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What is infection control?What is infection control?

Prevention of TB transmissionPrevention of TB transmission
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What is Infection Control?What is Infection Control?
How can we decrease the risk?How can we decrease the risk?



Hierarchy of Infection ControlsHierarchy of Infection Controls

•• Administrative controlsAdministrative controls to reduce risk of to reduce risk of 
exposure, infection, and disease exposure, infection, and disease 
through policy and practice;through policy and practice;

•• Environmental (engineering) controlsEnvironmental (engineering) controls to to 
reduce concentration of infectious reduce concentration of infectious 
bacilli in air in areas where bacilli in air in areas where 
contamination of air is likely; andcontamination of air is likely; and

•• Respiratory protectionRespiratory protection to protect to protect 
personnel who must work in personnel who must work in 
environments with contaminated airenvironments with contaminated air
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Violent SneezeViolent Sneeze

Jennison [1942]Jennison [1942]



Number and size of organisms liberatedNumber and size of organisms liberated
Wells 1934, Duguid 1945, Wells/Riley 1953, et al.Wells 1934, Duguid 1945, Wells/Riley 1953, et al.

Number of organisms liberated:Number of organisms liberated:
TalkingTalking 0 0 –– 200200
CoughingCoughing 0 0 –– 3 5003 500
SneezingSneezing 4500 4500 –– 1 000 1 000 000000
Bacteria bearing droplets  Bacteria bearing droplets  <  <  ØØ100 100 µmµm

Size of droplets (function of air velocity):Size of droplets (function of air velocity):
Sneeze   Sneeze   ~ 300 m/s~ 300 m/s
ØØ100100µµmm ~ ~ 100 m/s 100 m/s 
ØØ10 10 µµm m ~  75 %~  75 %



Fate of dropletsFate of droplets

•• Large Large droplets fall to ground or other droplets fall to ground or other 
horizontal surface relatively fasthorizontal surface relatively fast

•• A 1.0 A 1.0 µµmm Droplet NucleusDroplet Nucleus will settle at a will settle at a 
rate of 0.0035 cm/s or 3 m in 24 hours!rate of 0.0035 cm/s or 3 m in 24 hours!

•• The fate of the sThe fate of the smallermaller droplets will droplets will 
depend on the relative humidity of the depend on the relative humidity of the 
air in the spaceair in the space





Risk of TB transmission Risk of TB transmission 

•• PatientPatient
•• RecipientRecipient
•• InstitutionalInstitutional
•• BacterialBacterial





Patient factorsPatient factors

•• Infectiousness: sputum smear, Infectiousness: sputum smear, cavitationcavitation, , 
force and frequency of cough*force and frequency of cough*

•• Understanding of TB, cough etiquette*Understanding of TB, cough etiquette*
•• Treatment*Treatment*
•• CoughCough--inducing proceduresinducing procedures
•• Likelihood of TB (prior treatment, age, Likelihood of TB (prior treatment, age, 

homelessness, contact of known case, homelessness, contact of known case, 
etc.)etc.)

*Influence the n*Influence the number of infectious bacilli in umber of infectious bacilli in 
room airroom air



Strategy for preventing Strategy for preventing 
institutional transmission of TB institutional transmission of TB 

•• Identify each factor that contributes to Identify each factor that contributes to 
transmission of TB in institutionstransmission of TB in institutions

•• Develop written plan that addresses Develop written plan that addresses 
these factors at each possible point of these factors at each possible point of 
interventionintervention

•• PracticalPractical
•• AffordableAffordable
•• ComprehensiveComprehensive
•• CreativeCreative



Strategy for preventing Strategy for preventing 
institutional transmission of TB institutional transmission of TB 

•• Put the IC plan into practicePut the IC plan into practice
•• Monitor and enforce infection Monitor and enforce infection 

control policiescontrol policies
•• Evaluate and revise accordinglyEvaluate and revise accordingly



Institutional factorsInstitutional factors

•• Fixed characteristics (type, location, Fixed characteristics (type, location, 
clients)clients)

•• Type and number of people served by Type and number of people served by 
institution (crowding)institution (crowding)

•• Resources availableResources available
•• Policies, practices governing patient Policies, practices governing patient 

movement, housingmovement, housing
•• Time lag until disease, infectiousness Time lag until disease, infectiousness 

and drug resistance detectedand drug resistance detected



Institutional factorsInstitutional factors



Recipient factorsRecipient factors

•• Closeness, duration, and frequency Closeness, duration, and frequency 
of contact*of contact*

•• Adherence to infection control Adherence to infection control 
practices*practices*

•• Susceptibility (intrinsic or Susceptibility (intrinsic or 
acquired)acquired)

**Influence dose of  inhaled bacilliInfluence dose of  inhaled bacilli



Recipient factorsRecipient factors



Bacterial factors

•• Intrinsic virulence of M(X)DRIntrinsic virulence of M(X)DR--TB bacilli TB bacilli 
is not thought to be greater than drugis not thought to be greater than drug
susceptible bacilli; however, . . . susceptible bacilli; however, . . . 

