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Foreword 

In the ocarparional S a f e  Md H d t h  Act of I970 (Public Law 91-596). C O ~ C S S  Sought '30 

assure so far as possible every working man and woman in the Nation safe and healthful 
working conditions and to preserve our human resources." The Act requires that the 
Director of the National Institute for Occupational Safe9 and Health (NIOSH) "shall 
develop criteria . . . which will describe exposure levels . . . at which no worker will suffer 
impaired health or functional capacities or diminiched life wrpectaacy as a result of his [or 
her] work experience." 

Aerosolized droplet nuclei containing tubercle bacilli are a hazard to workers in health-care- 
facilities, which sem persons with infeciiouS tuberculosis. Any TB infection due to 
occupational transrmsst * 'on to workers in health-care facilities is unacceptable. Available data 
are insufficient to fully assess the efficaq and reliability of various procedures currently 
recommended for health-care facilities to prevent the spread of tuberculosis to healthare- 
facility workers, patients, and visitors. Recognizing this insufficiency, NOSH, through these 
recommended guidelines presents its best judgment regarding effective and reliable personal 
respiratory protection against aerosolized droplet nuclei when this protection is indicated 
for health-care-facility workers. 

NIOSH is the Federal agency which tats and certifies respirators worn by almost 7 million 
American workers. It has acquired over two decades of experience in research and 
evaluation activities related to respirators used in American workplaces. Its conclusions and 
recommendations are based on broad practical experience in xpny occupational settings, 
and on the saentific and technical logic and its mandates as presented in @ document 

Surgeon General 
,National Institute for 

Occupational Safety and Health 
Centers for Disease Control 



Summary 

These guidelines present the recommendations of the National Institute for Occupational 
Safety and Health (MOSH) regarding effective and reliable personal respiratory protection 
for workers in healtharc-facilities who are potentially exposed to tuberculosis. NOSH 
concludes that any tuberculosis infection in workers in health-e-facilities due to 
occupational transmissiOn is unacceptable. With or without clinical disease, tuberculosis 
infection is a material impairment of these workers’ health and establishes a finite 
probability of developing clinical tuberdosis. Additionally, treatment of tuberculosis- 
infected workers with isoniazid (I”) for prophylactic purposes presents these treated 
workers with another significant risk of undesirable isoniazid-assoCiated health effects (e.& 
isoniazid-associated hepatitis). 

In any place where workers are potentially exposed to droplet nudei from a tuberculosis 
transmitter, the first and highest priority is to reduce the probabiliv of exposure through the 
use of administrative controls (e.g? rapid identification, early treatment, and isolation of 
potential tuberculosis transmitters; limiting access to acid-fast bacilli (AFB) isolation rooms; 
other isolation precautiom) implemented in conjunction with engineering controls (e.g? 
negative-pressure ventilation for AFB isolation rooms to contain any airborne hazard to 
these rooms; booths, hoods, tents, or other devices for &ntaining droplet nuclei at the 
sour&.e, a person with infectious pulmonary tuberculosis). 

\ 

However, it is unlikely that the exposure of workers to droplet nudei can-be completely 
controlled at the infectious source even where these techniques are implemented to a high 

pmuzt, use of effective and reliable personal respiratory protection is indicated to assure 

to the extent possble, the prevention of transrmss ion. This personal respiratory protection 
is necessary to reduce the risk that workers in health-care-facilities become infected with 

tuberculosis due to inhalation of droplet nuclei. 

degree of effiaenq. Therefore, when wnjhed or pot& rubaarlaris tmnmttt * e K r a  

hr I 



So that employers can determine whether effective personal respiratory protection is 
indicated for hcalth-care-€acility workers, NIOSH recommends that confinned orpozeatiaf 
t u b w a r m s m r t t  em be rapidly identikd with aaAdmrrSl0 ' n r S a e a r i n g P l r u a s ~ d  
in &on V.B starting on page 37. Then, for a limited range of specSc hazardous locations 
and procedures indiqatcd in Table 3 starting on page 40, when confirmed or potential 
tuberculosis tramxu 'tten are present or potentially presens NOSH recommends that 
NIOSH-ctrtificd, powered, habask respirators esuipped with high-cfficiency particulate 
(HEPA) mten always be used by all potentially exposed workcxs in conjunction with an 
effective respiratory protection program. For the most hazardous locations and procedures 
indicated in Table 3 starting on page 40, MOSH recommends that, at a minimum, NIOSH- 
ctrtikd., positive-pressure, air-linc, halhask respirators always be used in conjunction with 
an effective respiratory protection program. 

*" 

Prudent public health practice to fully protect workers dictates that the respirator a d  
respiratory protection program selected should offer the efficacy and reliability of protection 
equal to or exceeding those recommended in Table 3 starting on page 40. These MOSH 
guidelines also include general recommendations for implementing a personal respiramy 
protection program that is essential for achieving effective and reliable personal respiratory 
protection when such protection is indicated. 

V I 
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I. Inbadrrcrion 1 

I. Introduction 

In January 1992, the CDC Tuberculosis Working Group asked that NIOSH "take the lead" 
in developing guidelines for appropriate personal respiratory protection, Le. respirators, to 
protect workers in htdth-care facilities from occupational transmission of tuberculosis. In 
addition to consideration of the complex technical issues of respiratory protection which 

follow, NOSH personnel also gave careful thought to our understanding of the current 
epidemiology and control of tuberculosis, to the directives to NIOSH embodied in the 
ocarpraional Saf" und Heawl Ad of 1970, and to the operational philosophy of prudent 
public health practice. 

A. 

transmission of tuberculosis was reported by CDC in 1991 ( I ) :  
Cumm Epidemioliqy Md Conaol of Tubarulans-s ummary information on the 

Snider and Roper later provided the following caution (2): 
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In 1992, CDC reported that (3): 

A person who becomes infected with TB bacillus remains infected for years. Usually a penon with a healthy 
immune system does not become ill, but is usually not able to diminate the infection without taking UL 

antitubaculosij drug. This condition is r e f e d  to as "latent tubermlostr - infcaioe" Persons with latent 

tubucuiosis infection are aspptomatic and amot spread TB to others. Geoually, a positive TB ski0 test is 
the only evidence of infeuion. About 10-15 million persons in this country ue infected with M. hrbrrcularis. 

According to the American Medical Association, about 70% of infectious tuberculosis cases 
occur among racial and ethnic minorities, and (4): 

About 10% of infected pcnons will develop a& tuberntlosis at some time in their lives; approximately 5% 
will M o p  a& disease within the fvst two years. In the absence of treatment, case fatality is about 50% in 
five years. . . . Patients with drug susceptible strains of tuberculosis can be sUCCtSSfUnY treatedwith athne-dnrg 

regimen of I" [isoniazid], RIF [rifampin], and PZA (pyradnamide] given for six months with a 95% cure rate, 

as previously dkcusd. 

Difficulties have arisen in ensuring a continuing supply of antituberculosis drugs in the 
United States due to uncertain supplies of isoniazid and other drugs (25). 

Recently, multiple-drug-resistant tuberculosis (MDR-TB) has become a serious concern 
(4,6). MulripZedrug-n?sisrm is defined as resistance to two or more primary drugs used in 
this countq for the treatment of tuberculosis (currently isoniazid, rifampin, pyrazinamide, 
streptomycin, and ethambutol). In a recent survey in New York City, 33% of tuberculosis 
cases had organisms resistant to at least one drug, and 19% had organisms resistant to both 
isoniazid (INHI) and rifampin, the two most effective drugs available for treating 
tuberculosis. When organisms are resistant to both I" and rifampin, the course of 
treatment increases from 6 mon+-fis to 18-24 months, and the cure rate decreases from about 

95% to 60% or less. 

Against this background of increasing numbers of tuberculosis cases and increasing numbers 
of muitipledrug-resistant cases, CDC has reported a serious new phenomenon: outbreaks 
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of MDR-TB in institutional settings. From 1990 through early 1992, in collaboration with 
state and local health departments, CDC investigated numerous outbreaks of MDR-TB in 
hospitals and correctional facilities in Florida and New York (7,8,9). To date, these 
outbreaks have included over 200 tuberculosis cases. Virtually all of these cases have had 
organisms resistant to both IMI and rifampin, and some have had organisms resistant to up 
to seven antituberculosis drugs. Most of the patients in these outbreaks were infected with 
HN. Mortality among patients with MDR-TB in these outbreaks has been very high, 
ranging from 72 to 89%, and the median interval between diagnosis and death has been very 
short, from 4 to'16 weeks. 

In addition to hospitalized patients and inmates, occupational transmission of MDR-TB to 

health-care-faciiity workers and prison guards has been documented. At least nine of these 
workers have developed clinically active MDR-TB, and five of them have died. Of the eight 
health-care-facility workers who developed clinically active MDR-TB, five were known to 
be infected with HIV (8). 

The continuing occupational hazard of tuberculosis infection in health-care-facilities in 
conjunction with the continuing outbreaks of tuberculosis in health-care-facility workers led 
NOSH to reexamine the role of personal respiratory protection in preventing occupational 
transmission of tuberculosis infection in health-care settings. There is a paucity of data from 
welldesigned studies regarding both the efficaq and reliabili$ of precautions such as 
administrative controls, ventilation systems, and particulate respirators (PRs) that are 
currently recommended (10). Regarding the efficacy of ventilation and respirators currently 
recommended, the following report was given in a summary of a January 1992 conference 
( I I ) :  
Data are orgently needed to asses the efficacy of the various isohion procedures cumntly recommended in 
ficilitiu The cf€cctivcness and relative importance of ventilation, ultraviolet lights, particulate respintors, id 

1. Rcliobiliry is the probability that an individual wearer will receive adequate proteaion against airborne 
tuberculosis transmission o w r  the reasonably-adapated "life span" of the "prcwcction system" (e& 
days, weeks, months yean of weacing respirators) during whicb the personal proteaion m w  be nlied 
upon undu conditions of use that can be reasonably aoticipatui (e* training, finink use, and h e -  
=). 
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isolation booths must k determined. In the absence of definitive data, “best judgment” recammendations should 
be developed, putup with rzwument of the category of proof (strurgrh of evidurce) of efficacy, as in thc 
current CDC guidelines for infection control and isolatioo (12). 

