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Supplement 4: Respiratory Protection

I. Considerations for Selection of Respirators
Personal respiratory protection should be used by a) persons entering rooms
where patients with known or suspected infectious TB are being isolated, b) per-
sons present during cough-inducing or aerosol-generating procedures performed
on such patients, and c) persons in other settings where administrative and engi-
neering controls are not likely to protect them from inhaling infectious airborne
droplet nuclei. These other settings should be identified on the basis of the facil-
ity’s risk assessment.

Although data regarding the effectiveness of respiratory protection from many
hazardous airborne materials have been collected, the precise level of effective-
ness in protecting HCWs from M. tuberculosis transmission in health-care
settings has not been determined. Information concerning the transmission of
M. tuberculosis is incomplete. Neither the smallest infectious dose of M. tubercu-
losis nor the highest level of exposure to M. tuberculosis at which transmission
will not occur has been defined conclusively (59,151,152 ). Furthermore, the size
distribution of droplet nuclei and the number of particles containing viable M. tu-
berculosis that are expelled by infectious TB patients have not been defined
adequately, and accurate methods of measuring the concentration of infectious
droplet nuclei in a room have not been developed.

Nevertheless, in certain settings the administrative and engineering controls may
not adequately protect HCWs from airborne droplet nuclei (e.g., in TB isolation
rooms, treatment rooms in which cough-inducing or aerosol-generating proce-
dures are performed, and ambulances during the transport of infectious TB
patients). Respiratory protective devices used in these settings should have char-
acteristics that are suitable for the organism they are protecting against and the
settings in which they are used.

A. Performance Criteria for Personal Respirators for Protection Against
Transmission of M. tuberculosis

Respiratory protective devices used in health-care settings for protection
against M. tuberculosis should meet the following standard criteria. These
criteria are based on currently available information, including a) data on the
effectiveness of respiratory protection against noninfectious hazardous mate-
rials in workplaces other than health-care settings and on an interpretation of
how these data can be applied to respiratory protection against M. tuberculo-
sis; b) data on the efficiency of respirator filters in filtering biological aerosols;
c) data on face-seal leakage; and d) data on the characteristics of respirators
that were used in conjunction with administrative and engineering controls in
outbreak settings where transmission to HCWs and patients was terminated.

1. The ability to filter particles 1 µm in size in the unloaded state with a filter
efficiency of ≥95% (i.e., filter leakage of ≤5%), given flow rates of up to 50 L
per minute.

Vol. 43 / No. RR-13 MMWR 97



Available data suggest that infectious droplet nuclei range in size from
1 µm to 5 µm; therefore, respirators used in health-care settings should be
able to efficiently filter the smallest particles in this range. Fifty liters
per minute is a reasonable estimate of the highest airflow rate an HCW is
likely to achieve during breathing, even while performing strenuous work
activities.

2. The ability to be qualitatively or quantitatively fit tested in a reliable
way to obtain a face-seal leakage of ≤10% (54,55 ).

3. The ability to fit the different facial sizes and characteristics of HCWs,
which can usually be met by making the respirators available in at least
three sizes.

4. The ability to be checked for facepiece fit, in accordance with OSHA
standards and good industrial hygiene practice, by HCWs each time they
put on their respirators (54,55 ). 

In some settings, HCWs may be at risk for two types of exposure: a) inhalation
of M. tuberculosis and b) mucous membrane exposure to fluids that may con-
tain bloodborne pathogens. In these settings, protection against both types of
exposure should be used.

When operative procedures (or other procedures requiring a sterile field) are
performed on patients who may have infectious TB, respiratory protection
worn by the HCW should serve two functions: a) it should protect the surgical
field from the respiratory secretions of the HCW and b) it should protect the
HCW from infectious droplet nuclei that may be expelled by the patient or
generated by the procedure. Respirators with expiration valves and positive-
pressure respirators do not protect the sterile field; therefore, a respirator that
does not have a valve and that meets the criteria in Supplement 4, Sec-
tion I.A, should be used.

B. Specific Respirators

The OSHA respiratory protection standard requires that all respiratory protec-
tive devices used in the workplace be certified by NIOSH.* NIOSH-approved
HEPA respirators are the only currently available air-purifying respirators that
meet or exceed the standard performance criteria stated above. However, the
NIOSH certification procedures are currently being revised (153 ). Under the
proposed revision, filter materials would be tested at a flow rate of 85 L/min
for penetration by particles with a median aerodynamic diameter of 0.3 µm
and, if certified, would be placed in one of the following categories: type A,
which has ≥99.97% efficiency (similar to current HEPA filter media); type B,
≥99% efficiency; or type C, ≥95% efficiency. According to this proposed
scheme, type C filter material would meet or exceed the standard perform-
ance criteria specified in this document.

*29 CFR Part 1910.134.
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The facility’s risk assessment may identify a limited number of selected set-
tings (e.g., bronchoscopy performed on patients suspected of having TB or
autopsy performed on deceased persons suspected of having had active TB
at the time of death) where the estimated risk for transmission of M. tubercu-
losis may be such that a level of respiratory protection exceeding the
standard criteria is appropriate. In such circumstances, a level of respiratory
protection exceeding the standard criteria and compatible with patient-care
delivery (e.g., negative-pressure respirators that are more protective; pow-
ered air-purifying particulate respirators [PAPRs]; or positive-pressure air-
line, half-mask respirators) should be provided by employers to HCWs who
are exposed to M. tuberculosis. Information on these and other respirators
may be found in the NIOSH Guide to Industrial Respiratory Protection (55 ).

C. The Effectiveness of Respiratory Protective Devices

The following information, which is based on experience with respiratory
protection in the industrial setting, summarizes the available data about the
effectiveness of respiratory protection against hazardous airborne materials.
Data regarding protection against transmission of M. tuberculosis are not
available.

The parameters used to determine the effectiveness of a respiratory protec-
tive device are face-seal efficacy and filter efficacy.

1. Face-seal leakage

Face-seal leakage compromises the ability of particulate respirators to pro-
tect HCWs from airborne materials (154–156 ). A proper seal between the
respirator’s sealing surface and the face of the person wearing the res-
pirator is essential for effective and reliable performance of any negative-
pressure respirator. This seal is less critical, but still important, for
positive-pressure respirators. Face-seal leakage can result from various
factors, including incorrect facepiece size or shape, incorrect or defective
facepiece sealing-lip, beard growth, perspiration or facial oils that can
cause facepiece slippage, failure to use all the head straps, incorrect posi-
tioning of the facepiece on the face, incorrect head strap tension or
position, improper respirator maintenance, and respirator damage.

Every time a person wearing a negative-pressure particulate respirator in-
hales, a negative pressure (relative to the workplace air) is created inside
the facepiece. Because of this negative pressure, air containing contami-
nants can take a path of least resistance into the respirator—through leaks
at the face-seal interface—thus avoiding the higher-resistance filter mate-
rial. Currently available, cup-shaped, disposable particulate respirators
have from 0 to 20% face-seal leakage (55,154 ). This face-seal leakage re-
sults from the variability of the human face and from limitations in the
respirator’s design, construction, and number of sizes available. The face-
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seal leakage is probably higher if the respirator is not fitted properly to the
HCW’s face, tested for an adequate fit by a qualified person, and then
checked for fit by the HCW every time the respirator is put on. Face-seal
leakage may be reduced to <10% with improvements in design, a greater
variety in available sizes, and appropriate fit testing and fit checking.

In comparison with negative-pressure respirators, positive-pressure respi-
rators produce a positive pressure inside the facepiece under most
conditions of use. For example, in a PAPR, a blower forcibly draws ambient
air through HEPA filters, then delivers the filtered air to the facepiece. This
air is blown into the facepiece at flow rates that generally exceed the ex-
pected inhalation flow rates. The positive pressure inside the facepiece
reduces face-seal leakage to low levels, particularly during the relatively
low inhalation rates expected in health-care settings. PAPRs with a tight-
fitting facepiece have <2% face-seal leakage under routine conditions (55 ).
Powered-air respirators with loose-fitting facepieces, hoods, or helmets
have <4% face-seal leakage under routine conditions (55 ). Thus, a PAPR
may offer lower levels of face-seal leakage than nonpowered, half-mask
respirators. Full facepiece, nonpowered respirators have the same leakage
(i.e., <2%) as PAPRs.

Another factor contributing to face-seal leakage of cup-shaped, disposable
respirators is that some of these respirators are available in only one size.
A single size may produce higher leakage for persons who have smaller or
difficult-to-fit faces (157 ). The facepieces used for some reusable (in-
cluding HEPA and replaceable filter, negative-pressure) and all positive-
pressure particulate air-purifying respirators are available in as many as
three different sizes.