•• Patients with M(X)DRPatients with M(X)DR--TB may infect TB may infect 
more people due to the prolonged more people due to the prolonged 
period of infectiousness: chronic cases, period of infectiousness: chronic cases, 
defaulters, treatment failures, or redefaulters, treatment failures, or re--
treatment casestreatment cases



Administrative controlsAdministrative controls

The most important The most important 
means to protect means to protect 
health workers, health workers, 
patients, prisonerspatients, prisoners



What areWhat are
Administrative Controls?Administrative Controls?

•• Managerial or administrative measures Managerial or administrative measures 
to significantly reduce the risk of TB to significantly reduce the risk of TB 
transmission by preventing the transmission by preventing the 
generation of droplet nucleigeneration of droplet nuclei

•• Procedures for implementing, Procedures for implementing, 
monitoring, enforcing, evaluating, and monitoring, enforcing, evaluating, and 
revising infection control programs revising infection control programs 
routinelyroutinely



What is anWhat is an
Infection Control Plan?Infection Control Plan?

•• Assigning responsibility and authorityAssigning responsibility and authority
•• Conducting risk assessmentConducting risk assessment
•• Developing comprehensive written Developing comprehensive written 

policies and protocolspolicies and protocols
•• Rapidly identifying TB cases,  suspects, Rapidly identifying TB cases,  suspects, 

and high risk for M(X)DRand high risk for M(X)DR--TBTB
•• Separating patients with TB from those Separating patients with TB from those 

without diseasewithout disease
•• Diagnosis, treatment, and  monitoringDiagnosis, treatment, and  monitoring



Implementation of ICImplementation of IC

• Implement, monitor, and enforce IC plan 
• Educate and train health workers to 

ensure good work practices
• Counsel and screen health workers and 

prisoners periodically
• Evaluate at least annually and revise 

plan as needed



Assignment of responsibilityAssignment of responsibility

•• Responsibility and authority should be Responsibility and authority should be 
delegated to a specific person or team delegated to a specific person or team 
with a designated leaderwith a designated leader

•• Should include expertise in:Should include expertise in:
•• Infection controlInfection control
•• EpidemiologyEpidemiology
•• ClinicalClinical
•• MicrobiologyMicrobiology
•• EngineeringEngineering
•• AdministrationAdministration



Objectives of an Objectives of an 
IC Risk AssessmentIC Risk Assessment

•• To evaluate the management of the TB control To evaluate the management of the TB control 
program (including IC) in a facility in order to program (including IC) in a facility in order to 
reduce risk against infectionreduce risk against infection

•• Review existing TB infection control protocols Review existing TB infection control protocols 
and patient flows through the facility being and patient flows through the facility being 
evaluatedevaluated



Objectives of an Objectives of an 
IC Risk AssessmentIC Risk Assessment

•• Evaluate compliance with personal protection Evaluate compliance with personal protection 
practices practices 

•• Evaluate facility environmental controls and Evaluate facility environmental controls and 
maintenance practices, and determine their maintenance practices, and determine their 
effectiveness in reducing or preventing the effectiveness in reducing or preventing the 
likelihood of TB transmissionlikelihood of TB transmission



IC Risk AssessmentIC Risk Assessment

Risk differs between: Risk differs between: 
•• Geographic regionsGeographic regions
•• Facilities within same regionFacilities within same region
•• Areas within same facilityAreas within same facility
•• Occupational groupsOccupational groups



Steps in assessing risk

• Community: number of TB cases 
and drug resistance patterns (new / 
re-treatment)

• Occurrence of TB and M(X)DR-TB 
in health workers

• In prisons (new cases in prisoners)



Steps in assessing risk (2)Steps in assessing risk (2)

•• Facility (for each area):Facility (for each area):
•• Number of drug resistant casesNumber of drug resistant cases
•• Patterns of drug resistancePatterns of drug resistance
•• HIV prevalenceHIV prevalence
•• Time from admission to determination Time from admission to determination 

of infectiousness to determination of of infectiousness to determination of 
drug resistancedrug resistance