CDC recently’ concluded that (3): 

The eftiucy of various technologies for preventing TB trammsu ‘on (e& general ‘md local Ventilation, UVGI, 
and personal procc.uk equipment) has not been adequately evaluated. 

B. rite Mandates to NIOSH in the Occupational Safetv and H e d h  Act of 1970--The 
Ocarpruiofial Safkiy and Health Act of 1970 established the right to safe and healthful 
working conditions for every working man and woman, and the obligations to provide work 
and a workplace which are “free of recognized hazards.” In its opening paragraphs 
Congress declared its purpose in passing the Act to be (13): 

. . . to wptt so far as possile every working man and woman in the Nation safe and healthful working 

CODditioDJ and to prrsenre our human resources-. . . 

In Section 20 of the Act, Resemh and Rehed Activities, which defines the responsibilities 
of NIOSH, the Act requires that the Director of NIOSH (13): 

. . . on the basis of such research, demonsuuionS, and experiments, and my other information available to him. 
shall develop aitcria deaiingwith toxic substrnces which will describe exposure levels that for wious 

periods of employment. . . exposure levels at which -we will impaired health or funaionil 

apaciticsordimhi&d life expectancy as a result of his work experience. (emphasis added) 

This mandate sharply defines the obligation of NIOSH to formulate science-based 
assessments of risk and preventive recommendations which, if implemented, would assure 
that no worker develops iIlntss as a consequence of exposure at work. Specifically, as 
regards the occupational transmission of tuberculosis in health-care facilities, NIOSH 
interpreted its mandate as recommending, where necessary, the use of personal respiratory 
protection that would assure that no worker will be infected with tubercle b a d u s  as a result 
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of occupational exposure. As applied to tuberculosis, this mandate is especially demanding 
because there is no conscnsm among experts as to the number, if any, of droplet nuclei 
containing tubercle bacilli which can be safely breathed by a susceptible worker. Hence, to 
assure that “no worker will suffer” occupational infection with tubercle bacillus requires the 
formulation of recommendations which, if implemented, would reduce to the minimum the 
probability of air contaminated with droplet nuclei being shared between a person with 
infectious tuberculosis and a worker. The recommendations in this document represent the 
approach to prevention which most nearly enables NOSH to meet the directives explicit 
in the Occup&onal Safety and Health Act of 1970. 

C Thc Ptinciple of M l i c  Health Pnuienc+Traditionally, in addition to careful adherence 
to its mandates in the &cupmod Safeq and Htalrh Act of 1970, NIOSH has developed 
its recommendations for prevention in accord with an operational philosophy which may be 
called “the principle of public health prudence.” Loosely stated, this principle holds that 
”when faccd with uncertainty, it is better to err in favor of human life and health than in 
favor of any competing value.” In the context of NIOSH recommendations for the 
protection of workers, the principle may be restated as an informal NOSH operating policy 
that “faced with scientific uncertainty, if we must em, it will always be on the side of too 
much protection for the worker rather than too little.’’ This philosophy is supported in a 
court decision that OSHA and the Nation’s courts “cannot let workers suffer while it awaits 
the Godot of scientific certainty” (14). 

NOSH fully accepts that the evidence available is not adequate to confidently assess both 
the &Tctzqy and relirrbi.& of various currently recommended procedures for preventing the 
t -.lission of tuberculosis in health-care facilities. Given the absence of definitive data, 
particularly for the particulate respirators (PRs) now recommended for use in health-care 
faditiy MOSH has, on the basis of the welldoaunented mode of airborne transmission 
of tuberculosis, scientific and technical logic, and broad experience with personal respiratory 
proteaion programs in a variety of occupational settings, attempted a “best judgement.” 
This is consistent both with MOSHs mandates and prudent practice in the workplace. 
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11. Mode of Airborne Transmission and Potential for Worker Exposure 

A. Airborne Trmmission of Tuber& BacUi-When a person with infectious pulmonary 
tuberculosis coughs, sneezes, or speaks, particles that can carry viable tubercle bacilli (Le., 
infectious panicles) can be expelled and then become aerosolized as droplets (15J6). 
Tuberculosis bacilli are rod-shaped and vary in width from 0.2 to 0.6 pm, and from 05 to 
4.0 pm in length (173). Of the aerosolized particles containing tubercle bacilli that are 
routinely expelled by a patient with infectious tuberculosis, or produced by clinical or 
laboratory procedures, the largest particles (e.& exceeding 100 pm) settle onto surfaces and 
the tuberculosis bacilli, if present, cannot be inhaled (19). However, droplets less than 
about 1OOpm evaporate rapidly to form stable droplet d e i  in the 1- to 4- size 
range (19). This conversion of droplets to droplet nuclei and the relevant size range of the 
nuclei required for access to the deep pulmonary spaces have explained in detail by Riley 
and O'Grady (19). One study indicated that 30% of the droplet nuclei resulting from 
coughs were less than 3 pm (20). 

Droplet nuclei can remain airborne for prolonged periods of time (hours, at least) (J), 
increasing the likelihood that they will be inhaled by another person. Anyone who breathes 
air that contains these droplet nuclei can become infected with TB (3). After inhalation, 
droplet nuclei are small enough to reach the alveoli deep in the lung, where tuberculous 
infection is initiated (17J8). 

Harris and McClement, in the textbook Infecriorrs Diseuses, summarized the many complex 
issues that determine risk of tuberculosis infection as follows (21): 

The risk of airborne tranrmiYion is influenced by many factors, suuch as the rate and the conantration of 

cxpclkd the physiczl State of heritborne dischuge, and thevolme and the rate of exchange ofthe 
air in the playsid space iuto which the bacilli are ejected. However, the most important risk factor is the length 

of time an iadividual shares a volume of air with an i n f w  case of ntbaculonr Thus intimate, prolonged, 
or frquwt mntact, as in the home or work place, pmvidu the greatest risk of ~ i s s i o a  
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Thus risk of infection of a susceptible health-care-facility worker is a function of several 
factors including: 

The concentration of droplet nuclei in the workplace air (IOJ5J9.22J3.24, 
25,26,27f829SO). There appears to be no exposure threshold for tubercle bacilli in 
droplet nuclei required to produce infection in a susceptible individual (2230). Thus, 
any concentration of aerosolized droplet nuclei containing tubercle bacilli is assumed 
to present some risk of infection. 

1 

The cwnulmrv e time that air containing droplet nuclei is breathed (15a34,28,29,31). 

The worker‘s pulmonary wenziZation rate (2829). 

Of these factors, the first two-conccnuation and cumulative time-are by far the most 
important and amenable to intervention. 

Persons who share the same air with an infectious person for long periods of time are at 
greatest risk of becoming infected (32). This includes persons living in the same household 
with the infectious person and those who travel in the same vehicle (32). Because 
tubcrcuiosis is transmitted by the airborne route, persons who sleep, live, work, or who are 
otherwise in contact or share air with an infectious person through a common ventilation 
system for a prolonged time are “close contacts” at risk of acquiring tuberculosis infection 
(3334). Recently, CDC noted that (39, 

&y pcmm who s h a d  the air space with an MDR-TB patient for a rektivdy prolonged time (eg., household 
member, hospital roommue) is at higher risk for infection than thost with abrieEexposure to m MDR-lB 
puient, s u ~ h  as a one-time hospital visitor. ~xparure of any lmgtta in a 1l1s~1, &dosed, pooriyventilpted area 

kmae likely to r e d  in transmission than exposun in a large, well-vuuilattd space. Exposure during cough- 

iadudng procedures (e& broachoscopy, endotracheal intubation, sputum induction, a d m b h a t m  * O f d  

tharpy), which may pea* enhance TB traasmm . ‘on, is .Lo more likely to result in iufcuioa 
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However, the terms “long periods of time” and “prolonged time” sharing the air exhaled 
by an infectious person are subjective. There is one report of a 150-minute intubation and 
bronchoscopy where 10 of 13 susceptible occupants of an intensive care unit became 
infected (36). In another case, 27 new infections resulted among 67 susceptible office 
workers who were exposed for 160 hours to the air exhaled by an infectious office worker 
in the same building (29). Additionally, Bloom and Murray noted that (30): 

. . . epidemioiogical findings support the likelihood th i~  the majority of patients infected wirh TB ha* acquired 

infection fiom oonintirnate contacts. 

B. HeawI-co/e-Faciiity Worken’Potential for€kposm to TuberaJosis-ciinical procedures 
that can result in high concentrations of aerosolized droplet nuclei include bronchoscopy, 
administering aerosolized drug treatments, autopsy, and physical therapies to the chat that 
induce coughing (IO). Rapid transmission (e.& several hours) to health-care-facility workers 
has been linked to proximity with patients with infectious tuberculosis during use of 
aerosolized pentamidine (37). intubation and suctioning with mechanical ventilation (38), 

prolonged intubation (39), bronchoscopy followed by emergency intubation (do), open- 
abscess irrigation (41). and autopsy (42.43). Other specific clinical or laboratory procedures 
that produce droplet nuclei include the manipulation of lesions or processing of tissue or 
secretions containing tuberculosis bacilli. 

US. Public Health Service guidelines for biosafety in microbiological and biomedical 
laboratories state in part (44): - and M. boviz ipleaioas are proven hazard to laboratory penonnel as well as to 
others who maybe UtpQsCd to infcuious aetosat iB thekbcwuory.. . . 