2. Filter leakage

Aerosol leakage through respirator filters depends on at least five inde-
pendent variables: a) the filtration characteristics for each type of filter,
b) the size distribution of the droplets in the aerosol, c) the linear velocity
through the filtering material, d) the filter loading (i.e., the amount of con-
taminant deposited on the filter), and e) any electrostatic charges on the
filter and on the droplets in the aerosol (158 ).

When HEPA filters are used in particulate air-purifying respirators, filter
efficiency is so high (i.e., effectively 100%) that filter leakage is not a con-
sideration. Therefore, for all HEPA-filter respirators, virtually all inward
leakage of droplet nuclei occurs at the respirator’s face seal.

3. Fit testing

Fit testing is part of the respiratory protection program required by OSHA
for all respiratory protective devices used in the workplace. A fit test deter-
mines whether a respiratory protective device adequately fits a particular
HCW. The HCW may need to be fit tested with several devices to determine
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which device offers the best fit. However, fit tests can detect only the leak-
age that occurs at the time of the fit testing, and the tests cannot
distinguish face-seal leakage from filter leakage.

Determination of facepiece fit can involve qualitative or quantitative
tests (55 ). A qualitative test relies on the subjective response of the HCW
being fit tested. A quantitative test uses detectors to measure inward leak-
age.

Disposable, negative-pressure particulate respirators can be qualitatively
fit tested with aerosolized substances that can be tasted, although the re-
sults of this testing are limited because the tests depend on the subjective
response of the HCW being tested. Quantitative fit testing of disposable
negative-pressure particulate respirators can best be performed if the
manufacturer provides a test respirator with a probe for this purpose.

Replaceable filter, negative-pressure particulate respirators and all posi-
tive-pressure particulate respirators can be fit tested reliably, both
qualitatively and quantitatively, when fitted with HEPA filters.

4. Fit checking

A fit check is a maneuver that an HCW performs before each use of the
respiratory protective device to check the fit. The fit check can be per-
formed according to the manufacturer’s facepiece fitting instructions by
using the applicable negative-pressure or positive-pressure test.

Some currently available cup-shaped, disposable negative-pressure par-
ticulate respirators cannot be fit checked reliably by persons wearing the
devices because occluding the entire surface of the filter is difficult. Strate-
gies for overcoming these limitations are being developed by respirator
manufacturers.

5. Reuse of respirators

Conscientious respirator maintenance should be an integral part of an
overall respirator program. This maintenance applies both to respirators
with replaceable filters and respirators that are classified as disposable but
that are reused. Manufacturers’ instructions for inspecting, cleaning, and
maintaining respirators should be followed to ensure that the respirator
continues to function properly (55 ).

When respirators are used for protection against noninfectious aerosols
(e.g., wood dust), which may be present in the air in heavy concentrations,
the filter material may become occluded with airborne material. This
occlusion may result in an uncomfortable breathing resistance. In health-
care settings where respirators are used for protection against biological
aerosols, the concentration of infectious particles in the air is probably
low; thus, the filter material in a respirator is very unlikely to become oc-
cluded with airborne material. In addition, there is no evidence that

Vol. 43 / No. RR-13 MMWR 101



particles impacting on the filter material in a respirator are re-aerosolized
easily. For these reasons, the filter material used in respirators in the
health-care setting should remain functional for weeks to months. Respira-
tors with replaceable filters are reusable, and a respirator classified as
disposable may be reused by the same HCW as long as it remains func-
tional.

Before each use, the outside of the filter material should be inspected. If
the filter material is physically damaged or soiled, the filter should be
changed (in the case of respirators with replaceable filters) or the respira-
tor discarded (in the case of disposable respirators). Infection-control
personnel should develop standard operating procedures for storing,
reusing, and disposing of respirators that have been designated as dispos-
able and for disposing of replaceable filter elements.

II. Implementing a Personal Respiratory Protection Program
If personal respiratory protection is used in a health-care setting, OSHA requires
that an effective personal respiratory protection program be developed, imple-
mented, administered, and periodically reevaluated (54,55 ).

All HCWs who need to use respirators for protection against infection with M. tu-
berculosis should be included in the respiratory protection program. Visitors to
TB patients should be given respirators to wear while in isolation rooms, and they
should be given general instructions on how to use their respirators.

The number of HCWs included in the respiratory protection program in each facil-
ity will vary depending on a) the number of potentially infectious TB patients,
b) the number of rooms or areas to which patients with suspected or confirmed
infectious TB are admitted, and c) the number of HCWs needed in these rooms or
areas. Where respiratory protection programs are required, they should include
enough HCWs to provide adequate care for a patient with known or suspected TB
should such a patient be admitted to the facility. However, administrative meas-
ures should be used to limit the number of HCWs who need to enter these rooms
or areas, thus limiting the number of HCWs who need to be included in the respi-
ratory protection program.

Information regarding the development and management of a respiratory protec-
tion program is available in technical training courses that cover the basics of
personal respiratory protection. Such courses are offered by various organiza-
tions, such as NIOSH, OSHA, and the American Industrial Hygiene Association.
Similar courses are available from private contractors and universities.

To be effective and reliable, respiratory protection programs must contain at least
the following elements (55,154 ):

1. Assignment of responsibility. Supervisory responsibility for the respira-
tory protection program should be assigned to designated persons who have
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expertise in issues relevant to the program, including infectious diseases and
occupational health.

2. Standard operating procedures. Written standard operating procedures
should contain information concerning all aspects of the respiratory protec-
tion program.

3. Medical screening. HCWs should not be assigned a task requiring use of
respirators unless they are physically able to perform the task while wearing
the respirator. HCWs should be screened for pertinent medical conditions at
the time they are hired, then rescreened periodically (55 ). The screening
could occur as infrequently as every 5 years. The screening process should
begin with a general screening (e.g., a questionnaire) for pertinent medical
conditions, and the results of the screening should then be used to identify
HCWs who need further evaluation. Routine physical examination or testing
with chest radiographs or spirometry is not necessary or required.

Few medical conditions preclude the use of most negative-pressure particu-
late respirators. HCWs who have mild pulmonary or cardiac conditions may
report discomfort with breathing when wearing negative-pressure particulate
respirators, but these respirators are unlikely to have adverse health effects
on the HCWs. Those HCWs who have more severe cardiac or pulmonary con-
ditions may have more difficulty than HCWs with similar but milder
conditions if performing duties while wearing negative-pressure respirators.
Furthermore, these HCWs may be unable to use some PAPRs because of the
added weight of these respirators.

4. Training. HCWs who wear respirators and the persons who supervise them
should be informed about the necessity for wearing respirators and the po-
tential risks associated with not doing so. This training should also include at
a minimum:

• The nature, extent, and specific hazards of M. tuberculosis transmission in
their respective health-care facility.

• A description of specific risks for TB infection among persons exposed to
M. tuberculosis, of any subsequent treatment with INH or other chemopro-
phylactic agents, and of the possibility of active TB disease.

• A description of engineering controls and work practices and the reasons
why they do not eliminate the need for personal respiratory protection.

• An explanation for selecting a particular type of respirator, how the respi-
rator is properly maintained and stored, and the operation, capabilities,
and limitations of the respirator provided.

• Instruction in how the HCW wearing the respirator should inspect, put on,
fit check, and correctly wear the provided respirator (i.e., achieve and
maintain proper face-seal fit on the HCW’s face).
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• An opportunity to handle the provided respirator and learn how to put it
on, wear it properly, and check the important parts.

• Instruction in how to recognize an inadequately functioning respirator.

5. Face-seal fit testing and fit checking. HCWs should undergo fit testing to
identify a respirator that adequately fits each individual HCW. The HCW
should receive fitting instructions that include demonstrations and practice in
how the respirator should be worn, how it should be adjusted, and how to
determine if it fits properly. The HCW should be taught to check the facepiece
fit before each use.

6. Respirator inspection, cleaning, maintenance, and storage. Conscientious
respirator maintenance should be an integral part of an overall respirator pro-
gram. This maintenance applies both to respirators with replaceable filters
and respirators that are classified as disposable but that are reused. Manufac-
turers’ instructions for inspecting, cleaning, and maintaining respirators
should be followed to ensure that the respirator continues to function prop-
erly (55 ).

7. Periodic evaluation of the personal respiratory protection program. The
program should be evaluated completely at least once a year, and both the
written operating procedures and program administration should be revised
as necessary based on the results of the evaluation. Elements of the program
that should be evaluated include work practices and employee acceptance of
respirator use (i.e., subjective comments made by employees concerning
comfort during use and interference with duties).
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Supplement 5: Decontamination—
Cleaning, Disinfecting, and Sterilizing

of Patient-Care Equipment

Equipment used on patients who have TB is usually not involved in the transmission
of M. tuberculosis, although transmission by contaminated bronchoscopes has been
demonstrated (159,160 ). Guidelines for cleaning, disinfecting, and sterilizing equip-
ment have been published (161,162 ). The rationale for cleaning, disinfecting, or
sterilizing patient-care equipment can be understood more readily if medical devices,
equipment, and surgical materials are divided into three general categories. These
categories—critical, semicritical, and noncritical items—are defined by the potential
risk for infection associated with their use (163,164 ).