•• Time to correct treatmentTime to correct treatment
•• Time to clinical and bacteriological Time to clinical and bacteriological 

responseresponse



IC Risk AssessmentIC Risk Assessment

Assess risk for:Assess risk for:
•• Community overallCommunity overall
•• Facility as a wholeFacility as a whole
•• Areas within facilityAreas within facility
•• Occupational groupOccupational group



Base infection control plan on degree of Base infection control plan on degree of 
risk: highest priority to interventions with risk: highest priority to interventions with 
most impact and lowest costmost impact and lowest cost

•• Medium and high risk areas:  Medium and high risk areas:  
administrative controlsadministrative controls

•• High risk areas:  environmental controlsHigh risk areas:  environmental controls
•• Health workers in high risk areas: Health workers in high risk areas: 

respiratory protectionrespiratory protection



VCT and HIVVCT and HIV--care settingscare settings

•• THINK TBTHINK TB
•• Screen clients by questionnaireScreen clients by questionnaire

•• TB signs and symptomsTB signs and symptoms
•• TB historyTB history
•• TB contact historyTB contact history

•• Other infectious diseasesOther infectious diseases



Five Steps for Patient Management to 
Prevent Transmission of TB in HIV Care Settings 





Path of the patientPath of the patient

•• InpatientsInpatients
•• OutpatientsOutpatients
•• Functional proceduresFunctional procedures
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Path of the specimenPath of the specimen

•• Collection location & proceduresCollection location & procedures
•• StorageStorage
•• TransportationTransportation
•• RegistrationRegistration
•• StorageStorage
•• Processing proceduresProcessing procedures
•• Disposal proceduresDisposal procedures



Develop a Develop a 
comprehensive written plancomprehensive written plan

•• Plan should be specific to each Plan should be specific to each 
facility, area within facility, and facility, area within facility, and 
groupgroup

•• Based on level of riskBased on level of risk
•• Put plan and procedures in writing, Put plan and procedures in writing, 

easy to understand, and accessibleeasy to understand, and accessible
•• Educate staff about the plan Educate staff about the plan ––

organization, rationale and what is organization, rationale and what is 
expected of themexpected of them



Contents of written plan (1)Contents of written plan (1)

•• Specify who has responsibility and Specify who has responsibility and 
authorityauthority

•• Specify procedures for risk assessmentSpecify procedures for risk assessment
•• Write out policies for:Write out policies for:

•• Triage and evaluation of suspected Triage and evaluation of suspected 
casescases

•• Transfer into and out of designated Transfer into and out of designated 
highhigh--risk areas for TB patients or risk areas for TB patients or 
suspectssuspects

•• Monitoring infectiousness (frequency)Monitoring infectiousness (frequency)



Contents of written plan (2)Contents of written plan (2)

•• Write out policies forWrite out policies for
•• Special precautions for high risk Special precautions for high risk 

procedures and locations (sputum procedures and locations (sputum 
collection or induction, collection or induction, 
bronchoscopy, autopsy, waiting bronchoscopy, autopsy, waiting 
areas, surgery)areas, surgery)

•• Maintaining and monitoring Maintaining and monitoring 
engineering controlsengineering controls

•• Respiratory protection programRespiratory protection program



Contents of written plan (3)Contents of written plan (3)

•• Write out policies forWrite out policies for
•• Educating personnelEducating personnel
•• Implementing the IC planImplementing the IC plan
•• Screening and management of health Screening and management of health 

workersworkers
•• Ongoing monitoring of the programOngoing monitoring of the program
•• Annual evaluation of the IC programAnnual evaluation of the IC program
•• Resolving problemsResolving problems



Triage and evaluation (1)Triage and evaluation (1)

•• Suspect TB in all patients from Suspect TB in all patients from 
high risk groupshigh risk groups

•• Separate suspects from other Separate suspects from other 
patients, prisoners, vulnerable patients, prisoners, vulnerable 
contacts contacts 

•• Determine infectiousness and drug Determine infectiousness and drug 
resistance as rapidly as possibleresistance as rapidly as possible
•• sputum smear, chest xsputum smear, chest x--rayray
•• culture and susceptibility testingculture and susceptibility testing



Triage and evaluation (2)Triage and evaluation (2)

••If not M(X)DRIf not M(X)DR--TB TB 
move out of highest move out of highest 
risk area promptlyrisk area promptly

••If TB or M(X)DRIf TB or M(X)DR--TB TB 
is confirmed, house is confirmed, house 
in separate, in separate, 
dedicated dedicated 
respiratory isolation respiratory isolation 
unit, if availableunit, if available



Special precautions for high Special precautions for high 
risk areas and proceduresrisk areas and procedures

•• TB and M(X)DRTB and M(X)DR--TB departmentsTB departments
•• Waiting areas and diagnostic Waiting areas and diagnostic 

departments before diagnosisdepartments before diagnosis
•• Holding areas for prisoners before Holding areas for prisoners before 

transfertransfer
•• Sputum collection roomsSputum collection rooms
•• LaboratoryLaboratory
•• BronchoscopyBronchoscopy
•• Surgery (?)Surgery (?)
•• Autopsy (?)Autopsy (?)





