed out by steam
and passed through a filter.
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Efficacy testing of autoclaves

Biological indicators

Media with colour |

indicatO\

Spore strip with Bac.
stearothermophilus™
(ca. 109)

Sterility Controls

Yellow medium
means spores are

Cap that allows ——¢ = P viable; autoclaved

steam to penetrate S . objects are not
Flexible plastic o gt sterlle.
—
ol - S
Crushable glass Incubation
ampule —
Nutrient medium
containing pH
color indicator Red medium
means spores were
After autoclaving, flexible ‘ Killed: |
Endospore strip vial is sq i 1o break i ob]l:g’l ::::c aved
ampule and release sterlle
medium onto spore strip. i 2
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Activity spectrum of select detergents and disinfectants

BG+ BG- MycoB | Spores | Yeast Virus Prions
Alcohol 70° ++ ++ ++ 0 + + 0
Aldehydes +++ +++ ++ + +++ ++ 0
Ammonium IV +++ + 0 0 + + 0
Anilides + 0 NP NP 0 NP 0
Chlorhexidine +++ ++ 0 0 + + 0
Cl compounds +++ +++ ++ ++ ++ ++ + (@
lodine (+ der.) +++ +++ ++ ++ ++ ++ 0
Hg compounds ++ ++ 0 0 + Oou+ 0
Phenols : Variable activity depending on components ®
Hexachlorophene +++ + 0 0 + 0 0
(@ Bleach (6%) during 60 min at 20°C ; ® discussion on efficacy of phenol on prions
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Triple Packaging

Sl Y aw o aw

Primary container * Absorbent packaging material

Primary container

Absorbsnt and

rhe _ Specimen
cushioning material

. Ca
Secondary container P

Secondary container «——

Quter container
/ Screw-on cap

P650 cilol 1 5y ulaico

/ Outer (tertiary) container +———|

Specimen record

- Biohazard label

——» Address label
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Transporting Infectious Substances : Triple packaging

— 'WMM 3

Watertight

; Lid

Primary culture
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Waterproof
Tape

| ____—— Culture

Absorbent
Packing

Material e Outer
Orientation label o 15 % container
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Sealed, leakproof
primary receptocie

Absorbent material
o absorb any, and aoll, iquid
from primary receptacle

Sealable, leak-proof
secondoary pockaging

Itemized list of contents

Outer packaging
- of adequate strength
for transport conditions
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Sealed, leak-proof
primary receptacle

Absorbent material
to absorb any, and all, liquid
from primary receptacle

Leak-proof
secondary packaging

Outer packaging
of adequate strength
for transport conditions
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(Transfer within the laboratory )
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( Transfer within a building)
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Biosafety Cabinet |
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Fig. 1Ta. CLASS | BIOLOGICAL SAFETY CABINET
(Used in conjunction with the building system. Glowve ports are optional.)

Inward airflow for personnel and environmental protection

Exhaust air is HEPA filtered
No recirculation of air
No product protection

For microbiological work with low or moderate risk
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Biosafety Cabinet Class Il Al
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Fig. 2. CLASS Il TYPE A1 BIOLOGICAL SAFETY CABINET
(Can be room re-circulated or air gap type (thimhble).)

Minimum average face velocity of 0.38 m/s (75 ft/min)
No protection against volatile toxic chemicals and volatile radionuclides
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Type Face Airflow Pattern Radio nuclides/ Biosafety Product
Velocity Toxic chemical Levels Protection
(1fpm)
Class | open front 75 In at front; rear and top No 2,3 No
through HEPA filter
Class II, Type A 75 70% recirculated through No 2,3 Yes
HEPA; exhaust through
HEPA
Class I, Type B1 100 30% recirculated through Yes (low levels, 2,3 Yes
HEPA; exhaust via HEPA volatility)
and hard ducted
Class II, Type B2 100 No recirculation; total Yes 2,3 Yes
exhaust via HEPA and
Hard ducted
Class II, Type B3 100 Same as IlA, but plena Yes 2,3 Yes
under neg. pressure to
room and exhaust air is
ducted
Class Il NA Supply air inlets and Yes 3,4 Yes

exhaust through 2 HEPA
filters
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Possible Sites for Safety Cabinets

window

B
c A is Bad
B is Poor
C is Better
D is Best
A
D
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