Critical items are instruments that are introduced directly into the bloodstream or into
other normally sterile areas of the body (e.g., needles, surgical instruments, cardiac
catheters, and implants). These items should be sterile at the time of use.

Semicritical items are those that may come in contact with mucous membranes but
do not ordinarily penetrate body surfaces (e.g., noninvasive flexible and rigid fiberop-
tic endoscopes or bronchoscopes, endotracheal tubes, and anesthesia breathing
circuits). Although sterilization is preferred for these instruments, high-level disinfec-
tion that destroys vegetative microorganisms, most fungal spores, tubercle bacilli,
and small nonlipid viruses may be used. Meticulous physical cleaning of such items
before sterilization or high-level disinfection is essential.

Noncritical items are those that either do not ordinarily touch the patient or touch only
the patient’s intact skin (e.g., crutches, bedboards, blood pressure cuffs, and various
other medical accessories). These items are not associated with direct transmission of
M. tuberculosis, and washing them with detergent is usually sufficient.

Health-care facility policies should specify whether cleaning, disinfecting, or sterilizing
an item is necessary to decrease the risk for infection. Decisions about decontamina-
tion processes should be based on the intended use of the item, not on the diagnosis
of the patient for whom the item was used. Selection of chemical disinfectants de-
pends on the intended use, the level of disinfection required, and the structure and
material of the item to be disinfected.

Although microorganisms are ordinarily found on walls, floors, and other environ-
mental surfaces, these surfaces are rarely associated with transmission of infections
to patients or HCWs. This is particularly true with organisms such as M. tuberculosis,
which generally require inhalation by the host for infection to occur. Therefore, ex-
traordinary attempts to disinfect or sterilize environmental surfaces are not indicated.
If a detergent germicide is used for routine cleaning, a hospital-grade, EPA-approved
germicide/disinfectant that is not tuberculocidal can be used. The same routine daily
cleaning procedures used in other rooms in the facility should be used to clean TB
isolation rooms, and personnel should follow isolation practices while cleaning these
rooms. For final cleaning of the isolation room after a patient has been discharged,
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personal protective equipment is not necessary if the room has been ventilated for the
appropriate amount of time (Table S3-1).

References

1. CDC. National action plan to combat multidrug-resistant tuberculosis. Atlanta: US Depart-
ment of Health and Human Services, Public Health Service, CDC, 1992.

2. CDC. Guidelines for preventing the transmission of tuberculosis in health-care settings, with
special focus on HIV-related issues. MMWR 1990;39(No. RR-17).

3. CDC. Draft guidelines for preventing the transmission of tuberculosis in health-care facilities,
second edition; notice of comment period. Federal Register 1993;58:52810–54.

4. CDC. Guidelines for prevention of TB transmission in hospitals. Atlanta: US Department of
Health and Human Services, Public Health Service, CDC, 1982; DHHS publication no. (CDC)82-
8371.

5. CDC. Screening for tuberculosis and tuberculous infection in high-risk populations, and the
use of preventive therapy for tuberculous infection in the United States: recommendations
of the Advisory Committee for Elimination of Tuberculosis. MMWR 1990;39(No. RR-8).

6. American Thoracic Society/CDC. Diagnostic standards and classification of tuberculosis. Am
Rev Respir Dis 1990;142:725–35.

7. Wells WF. Aerodynamics of droplet nuclei. In: Airborne contagion and air hygiene. Cam-
bridge: Harvard University Press, 1955:13–9.

8. Selwyn PA, Hartel D, Lewis VA, et al. A prospective study of the risk of tuberculosis among
intravenous drug users with human immunodeficiency virus infection. N Engl J Med
1989;320:545–50.

9. Di Perri G, Cruciani M, Danzi MC, et al. Nosocomial epidemic of active tuberculosis among
HIV-infected patients. Lancet 1989;2:1502–4.

10. Daley CL, Small PM, Schecter GF, et al. An outbreak of tuberculosis with accelerated pro-
gression among persons infected with the human immunodeficiency virus: an analysis using
restriction-fragment-length polymorphisms. N Engl J Med 1992;326:231–5.

11. Edlin BR, Tokars JI, Grieco MH, et al. An outbreak of multidrug-resistant tuberculosis among
hospitalized patients with the acquired immunodeficiency syndrome. N Engl J Med
1992;326:1514–21.

12. Dooley SW, Villarino E, Lawrence M, et al. Nosocomial transmission of tuberculosis in a
hospital unit for HIV-infected patients. JAMA 1992;267:2632–4.

13. ten Dam HG. Research on BCG vaccination. Adv Tuberc Res 1984;21:79–106.
14. Barrett-Connor E. The epidemiology of tuberculosis in physicians. JAMA 1979;241:33–8.
15. Brennen C, Muder RR, Muraca PW. Occult endemic tuberculosis in a chronic care facility.

Infect Control Hosp Epidemiol 1988;9:548–52.
16. Goldman KP. Tuberculosis in hospital doctors. Tubercle 1988;69:237–40.
17. Catanzaro A. Nosocomial tuberculosis. Am Rev Respir Dis 1982;125:559–62.
18. Ehrenkranz NJ, Kicklighter JL. Tuberculosis outbreak in a general hospital: evidence of air-

borne spread of infection. Ann Intern Med 1972;77:377–82.
19. Haley CE, McDonald RC, Rossi L, et al. Tuberculosis epidemic among hospital personnel.

Infect Control Hosp Epidemiol 1989;10:204–10.
20. Hutton MD, Stead WW, Cauthen GM, et al. Nosocomial transmission of tuberculosis asso-

ciated with a draining tuberculous abscess. J Infect Dis 1990;161:286–95.
21. Kantor HS, Poblete R, Pusateri SL. Nosocomial transmission of tuberculosis from unsus-

pected disease. Am J Med 1988;84:833–8.
22. Lundgren R, Norrman E, Asberg I. Tuberculous infection transmitted at autopsy. Tubercle

1987;68:147–50.
23. CDC. Mycobacterium tuberculosis transmission in a health clinic—Florida, 1988. MMWR

1989;38:256–8,263–4.
24. Beck-Sagué C, Dooley SW, Hutton MD, et al. Outbreak of multidrug-resistant Mycobacterium

tuberculosis infections in a hospital: transmission to patients with HIV infection and staff.
JAMA 1992;268:1280–6.

106 MMWR October 28, 1994



25. CDC. Nosocomial transmission of multidrug-resistant tuberculosis to health-care workers
and HIV-infected patients in an urban hospital—Florida. MMWR 1990;39:718–22.

26. CDC. Nosocomial transmission of multidrug-resistant tuberculosis among HIV-infected
persons—Florida and New York, 1988–1991. MMWR 1991;40:585–91.

27. Pearson ML, Jereb JA, Frieden TR, et al. Nosocomial transmission of multidrug-resistant
Mycobacterium tuberculosis: a risk to patients and health care workers. Ann Intern Med
1992;117:191–6.

28. Dooley SW, Jarvis WR, Martone WJ, Snider DE Jr. Multidrug-resistant tuberculosis [Editorial].
Ann Intern Med 1992;117:257–8.

29. Wenger P, Beck-Sagué C, Otten J, et al. Efficacy of control measures in preventing nosocomial
transmission of multidrug-resistant tuberculosis among patient and health-care workers
[Abstract 53A]. In: Program and abstracts of the World Congress on Tuberculosis. Bethesda,
MD: National Institutes of Health, Fogarty International Center, 1992.

30. Otten J, Chen J, Cleary T. Successful control of an outbreak of multidrug-resistant tuber-
culosis in an urban teaching hospital [Abstract 51D]. In: Program and abstracts of the World
Congress on Tuberculosis. Bethesda, MD: National Institutes of Health, Fogarty International
Center, 1992.

31. Maloney S, Pearson M, Gordon M, et al. The efficacy of recommended infection control
measures in preventing nosocomial transmission of multidrug-resistant TB [Abstract 51C].
In: Program and abstracts of the World Congress on Tuberculosis. Bethesda, MD: National
Institutes of Health, Fogarty International Center, 1992.

32. Stroud L, Tokars J, Grieco M, Gilligan M, Jarvis W. Interruption of nosocomial transmission
of multidrug-resistant Mycobacterium tuberculosis (MDR-TB) among AIDS patients in a New
York City Hospital [Abstract A1-3]. In: Third Annual Meeting of the Society for Hospital Epi-
demiologists of America. Chicago: Society for Hospital Epidemiologists of America, 1993.