Specialized wards forSpecialized wards for
TB and M(X)DRTB and M(X)DR--TBTB

(and other high risk areas)(and other high risk areas)

•• Separate suspected or known Separate suspected or known 
M(X)DRM(X)DR--TB patients to minimize TB patients to minimize 
risk to othersrisk to others

•• Environmental engineering Environmental engineering 
measures to minimize viable bacilli measures to minimize viable bacilli 
in air in special wardsin air in special wards



Education and training of staffEducation and training of staff
The key to infection controlThe key to infection control

•• Issues about TB and M(X)DRIssues about TB and M(X)DR--TB TB 
risk and preventionrisk and prevention

•• Principles and practices of Principles and practices of 
infection controlinfection control

•• Seek active input and participation Seek active input and participation 
of staffof staff





Education and training of staffEducation and training of staff
The key to infection controlThe key to infection control

•• Responsibilities of health workers Responsibilities of health workers 
and what is expected of themand what is expected of them

•• Responsibilities of infection control Responsibilities of infection control 
teamteam

•• Responsibilities of the institutionResponsibilities of the institution



Periodic screening of health Periodic screening of health 
workers and prisoners to detect workers and prisoners to detect 

disease at an early stagedisease at an early stage

•• Each year for employeesEach year for employees
•• Twice yearly for prisonersTwice yearly for prisoners
•• Medical questionnaireMedical questionnaire
•• Chest xChest x--ray, ray, MantouxMantoux test, other teststest, other tests
•• Sputum exam if cough > 3 weeksSputum exam if cough > 3 weeks
•• Special consideration for employees Special consideration for employees 

or prisoners with increased individual or prisoners with increased individual 
riskrisk



Special considerationsSpecial considerations
Health workers, patients, and Health workers, patients, and 
prisoners with conditions that prisoners with conditions that 

increase individual riskincrease individual risk
•• HIVHIV
•• Chest radiograph findings suggestive of Chest radiograph findings suggestive of 

previous TBprevious TB
•• M(X)DR TBM(X)DR TB
•• Diabetes mellitusDiabetes mellitus
•• Corticosteroids and other Corticosteroids and other 

immunosuppressive therapyimmunosuppressive therapy
•• SmokingSmoking
•• Silica exposureSilica exposure



Evaluating the IC ProgramEvaluating the IC Program

•• Repeat risk assessmentRepeat risk assessment
•• Measure performance indicatorsMeasure performance indicators

•• Determine time intervals from Determine time intervals from 
admission to:admission to:
•• Report of sputum resultsReport of sputum results
•• Transfer into isolation unitTransfer into isolation unit
•• Report of culture and drug Report of culture and drug 

susceptibility resultssusceptibility results



Evaluating the IC Program (2)Evaluating the IC Program (2)

•• Measure performance indicators Measure performance indicators 
•• Appropriate transfer into / out of Appropriate transfer into / out of 

isolationisolation
•• Procedures in isolation unit (doors, Procedures in isolation unit (doors, 

masks, etc.)masks, etc.)
•• Appropriate treatment and monitoringAppropriate treatment and monitoring
•• Maintenance of environmental Maintenance of environmental 

(engineering) controls(engineering) controls



Revise infection control Revise infection control 
program as neededprogram as needed

•• Updated risk assessmentUpdated risk assessment
•• Current performance indicatorsCurrent performance indicators
•• Input from health workersInput from health workers
•• Resources availableResources available
•• Problems encounteredProblems encountered
•• ReRe--educate health workerseducate health workers



Lifecycle of IC ProgramsLifecycle of IC Programs

DevelopDevelop

ImplementImplement

EvaluateEvaluate ReviseRevise



Reorganization for Optimal Reorganization for Optimal 
Services (Functionality)Services (Functionality)

•• Maximize infection controlMaximize infection control
•• Minimize riskMinimize risk
•• Maximize quality of patient servicesMaximize quality of patient services
•• Minimize cost (capital and Minimize cost (capital and 

recurring)recurring)
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Summary and ReviewSummary and Review