Bioclfety Lml3  praaiou, ~ ~ a r n i n m ~ ~  quipmw and frcititiu . . . am rtcommcnded for activities imrohring 

the propagation and matipubion of cultures of M. or M. bovir and for animal studies utilZag 

or M. bowis. nonhuman primates olperimentally or naturally infected with M. hrbrrrrrlanr 
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Health-care-facility workers may receive exposures to droplet nuclei from confirmed or 
potential tuberculosis transmitters in outpatient clinics, emergency rooms, and similar 
locations where patients first make contact with health-care facilities and their workers. In 
most cases, the status of these patients as potential tuberculosis transmitters at this initial 
point of contact is not known. Workers in correctional facilities, homeless shelters, and 
other facilities where tuberculosis outbreaks may occur also come into close contact with 

persons with infectious tuberculosis before their transmitter status is known. When persons 
suspected of having, or diagnosed with, infectious tuberculosis are isolated, a limited number 
of health-care-facility workers are required to enter AFB isolation rooms to administer 
patient care, perform tests and procedures, and engage in other tasks. Persons with 

infectious tuberculosis may be & p o r t e d  from one isolation room to another through 
nonisolated areas of the facility. In each of these situations, hcalth-care-facility workers may 
be exposed to aerosolized droplet nuclei. Hutton and Polder noted (45): 

Until rccudy TB was probably not often transmitted in h q u ,  when it was transmitted, it may have gone 

r m r e c o g n i z e d b e c r t t s e ~  . 'on did not result in rapid development of Iarge dusters of active (and infectious) 
TB casts among cont.cts [both patients and HCFNs]. The recent outbreaks suggest that there may have been 

more of a problem with occult transmission of tuber& infeaion than was appreciated, apecizUy in hospitals 
in high-imddence areas where there was a lack of TB s u m h e  among employees. 

I 



111. Methods Tor Worker Protectiodontrolling Airborne Transmission of Tuberculosis 

A. Pnvious Recommendatiotas for Pcrsortcrl Respiratory Protection-The existing CDC 

guidelines include extensive recommendations regarding the use of respirators in certain 
higher-risk areas for preventing the transmission of tuberculosis in hedth-care settings (IO). 
These recommendations include in part: 

[Section IID-1 F w p a r a u  a p s d  to nckrrruhnr *@ma ApproPrirtem~whenwornbyhulth-aue 
providers or Mher persons who must share air space with a patient who has infeaiouz Nbcr~osis ,  may provide 

additional protection agaiast tubcdosis VurJmiSaion. Standard sutgicil m& may not be effective in 

mw- - of droplet nuclei (16),becruse some arc not designed to provide a tight face scal and to 

mtU out particulates in the droplet nucleus Site nnge (1-5 mkons). A better altemative is the disposable PR 
NOSH- puriatlnte respirator]. PRs were WaUy developed for industrial use to protea workers. 

Although the appearance and comfort of PRs may be aia3ilar to that of cpprbnped surgical masks, they provide 

a beuu h d  fit and better filvation capability. However, the efficacy OlPRs in pratechg susctptiblt persons 
koQI inf& with tuberdo& has not been dcmoastratd 

A reexamination by NIOSH of the role of personal respiratory protection, especially the 
particulate respirator, in protectiig health-care-facility workers against tuberculosis infection 
transmitted in health-care settings is presented in the next section. 

B. l7u “Hierarchy ofControls”-Prudent occupational health practice calls for application 
-. of a h i m &  ofcontrors to any occupational health hazard (47,48,49,50). The control 

hierarchy is long-standing and has wide-spread acceptance in the occupational-health 
communiv because it is based on broad practical experience, and scientific and technical 
logic (51). 

NIOSH has supported the necessity of an ordered approach to evaluating a series or 
combination of effective control strategies to protect workers (47). The Institute has 
recommended the following essential characteristics of specific control solutions (47): 



The efficacy of the protection for each individual worker must be determinable during use throughout the 
life rpan of the system. 

The solution must miaimii dependence oa human intemntion for its efficacy so as to in- its 
rdiabmy. 

The rolution must consider all routes of e n ~ y  into worker’s bodies aad should aot exacerbate u&bg 

health or safety probkms or create additional problems of its owe 

The fundamental strength of the control hierarchy is that it minimiZts the likelihood that 
prevention will ‘%re& down” to the extent that results in a hazardous exposure to workers. 
The control hierarchy for a recognized hazardous source proceeds as follows: 

1. Under ordinary circumstances, the most effective and reliable control method is 
substimion of a less hauutour substance or source of exposure for the more hazardous one. 
Obviously, when the source of a hazardous exposure is a person with infectious tuberculosis, 
“substitution” as a potential control method is not possible. 

2. The next most effective approach is to prevent or conrain hmaniour emistions at thct 
soLuIce. In the health-care setting, this is best implemented through administrative controls 
(e.& rapid identification, early treatment, and isolation of potential tuberculosis transmit- 
ters; limiting worker access to acid-fast bacilli (AFB) isolation rooms; other isolation 
precautions). Other administrative controls might include providing necessary services and 
procedures (e.g., portable X-ray Units) in the room of a confirmed or potential tuberculosis 

transmitter rather than moving the infectious person to the service. Additionally, 
engineering controls should be used (e.& negative-pressure ventilation for AFB isolation 
rooms to contain any airborne hazard to these rooms; booths, hoods, tents, or other devices 
for containing droplet nuclei at the sourcd.e, a person with infectious pulmonary 
tuberculosis). 
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As a type of source control, it has been recommended that persons with infectious 
tuberculosis cover their noses or mouths when sneezing or coughing and wear surgical 
masks (1532). As stated in 1990, both techniques are intended to serve as methods to 

control the infectious-source (IO): 

Arimple bat important sourceumtrol tethoique b for infectious patknts to ower d coughs and- with 

a tknre, thus co- most liquid drops a d  droplets before cvapomcioa can OCQU ($31. A patim*s use of 

a properly Gttcd Wgictlmpslr or disposable, valwlers partiarLte respirator (PR) (see section ILD2.c) also may 

reduce the spread of infectious partidcs. However, since the device would need to be worn coastantiy for the 
proteaion dothers, it would be practical in onlymyiimitcd ciramstances (e& when a patient is b c i i  

tnnsported witbin a medical hciliry or between fadtier). 

Numerous potential limitations of these two techniques must be recognized. Neither the 
efficacy nor reliability of either technique has been adequately evaluated in clinical or 
laboratory studies. 

Masking of patients is only partially effective as was noted in this caution given in 1982 (15): 

Masking a coughing patient when someone enters his room may reduce the addition of bacilli to the rk; this wili 

llot completciy rlimirutc the hazard of transmksion, however, Since the room air would already be amtamma ' e d  
if the patient had been coughing without CoVcTiDg his mouth. 

Because botb techniques are heavily dependent on patient behavior, the reliability of both 

methods and the efficacy of mouth-covering are likely to be highly variable. 

With regard to the efficacy of patient masking, a patient's expired airflow takes the path of 
least resistance, resulting in marginal leakage outward past a mask's face seal. Such airflow 

patterns deflect at least some of the contagious expired air rather than filtering all of 'the 
expired air with its droplet-nuclei load (4634). 

With regard to face-seal leakage of particulate respirators (PRs), respirator specialists, I 

manufacturers, and OSHA consider this class of respirators to permit up to 10% (5536) to 

I 
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20% (5758) inward face-seal leakage even after passing a fit test performed by a qualified 
individual. Existing standard performance tests for surgical masks have not addressed either 
inward or outward face-seal leakage (59). The inward face-seal leakage for these masks is 
assumed to be higher than 10% to 20% if the masks are not properly fitted to the weareis 
face, tested for an adequate fit by a qualified individual, and then fit checked by the wearer 
every time these masks are donned. It is reasonable to expect at least as much for outward 
leakage from a masked patient. 

As discussed in section N.G starting on page 27, surgical masks and NOSH-certified PRS 
cannot be reliably fit checked by their wearer before every respirator use to assure a tight 
fact seal. Thus the amount of reduction in droplet nuclei exhaled by a masked patient is 
unknown In summary, some trapping of exhaled aerosols will occur in a mask covering a 
patient’s nose and mouth, but the extent of trapping is unknown. Correspondingly, 
potentially hazardous leakage will inevitably occur past a patient’s mask, but the amount of 
leakage is also unknown. 

3. Next in the hierarchy of controls are engineering controls to interrupt the pathway of 
hazardous emissions from the source to the worker(s) (e.g., use of negative-pressure 
atmospheres and other special ventilation requirements for private isolation rooms to 
contain the droplet nuclei in the confines of these rooms). This is the rationale for isolation 
ptecmctions in hospitals (52). Under certain circumstances, engineering controls may be 
neither feasible, effective, reliable, or applicable. In such cases, changes in or implementa- 
tion of work practices or schedules, hazard training programs, and other administrative 
modifications may reduce the risk of exposure (e.g., minimizing the time a worker is in a 
room occupied by a potential transmitter). 

4. The last, and generally least reliable control measure is to establish barriers between the 
worker and the hazardous work environment (e.&, personal protection equipment such as 
appropriate respirators‘ used by workers in conjunction with a comprehensive personal 
respiratory protection program). 



For some infectious diseases, the barrier of immunity can be erected through vaccination 
of susceptible persons. Vaccination against tuberculosis using BCG vaccine has not been 
recommended for health-care workers or other adults at high risk for acquiring tuberculosis 
infection (60). The AMA has reported that even should BCG vaccine be recommended for 
certain health-care workers, "the latter should be aware that the vaccine may not afford 
significant protection against tuberculosis" (4). 

NOSH strongly supports the concept of a hierarchy of controls, which is the foundation of 
current practice for preventing exposures to hazards in the workplace. Substitution, 
administrative controls and work practices, and engineering controls because of their greater 
reliability should receive the highest priority. However, when the effectiveness and 
reliability of other control measures are not known, cannot completely control the hazard, 
or cannot be assured under all conditions that can be reasonably anticipated, personal 
respiratory protection is an essential addition to the armamentarium of control. "'his is why 
surgical masks for patient-care personnel have been traditionally indicated for infectious 
diseases such as Lassa fever, Marburg virus disease, smallpox, and tuberculosis in 
combination with special-ventilation private rooms (52). The purpose of masks for patient- 
care personnel have been explained as follows (52): 

In general, masks ate recornmeadd to prevent t~srmrslo * ' n of infectious agents through the air. Maslts protect 
the wmrcr from b b h g  1) hgc-partkk acrosois (dropkts) that arc transmitted by dose contact and generally 
travel only short distances (about 3 feet) and 2) d - p a r t i d e  aerosols (droplet nuclei) that remain suspended 

in the air a d  thus travel longer distaoces. . . . if the infection is transmitted over longer distances by air, we 

recommend masks for all persons entering the room. 