33. American Thoracic Society. Treatment of tuberculosis and tuberculosis infection in adults
and children. Am J Respir Crit Care Med 1994;149:1359–74.

34. Strong BE, Kubica GP. Isolation and identification of Mycobacterium tuberculosis. Atlanta:
US Department of Health and Human Services, Public Health Service, CDC, 1981; DHHS
publication no. (CDC)81-8390.

35. CDC. Tuberculosis and human immunodeficiency virus infection: recommendations of the
Advisory Committee for the Elimination of Tuberculosis (ACET). MMWR 1989;38:236–8,243–
50.

36. Willcox PA, Benator SR, Potgieter PD. Use of flexible fiberoptic bronchoscope in diagnosis
of sputum-negative pulmonary tuberculosis. Thorax 1982;37:598–601.

37. Willcox PA, Potgieter PD, Bateman ED, Benator SR. Rapid diagnosis of sputum-negative
miliary tuberculosis using the flexible fiberoptic bronchoscope. Thorax 1986;41:681–4.

38. Tenover FC, Crawford JT, Huebner RE, Geiter LJ, Horsburgh CR Jr, Good RC. The resurgence
of tuberculosis: is your laboratory ready? J Clin Microbiol 1993;31:767–70.

39. Pitchenik AE, Cole C, Russell BW, et al. Tuberculosis, atypical mycobacteriosis, and the
acquired immunodeficiency syndrome among Haitian and non-Haitian patients in South Flor-
ida. Ann Intern Med 1984;101:641–5.

40. Maayan S, Wormser GP, Hewlett D, et al. Acquired immunodeficiency syndrome (AIDS) in
an economically disadvantaged population. Arch Intern Med 1985;145:1607–12.

41. Klein NC, Duncanson FP, Lenox TH III, et al. Use of mycobacterial smears in the diagnosis
of pulmonary tuberculosis in AIDS/ARC patients. Chest 1989;95:1190–2.

42. Burnens AP, Vurma-Rapp U. Mixed mycobacterial cultures—occurrence in the clinical labo-
ratory. Int J Med Microbiol 1989;27:85–90.

43. CDC. Initial therapy for tuberculosis in the era of multidrug resistance: recommendations
of the Advisory Council for the Elimination of Tuberculosis. MMWR 1993;42(No. RR-7).

44. Rabalais G, Adams G, Stover B. PPD skin test conversion in health-care workers after ex-
posure to Mycobacterium tuberculosis infection in infants [Letter]. Lancet 1991;338:826.

45. Wallgren A. On contagiousness of childhood tuberculosis. Acta Pediatr Scand 1937;22:
229-34.

46. Riley RL. Airborne infection. Am J Med 1974;57:466–75.

Vol. 43 / No. RR-13 MMWR 107



47. American Society of Heating, Refrigerating and Air-Conditioning Engineers. Chapter 7: Health
facilities. In: 1991 Application handbook. Atlanta: American Society of Heating, Refrigerating
and Air-Conditioning Engineers, Inc., 1991.

48. American Institute of Architects, Committee on Architecture for Health. Chapter 7: General
hospital. In: Guidelines for construction and equipment of hospital and medical facilities.
Washington, DC: The American Institute of Architects Press, 1987.

49. Health Resources and Services Administration. Guidelines for construction and equipment
of hospital and medical facilities. Rockville, MD: US Department of Health and Human Serv-
ices, Public Health Service, 1984; PHS publication no. (HRSA)84-14500.

50. Riley RL, O’Grady F. Airborne infection: transmission and control. New York: McMillan, 1961.
51. Galson E, Goddard KR. Hospital air conditioning and sepsis control. ASHRAE Journal,

1968;(Jul):33–41.
52. Kethley TW. Air: its importance and control. In: Proceedings of the National Conference on

Institutionally Acquired Infections. Washington, DC: US Department of Health, Education,
and Welfare, Public Health Service, Communicable Disease Center, Division of Hospital and
Medical Facilities, 1963:35–46; PHS publication no. 1188.

53. Hermans RD, Streifel AJ. Ventilation design. In: Bierbaum PJ, Lippmann M, eds. Proceedings
of the Workshop on Engineering Controls for Preventing Airborne Infections in Workers in
Health Care and Related Facilities. Cincinnati: US Department of Health and Human Services,
Public Health Service, CDC, 1994; DHHS publication no. (NIOSH)94-106.

54. American National Standards Institute. American national standard practices for respiratory
protection. New York: American National Standards Institute, 1992.

55. NIOSH. Guide to industrial respiratory protection. Morgantown, WV: US Department of
Health and Human Services, Public Health Service, CDC, 1987; DHHS publication no.
(NIOSH)87-116.

56. CDC. Recommendations for HIV testing services for inpatients and outpatients in acute-care
hospital settings; and Technical guidance on HIV counseling. MMWR 1993;42(No. RR-2).

57. Williams WW. Guidelines for infection control in hospital personnel. Infect Control
1983;4(suppl):326–49.

58. Barrett-Connor E. The periodic chest roentgenogram for the control of tuberculosis in health
care personnel. Am Rev Respir Dis 1980;122:153–5.

59. CDC/National Institutes of Health. Agent: Mycobacterium tuberculosis, M. bovis. In: Biosafety
in microbiological and biomedical laboratories. Atlanta: US Department of Health and Human
Services, Public Health Service, 1993:95; DHHS publication no. (CDC)93-8395.

60. CDC. Prevention and control of tuberculosis in facilities providing long-term care to the eld-
erly: recommendations of the Advisory Committee for Elimination of Tuberculosis.  MMWR
1990;39(No. RR-10).

61. CDC. Prevention and control of tuberculosis in correctional institutions: recommendations
of the Advisory Committee for the Elimination of Tuberculosis. MMWR 1989;38:313–20,325.

62. Dueli RC, Madden RN. Droplet nuclei produced during dental treatment of tubercular patients.
Oral Surg 1970;30:711–6.

63. Manoff SB, Cauthen GM, Stoneburner RL, Bloch AB, Schultz S, Snider DE Jr. TB patients
with AIDS: are they more likely to spread TB? [Abstract no. 4621]. Book 2. IV International
Conference on AIDS. Stockholm, Sweden, June 12–16, 1988:216.

64. Cauthen GM, Dooley SW, Bigler W, Burr J, Ihle W. Tuberculosis (TB) transmission by HIV-
associated TB cases [Abstract no. M.C.3326]. Vol 1. VII International Conference on AIDS.
Florence, Italy, June 16–21, 1991.

65. Klausner JD, Ryder RW, Baende E, et al. Mycobacterium tuberculosis in household contacts
of human immunodeficiency virus type 1-seropositive patients with active pulmonary tu-
berculosis in Kinshasa, Zaire. J Infect Dis 1993;168:106–11.

66. Riley RL, Mills CC, O’Grady F, Sultan LU, Wittstadt F, Shivpuri DN. Infectiousness of air from
a tuberculosis ward. Am Rev Respir Dis 1962;85:511–25.

67. Noble RC. Infectiousness of pulmonary tuberculosis after starting chemotherapy: review
of the available data on an unresolved question. Am J Infect Control 1981;9:6–10.

68. Howard TP, Solomon DA. Reading the tuberculin skin test: who, when, and how? Arch Intern
Med 1988;148:2457–9.

69. Snider DE Jr. The tuberculin skin test. Am Rev Respir Dis 1982;125:108–18.

108 MMWR October 28, 1994



70. Huebner RE, Schein MF, Bass JB Jr. The tuberculin skin test. Clin Infect Dis 1993;17:968-75.
71. Canessa PA, Fasano L, Lavecchia MA, Torraca A, Schiattone ML. Tuberculin skin test in

asymptomatic HIV seropositive carriers [Letter]. Chest 1989;96:1215–6.
72. CDC. Purified protein derivative (PPD)-tuberculin anergy and HIV infection: guidelines for

anergy testing and management of anergic persons at risk of tuberculosis. MMWR
1991;40(No. RR-5).

73. Snider DE, Farer LS. Package inserts for antituberculosis drugs and tuberculins. Am Rev
Respir Dis 1985;131:809–10.

74. Snider DE Jr. Bacille Calmette-Guérin vaccinations and tuberculin skin test. JAMA
1985;253:3438–9.

75. CDC. Use of BCG vaccines in the control of TB: a joint statement by the ACIP and the Advisory
Committee for the Elimination of Tuberculosis. MMWR 1988;37:663–4,669–75.

76. Thompson NJ, Glassroth JL, Snider DE Jr, Farer LS. The booster phenomenon in serial tu-
berculin testing. Am Rev Respir Dis 1979;119:587–97.

77. Des Prez RM, Heim CR. Mycobacterium tuberculosis. In: Mandell GL, Douglas RG Jr, Bennett
JE, eds. Principles and practice of infectious diseases. 3rd ed. New York: ChurchiII Living-
stone, 1990:1877–906.