•• Quickly identify and separate Quickly identify and separate 
sources of TB, and especially sources of TB, and especially 
M(X)DRM(X)DR--TB from those at riskTB from those at risk

•• Examine practical opportunities Examine practical opportunities 
and obstacles to prevent and obstacles to prevent 
transmission for each institution, transmission for each institution, 
area and grouparea and group



Summary and Review (2)Summary and Review (2)

•• Assign responsibility and authorityAssign responsibility and authority
•• Conduct risk assessmentConduct risk assessment
•• Develop a comprehensive written IC Develop a comprehensive written IC 

plan and policies for implementing itplan and policies for implementing it
•• Implement, monitor, and enforce IC planImplement, monitor, and enforce IC plan
•• Educate, screen, and counsel health Educate, screen, and counsel health 

workersworkers
•• Evaluate and revise IC plan as neededEvaluate and revise IC plan as needed



Environmental (Engineering) ControlsEnvironmental (Engineering) Controls

Paul A. Jensen
U.S. Centers for Disease Control 

and Prevention



Hierarchy of Infection Controls
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What is ventilation?What is ventilation?

•• Movement of airMovement of air

•• “Pushing” and/or “pulling” of “Pushing” and/or “pulling” of 
particles and vaporsparticles and vapors

•• Preferably in a controlled mannerPreferably in a controlled manner





Ventilation controlVentilation control
•• Types of ventilationTypes of ventilation

•• NaturalNatural

•• LocalLocal

•• GeneralGeneral





Natural VentilationNatural Ventilation



Natural VentilationNatural Ventilation



Natural VentilationNatural Ventilation



Natural VentilationNatural Ventilation



Natural VentilationNatural Ventilation





Do not Do not 
block block 
windowswindows

Rod Escombe



Santa MonicaSanta Monica

Rod Escombe



Peru



Peru

















Local exhaust ventilation 

• Source capture

• Exterior hoods

• Enclosing hoods



LaboratoryLaboratory

•• Ventilated CabinetVentilated Cabinet

•• Biological Safety Cabinet (BSC)Biological Safety Cabinet (BSC)

•• Laminar Flow CabinetLaminar Flow Cabinet



100% Exhaust  0.5 m/s







Ma



BSCBSC
ClassClass II

100% exhaust
~ 0.38 m/s



Russian Federation





Plan your work . . . Plan your work . . . 
Work your planWork your plan



BSCBSC
ClassClass IIAIIA

70% recirculation
0.38 m/s



Estonia



Sputum InductionSputum Induction



Russian Federation



Russian Federation



Russian Federation



Russian Federation



Russian Federation



Russian Federation



Enclosing hood / boothEnclosing hood / booth

•• EnclosesEncloses

•• TreatmentTreatment



Russian Federation



Philippines



ASHRAE Comfort ZonesASHRAE Comfort Zones
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General ventilation airflows

• SABS/CEN
• ASHRAE/AIA
• Validation of airflow rates
• Operating room studies
• Applicability to control of                  

Mycobacterium tuberculosis
• Use highest airflow feasible



Calculation of Calculation of 
Air Changes per HourAir Changes per Hour

ACH = ACH = FlowrateFlowrate/Room/Room VolumeVolume

FlowrateFlowrate = __ m= __ m33/hour/hour

Room Volume = __ mRoom Volume = __ m33





Dilution VentilationDilution Ventilation
•• Flow rate = ConstantFlow rate = Constant
•• Exhaust > SupplyExhaust > Supply

CC11/C/Coo = = ee--ktkt

Where:Where: CCoo == Initial concentrationInitial concentration
CCtt == Concentration at time tConcentration at time t
k k == Rate of removal in ACH Rate of removal in ACH 

(m(m33/hour / m/hour / m33))
t   t   == Time (hours)Time (hours)





Examples of general ventilationExamples of general ventilation

•• Single passSingle pass
•• First choiceFirst choice

•• RecalculatingRecalculating
•• HEPA filtrationHEPA filtration



Room air mixing Room air mixing 
and air flowand air flow

•• Prevent air stagnationPrevent air stagnation
•• Prevent short Prevent short 

circuitingcircuiting
•• Air directionAir direction
•• Air temperatureAir temperature
•• Space configurationSpace configuration
•• MovementMovement



Facility airflow directionFacility airflow direction
•• Clean to less cleanClean to less clean

•• Negative pressureNegative pressure
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Russian Federation