At the present time, the exposure of workers to aerosolized TB droplet nuclei cannot be 
completely controlled at the infectious source nor is it plausible that exposures can be 
completely prevented by interrupting the pathway of contagious emissions between a person 
with infectious tuberculosis and workers nearby in the same room. Also at present, it 
appears impossible to determine the quantitative efficacy and reliability of each available 
control method. Hence it is impossible to assure that health-care-facility workers will not 



be cxposed .to some aerosolized droplet nuclei at certain locations and during certain 
procedures. If an infectious person is there, the risk of infection is assumed to exist. 

Therefore, for a limited range of locations and procedures, the full hierarchy of controls is 
necessary. For tuberculosis, these measures include the use of @e&e and reliable personal 
respiratory protection in addition to the administrative and engineering controls. Rapiiato~s 
can never be consided m adequate substitute for adminisimtiVe and en@&* con!mlr. 
These NOSH guidelines for the selection and use of respirators assume that all indicated 
administrative and engineering isolation precautions have been rigorously implemented as 
a prerequisite. 



IV. Considerations in the Selection of Respirators 

A. Nature of the H d  to Work-In considering appropriate personal respiratory 
protection for health-care-facility workers potentially exposed to tuberculosis, NOSH 
considered multiple issues pertaining to the hazard presented to these workers by exposure 
to aerosolized droplet nuclei in the workplace. These issues included, but were not limited 
to, the following: 

1. The risks of acquiring and medical consequences due to tuberculosis infection (e.g., risk 
of developing clinical tuberculosis) (e.g., 61,62). 

I 

2. The efficacy, benefits, and risks of chemoprophylaxis with isoniazid of those infected with 
tuberculosis (e.g., illness due to INHg-induced hepatitis, death from hepatitis) (e.&, 

61,62,tS964,65,66,67). 

3. The risks and medical consequences of developing active tuberculosis (e.g., risk of death 
due to tuberculosis in treated and untreated infected persons, risk of transmitting 
tuberculosis to co-workers, family members, patients or clients, and the general public) (e.g., 
61,62). 

4. The M ~ W C  of transmission and the relative risk of transmission due to the aerosolization 
of droplet nuclei from transmitters with Mering generation rates of infectious tuberculosis 
particles. These were appraised for transmitters at varying locations and undergoing varying 
procedures in health-care facilities (e.&, 22J9,23,24,25,26,28,29,39,68). 

5. The inherent practical limitations of personal respiratory protection programs, admission 
screening plans, tuberculosis skin-test surveillance programs, and infection-control programs 
(e.g., 6I,66,69,70,7I,72,73,74). 

, 



Afttr considering these issues, it was concluded that any tuberculosis infection in a health- 
care-facility worker' due to occupational transmission should be considered unacceptable. 
Infection of health-care-facility workers with tuberculosis, whether with or without clinical 

disease, constitutes a preventable impairment of the health of these workers. Additionally, 
chemopropbylaxis of tuberculosis-infected workers with isoniazid (I",) poses further 
signiscant risks due to isoniazid-related hepatitis and other potential side effects. 

The rationale for isoniazid chemoprophylaxis for both those infected and not infected with 

tuberculosis is to reduce the probability that infected persons will develop active tuberculosis 
(7576): 

When taken as prescribed, isoniazid preventive therapy is highly effective in preventing latent tuberculous 
infedon from progressing to d i n i d l y  apparent disease. In controlled trials conducted by the Public Herlth 
Service in ordinary clinical and public health settings, isoniazid preventive therapy reduced the inadenct of 
disease by 547648%. The main reason for the variation in effiacy appears to have been the amount of 
medication a d y  taken during the year in which isoniazid was prescribed. 

Others have described the limitations of isoniazid prophylaxis as follows (64): 

Aside from toxicity, which is infrequent but potentially serious, the inconvenience and the lack of motivation for 
an apparently healthy person to accept long-term medication [6 to l2 months] pose formidable obstacles to 
preventive tbcrapy programs. . . . 

Preventive therapy is inefficient. Among n d y  infected persons, only about 10% will develop disease during a 
lifetime, but there is currently no reliable way to distinguish the 10% who wiU develop disease from the 90% who 

will not. Thus, 10 or more persons must be given preveative therapy to prevent one future case of tuberculosis. 

1. The t a m  h e u M c o r r ~ ~ ~ f i ~  wonkuI refers to all persons working in a bealth-care settingincluding 
physicirrq nurses, aides, and persons not directly involved in patient care (e.& dietary, housekeeping. 
maintearnce, clerical, and janitorial staff, and voiuntccrs) ( I ) .  
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If isoniazid chemoprophylaxis reduces the incidence of clinical disease by only 54%=88% 

(76). then 11 to 18 persons must be given isoniazid to prevent one future case of active 
tuberculosis. 

In 1992, Snider and Caras reviewed the most serious hazard of isoniazid chemoprophylaxis, 
death from isoniazid-associated hepatitis (62): 

Despite the limitations of this s w t y ,  we believe the following tentative condusioas are warranted: (1) As 
suggested by Dash and colleagues, deaths due to INH-assodated hepatitis are probably less frequent now than 

in the early 19Ms, but they are still d g .  EBloru to carefully select and monitor patients on WH preventive 
therapy [prophylaxis] must be continued; (2) Women may be at increased risk of death from INH-associated 
hepatitis. Therefore, women taking INH shodd be carefully monitored for hepatotaxidty and preventive therapy 
recwunendatioos for women should be reconsidered; (3) As suggested by Franks and colleaguy the postpartum 

period may represent a period when women are esptdally vulnuablt to I" hepatotaxidry; it may be prudent 
to avoid I" during the postpartum period or at I w t  to monitor postpartum women more carcfullr, (4) 

Additional rtstarch is needed to identify groups at risk of death from INH-assodated hepatitis, to quantifv this 
rirk in relative and/or absolute terms, and to identify cofactors that may influence the risk, (5) Better surveillance 

for l"-&ed hepatitis death is warranted. 

MOSH concludes that any use of isoniazid chemoprophylaxis as a substitute for implement- 
ing aU administrative, engineering, and personal respiratory protection controls indicated for 
protecting workers in a health-care facility from infection with tuberculosis transmitted in 
the facility is inconsistent with the rights of workers and obligations of employers established 
by the Occupatibd Safefy and Health Act of 1970. 

R Potenrial Respirutor Leakage-NIOSH evaluated the levels of overall efficacy and 
reliability of personal respiratory protection offered by different types of NIOSH-certified 
respirators that might be suitable for personal respiratory protection against aerosolized 
droplet nuclei (57,77,78,79,80). This evaluation focused on two drawbacks that characterize 
all air-purifying mash equipped with partidate fi l tedae-seal leakage and filter leakage. 

, 



C Hmordous Face-Seal Leakage-A proper seal between a respirator's sealing surface and 
a wearer's face is absolutely essential for effective and reliable performance of any 
respirator with negative pressure inside the facepiece. It is much less critical, but still 
imponant, for a positive-pressure respirator. Hazardous face-seal leakage can result from 
factors such as incorrect facepiece size or shape, incorrect or defective facepiece sealing-lip, 
beard growth on a wearer, perspiration or facial oils that can result in facepiece slippage, 
user fiiilure to use all the headstraps, incorrect positioning of a facepiece on a wearer's face, 
incoma headstrap tension or position, improper mask maintenance, and mask damage. 

To assure an adequate seal, quantitative fit zests must be performed periodically and 
accurately to detect face-seal leakage. Fit tests help ensure that a respirator can provide 
adequate protection on each wearer and that it is fitted properly to each wearer's face. 
However, fit tests can detect only the hazardous face-seal leakage that exists at the time of 
the fit testing. Also, fit tests do not detect hazardous leakage through the filter. 

An additionaI benefit of quantitative fit tests is that the screening cutoff value in these fit 
tests can be adjusted to assure very low fact-seal leakage considerably less than 2% (81,82). 

For example, when quantitatively fit testing, NIOSH uses a screening value of 0.2% leakage 
for the non-powered operational mode of powered, HEPA-filter, halfmask respirators to 
assure less than 2% leakage in the powered mode of these respirators. 

Becapse point-of-use factors can create a considerable risk of undetected hazardous leakage 
past a face seal when a respirator is worn in a hazardous environment, each wearer must 
have the capability of effectively and reliably fit checking his or her respirator for proper 
fit before every respirator use. This is the purpose of fit check that must be performed by 

users each time they don their respirator. The rationale for and the essential nature of both 
fit tests and fii checks are summarized in Table 1 on page 20. 
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Table &Requirements for and Essential Roles of Fit Tests and Fit Checks 

1-4 quawed repmentathre of an employer must decide for which workers personal respiratory 
protaction b indiatod using the guklance given in Table 3 starting on page 40. 

2 4  qualii representative of the employer must identify the “bed-fitting” nuke and rirr 
mpimtor from several diffetrent brands and shes (generally three different sizes are necessary 
for uch brand of respirator). This selectkn should be done using qwntitrtivo tit ted(s) 
(QNFQ. Powered masks should be tested and selected while operating in the nonpowered 
mode. 

- 

3 4  quelified representatbe of an employer must then accurately fit-test screen, with the same 
ONFT from step #2, the face-seal pratedion afforded to each prospective wearer by the face seal 
of the respirator Identified in the previous element as “best fitting.” This screening must 
rccuntely detect (“diagnose’’) those rewpirator-wearer combinationsthatwll not yield substantial 
protection on the prospecthre wearers. Powered respirators should be tested and selected while 
operating in the nanpawsred mode. No filter testing is performed, since tt is reliably assumed 
that the HEPA ffters to be worn on the facepieces will have essenttally zero leakage. The 
qualified representathre d the employer must also periodically retest the tit of each assigned 
respiator on Its wearer with the QNFT. 

94 qualified representative of an employer then provides and assigns a respirator make and 
sire to those prospective wearers that passed the p r d i n g  QNFT screening. 