78. Pitchenik AE, Rubinson HA. The radiographic appearance of tuberculosis in patients with
the acquired immune deficiency syndrome (AIDS) and pre-AIDS. Am Rev Respir Dis
1985;131:393–6.

79. Kiehn TE, Cammarata R. Laboratory diagnosis of mycobacterial infection in patients with
acquired immunodeficiency syndrome. J Clin Microbiol 1986;24:708–11.

80. Crawford JT, Eisenach KD, Bates JH. Diagnosis of tuberculosis: present and future. Semin
Respir Infect 1989;4:171–81.

81. Moulding TS, Redeker AG, Kanel GC. Twenty isoniazid-associated deaths in one state. Am
Rev Respir Dis 1989;140:700–5.

82. Snider DE Jr, Layde PM, Johnson MW, Lyle MA. Treatment of tuberculosis during pregnancy.
Am Rev Respir Dis 1980;122:65–79.

83. Snider D. Pregnancy and tuberculosis. Chest 1984;86(suppl):10S–13S.
84. Hamadeh MA, Glassroth J. Tuberculosis and pregnancy. Chest 1992;101:1114–20.
85. Glassroth JL, White MC, Snider DE Jr. An assessment of the possible association of isoniazid

with human cancer deaths. Am Rev Respir Dis 1977;116:1065–74.
86. Glassroth JL, Snider DE Jr, Comstock GW. Urinary tract cancer and isoniazid. Am Rev Respir

Dis 1977;116:331–3.
87. Costello HD, Snider DE Jr. The incidence of cancer among participants in a controlled, ran-

domized isoniazid preventive therapy trial. Am J Epidemiol 1980;111:67–74.
88. CDC. The use of preventive therapy for tuberculous infection in the United States: recom-

mendations of the Advisory Committee for Elimination of Tuberculosis. MMWR 1990;39
(No. RR-8):9–12.

89. CDC. Management of persons exposed to multidrug-resistant tuberculosis. MMWR
1992;41(No. RR-11):59–71.

90. American Thoracic Society/CDC. Treatment of tuberculosis and tuberculosis infection in
adults and children, 1986. Am Rev Respir Dis 1986;134:355–63.

91. American Thoracic Society/CDC. Control of tuberculosis in the United States. Am Rev Respir
Dis 1992;146:1624–35.

92. Snider DE Jr, Caras GJ. Isoniazid-associated hepatitis deaths: a review of available infor-
mation. Am Rev Respir Dis 1992;145:494–7.

93. Small PM, Shafer RW, Hopewell PC, et al. Exogenous infection with multidrug-resistant
Mycobacterium tuberculosis in patients with advanced HIV infection. N Engl J Med
1993;328:1137–44.

94. Iseman MD, Madsen LA. Drug-resistant tuberculosis. Clin Chest Med 1989;10:341–53.
95. Goble M. Drug-resistant tuberculosis. Semin Respir Infect 1986;1:220–9.
96. Goble M, Iseman MD, Madsen LA, Waite D, Ackerson L, Horsburgh CR Jr. Treatment of 171

patients with pulmonary tuberculosis resistant to isoniazid and rifampin. N Engl J Med
1993;328:527–32.

97. Simone PM, Iseman MD. Drug-resistant tuberculosis: a deadly—and growing—danger. J
Respir Dis 1992;13:960–71.

Vol. 43 / No. RR-13 MMWR 109



98. American Conference of Governmental Industrial Hygienists. Industrial ventilation: a manual
of recommended practice. Cincinnati: American Conference of Governmental Hygienists,
Inc., 1992.

99. Mutchler JE. Principles of ventilation. In: NIOSH. The industrial environment—its evaluation
and control. Washington, DC: US Department of Health, Education, and Welfare, Public Health
Service, NIOSH, 1973.

100. Sherertz RJ, Belani A, Kramer BS, et al. Impact of air filtration on nosocomial Aspergillus
infections. Am J Med 1987;83:709–18.

101. Rhame FS, Streifel AJ, Kersey JH, McGlave PB. Extrinsic risk factors for pneumonia in the
patient at high risk of infection. Am J Med 1984;76:42–52.

102. Opal SM, Asp AA, Cannady PB, Morse PL, Burton LJ, Hammer PG. Efficacy of infection control
measures during a nosocomial outbreak of disseminated Aspergillus associated with hos-
pital construction. J Infect Dis 1986;153:63–7.

103. Woods JE. Cost avoidance and productivity in owning and operating buildings. Occup Med
1989;4:753–70.

104. Woods JE, Rask DR. Heating, ventilation, air-conditioning systems: the engineering approach
to methods of control. In: Kundsin RB, ed. Architectural design and indoor microbial pollution.
New York: Oxford University Press, 1988:123–53.

105. American Society of Heating, Refrigerating and Air-Conditioning Engineers. Chapter 25: Air
cleaners for particulate contaminants. In: 1992 Systems and equipment fundamentals hand-
book. Atlanta: American Society of Heating, Refrigerating and Air-Conditioning Engineers,
Inc., 1992:25.3–25.5.

106. American Society of Heating, Refrigerating and Air-Conditioning Engineers. Chapter 14: Air
flow around buildings. In: 1989 Fundamentals handbook. Atlanta: American Society of Heat-
ing, Refrigerating and Air-Conditioning Engineers, Inc., 1989:14.1–14.13.

107. Riley RL, Wells WF, Mills CC, Nyka W, McLean RL. Air hygiene in tuberculosis: quantitative
studies of infectivity and control in a pilot ward. Am Rev Tuberc 1957;75:420–31.

108. Riley RL, Nardell EA. Clearing the air: the theory and application of UV air disinfection. Am
Rev Respir Dis 1989;139:1286–94.

109. Riley RL. Ultraviolet air disinfection for control of respiratory contagion. In: Kundsin RB,
ed. Architectural design and indoor microbial pollution. New York: Oxford University Press,
1988:175–97.

110. Stead WW. Clearing the air: the theory and application of ultraviolet air disinfection [Letter].
Am Rev Respir Dis 1989;140:1832.

111. McLean RL. General discussion: the mechanism of spread of Asian influenza. Am Rev Respir
Dis 1961;83:36–8.

112. Willmon TL, Hollaender A, Langmuir AD. Studies of the control of acute respiratory diseases
among naval recruits. I. A review of a four-year experience with ultraviolet irradiation and
dust suppressive measures, 1943 to 1947. Am J Hyg 1948;48:227–32.

113. Wells WF, Wells MW, Wilder TS. The environmental control of epidemic contagion. I. An
epidemiologic study of radiant disinfection of air in day schools. Am J Hyg 1942;35:97–121.

114. Wells WF, Holla WA. Ventilation in the flow of measles and chickenpox through a community:
progress report, January 1, 1946 to June 15, 1949—Airborne Infection Study, Westchester
County Department of Health. JAMA 1950;142:1337–44.

115. Perkins JE, Bahlke AM, Silverman HF. Effect of ultra-violet irradiation of classrooms on spread
of measles in large rural central schools. Am J Public Health Nations Health 1947;37:529–37.

116. Lurie MB. Resistance to tuberculosis: experimental studies in native and acquired defensive
mechanisms. Cambridge, MA: Harvard University Press, 1964:160–4.

117. Collins FM. Relative susceptibility of acid-fast and non-acid-fast bacteria to ultraviolet light.
Appl Microbiol 1971;21:411–3.

118. David HL, Jones WD Jr, Newman CM. Ultraviolet light inactivation and photoreactivation
in the mycobacteria. Infect Immun 1971;4:318–9.

119. David HL. Response of mycobacteria to ultraviolet light radiation. Am Rev Respir Dis
1973;108:1175–85.

120. Riley RL, Knight M, Middlebrook G. Ultraviolet susceptibility of BCG and virulent tubercle
bacilli. Am Rev Respir Dis 1976;113:413–8.

121. American Thoracic Society/CDC. Control of tuberculosis. Am Rev Respir Dis 1983;128:336–42.

110 MMWR October 28, 1994



122. National Tuberculosis and Respiratory Disease Association. Guidelines for the general hos-
pital in the admission and care of tuberculous patients. Am Rev Respir Dis 1969;99:631–3.

123. CDC. Notes on air hygiene: summary of Conference on Air Disinfection. Arch Environ Health
1971;22:473–4.

124. Schieffelbein CW Jr, Snider DE Jr. Tuberculosis control among homeless populations. Arch
Intern Med 1988;148:1843–6.

125. CDC. Prevention and control of tuberculosis in correctional institutions: recommendations
of the Advisory Committee for the Elimination of Tuberculosis. MMWR 1989;38:313–20,325.