Russian Federation



Russian Federation



Russian Federation









BronchoscopyBronchoscopy



BronchoscopyBronchoscopy









Room negative pressure

P P >> 0.025 kPa0.025 kPa

• Higher to lower pressure
• Airflow into room
• 10% flow differential (85 m3/h 

minimum)
• Pressure differential
• Keep doors and

windows closed



Engineering ControlEngineering Control

↨↨
Administrative ControlAdministrative Control



LaboratoryLaboratory



Alternative ventilation methodsAlternative ventilation methods

•• Window exhaust fanWindow exhaust fan

•• Effect on ventilation Effect on ventilation 

•• Temporary measureTemporary measure









Negative pressure evaluationNegative pressure evaluation

•• Smoke tubeSmoke tube

•• Velocity meterVelocity meter

•• Pressure sensorPressure sensor







RoomRoom airair migrationmigration



What is negative pressure?What is negative pressure?

What is differential flow?What is differential flow?



Differential PressureDifferential Pressure
vs.vs.

Differential Flow?Differential Flow?

•• Room dimensions:  3m x 5m x 2.5mRoom dimensions:  3m x 5m x 2.5m
•• Air flow (exhaust): 225 mAir flow (exhaust): 225 m33/hour/hour
•• Air flow (supply): 200 mAir flow (supply): 200 m33/hour/hour
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Intensive Care UnitsIntensive Care Units

•• Open constructionOpen construction
•• SemiSemi--open constructionopen construction



Intensive Care UnitsIntensive Care Units







Intensive Care UnitsIntensive Care Units



HIV/TB Inpatient Department





Ventilation MeasurementVentilation Measurement









Risk of Inadequate MaintenanceRisk of Inadequate Maintenance
Engineering Services Maintenance



Risk of Inadequate MaintenanceRisk of Inadequate Maintenance
Operational Maintenance:

Waste Management and Cleaning



Facilities Life-cycle

Principles of MaintenancePrinciples of Maintenance
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G Abbott, CSIR – Boutek 2004



•• Assume building has lifespan of 60 yearsAssume building has lifespan of 60 years

•• Say the initial construction cost is 10 millionSay the initial construction cost is 10 million

•• And you spend 4% of initial construction cost per year on And you spend 4% of initial construction cost per year on 
maintenance, that is 400,000 per year!maintenance, that is 400,000 per year!

•• Then, you will spend 240% of the buildings initial construction Then, you will spend 240% of the buildings initial construction 
cost over the next 60 years on maintenance alone, or 24 million,cost over the next 60 years on maintenance alone, or 24 million,
which is 2,4 times more than the initial building cost!which is 2,4 times more than the initial building cost!
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Ventilation Fibrous Filters
Glass Fiber Polymeric

5µm 5µm
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CEN EN 779CEN EN 779
Filter Filter 
ClassClass

ResistanceResistance
PAPA

ArrestanceArrestance
TestTest (Am)(Am)

% % 

Efficiency Test Efficiency Test 
((EmEm)) 0,4 0,4 µµmm

%%
G1G1 250250 50 Am < 6550 Am < 65
G2G2 250250 65 Am < 8065 Am < 80
G3G3 250250 80 Am < 9080 Am < 90
G4G4 250250 90 Am90 Am
F5F5 450450 40 40 EmEm < 60< 60
F6F6 450450 60 60 EmEm < 80< 80
F7F7 450450 80 80 EmEm < 90< 90
F8F8 450450 95 95 EmEm
F9F9 450450 ??



CEN EN 1822CEN EN 1822

FiltrationFiltrationFilter Filter 
ClassClass Efficiency (%)Efficiency (%) PenetrationPenetration (%)(%)
H10H10 8585 1515
H11H11 9595 55
H12H12 99,599,5 0,50,5
H13H13 99,9599,95 0,050,05
H14H14 99,99599,995 0,0050,005
U15U15 99,999 599,999 5 0,000 50,000 5
U16U16 99,999 9599,999 95 0,000 050,000 05
U17U17 99,999 99599,999 995 0,000 0060,000 006
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What Needs to be Filtered?

•Any contaminated air that might be 
recirculated into the room or other rooms
•Any contaminated air that might be 
exhausted near:

•Air intakes
•People
•Open windows



Maintenance of Filters

Change out is dependent on:
•Amount of loading
•Type of loading
•Environmental conditions
•Flow rate
•Type of filter
•Location in ventilation system



What if I don’t use Filters?

Keep exhaust away from:
•Windows
•People
•Air intakes



Where goes that air?Where goes that air?





