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TABLE 1. Air changes per hour (ACH) and time required for
removal efficiencies of 99% and 99.99% of airborne
contaminants*

Minutes required for removal efficiencyT

ACH 99% 99.9%
2 138 207
4 69 104
5] 46 69
12 23 35
15 18 28
20 7 14
50 3 6
400 <1 1

* This table can be used to estimate the time necessary to clear the air of
airborne Mycobacterium tubercufosis after the source patient leaves the
area or when aerosol-producing procedures are complete.

T Time in minutes to reduce the airborne concentration by 99% or 99.9%.
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Presenter
Presentation Notes
   Let’s summarize the pros and cons of natural ventilation.

Natural ventilation has some advantages:
  By simply opening existing windows and doors, it can be implemented right away without a big expense.
  Depending on the wind and the size of the windows, natural ventilation can achieve high ventilation rates.

Natural ventilation also has some disadvantages:
  It can be uncontrollable and unpredictable.  People can close the windows and doors, or the wind direction can change outside.
  Keeping windows open may be too cold, or may not be safe, or private.
  Wind can bring in unwanted elements, such as insects, noise, dust.  In malaria areas, windows can be screened, or patients provided with netting.
  While natural ventilation may not be suitable in cold climates, it could still be used for at least a few months of the year in most areas. 

Photo courtesy of Rod Escombe

Citation
WHO.  WHO policy on TB infection control in health-care facilities, congregate settings, and households.  2009.  WHO/HTM/TB/2009.419
http://www.who.int/tb/publications/2009/en/index.html
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Presenter
Presentation Notes
  The blue boxes are rooms in a health facility, and the red arrows show the flow of air.
  The first choice for diluting and removing contaminated air is a single pass system (left side of the diagram).  After the air passes through the room, 100% is exhausted to the outside. 
  When this is not possible, the exhaust can be recirculated (right side of diagram).  In this case, the recirculated air needs to pass through a HEPA filter (yellow box).  We’ll talk about HEPA filters in an upcoming unit.  
  The risk with recirculation is that you can get contaminated by air returning back into the room due to inadequate filtration.  This can happen when filters are not properly maintained.   
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Presenter
Presentation Notes
[Review slide]

  WHO also recommends when to use respirators, as we’ll see on the next slide.
 
Citation
WHO.  WHO policy on TB infection control in health-care facilities, congregate settings,  and households.  2009.  WHO/HTM/TB/2009.419
http://www.who.int/tb/publications/2009/en/index.html
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Presenter
Presentation Notes
[Review slide]

Citation
 WHO.  WHO policy on TB infection control in health-care facilities, congregate settings,  and households.  2009.  WHO/HTM/TB/2009.419
http://www.who.int/tb/publications/2009/en/index.html
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Presenter
Presentation Notes
  This person is wearing a surgical mask.    
  Surgical masks are designed to capture large, wet particles.
  During surgery, they prevent contamination of the sterile field by the surgeon’s germs.
  They do not protect the wearer from inhaling small infectious aerosols.
  Surgical masks have large pores and lack a tight seal around the edges.
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Presenter
Presentation Notes
[Review slide]

Photo courtesy of GB Migliori
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Presenter
Presentation Notes

Photo from “Control de infecciones de tuberculosis en establecimientos de salud- Módulo de capacitación. Ministerio de Salud, Peru,” courtesy of Paul Jensen
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Presenter
Presentation Notes
  The slide shows infectious MDR-TB patients in an MDR-TB department.

[Ask participants]:  Is respiratory protection being used correctly here?

Problems include: 
  One patient is not wearing a mask.
  One patient’s mask is not tied properly.
  While working with infectious MDR TB patients, the health care worker is not using a respirator.

Photo courtesy of GB Migliori
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Presenter
Presentation Notes
  Surgical masks do not protect health care workers from TB.
  The picture on the left shows a physician wearing a mask in a former Soviet Union country, in a room where TB patients receive directly observed therapy.  
  If some of the patients are infectious, this mask is not sufficient protection for the health care worker.
  The picture in the right side shows an operating room in an African hospital. The masks protect the sterile field, not the health care workers.  
  If this is an infectious TB patient undergoing lung surgery with high speed devices, the staff are not adequately protected from TB transmission.

Photos courtesy of Paul Jensen (upper left) and GB Migliori (lower right)
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Presenter
Presentation Notes
  Here are pictures of air-purifying respirators.
  The picture on the left shows a disposable air purifying respirator. The N95s and FFPs we just discussed are disposable air purifying respirators. The face piece itself is the filter.  
 In the other 2 pictures, cartridges or canisters filter the air.  These respirators are not disposable; they are made of a rubber-like material that is washable.  
 The picture in the middle is a half-facepiece respirator, while the picture on the right covers the full face.  Both have exhaust valves.
  The wearer may feel ‘cooler’ when wearing a respirator with an exhaust valve. But respirators with exhaust valves should not be used when a sterile field is needed, as in surgery.


Photos courtsey of Paul Jensen
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Presenter
Presentation Notes
  Face seal leakage is an inherent problem in negative pressure respirators.
  Leakage around the face seal limits a respirator’s protective ability 
  Each time the wearer inhales, negative pressure (relative to the workplace air) is created inside the facepiece
  Because of this negative pressure, contaminated air can avoid the higher-resistance filter and leak through any gaps in the face seal

Photos courtesy of Paul Jensen
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Presenter
Presentation Notes
  Both the US and Europe have respirator standards in use throughout the world
  On the left of the slide, N95 respirators from the US effectively filter out > 95% of the particles 0.3 μm in aerodynamic diameter
  The equivalent respirators according to the European standard are FFP2 and FFP3 (on the right).  
  The FFP2 filters out  > 94% of the particles 0.4 μm in aerodynamic diameter; the FFP3 filters out >98%

Adapted from: Control de infecciones de tuberculosis en establecimientos de salud- Módulo de capacitación. Ministerio de Salud, Peru
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Presenter
Presentation Notes
  For providing routine TB care, the N-95 respirators are sufficient. 
  Their filtration efficiency is 95%.
  The N stands for “not resistant to oil.”  This is only an issue in industrial settings where oil aerosols can block the filter.  
 