Falh worker must then (1) decide to wear their respirator, (2) take action to don their 
respirator, and (3) must properly.adjust their assigned respirator on their head and face before 
each and every entry into any location or More performing any procedure as indicated in Table 
3 staning on page 40. 

~ 

f f i c h  worker must then perform an accurate tit check at the point of use before each use 
of their assigned respirator. Fit checks are very simple tests compared to the ONFT performed 
by a qualifii person in steps #Z and 13. The fit check must be done to identify (“diagnose”) 
those respiratur”fittings” (respirator facepiece pos#ii  and headstrap adjustments) not providing 
substantial protection due to point-of-use factors that are preventing a proper fit (e.g.. incorrect 
respirator position on the user‘s face, incorred headstrap tension, incorrect headstrap position 
on and behind the user‘s head, user falure to use all the headstaps, changes in a user‘s facial 
surface such as facial stubble and perspiration, respirator damage, improper respirator 
maintenance, or beard stubble). 

7-€ach worker seeking persod protection must properly wear their assigned respirator in any 
location or before performing any procedure indlcated in Table 3 StaRing on page 40. They must 
not wear their respirator when conditions prevent a proper seal of the facepiece to the wearers 
skin. For respiratordated causes (e.& respirator malfunction, detection of roomair leakage at 
their face seal into the respirator). they must (1) decide to leave the location or procedure and 
then (2) take action and leave. -. 

I 



With regard to hazardous face-seal leakage, rrll non-powered filter masks (e.g., surgical masks 
and disposable PRs including disposable HEPA-filter respirators) have an inherent 
defiaency that markedly reduces the level and reliability of personal protection these 
devices can deliver even when correctly used under ideal conditions. During each inhalation 
by a wearer, a negative pressure (relative to the workplace air) is created inside the face- 
piece of this type of respirator. Due to this negative pressure, air containing aerosolized 
droplet nuclei can take a path of least resistance into the respirator-through leaks at the 
f d  interface-thus avoiding the higher-resistance filter material. Additionally, the filter 
material creates a resistance to the wearer's breathing, which results in physical discomfort, 
perceptible increases in the work of breathing, and impaired verbal and nonverbal 
communications (83). 

In contrast to non-powered filter respirators, powered respirators (with HEPA filters) have 
a design advantage that markedly increases the level and reliability of personal respiratory 
protection these respirators can deliver under real-world conditions. A powered filter 
respirator produces a positive presswe inside the facepiece under most conditions of use. 
These respirators deliver a forced airstream to the facepiece using a battery-powered blower. 
The blower forcibly draws ambient air through HEPA fdters, then delivers the filtered air 
to the facepiece. This air is blown into the facepiece at volumetric flow rates ranging from 
115 to 170 L/min (4.1 to 6.0 cubic feet per minute). These flow rates exceed the vast 
majority of inhalation flow rates expected in workers needing personal protection against 
droplet nuclei. The small positive pressure inside the facepiece reduces face-seal leakage 
to very low levels, particularly during the relatively low inhalation rates expected in health- 
care settings. NOSH conservatively estimates that these respirators have less than 2% face- 
seal leakage under routine conditions (57). Thus, a powered filter respirator offers 
substantiaUy higher and more reliable levels of personal respiratory protection than any non- 
powered filter mask can provide. Examples of this respirator type are given in Figures 1 

and 2 on pages 34 and 35. 
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D. Hrzurrdwrs Leakzge Through Filrers--AertMol leakage through filter media is dependent 
on at least five types of independent variables (84): 

The leakage function for each make and model filter. 

The size distribution of the aerosol. 

The linear velocity through the filtering material, which is a function of the total 
filtering area and the volumetric flow rate through the filter(s). 

The filter loading (i.e., amount of contaminant deposited on the filter). 

Any electrostatic charges on the filter and on the aerosol. 

Respirator filter media other than HEPA filters (e.g., surgical masks, dust and mist filters, 
or fume filters) have widely varying efficiencies against aerosols less than about 2 to 4 pm 

(8546,8738). Only HEPA filters are certified to provide to provide the highest 
possiile efficaq against aerosols’smaller than 2 to 4 pm. For HEPA respirator filters, the 
NOSH certification performance standard requires these filters be at least 99.97% efficient 
(Le., leakage must be less than or equal to 0.03%) against the most filter-penetrating aerosol 
size (approximately 0 3  pm) (SO). MOSH certifications for dust and mist filters, and fume 
films, do not permit their use for protection against highly toxic substances (i.e., those 
substances with exposure limits less than 50 micrograms per cubic meter) (SO). In contrast, 
HEPA filters have been previously recommended for general ventilation air that is 
recirculated from the rooms of known or potential tuberculosis transmitters (15) and 
gencral-use areas in health-care facilities (10). 

When HEPA filters are used on an air-purifying respirator, filter efficiency can be reliably 
assumed to be effectively 100% and hazardous@er leakage is not a consideration. Hence, 
for all HEPA-filter respirators, the potential for inward hazardous leakage of droplet nuclei 
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is essentially that which occurs at a mask’s face seal. In marked contrast, with both surgical 

mash and NIOSH-certified, disposable, particulate-filter respirators (PRs), one must accept 
the likelihood of some hazardous leakage through the filter that adds to the hazardous leak- 
age at the face seal. 

E P m  HEPA-Filter Holfmask and Positive-PreJswe, Au-Line, Haijhusk Respim- 
tm-Available NIOSH-certified, powered, HEPA-filter respirators can supply a constant flow 
of HEPA-purified air under positive pressure for a period of 8 hours with a fully-charged 
battery pack. This type of filter respirator is also known by the general term powereti, air- 
p m w g  mpimtor or PAPR. The specific type of PAPR discussed in these recommenda- 
tions can be referred to as a “halfmask HEPA PAPR.” Two examples of this respirator 
type are shown in Figures 1 and 2 on pages 34 and 35. NIOSH conservatively estimates that 
these respirators have less than 2% face-seal leakage under routine conditions (57). 

The tight-fitting, elastomeric facepieces and breathing-hose assemblies of these respirators 
are small and relatively lightweight. The total weight of these devices can go to 5 to 
6 pounds, most of which is in the belt-mounted battery, blower, and HEPA-filters assembly. 
These respirators are designed for continuous use in temperatures ranging from 40°F to 
120°F. 

The forced, HEPA-filtered airstream flowing into the facepiece of a powered HEPA-filter 
respirator offers the advantage of a cooling effect in conditions of warm temperatures (this 
can be a disadvantage for use in cold temperatures). More important, because minimal 
inhalation effort is needed by the wearer to draw air across the HEPA filters, breathing in 
a powered respirator is substantially more comfortable than in a non-powered filter 
respirator (e.& MOSH-certified, dust, fume, and mist @FM) filter respirators). 

In use against non-biological aerosols, HEPA filters are routinely replaced only when: (A) 
airborne materials load them to a point that ,the flow to the facepiece is not adequate to 
provide positive pressure or (B) physical damage occurs to a filter. However, in health-care 



settings as compared to the dusty industrial environments for which these respirators were 
originally produced, there should be minimal "loading-size particulates" in the air. Thus, 
in theory, the HEPA respirator filters could provide a useful life of weeks to months. These 
respirator filters would normally have to be replaced on about the same frequency as the 
HEPA filters in the ventilation systems. Before each use, the outside of each HEPA filter 
should be inspected for physical damage. Biological contamination of HEPA respirator 
filters should not be a concern, since once any bioaerosols impact on the filter media they 
are not readily reaerosolized. 

Positive-pmswe, &-line, itrrlfmark respimtors are recommended in Table 3 starting on page 
40 as the minimal acceptable devices for a limited number of procedures where the 
potential for aerosolization of droplet nuclei containing tubercle bacilli is high (e.g., 
bronchoscopy). These devices are also referred to a s p m d e m c u r r l  &-fine, kclrfmark 

respiratorJ. An example of this respirator type is given in Figure 3 on page 36. NIOSH 
conservatively estimates that these respirators have less than 2% face-seal leakage under 
routine conditions (57). Additionally, the protective reliability of these respirators is 
substantially higher than that of powered, HEPA-filter, halfmask respirators because these 
devices can deliver a higher air flow to a facepiece at a higher positive pressure. 
Additionally, these respirators do not depend on a battery-powered blower to force clean 
air into their facepiece. Since no filters are used with these respirators, there is no potential 
for hazardous filter leakage through the rare occurrence of a damaged or improperly 
manufactured filters. 

Table 2 starting on page 29 summarizes the substantial differences in protection between 
those respirators recommended by NOSH and those respirators which have previousIy been 
used for protection of workers in health-care-facilities with potential exposures to 
tuberahis. 



F. Pmctical Disadvantages of the Recommended Respirators--.NTOSH recognizes that the 
respirators discussed in the preceding section IV.F have some practical disadvantages when 
compared to the disposable particulate respirators discussed in the next section (IV.G 
starting on page 27). Due to the use of powered air forced into their facepieces, these 
devices generate some background noise and impair voice communication to some degree, 
and affect a wearer's range of motion. Also, initially these respirators may present an 
"intimidating" appearance to patients accustomed to the surgical masks currently used in 
health-care facilities. These characteristics may affect patient care. 

Other drawbacks of powered HEPA-filter respirators include the fact that the battery 
assembly must be recharged for at least 8 hours after each 8 hours of use. However, this 
problem can be minimized by purchasing multiple battery packs, dual-rate chargers, and 
establishing a charging station near the locations and procedures that require respirator 
usage. Additionally, several types of periodic maintenance are required for a powered 
respirator. The elastomeric facepieces must be periodically cleaned and disinfected, since 
these facepieces are not discarded after each use. However, extra halfmask facepieces 
(available in up to two halfmask models, three facial sizes, two types of elastomeric 
materials, and two headband types) can be purchased at less than $20 each for assignment 
to individual workers. Thus, one blower-filter unit can be used for numerous workers at 
different times. It is not necessary to purchase one complete respirator for each health-care- 
facility worker. 