126. International Commission on Illumination. International lighting vocabulary [French]. 4th
ed. Geneva, Switzerland: Bureau Central de la Commission Electrotechnique Internationale,
1987; CIE publication no. 17.4.

127. Nagy R. Application and measurement of ultraviolet radiation. Am Ind Hyg Assoc J
1964;25:274–81.

128. Illuminating Engineering Society. IES lighting handbook. 4th ed. New York: Illuminating En-
gineering Society, 1966:25–7.

129. Kethley TW, Branch K. Ultraviolet lamps for room air disinfection: effect of sampling location
and particle size of bacterial aerosol. Arch Environ Health 1972;25:205–14.

130. Riley RL, Permutt S, Kaufman JE. Convection, air mixing, and ultraviolet air disinfection in
rooms. Arch Environ Health 1971;22:200–7.

131. Riley RL, Permutt S. Room air disinfection by ultraviolet irradiation of upper air. Arch Environ
Health 1971;22:208–19.

132. Riley RL, Permutt S, Kaufman JE. Room air disinfection by ultraviolet irradiation of upper
air: further analysis of convective air exchange. Arch Environ Health 1971;23:35–9.

133. Riley RL, Kaufman JE. Air disinfection in corridors by upper air irradiation with ultraviolet.
Arch Environ Health 1971;22:551–3.

134. Macher JM, Alevantis LE, Chang Y-L, Liu K-S. Effect of ultraviolet germicidal lamps on air-
borne microorganisms in an outpatient waiting room. Applied Occupational and
Environmental Hygiene 1992;7:505–13.

135. Riley RL, Kaufman JE. Effect of relative humidity on the inactivation of airborne Serratia
marcescens by ultraviolet radiation. Appl Microbiol 1972;23:1113–20.

136. NIOSH. Criteria for a recommended standard...occupational exposure to ultraviolet radiation.
Washington, DC: US Department of Health, Education, and Welfare, Public Health Service,
1972; publication no. (HSM)73-110009.

137. Everett MA, Sayre RM, Olson RL. Physiologic response of human skin to ultraviolet light.
In: Urbach F, ed. The biologic effects of ultraviolet radiation. Oxford, England: Pergamon
Press, 1969.

138. International Agency for Research on Cancer. IARC monographs on the evaluation of car-
cinogenic risks to humans: solar and ultraviolet radiation. Vol 55. Lyon, France: World Health
Organization, International Agency for Research on Cancer, 1992.

139. Valerie K, Delers A, Bruck C, et al.  Activation of human immunodeficiency virus type 1 by
DNA damage in human cells. Nature 1988;333:78–81.

140. Zmudzka BZ, Beer JZ. Activation of human immunodeficiency virus by ultraviolet radiation
(yearly review). Photochem Photobiol 1990;52:1153–62.

141. Wallace BM, Lasker JS. Awakenings...UV light and HIV gene activation. Science
1992;257:1211–2.

142. Valerie K, Rosenberg M. Chromatin structure implicated in activation of HIV-1 gene expres-
sion by ultraviolet light. New Biol 1990;2:712–8.

143. Stein B, Rahmsdorf HJ, Steffen A, Litfin M, Herrlich P. UV-induced DNA damage is an in-
termediate step in UV-induced expression of human immunodeficiency virus type 1,
collagenase, C-Fos, and metallathionein. Mol Cell Biol 1989;9:5169–81.

144. Clerici M, Shearer GM. UV light exposure and HIV replication. Science 1992;258:1070-1.
145. NIOSH. Hazard evaluation and technical assistance report: Onondaga County Medical Ex-

aminer’s Office, Syracuse, New York. Cincinnati: US Department of Health and Human
Services, Public Health Service, CDC, 1992; NIOSH report no. HETA 92-171-2255.

146. NIOSH. Hazard evaluation and technical assistance report: John C. Murphy Family Health
Center, Berkeley, Missouri. Cincinnati: US Department of Health and Human Services, Public
Health Service, CDC, 1992; NIOSH report no. HETA 91-148-2236.

Vol. 43 / No. RR-13 MMWR 111



147. NIOSH. Hazard evaluation and technical assistance report: San Francisco General Hospital
and Medical Center, San Francisco, California. Cincinnati: US Department of Health and Hu-
man Services, Public Health Service, CDC, 1992; NIOSH report no. HETA 90-122-L2073.

148. Macher JM. Ultraviolet radiation and ventilation to help control tuberculosis transmission:
guidelines prepared for California Indoor Air Quality Program. Berkeley, CA: Air and Industrial
Hygiene Laboratory, 1989.

149. Riley RL. Principles of UV air disinfection. Baltimore, MD: Johns Hopkins University, School
of Hygiene and Public Health, 1991.

150. American Conference of Governmental Industrial Hygienists. Threshold limit values and bio-
logical exposure indices for 1991–1992. Cincinnati: American Conference of Governmental
Industrial Hygienists, Inc., 1991.

151. Bloom BR, Murray CJL. Tuberculosis: commentary on a reemergent killer. Science
1992;257:1055–64.

152. Nardell EA. Dodging droplet nuclei: reducing the probability of nosocomial tuberculosis
transmission in the AIDS era. Am Rev Respir Dis 1990;142:501–3.

153. US Department of Health and Human Services. 42 CFR Part 84: Respiratory protective de-
vices; proposed rule. Federal Register 1994;59:26849–89.

154. American National Standards Institute. ANSI Z88.2-1980: American national standard prac-
tices for respiratory protection. New York: American National Standards Institute, 1980.

155. Hyatt EC. Current problems and new developments in respiratory protection. Am Ind Hyg
Assoc J 1963;24:295–304.

156. American National Standards Institute. ANSI Z88.2–1969: American national standard prac-
tices for respiratory protection. New York: American National Standards Institute, 1969.

157. Lowry PL, Hesch PR, Revoir WH. Performance of single-use respirators. Am Ind Hyg Assoc
J 1977;38:462–7.

158. Hyatt EC, et al. Respiratory studies for the National Institute for Occupational Safety and
Health—July 1, 1972, through June 3, 1973. Los Alamos, NM: Los Alamos Scientific Labo-
ratory; progress report no. LA-5620-PR.

159. Nelson KE, Larson PA, Schraufnagel DE, Jackson J. Transmission of tuberculosis by fiber
bronchoscopes. Am Rev Respir Dis 1983;127:97–100.

160. Leers WD. Disinfecting endoscopes: how not to transmit Mycobacterium tuberculosis by
bronchoscopy. Can Med Assoc J 1980;123:275–83.

161. Garner JS, Simmons BP. Guideline for isolation precautions in hospitals. Infect Control
1983;4(suppl):245–325.

162. Rutala WA. APIC guidelines for selection and use of disinfectants. Am J Infect Control
1990;18:99–117.

163. Favero MS, Bond WW. Chemical disinfection of medical and surgical materials. In: Block
SS, ed. Disinfection, sterilization, and preservation. 4th ed. Philadelphia: Lea & Fabiger,
1991:617–41.

164. Garner JS, Favero MS. Guideline for handwashing and hospital environmental control. At-
lanta: US Department of Health and Human Services, Public Health Service, CDC, 1985.

112 MMWR October 28, 1994



Glossary

This glossary contains many of the terms used in the guidelines, as well as others that
are encountered frequently by persons who implement TB infection-control pro-
grams. The definitions given are not dictionary definitions but are those most
applicable to usage relating to TB.

Acid-fast bacilli (AFB): Bacteria that retain certain dyes after being washed in an acid
solution. Most acid-fast organisms are mycobacteria. When AFB are seen on a
stained smear of sputum or other clinical specimen, a diagnosis of TB should be
suspected; however, the diagnosis of TB is not confirmed until a culture is grown
and identified as M. tuberculosis.

Adherence: Refers to the behavior of patients when they follow all aspects of the treat-
ment regimen as prescribed by the medical provider, and also refers to the
behavior of HCWs and employers when they follow all guidelines pertaining to in-
fection control.

Aerosol: The droplet nuclei that are expelled by an infectious person (e.g., by cough-
ing or sneezing); these droplet nuclei can remain suspended in the air and can
transmit M. tuberculosis to other persons.

AIA: The American Institute of Architects, a professional body that develops standards
for building ventilation.

Air changes: The ratio of the volume of air flowing through a space in a certain period
of time (i.e., the airflow rate) to the volume of that space (i.e., the room volume);
this ratio is usually expressed as the number of air changes per hour (ACH).

Air mixing: The degree to which air supplied to a room mixes with the air already in
the room, usually expressed as a mixing factor. This factor varies from 1 (for per-
fect mixing) to 10 (for poor mixing), and it is used as a multiplier to determine the
actual airflow required (i.e., the recommended ACH multiplied by the mixing factor
equals the actual ACH required).