Citation
Centers for Disease Control and Prevention (USA).  Guidelines for preventing the transmission of Mycobacterium tuberculosis in health care settings, 2005.  MMWR 2005:54(No. RR-17).  (See also errata published on 25 September 2006)
http://www.cdc.gov/tb/publications/guidelines/infectioncontrol.htm
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Presenter
Presentation Notes
  The total inward leakage defines the FFP2, FFP2 and FFP3 levels in the European standard. 
  FFP2 and FFP3 are like N95, appropriate for TB protection   

For more information see www.cen.eu
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Presenter
Presentation Notes
  Whenever respirators are used, a respirator programme is necessary.
  The main elements of the respirator programme are summarized in the slide.
  One person should be given the authority and responsibility to manage the programme.
  Written procedures should describe when and how respirators are to be used.
  Health screening is done to be sure that health care workers are physically capable of performing job duties when wearing a respirator.
  Training should include information on the risk of TB transmission and how to prevent it, and the appropriate use of respirators.
  Respirators should be selected that meet standards for protection (N95, FFP2 or FFP3).  
  Several sizes are necessary to fit a range of faces.  
  We’ll talk about fit-testing next and maintenance later in this unit. 
  Finally, the respirator programme should be evaluated periodically.        
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Presenter
Presentation Notes
  We conduct fit testing in order to be sure that each person’s respirator fits adequately.   
  This means checking that there is a proper seal, as face seal leakage compromises the respirator’s ability to protect the wearer.
  We do not want people to have a false sense of security when wearing the respirator.
  The fit test is required to select the appropriate model and size.
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Presenter
Presentation Notes
[Review slide]

[Ask participants]:
  What is done in the participants’ own hospitals/settings?
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Presenter
Presentation Notes
[Review slide]

  Arrows show leakage points if the fit is not correct.  

from: Control de infecciones de tuberculosis en establecimientos de salud- Módulo de capacitación. Ministerio de Salud, Peru, courtesy of Paul Jensen
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Presenter
Presentation Notes
  Which are the factors responsible for poor fitting respirators?

[Review slide]

  There is no one size that fits all. 
  You will always have people who will require a different model.
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Presenter
Presentation Notes
  The 3M Qualitative Fit Test Apparatus is shown, as an example, in the picture. 
  There are several other options in the market.
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Presenter
Presentation Notes
[Review slide]
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Presenter
Presentation Notes
  What should be done and what should not be done to take care of a disposable respirator? 
  Never try to clean or decontaminate it! 
  The respirator should be kept in a clean, dry place. 
  A disposable respirator may be re-used by the same health worker, as long as it is not wet, damaged, or contaminated with blood or body fluids, and as long as breathing resistance does not increase.
  Check the manufacturer’s instructions for the specified service life.     
  Filtering facepieces must be inspected prior to each use
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Presenter
Presentation Notes
  Staff wearing respirators should carefully read the instructions before using them. 

Photo courtesy of Paul Jensen




N-95 RESPIRATOR
MUST BE WORN

WHEN ENTERING
THIS ROOM UNTIL...

Fet olook for howur and minutes
olearano= tim= betwesen patisnts

42



Presenter
Presentation Notes
  Here is another example of a warning posted on a room after an infectious TB patient has left.  
  The time is recorded on the clock, indicating when it is safe to enter without a respirator.  
  Once the time has passed, a new patient can enter the room.
  The time to clear the air is determined on the basis of the room’s air changes per hour we discussed in the unit on ventilation.

Photos courtesy of Paul Jensen
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Presenter
Presentation Notes
  Now lets look at respiratory protection in several settings.
  The picture shows a bronchoscopy room in central Europe. 

[Ask participants:]
  What is wrong with this picture?

[Responses should include]:
  Bronchoscopy is a high risk medical procedure, and staff should be wearing respirators.
  Only one health care worker is wearing a mask, but it provides no protection from droplet nuclei since it is a surgical mask, not a respirator.
  Also, in terms of administrative controls, too many staff are present.  No more staff than necessary should be present.  

Courtesy of GB Migliori
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Presenter
Presentation Notes
  Does this nurse providing DOT need respiratory protection?
  There is insufficient information from the picture on the risk of TB transmission. 
  Here are factors to consider:
  Could infectious TB patients be present, such as 
  undetected TB cases (e.g. suspects) 
  newly diagnosed patients during the first days of the intensive phase of treatment being still potentially infectious
  patients not responding to treatment, who may have MDR-TB
  What is the ventilation in the area?  

Photo courtesy of GB Migliori
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Presenter
Presentation Notes
  This young patient with XDR-TB lived in a isolation tent placed in front of a hospital in Africa. 
  The nurse provided DOT (including injections) outside of the tent
  The patient is not wearing the surgical mask 
  The patient died in spite of treatment with second line drugs.  Should the nurse have worn a respirator?
  No, the nurse is interacting with the patient outdoors, where there is ample ventilation.  

Courtesy of Mario C. Raviglione
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