Also, the breathing hose and facepiece assembly must be periodically inspected for damage 
or maifunction. The blower must be inspected for adequate delivery of air to the facepiece. 
Other possible disadvantages are the weight and encumbrance of the battery, blower, and 

filter assembly, which must be worn on a belt at waist level with a 30-inch-long, corrugated 
breathing tube connected to the facepicie. 

Positive-pressure (aka. pressure-demand), &r-line, halfmask respirators require an air 
supply from an uncontaminated compressed& source as stipulated by OSHA (89). The 



air must conform to at least Grade D of ANSI Standard 286.1. For mobile use of these 
respirators, the air supply can come from a large laboratory-type cylinder (up to about 
4 hours of use) or a much smaller, lighter, 45-cubic-foot cylinder (up to about 30 minutes 
of use). The latter cylinder is less than 2 feet long and about 8 inches in diameter. 

However, any disadvantages of the respirators recommended in these guidelines should be 
evaluated in the context of the aggregate of other isolation precautions already accepted and 
in use for potential tuberculosis transmitters. The disadvantages cited must be balanced 
against the hazard of tuberculosis infection that tuberculosis transmitters pose to health- 
care-facility workers. The medical community has consistently proved willing to accept the 
burdens of isolation precautions previously recommended for tuberculosis to assure 
protection of patients and health-care workers. 

It has been argued that hospital personnel will refuse to wear the respirators recommended 
in these guidelines. This attitude is not a new problem in bealth-care. Other well- 
established isolation precautions in health-care settings were initially viewed as inconvenient, 
burdensome, and deleterious to good patient care. Gamer and Simmons have addressed 
this issue as follows (52): 

AI pcrsonnel-physiaans, nurses, technicians, students, and others-ue responsible for complying with isolation 

precautions and for taufully calling observed infractions to the attention of offenders. Physiaans should obsem 

the proper isolation precautions at all times; they must teach by example. The responsibilities of hospital 

personnel for carrying out isolation precautions cannot be effectively dictated but must arise from a personal 
scasc of respnsibiility. 

In order to provide adequate motivation for respirator wear when it is indicated, personnel 
must be fully informed regarding the specific risks of tuberculosis infection for which 
personal respiratory protection is indicated. As noted in section V.D3 starting on page 43, 
respirator wearers must receive training in the reasons for the need for wearing their 
respirator and the potential risks of not doing so. This training and written material would 
include a full disclosure of the nature, extent, and hazards of tuberculosis infection including 

I 



a description of specific risks to each exposed individual due to infection, any subsequent 
treatment with isoniazid, and the possibility of active disease. Necessary topics are detailed 
in section V.D3 starting on page 43. This training must generate a personal sense of 
responsibility for respirator donning when its use is indicated. 

G. Surgical Masks and Other Disposable Particulate Respimtors--As noted, NOSH has 
reexamined the hazards of aerosolized droplet nuclei containing tubercle bacilli and the role, 
reliability, and efficacy of various personal respiratory protective devices to protect health- 
care-facility workers against transmission of airborne tuberculosis. Based upon this 
reexamination, NIOSH concluded that negative-pressure, non-elastomeric, cup-shaped, 
disposable, particulate-filter respirators (PRs) without HEPA filters (e.&, surgical masks not 
certified by NIOSH; NOSH-certified dust and mist filters; MOSH-ccrtified dust, fume, and 
mist filters) cannot be relied upon to protect workers exposed to infectious tuberculosis. 
These devices include those negative-pressure, non-elastomeric, cup-shaped, disposable 
masks that consist partly or entirely of filter media integrated into the facepiece. That is, 
certain “maintenance-free” masks with filtering facepieces for which it is difficult, if not 
impossible, for a wearer to cover the entire filter-surface area, but not cover the face seal 
between the respirator and the wearer’s face. 

This conclusion is based on a body of data indicating that these cup-shaped, disposable 
masks cannot provide effective and reliable personal respiratory protection due to: 
(1) unreliable face-seal efficacy, (2) inevitable and dangerous face-seal leakage, and (3) 
potentially excessive filter leakage (46,59,90,91,92,93). 

Face-seal leakage has long been recognized by respirator specialists as compromising 
adequate personal protection from any air-purifying respirator, particularly negative-pressure 
halfmask respirators (55,9495). As noted, existing standard performance tests for surgical- 

masks have not addressed either face-seal leakage or the effects that prolonged use might 
have on this leakage (59). 
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Respirator specialists, manufacturers, and OSHA recognize that cup-shaped, disposable 
masks have up to 10% (55,.56) to 20% (5758) face-seal leakage even after passing a fit test 
performed by a qualified individual. This inevitable leakage past face seais results from 
inherent limitations in the design and construction of these masks. This amount of leakage 
is unacceptable for effective and reliable respiratory protection against aerosolized droplet 
nuclei. 

What is more relevant, the face-seal leakage for cup-shaped, disposable masks can be 
considerably higher than 10% to 20% if these masks are not properly fitted to each wearer's 
face, fit tested by a qualified individual, and then fit checked by each wearer before each 
respirator use. Both fit testing and fit checking are essential elements in any effective and 
reliable personal respiratory protection program (55,57,89) as summarized in Table 1 on 
page 20. At this time there are no NOSH-recommended qualitative or quantitative fit tests 
for these masks (81,82). Cup-shaped, disposable masks cannot be reliably fit checked be 
wearers (58). Therefore, the efficacy and reliability of the face seals on cup-shaped, 
disposable masks are undependable because there are no proven reliable fit tests nor 
reliable fit checks. Such devices cannot be relied upon to assure protection of workers 
against exposure to aerosolized droplet nuclei containing tubercle bacilli. 

\ 

Another major problem that can contribute to hazardous face-seal leakage of cup-shaped, 
disposable masks is that in almost all cases these masks are available in only one size. This 
contrasts with the elastomeric facepieces used for powered, HEPA-filter, halfmask 
respirators and positive-pressure, &-line, halfmask respirators, which are generally available 
in up to three different sizes to fit small, medium, and large facial sizes. The single size in 
which cup-shaped, disposable masks are available tends to produce higher leakage for 
wearers with small face sizes (e.g., women, Hispanics, Asians) (96). 

Table 2 starting on page 29 summarizes the substantial differences in protection efficacy and 

reliability between three categories of respirators, which have been considered for protection 
of health-care-facility workers potentially exposed to tuberculosis. 
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V. NIOSH Recommendations for Persona1 Respiratory Protection 

A. Summruy of Conclurionr and Recommendatwns- 

The National Institute for Occupational Safety and Health (NOSH) concludes that any 
tuberculosis infection in health-care-facility workers' due to occupational transmission 
is unacceptable. Infection of health-care-facility workers with tuberculosis, whether with 
or without clinical disease, is a material impairment of these workers' health and 
establishes a finite probability of subsequently developing clinical tuberculosis. 
Additionally, treatment of tuberculosis-infected workers with isoniazid (INHI) for 
chemoprophylactic purposes can present these treated workers with another significant 
risk of material impairment of their health or functional capacity due to isoniazid- 
related health effects (e.g., isoniazid-associated hepatitis). 

NIOSH recommends that wherever there exists the potential exposure of workers to 
droplet nuclei from a tuberculosis transmitter, the first and highest priority is to reduce 
the probability of exposure through the use of administrative controls (e.g., rapid 
identification, early treatment, and isolation of potential tuberculosis transmitters; 
limiting access to acid-fast bacilli (AFB) isolation rooms; other isolation precautions) 
implemented in conjunction with engineering controls (e.g., negative-pressure 
ventilation for AFEI isolation rooms to contain any hazard to these rooms; booths, 
hoods, tents, or other devices for containing droplet nuclei at the sourcd.e, a person 
with infectious pulmonary tuberculosis). However, it is unlikely that the exposure of 
workers to droplet nuclei can be completely controlled at the infectious source even 
when these techniques are implemented to a high degree of efficiency. Therefore, for 
a limited range of specific hazardous locations and procedures, when confirmed or 
potential tuberculosis transmitters are present, use of effective and reliable personal 

1. The term hcuffhuzmjocilily wonkcrs refers to all persons working in a health-care settin+cluding 
physicians, nurses, aides, and persons not directly involved in patient care (egl dietary, housekeeping 
maintenance, cltrical, and janitorial staff, and voluntetn) ( I ) .  
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respiratory protection is indicated to assure, to the extent possible, the prevention of 
transmission. This p t ~ n a l  respiratory protection is necessity to reduce the risk of 
bealth-care-facility workers becoming infected with tuberculosis due to their inhalation 
of droplet nuclei. 

NIOSH concludes that the use of isoniazid chemoprophylaxis as a substitute for primary 
prevention of occupational transmission through all administrative, engineering, and 
personal respiratory protection controls is not consistent with the provisions of the 
OcarpatiOnal Safety and Health Act of I970. 

The following pers0~1 respiratory protection recommendations are intended specifically €or 
a limited range of specific hazardous locations and procedures in health-care facilities. 
These locations primarily include rooms or areas where confirmed or potential tuberculosis 
transmitters are present. These locations also include any clinical and laboratory areas 
where certain procedures that could produce infectious airborne materials are performed 
on: (A) confirmed or potential tuberculosis transmitters or (B) tissue or fluids potentially 
containing tubercle bacilli. Specific examples are given in Table 3 starting on page 40. 

These NIOSH recommendations represent the Institute’s best judgment as to what is 
necessary to achieve effective and reliable personal respiratory protection against droplet 
nuclei for workers in settings where this protection is indicated. 

NOSH recommends that any conjhed orpotential tuberarlosis transmitters (IOJS) in 
health-care facilities be rapidly identified with an Admissions Screenz’ng Plan, as 
discussed in section V.B starting on page 37, so that employers can determine whether 
personal respiratory protection may be indicated for health-care-facility workers. 

NOSH recommends that, whexi’confinned or potential tuberculosis transmitters are 
present or potentially present at hazardous locations and procedures indicated as 
“medium” in Table3 starting on page 40, NIOSH-certified, powered, halfmask 

respirators equipped with high-efficiency particulate (HEPA) filters be used in 
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conjunction with an effective respiratory protection program (55J7,89). The powered 
airflow to the halfmask respirator tacepiece must exceed 4 cubic feet per minute and 
6 cubic feet per minute is recommended. Two examples of this respirator type are 
given in Figures 1 and 2 on pages 34 and 35. 