Alveoli: The small air sacs in the lungs that lie at the end of the bronchial tree; the site
where carbon dioxide in the blood is replaced by oxygen from the lungs and where
TB infection usually begins.

Anergy: The inability of a person to react to skin-test antigens (even if the person is
infected with the organisms tested) because of immunosuppression.

Anteroom: A small room leading from a corridor into an isolation room; this room can
act as an airlock, preventing the escape of contaminants from the isolation room
into the corridor.

Area: A structural unit (e.g., a hospital ward or laboratory) or functional unit (e.g., an
internal medicine service) in which HCWs provide services to and share air with a
specific patient population or work with clinical specimens that may contain viable
M. tuberculosis organisms. The risk for exposure to M. tuberculosis in a given area
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depends on the prevalence of TB in the population served and the characteristics of
the environment.

ASHRAE: The American Society of Heating, Refrigerating and Air-Conditioning Engi-
neers, Inc., a professional body that develops standards for building ventilation.

Asymptomatic: Without symptoms, or producing no symptoms.

Bacillus of Calmette and Guérin (BCG) vaccine: A TB vaccine used in many parts of the
world.

BACTEC®: One of the most often used radiometric methods for detecting the early
growth of mycobacteria in culture. It provides rapid growth (in 7–14 days) and rapid
drug-susceptibility testing (in 5–6 days). When BACTEC® is used with rapid species
identification methods, M. tuberculosis can be identified within 10–14 days of
specimen collection.

Booster phenomenon: A phenomenon in which some persons (especially older
adults) who are skin tested many years after infection with M. tuberculosis have a
negative reaction to an initial skin test, followed by a positive reaction to a sub-
sequent skin test. The second (i.e., positive) reaction is caused by a boosted
immune response. Two-step testing is used to distinguish new infections from
boosted reactions (see Two-step testing).

Bronchoscopy: A procedure for examining the respiratory tract that requires inserting
an instrument (a bronchoscope) through the mouth or nose and into the trachea.
The procedure can be used to obtain diagnostic specimens.

Capreomycin: An injectable, second-line anti-TB drug used primarily for the treatment
of drug-resistant TB.

Cavity: A hole in the lung resulting from the destruction of pulmonary tissue by TB or
other pulmonary infections or conditions. TB patients who have cavities in their
lungs are referred to as having cavitary disease, and they are often more infectious
than TB patients without cavitary disease.

Chemotherapy: Treatment of an infection or disease by means of oral or injectable
drugs.

Cluster: Two or more PPD skin-test conversions occurring within a 3-month period
among HCWs in a specific area or occupational group, and epidemiologic evidence
suggests occupational (nosocomial) transmission.

Contact: A person who has shared the same air with a person who has infectious TB
for a sufficient amount of time to allow possible transmission of M. tuberculosis.

Conversion, PPD: See PPD test conversion.

Culture: The process of growing bacteria in the laboratory so that organisms can be
identified.

Cycloserine: A second-line, oral anti-TB drug used primarily for treating drug-resistant
TB.
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Directly observed therapy (DOT): An adherence-enhancing strategy in which an HCW
or other designated person watches the patient swallow each dose of medication.

DNA probe: A technique that allows rapid and precise identification of mycobacteria
(e.g., M. tuberculosis and M. bovis ) that are grown in culture. The identification
can often be completed in 2 hours.

Droplet nuclei: Microscopic particles (i.e., 1–5 µm in diameter) produced when a per-
son coughs, sneezes, shouts, or sings. The droplets produced by an infectious TB
patient can carry tubercle bacilli and can remain suspended in the air for prolonged
periods of time and be carried on normal air currents in the room.

Drug resistance, acquired: A resistance to one or more anti-TB drugs that develops
while a patient is receiving therapy and which usually results from the patient’s
nonadherence to therapy or the prescription of an inadequate regimen by a health-
care provider. 

Drug resistance, primary: A resistance to one or more anti-TB drugs that exists before
a patient is treated with the drug(s). Primary resistance occurs in persons exposed
to and infected with a drug-resistant strain of M. tuberculosis.

Drug-susceptibility pattern: The anti-TB drugs to which the tubercle bacilli cultured
from a TB patient are susceptible or resistant based on drug-susceptibility tests.

Drug-susceptibility tests: Laboratory tests that determine whether the tubercle bacilli
cultured from a patient are susceptible or resistant to various anti-TB drugs.

Ethambutol: A first-line, oral anti-TB drug sometimes used concomitantly with INH,
rifampin, and pyrazinamide.

Ethionamide: A second-line, oral anti-TB drug used primarily for treating drug-
resistant TB.

Exposure: The condition of being subjected to something (e.g., infectious agents) that
could have a harmful effect. A person exposed to M. tuberculosis does not neces-
sarily become infected (see Transmission).

First-line drugs: The most often used anti-TB drugs (i.e., INH, rifampin, pyrazinamide,
ethambutol, and streptomycin).

Fixed room-air HEPA recirculation systems: Nonmobile devices or systems that re-
move airborne contaminants by recirculating air through a HEPA filter. These may
be built into the room and permanently ducted or may be mounted to the wall or
ceiling within the room. In either situation, they are fixed in place and are not easily
movable.

Fluorochrome stain: A technique for staining a clinical specimen with fluorescent dyes
to perform a microscopic examination (smear) for mycobacteria. This technique is
preferable to other staining techniques because the mycobacteria can be seen eas-
ily and the slides can be read quickly.

Fomites: Linens, books, dishes, or other objects used or touched by a patient. These
objects are not involved in the transmission of M. tuberculosis.
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Gastric aspirate: A procedure sometimes used to obtain a specimen for culture when
a patient cannot cough up adequate sputum. A tube is inserted through the mouth
or nose and into the stomach to recover sputum that was coughed into the throat
and then swallowed. This procedure is particularly useful for diagnosis in children,
who are often unable to cough up sputum.

High-efficiency particulate air (HEPA) filter: A specialized filter that is capable of re-
moving 99.97% of particles ≥0.3 µm in diameter and that may assist in controlling
the transmission of M. tuberculosis. Filters may be used in ventilation systems to
remove particles from the air or in personal respirators to filter air before it is in-
haled by the person wearing the respirator. The use of HEPA filters in ventilation
systems requires expertise in installation and maintenance.

Human immunodeficiency virus (HIV) infection: Infection with the virus that causes
acquired immunodeficiency syndrome (AIDS). HIV infection is the most important
risk factor for the progression of latent TB infection to active TB.

Immunosuppressed: A condition in which the immune system is not functioning nor-
mally (e.g., severe cellular immunosuppression resulting from HIV infection or
immunosuppressive therapy). Immunosuppressed persons are at greatly in-
creased risk for developing active TB after they have been infected with
M. tuberculosis. No data are available regarding whether these persons are also at
increased risk for infection with M. tuberculosis after they have been exposed to
the organism.

Induration: An area of swelling produced by an immune response to an antigen. In
tuberculin skin testing or anergy testing, the diameter of the indurated area is
measured 48–72 hours after the injection, and the result is recorded in millimeters.

Infection: The condition in which organisms capable of causing disease (e.g., M. tu-
berculosis) enter the body and elicit a response from the host’s immune defenses.
TB infection may or may not lead to clinical disease.

Infectious: Capable of transmitting infection. When persons who have clinically active
pulmonary or laryngeal TB disease cough or sneeze, they can expel droplets con-
taining M. tuberculosis into the air. Persons whose sputum smears are positive for
AFB are probably infectious.

Injectable: A medication that is usually administered by injection into the muscle (in-
tramuscular [IM]) or the bloodstream (intravenous [IV]).

Intermittent therapy: Therapy administered either two or three times per week, rather
than daily. Intermittent therapy should be administered only under the direct super-
vision of an HCW or other designated person (see Directly observed therapy
[DOT]).

Intradermal: Within the layers of the skin.

Isoniazid (INH): A first-line, oral drug used either alone as preventive therapy or in
combination with several other drugs to treat TB disease.

116 MMWR October 28, 1994



Kanamycin: An injectable, second-line anti-TB drug used primarily for treatment of
drug-resistant TB.

Latent TB infection: Infection with M. tuberculosis, usually detected by a positive PPD
skin-test result, in a person who has no symptoms of active TB and who is not
infectious.

Mantoux test: A method of skin testing that is performed by injecting 0.1 mL of PPD-
tuberculin containing 5 tuberculin units into the dermis (i.e., the second layer of
skin) of the forearm with a needle and syringe. This test is the most reliable and
standardized technique for tuberculin testing (see Tuberculin skin test and Purified
protein derivative [PPD]-tuberculin test).

Multidrug-resistant tuberculosis (MDR-TB): Active TB caused by M. tuberculosis or-
ganisms that are resistant to more than one anti-TB drug; in practice, often refers to
organisms that are resistant to both INH and rifampin with or without resistance to
other drugs (see Drug resistance, acquired and Drug resistance, primary).