Room Air CleanersRoom Air Cleaners



Room Air Cleaners

•Non-biological aerosols
•Excellent

•HEPA
•ESP
•Enhanced filter

•Poor
•Negative ion
•Ozone

•Biological aerosols



Room Air CleanersRoom Air Cleaners
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UVGI Occupational Exposure LimitUVGI Occupational Exposure Limit

λλUVGIUVGI == 254 nm254 nm

OELOEL == 3,0003,000--6,000 6,000 µµJ/cmJ/cm22

for 8for 8--hour exposurehour exposure

1 1 µµJ/cmJ/cm22 == 1 1 µµWW secsec/cm/cm22



Background

•Recommended as one approach to 
control spread of infectious diseases, TB 
in particular
•CDC researchers involved in evaluating 
occupational exposure to UVGI

•Erythema
•Photokeratitis
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HIV/TB Inpatient Department



Room Air Cleaner with UVGIRoom Air Cleaner with UVGI









RoutineRoutine MaintenanceMaintenance
BeforeBefore
CleaningCleaning

100 100 µµW/cmW/cm22

15 15 µµW/cmW/cm22

13 13 µµW/cmW/cm22

10 10 µµW/cmW/cm22

7 7 µµW/cmW/cm22

5 5 µµW/cmW/cm22

4 4 µµW/cmW/cm22

AfterAfter
CleaningCleaning

190 190 µµW/cmW/cm22

28 28 µµW/cmW/cm22

26 26 µµW/cmW/cm22

18 18 µµW/cmW/cm22

12 12 µµW/cmW/cm22

7 7 µµW/cmW/cm22

4 4 µµW/cmW/cm22

DistanceDistance
fromfrom UVGIUVGI
1 1 mm
2 2 mm
3 3 mm
4 4 mm
5 5 mm
6 6 mm
7 7 mm

LaboratoryLaboratory -- 8 8 monthsmonths –– no record of cleaningno record of cleaning



RoutineRoutine MaintenanceMaintenance

BeforeBefore
CleaningCleaning
30 30 µµW/cmW/cm22

20 20 µµW/cmW/cm22

19 19 µµW/cmW/cm22

13 13 µµW/cmW/cm22

9 9 µµW/cmW/cm22

7 7 µµW/cmW/cm22

4 4 µµW/cmW/cm22

AfterAfter 11stst

CleaningCleaning
10 10 µµW/cmW/cm22

10 10 µµW/cmW/cm22

11 11 µµW/cmW/cm22

9 9 µµW/cmW/cm22

6 6 µµW/cmW/cm22

5 5 µµW/cmW/cm22

5 5 µµW/cmW/cm22

AfterAfter 22ndnd

CleaningCleaning
DistanceDistance
fromfrom UVGIUVGI
1 1 mm
2 2 mm
3 3 mm
4 4 mm
5 5 mm
6 6 mm
7 7 m

100 100 µµW/cmW/cm22

31 31 µµW/cmW/cm22

25 25 µµW/cmW/cm22

15 15 µµW/cmW/cm22

10 10 µµW/cmW/cm22

7 7 µµW/cmW/cm22

6 6 µµW/cmW/cm22
m

Autoclave Autoclave RoomRoom –– Installed 1998, Measured 2001, No maintenance recordInstalled 1998, Measured 2001, No maintenance record



Measurement of UV Light

UVGI measurement devices
International Light meter model 1400А 
with SEL240 detector, or 
Gigahertz-Optik model X911 UVC meter 
with UV-3718-4 detector

At eye level
Maximum exposure limits

6,000 µJ/сm2
6,000 µW•sec/cm2 
0.2 µW/cm2 continuous for 8 hours
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Respiratory ProtectionRespiratory Protection

Paul A JensenPaul A Jensen
US Centers for Disease Control and PreventionUS Centers for Disease Control and Prevention



Hierarchy of Infection Controls
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Personal protective equipmentPersonal protective equipment
RespiratorsRespirators vs. Masksvs. Masks



Surgical masksSurgical masks



Surgical masksSurgical masks





Personal protective equipmentPersonal protective equipment
Masks  (patients and Masks  (patients and HCWsHCWs for large droplets)for large droplets)
Respirators  (Respirators  (HCWsHCWs))



Negative pressure respiratorNegative pressure respirator

•• A respirator in which A respirator in which 
the air pressure the air pressure 
inside the inside the facepiecefacepiece
is negative during is negative during 
inhalation with inhalation with 
respect to the respect to the 
ambient air pressure ambient air pressure 
outside the respiratoroutside the respirator



AirAir--purifying respirator (APR)purifying respirator (APR)