NOSH recommends that, when confirmed or potential tuberculosis transmitters are 
present at certain other hazardous locations and procedures indicated as “high” in 
Table3 starting on page 40, NIOSH-certified, positive-pressure, air-line, halfmask 
respirators be used in conjunction with an effective respiratory protection program 
(5.,57,89). An example of this respirator type is given in Figure 3 on page 36. 

NOSH recommends that for all potential exposures to droplet nuclei containing 
tubercle b a a  prudent public health practice dictates the use of respirators and a 

respiratory protection program which offers the highest efficacy and reliability of 
protection equal to or exceeding that specified in Table 3 starting on page 40. 

, 
, 

NOSH recommends that any respirator provided to workers in health-care-facilities 
for personal respiratory protection be used in conjunction with an effective respiratory 
protection program (55,5749) so that respirator wearers might receive the maximum 
personal protection their respirators are capable of providing. 

t 



Figure I-Example A of a NIOSH-Certified, Powered, HEPA-Filter, Halfmask Respirator 
(MSA Powered, Air-Purifying Respirator, NIOSH approval TC-21C-186). 
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Figure 2--Example B of a MOSH-Certified, Powered, HEPA-Filter, Halfmask Respirator 
(MSA OptimAir. 6A, NOSH approval TC-21C-513). 
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Figure 3-Example C of a NOSH-Certified, Positive-Pressure, Air-Lint, Halfmask Res- 
pirator (MSA Pressure Demand Air-Line Respirator, NOSH approval TC-19C-158). 



B. Iden@& Gmjinned or Potential TuberarloJis Trrurmrirters in a Health-Care F a d -  
$+Worker protection against tuberculosis infection is critically dependent upon rapid 
identification of any potential tuberculosis transmitters in a health-care facility. This high- 
priority identification can be accomplished with an Admission Screening P&n (15). A 

qualified infcction-control committee in each facility should review information about 
persons admitted to the facility and develop an Admission Screening Ph. The purpose of 
this Plan is to specify screening criteria for effectively identifjhg any individual that is a 

conmed orpotential tubemdosis tmmdter. CDC has previously given the following 
guidance regarding diagnosing tuberculosis and determining the infectiousness of a person 
with active tuberculosis (10): 

A diagnosis of tuberculosis should be coasidcrrd for my patient with persistent cough or other symptcxns 

compatible with tubaculosir, such as weight loss, anorah, or few. Dia~plostic measures for idcntiryine 
tuberculosis should be instituted for such patients. These measures include history, physical examination, 

tuberculin skin test, chut radiograph, and microscopic examination and culture of sputum or Other appropriate 

specimens (1697). Other diagnostic methods, such as bronchoscopy or biopsy, may be iadicatcd in some cucs 
(W,99). The probability of tuberculosis is increased by findiog a positive ruIctioll to a tuberculin skin test or a 
history of a positive skin test, a history of previous tuberculosis, membership in a group at high risk for 
tuberculosis (see section V.B), or a history of exposure to tuberculosis. Active tuberculosis is strongly suggested 
if the diagnostic evaluation reveals AFB in sputum, a chest radiograph is suggestive of tuberculosis, or the pMon 

has symptoms highly suggwive of tuberculosis (e+ productive cough, night sweats, anorexia, and weight loss). 
Tuberculosis may occur siututtancously with ather pulmonary infcuions, such as PCP. . . . 

The infectiousness of a person with tuberculosis correlata with the number of orgaaisms that are expelled into 

thc air, which, in turn, correlata with the following fact- a) anatomic site of disease, b) presence of cough 
or other forceful expirptioDIJ maneuvers, c) presence of AFB in the sputum smear, d) willingness or ability of 
the patient to cover his or her mouth when coughing, e) presence of cavitrrtion on chest radiograph, t )  length 
of time the patient hrr been on adequate chemotherapy, g) duration of symptoms, and h) adminisrrrtiOn of 
procedures thu can eniimcc coughing (e.& sputum incaion). 

 he most infeaious persons are those with p h w a r y  or lar~ngeal tubermlwis. nose wiih extrapulmonary 
tuberaslosis are not &euious, with the following exceptions: a) nonpulmonuy disease located in the 

respiratory tract or OrJ 4, or b) exuapulmorwy diuau. that indudes an open abscess or e o n  in which 

the CollEtoVatioII of organisms is high, especially if drainage from the abscess or lesion is cxtcnsk (100). 



Ahhough the data arc limited, tindings suggest that Nberculosr ' patients with acquired immunodeficicnq 
sgndrome (AIDS), if smear positive, have -ddousnesJ similar to that of tukxculosis patients without AIDS 

(CDC/New York City Department of Health, unpublished data). 

Inltaiousness is greatest among paticntswbo have a productive cough, pulmonary cavitation on chest radiograph, 
and AFB on sputum smear (31). Infection is more Gkdy to result from exposure to a pwson who has 
PIlltlSptoed pulmonary tuberculosis and who is not receiving aatituberculoJis therapy or from a person with 
diagnosed Nbercplosis who is not receiving adquate therapy, because of patient noncompliance or the presence 
of drug-- 0rpkms. Adminhring effective aatitubercularis medication has been rhown to be strongly 

5uJodafcd with a de<rrase in infectiousness among persons with tuberculosis (25). Ef€cctivc chemotherapy 
reduces coughing, the amount of sputum, and the number of organisms in the sputum. However, the length of 
time a patient must be on effective medication before becoming noniofectious varies (102); some patients are 
never ialeaious; w k m  &we with unltcognid or inadequately treated drug-resistant disease may remain 

inlectiouS for weeks or months. Thus, decisions about tcrminatiug isolation precautions should be made on a 

CaJe-by-Crue baais. 

b ge11cr4 perrons suspected of ha- active tuberculosis and penons with canfirmed tuberculosis should be 
comsidcftd infectious if cougb is present, if cougb-iiducing procedures are performed, or if sputum smears are 
known to contain AFB, and if these patients are not on chemotherapy, have just started chemotherapy, or have 

a poor Jinical or bactcriologic response to chemotherapy. A person with tuberculosis who has been on adquate 
dumotherapy for at least 2-3 w e b  and has had a definite dinid and bacteriological response to therapy 
(reduction in cough, resolution of fever, and progressivCly decreasing quantity of bacilli on smear) is probably 
no longer infectious. Most tuberculosis experts agree that noninfectiousness in pulmonary tubercuioOi can be 
estabiished by tinding sputum free of bacilli by smear examination on three consecutive days for a patient on 
effective ctrunothuapy. Even after isolation precautions have been discontinued, caution should be exercised 

when a patient with tuberculosis is placed in a room with mother patient, especiaily if the other patient is 
i l U l U ~ ~ p r o m i s e d ,  

Other guidance has been given by CDC regarding diagnosing tuberculosis and determining 
the infectiousness of a person with active tuberculosis, for tuberculosis occurring in 
correctional institutions (33), high-risk populations (76), and long-term-care facilities (34. 

*- 

C Selection of Minimal Acceptable Personal Respiratory Proreawn-Table 3 stafting on page 
40 summarizes the types of minimal acceptable personal respiratory protection for health- 

. -  
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care-fadiqr workers potentially exposed to tuberculosis. This table also specifies the 

conditions, locations, and procedures where personal respiratory protection is indicated. 

I 



Table M O S H  Recommendations for Minimal Acceptable Personal Respiratory Protection 
for Health-Care-Facility Workers Potentially Exposed to Tuberculosis 

These recommendations are indicated for workers in areas when? conjhed or pot& 
tubercutosistmnmutt * em arepment (see note 1). These recommendations are also indicated 
for any clinical and laboratory areas where effective infectious-source controls are not in use 

and certain procedures that could produce hazardous airborne material are performed on: 
(A) conjhed orpotential t u b d o s i r  trcuzsrtzitters or (B) tissue or fluids that could contain 
tubercle bacilli. 

WARNlNG-These mspkrton help protect rgrin8t airborne tubwculosh tnnimission by reducing the 
inh8lod concantrations. Failure to follow all lnttructions and lim#rtions on the use of these 
mpkrtom and/or failure to wear them during all times of expo8we can reduce respirator 
effectiveness and may result in tuberculosis infedlon and possible death. 

No respimtor is capable of assuring that all droplet nuclei are pnwnted from entering the wearer's 
hathing zone. Mkuse of these resplrrton will increase the risk of Inhaling airborne tubercle bacilli 
and m8y muse tuberculosis infection and possible death. Forthir reason, proper training in the use 
of these mphtorr is essential in order for the wearer to receive protection (56). 