M. tuberculosis complex: A group of closely related mycobacterial species that can
cause active TB (e.g., M. tuberculosis, M. bovis, and M. africanum); most TB in the
United States is caused by M. tuberculosis.

Negative pressure: The relative air pressure difference between two areas in a health-
care facility. A room that is at negative pressure has a lower pressure than adjacent
areas, which keeps air from flowing out of the room and into adjacent rooms or
areas.

Nosocomial: An occurrence, usually an infection, that is acquired in a hospital or as a
result of medical care.

Para-aminosalicylic acid: A second-line, oral anti-TB drug used for treating drug-
resistant TB.

Pathogenesis: The pathologic, physiologic, or biochemical process by which a disease
develops.

Pathogenicity: The quality of producing or the ability to produce pathologic changes
or disease. Some nontuberculous mycobacteria are pathogenic (e.g., Mycobac-
terium kansasii ), and others are not (e.g., Mycobacterium phlei ).

Portable room-air HEPA recirculation units: Free-standing portable devices that re-
move airborne contaminants by recirculating air through a HEPA filter.

Positive PPD reaction: A reaction to the purified protein derivative (PPD)-tuberculin
skin test that suggests the person tested is infected with M. tuberculosis. The per-
son interpreting the skin-test reaction determines whether it is positive on the basis
of the size of the induration and the medical history and risk factors of the person
being tested.

Preventive therapy: Treatment of latent TB infection used to prevent the progression
of latent infection to clinically active disease.
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Purified protein derivative (PPD)-tuberculin: A purified tuberculin preparation that
was developed in the 1930s and that was derived from old tuberculin. The standard
Mantoux test uses 0.1 mL of PPD standardized to 5 tuberculin units.

Purified protein derivative (PPD)-tuberculin test: A method used to evaluate the likeli-
hood that a person is infected with M. tuberculosis. A small dose of tuberculin
(PPD) is injected just beneath the surface of the skin, and the area is examined
48–72 hours after the injection. A reaction is measured according to the size of the
induration. The classification of a reaction as positive or negative depends on the
patient’s medical history and various risk factors (see Mantoux test).

Purified protein derivative (PPD)-tuberculin test conversion: A change in PPD test re-
sults from negative to positive. A conversion within a 2-year period is usually
interpreted as new M. tuberculosis infection, which carries an increased risk for
progression to active disease. A booster reaction may be misinterpreted as a new
infection (see Booster phenomenon and Two-step testing).

Pyrazinamide: A first-line, oral anti-TB drug used in treatment regimens.

Radiography: A method of viewing the respiratory system by using radiation to trans-
mit an image of the respiratory system to film. A chest radiograph is taken to view
the respiratory system of a person who is being evaluated for pulmonary TB. Ab-
normalities (e.g., lesions or cavities in the lungs and enlarged lymph nodes) may
indicate the presence of TB.

Radiometric method: A method for culturing a specimen that allows for rapid detec-
tion of bacterial growth by measuring production of CO2 by viable organisms; also
a method of rapidly performing susceptibility testing of M. tuberculosis.

Recirculation: Ventilation in which all or most of the air that is exhausted from an area
is returned to the same area or other areas of the facility.

Regimen: Any particular TB treatment plan that specifies which drugs are used, in
what doses, according to what schedule, and for how long.

Registry: A record-keeping method for collecting clinical, laboratory, and radiographic
data concerning TB patients so that the data can be organized and made available
for epidemiologic study.

Resistance: The ability of some strains of bacteria, including M. tuberculosis, to grow
and multiply in the presence of certain drugs that ordinarily kill them; such strains
are referred to as drug-resistant strains.

Rifampin: A first-line, oral anti-TB drug that, when used concomitantly with INH and
pyrazinamide, provides the basis for short-course therapy.

Room-air HEPA recirculation systems and units: Devices (either fixed or portable) that
remove airborne contaminants by recirculating air through a HEPA filter.

Second-line drugs: Anti-TB drugs used when the first-line drugs cannot be used (e.g.,
for drug-resistant TB or because of adverse reactions to the first-line drugs). Exam-
ples are cycloserine, ethionamide, and capreomycin.
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Single-pass ventilation: Ventilation in which 100% of the air supplied to an area is
exhausted to the outside.

Smear (AFB smear): A laboratory technique for visualizing mycobacteria. The speci-
men is smeared onto a slide and stained, then examined using a microscope.
Smear results should be available within 24 hours. In TB, a large number of myco-
bacteria seen on an AFB smear usually indicates infectiousness. However, a
positive result is not diagnostic of TB because organisms other than M. tuberculo-
sis may be seen on an AFB smear (e.g., nontuberculous mycobacteria).

Source case: A case of TB in an infectious person who has transmitted M. tuberculosis
to another person or persons.

Source control: Controlling a contaminant at the source of its generation, which pre-
vents the spread of the contaminant to the general work space.

Specimen: Any body fluid, secretion, or tissue sent to a laboratory where smears and
cultures for M. tuberculosis will be performed (e.g., sputum, urine, spinal fluid, and
material obtained at biopsy).

Sputum: Phlegm coughed up from deep within the lungs. If a patient has pulmonary
disease, an examination of the sputum by smear and culture can be helpful in
evaluating the organism responsible for the infection. Sputum should not be con-
fused with saliva or nasal secretions.

Sputum induction: A method used to obtain sputum from a patient who is unable to
cough up a specimen spontaneously. The patient inhales a saline mist, which
stimulates a cough from deep within the lungs.

Sputum smear, positive: AFB are visible on the sputum smear when viewed under a
microscope. Persons with a sputum smear positive for AFB are considered more
infectious than those with smear-negative sputum.

Streptomycin: A first-line, injectable anti-TB drug.

Symptomatic: Having symptoms that may indicate the presence of TB or another dis-
ease (see Asymptomatic).

TB case: A particular episode of clinically active TB. This term should be used only to
refer to the disease itself, not the patient with the disease. By law, cases of TB must
be reported to the local health department.

TB infection: A condition in which living tubercle bacilli are present in the body but the
disease is not clinically active. Infected persons usually have positive tuberculin
reactions, but they have no symptoms related to the infection and are not infec-
tious. However, infected persons remain at lifelong risk for developing disease
unless preventive therapy is given.

Transmission: The spread of an infectious agent from one person to another. The like-
lihood of transmission is directly related to the duration and intensity of exposure
to M. tuberculosis (see Exposure).
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Treatment failures: TB disease in patients who do not respond to chemotherapy and
in patients whose disease worsens after having improved initially.

Tubercle bacilli: M. tuberculosis organisms.

Tuberculin skin test: A method used to evaluate the likelihood that a person is infected
with M. tuberculosis. A small dose of PPD-tuberculin is injected just beneath the
surface of the skin, and the area is examined 48–72 hours after the injection. A
reaction is measured according to the size of the induration. The classification of a
reaction as positive or negative depends on the patient’s medical history and vari-
ous risk factors (see Mantoux test, PPD test).

Tuberculosis (TB): A clinically active, symptomatic disease caused by an organism in
the M. tuberculosis complex (usually M. tuberculosis or, rarely, M. bovis or M. afri-
canum).

Two-step testing: A procedure used for the baseline testing of persons who will peri-
odically receive tuberculin skin tests (e.g., HCWs) to reduce the likelihood of
mistaking a boosted reaction for a new infection. If the initial tuberculin-test result
is classified as negative, a second test is repeated 1–3 weeks later. If the reaction to
the second test is positive, it probably represents a boosted reaction. If the second
test result is also negative, the person is classified as not infected. A positive reac-
tion to a subsequent test would indicate new infection (i.e., a skin-test conversion)
in such a person.

Ultraviolet germicidal irradiation (UVGI): The use of ultraviolet radiation to kill or inac-
tivate microorganisms.

Ultraviolet germicidal irradiation (UVGI) lamps: Lamps that kill or inactivate microor-
ganisms by emitting ultraviolet germicidal radiation, predominantly at a
wavelength of 254 nm (intermediate light waves between visible light and X-rays).
UVGI lamps can be used in ceiling or wall fixtures or within air ducts of ventilation
systems.

Ventilation, dilution: An engineering control technique to dilute and remove airborne
contaminants by the flow of air into and out of an area. Air that contains droplet
nuclei is removed and replaced by contaminant-free air. If the flow is sufficient,
droplet nuclei become dispersed, and their concentration in the air is diminished.

Ventilation, local exhaust: Ventilation used to capture and remove airborne contami-
nants by enclosing the contaminant source (i.e., the patient) or by placing an
exhaust hood close to the contaminant source.

Virulence: The degree of pathogenicity of a microorganism as indicated by the sever-
ity of the disease produced and its ability to invade the tissues of a host.
M. tuberculosis is a virulent organism.
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