A respirator with an airA respirator with an air--purifying filter, purifying filter, 
cartridge, or canister that removes specific cartridge, or canister that removes specific 
air contaminants by passing ambient air air contaminants by passing ambient air 
through the airthrough the air--purifying elementpurifying element



N95 respiratorsN95 respirators
•• N95 disposable respirators are generally N95 disposable respirators are generally 

acceptable for most TB situationsacceptable for most TB situations
•• Higher level of protection may be prudent Higher level of protection may be prudent 

during high risk procedures during high risk procedures 
•• Sputum inductionSputum induction
•• BronchoscopyBronchoscopy
•• AutopsyAutopsy



CEN respiratorsCEN respirators

•• FFP2 or FFP3 FFP2 or FFP3 
disposable respirators disposable respirators 
are generally acceptable are generally acceptable 
for most TB situationsfor most TB situations

•• Higher level of Higher level of 
protection may be protection may be 
prudent during high risk prudent during high risk 
procedures procedures 
•• Sputum inductionSputum induction
•• BronchoscopyBronchoscopy
•• AutopsyAutopsy



Respirator program elementsRespirator program elements

•• TrainingTraining
•• Medical evaluationMedical evaluation
•• Fit testingFit testing
•• SelectionSelection
•• UseUse
•• Maintenance and careMaintenance and care

•• Program evaluationProgram evaluation







WTC Fit StationWTC Fit Station

New York



Sen. Jeffords and New York City Mayor Rudolph Sen. Jeffords and New York City Mayor Rudolph 
Giuliani, wearing protective gear, inspect the Giuliani, wearing protective gear, inspect the 

devastated World Trade Center.devastated World Trade Center.

http://jeffords.senate.gov/918photos.html New York



Russian FederationSouth Africa



Why fit testing?Why fit testing?

•• Ensure that each person Ensure that each person 
receives an adequate fit while receives an adequate fit while 
wearing a respiratorwearing a respirator

•• Determine appropriate Determine appropriate 
make/modelmake/model

•• Determine appropriate sizeDetermine appropriate size
•• Ensure proper seal between Ensure proper seal between 

respirator and wearerrespirator and wearer



Fit testingFit testing
Uses a challenge agent to evaluate Uses a challenge agent to evaluate 

the fit of a respirator on an individualthe fit of a respirator on an individual



Physical factors contributing Physical factors contributing 
to poor fitting respiratorsto poor fitting respirators

•• Weight loss/gainWeight loss/gain
•• Facial scarringFacial scarring
•• Changes in dental configuration Changes in dental configuration 

(dentures)(dentures)
•• Facial hairFacial hair
•• Cosmetic surgeryCosmetic surgery
•• Excessive makeupExcessive makeup
•• Mood of worker (smiling/frowning)Mood of worker (smiling/frowning)
•• Body movementsBody movements



Sources of Sources of facepiecefacepiece leakageleakage

•• Through airThrough air--purifying elementpurifying element
•• Through exhalation valveThrough exhalation valve
•• Around Around facepiecefacepiece/skin /skin 

interfaceinterface



Qualitative fit testsQualitative fit tests

•• A pass/fail fit test A pass/fail fit test 
to assess the to assess the 
adequacy of adequacy of 
respirator fit that respirator fit that 
relies on the relies on the 
individual’s individual’s 
response to the response to the 
test agenttest agent



Qualitative fit testsQualitative fit tests

•• Began with US Bureau of Mines Began with US Bureau of Mines 
respirator certification programrespirator certification program

•• Coal dust testCoal dust test
•• Subject donned respiratorSubject donned respirator
•• Coal dust blown into face of subjectCoal dust blown into face of subject
•• Subject removed respiratorSubject removed respirator
•• Respirator failed if dust streaks were Respirator failed if dust streaks were 

noticednoticed



Coal dust testCoal dust test





Mask Sample Line

Ambient Sample Line

TSI TSI PortaCountPortaCount®® PlusPlus



What can you do?What can you do?

•• Be proactive in fit test programBe proactive in fit test program
•• Research and select well designed respiratorsResearch and select well designed respirators
•• Take care of your respiratorTake care of your respirator

•• DecontaminationDecontamination
•• CleaningCleaning
•• StorageStorage

•• Take care when reusing respirator Take care when reusing respirator –– closely closely 
monitor service lifemonitor service life

•• Dispose of respirator if you Dispose of respirator if you 
question its performancequestion its performance



Selection of respiratorsSelection of respirators



Selection of respiratorsSelection of respirators











Questions?Questions?

PJensen@cdc.gov
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