W o u t  an effective rerpiratory-protection program, respirator wearers are not likely to receive the 
protrctlon thrt cm ba afforded by their respirator, even H it is 8 correct choice for the riturtion. As 
a minimum, compliance with OSHA regulation 29 CFR 1910.134 for occupational respirator use is 
essential whenever respintom am used by employees, whether required or on a voluntary basis. 
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Table 3 (continued>-MOSH Recommendations for Minimal Acceptable Personal 
Respiratory Protection for Health-Care-Facility Workers Potentially Exposed to Tuberculosis 

Af%isdationKK#ns 
Intensivecare units, routine procedures 
Laboratories (see note 2) 
NoncougMndudng procedures 
operating rooms 

Admitting areas 
Emergency room (brduding wa&ing areas) 
Hallways 
Transport of patients 
Waiting areas (inpatient and outpatient) 

Minimal Acceptable 
Personal Respimtoty 

mOCt10tl 

POSM-PRESSURE. 
AIRUNE, “ W K  
RESPIRATORS USED IN 
CONJUNCTION WITH AN 
EFFECTIVE RESPIRATORY 
PROTECTION PROGRAM 

POWERED, 
HEPA-FILTER, HALFMASK 
RESPIRATORS USED IN 
CONJUNCTION WITH AN 
EFFECTIVE RESPIRATORY 
PROTECTION PROGRAM 

pOSSl8lLITY OF EXPOSURE 

POWERED, 
HEPA-FILTER, HALFMASK 
RESPIRATORS USED IN 
CONJUNCTION WITH AN 
EFFECTIVE RESPIRATORY 
PROTECTION PROGAAM 

No posSlBILrry 
QF FXPOSURE 

NO RESPIRATOR NEEDED 

Note 1-As identified with an Admission Screening Plan as discussed in section V.B starting 

Note 24espiraton are not indicated when effective infectious-source controls are in use 

Note %Whether or not there is a risk depends on whether or not there is a possibility of 

on page 37. 

such as given in (44). 

exposure to a person witb infectious tuberculosis. 
I 
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D. Implemmting a Petsod Respimoty Ptvtectioa Progmm-Whenever personal respiratory 
protection is necessary as an additional isolation precaution for protection of health-care- 
facility workers potentially exposed to tuberculosis, an effective personal respiratory 
protection program must be developed, implemented, administered, and periodically 
reevaluated (55,5749): 

To be effective, any respiratory protection program, must be supervised by a quaIified 
individual who has sufficient knowledge of respiratory protection. When necessary, 
employers should obtain the required expertise (e.&, professionals such as industrial 
hygienists, infection control practitioners, or safety specialists who have been specifically 
e e d  in personal respiratory protection) to ensure that the personal respiratory protection 
program is effectively developed, implemented, admiaistered, and periodically reevaluated. 
The seMces  of a physician are required to conduct the medical meillance portion of the 

program. 

Information on how to develop and manage a respiratory protection program is available 
in technical training courses covering the basics of personal respiratory protection, which are 
offered by organizations such as MOSH, OSHA, and the American Industrial Hygiene 
Association. In addition, similar short courses are available from private contractors and 
universities. 

In order to be effective and reliable, any respiratory protection program must contain at 
least the following eight elements (55,5749): 

1. Standard Operating Procedures: Written standard operating procedures should contain 
all information needed to maintain an effective respirator program to meet each user's 
individual requirements. These procedures should & written so as to be useful to those 

persons responsible for aspects of the respirator program such as, but not limited to: (1) 
the program administrator, (2) those responsible for fit tcshg wearers' face seals and 

training the respirator wearers, (3) respiratormaintenance imrkers, and (4) the superViSors 
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responsible for overseeing respirator use in the health-care facility to ensure that respirators 
are worn when indicated. 

2. Medical Sumillance: Health-care-facility workers should not be assigned a task 

requiring use of respirators unless they are physically able to do the work while wearing the 
respirator. A physician should determine what health and physical conditions are pertinent 
for the medical surveillance and periodically review the respirator wearer's medical status. 

A physician should classify workers according to their ability to use the necessary respirators. 

A medical history and at least a limited physical examination are recommended. The 
medical history and physical examination should emphasize the evaluation of the 
cardiopulmonary system and should elicit any history of previous respirator use. This history 
can be an important tool to detect problems that might require further evaluation. The 
physical examination should seek to detect medical conditions that may be essentially 
asymptomatic. While chest roentgenograms and/or spirometry may be medicaliy indicated 
in some determinations of fitness, these need not be routinely performed. 

3. Training: Selecting the most protective respirator appropriate for a given hazard is 
important, but equally imponant is using the selected device properly each time it is 
necessary for personal respiratory protection. To help ensure proper use, both S U ~ ~ W ~ S O K  

and health-care-facility workers should be trained in selection, use, and maintenance of 
respirators appropriate for personal protection against airborne tuberculosis. The trahhg 
program should include instructional material and training covering at least the following 
elements: * 

The reasons why personal respiratory protection is required. 

The nature, extent, and specific hazards of tuberculosis transmission in health-care 
facilities. The references provided in section IV.A starting om page 16 may aid in the 
preparation of this material that should include: 
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- The specific risks, non-medical consequences of acquiring, and medical consequences 
of acquiring tuberculosis infection (e.$, risk of developing clinical tuberculosis). 

- The efficacy, benefits, and specific risks of chemoprophylaxis with isoniazid indicated 
for those infected with tuberculosis (e.& illness due to INHI-induced hepatitis and 
possible death from hepatitis). 

- The specific risks and medical consequences of developing clinically active 
tuberculosis (e.g, risk of death due to tuberculosis in treated and untreated infected 
persons; illness due to active tuberculosis; risks of transmission to coworkers, famiiy 
members, patients or clients, and the general public). 

- The nature of transmission and the relative risk of trausmission (i.e., infectiousncss) 
due to the aerosolization of droplet nuclei from individuals with differing generation 
rates of infectious tuberculosis particles (Le., transmitters) at varying locations and 
undergoing Varying procedures in heaith-care facilities. 

- Some of the inherent practical limitations of personal respiratory protection 

programs, admission screening plans, employee tuberculosis skin-test sunreillawe 
programs, and infection-control programs that increase the hazard to health-care- 
workers due to airborne transmission of tuberculosis in their workplace. 

- Information about the risk for life-threatening clinical tuberculosis in persons with 
immunocompromising conditions. 

An explanation of why engineering controls are not being applied or are not adequate, 
and of what effort is being made to reduce or eliminate the need for personal 
respiratory protection. 



An explanation of why a particular type of respirator has been selected and provided 
for a specific location or procedure. 

An explanation of the operation, and the capabilities and limitations, of the respirator 
provided. 

Instruction in how the respirator wearer should inspect, don, fit check, and correctly 
wear their provided respirator. 

An opportunity for each wearer to handle the respirator, learn how to don and wear 
it properly (is- achieve a proper face-seal fit on the weareis face), check important 
parts (e.& battery charge, flow rate, filters, air supply), and wear it in a safe 
atmosphere. 

An explanation of how the respirator is properly maintained and stored. 

Instruction in how to recognize an inadequately functioning respirator and how to 
recognize and cope with emergency situations. 

4. Face-Sed Fit Testing and Fit Checking. The rationale for and the essential roles of fit 

tests performed by qualified persons and fit checks performed by respirator wearers before 
every use are detailed in Table 1 on page 20. 

5. Respirator Inspection, Cleaning, Maintenance, and Storage: Scrupulous respirator 
maintenance should be made an integrai part of the overall respirator program. 
Manufacturers' instructions for inspection, cleaning, and maintenance of respirators should 
be followed to ensure that the respirator continues to function properly. Wearing poorly 
maintained or malfunctioning respirators may be more dangerous than not wearing a 

respirator at all because the worker wearing a.defective device wil l  falsely assume that 

protection is being provided. A proper maintenance program ensures that the workeis 
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respirator remains as effective as it was when new. All respiratory-protection maintenance 
programs should include at least the following: 

inspection for physical damage or defects 

replacing and disposing of used filter elements as necessary 

cleaning and disinfecting (as indicated by hospital infection control procedures) 

repair 

proper storage (Le- clean, disinfected respirators placed in a sealed container and 
stored in a dry, noncontaminated environment). 

6. Surwillance of the Health-Care Facility and Exposurps of Workers in Health- 
Facilities: Because air sampling methods for airborne concentrations of droplet nuclei are 
not currently available, exposures of health-care-facility workers cannot be quantified. 
However, efforts should be made to periodically evaluate the work environment for changes 
in ventilation, isolation procedures, work practices (such as frequency of entering AFB 
isolation rooms), and other factors that may affect the probability of exposure to droplet 
nuclei. These assessments must be conducted in addition to the Admission Screening Plmr 
discussed in section V.B starting on page 37. Information collected from these sunteillance 
activities should be used to determine if the personal respiratory protection program is 
effective. 

7. Respirator Selection: NOSH recommends that for all exposures to droplet nuclei, the 
respirator and respiratory protection program selected should offer efficacy and reliability 
of protection equal to or exceeding that specified in Table 3 starting on page 40. All such 
respirators should be NIOSH-certified (7940). 
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8. Periodic Evaluation of the Personal Respiratory Protection Program: Periodic 
evaluation of the entire personal respiratory proteaion program is essential to ensure that 
health-care-facility workers are being adequately protected. The program should be 
completely evaluated at least once annually, and both the written operating procedures and 
program administration should be modified as necessary based on the resuits. This 
evaluation should be conducted by a qualified program administrator who has overall 
responsibility for all aspects of the program. 

Frequent evaluation of respirator use will determine whether the correct respirators are 
being used and worn properly. Examination of respirators in use and in storage will indicate 
the adequacy of respirator maintenance. Wearers should be consulted periodically about 
their acceptance of respirators, including any discomfort, resistance to breathing, fatigue, 
iriterference with vision and communication, restriction of movement, and any interference 
with job performance and the wearer's confidence in the respirator's efficaq and reliability. 

The results of periodic inspections of respirator use, consultations with wearers, surveillance 
of work area conditions, and medical survtillance of wearers should be reviewed, studied, 
and analyzed to evaluate the effectiveness and reliability of the personal respiratory 
protection program. Evidence of the failure of personal respiratory protection (e.& 

tuberculosis skin-test conversions) should be aggressively addressed to determine whether 
the indicated respirator was used properly, and what remedial action is needed. The resuits 
of the program evaluation should be presented in a written report that lists plans to correct 
failures with the target dates for their implementation. 

, 
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Centan tor Diurw Control 
Atlanta GA 30333 

September 21, 1992 

Ms. Dorothy L. Strunk 
Assistant Secretary for Occupational 

Safety and Health 
U. S . Department of Labor 
Room South 2315 
200 Constitution Avenue, N.W. 
Washington, D.C. 20210 

Dear Ms. Strunk: 

This is in follow-up to the latter to you dated 
September 17, 1992, from Dr. J. Donald Millar, Director, 
National Institute for Occupational Safety and Health (NIOSH), 
Centers for Disease Control (CDC) . 

In that letter Dr. Millar transmitted to you the 
"NIOSH Recommended Guidelines for Personal Respiratory Protection 
of Workers in Health-Care Facilities. Potentially Exposed to 
Tuberculosis.i* 
initiating a process to revise the currant CDC recommendations 
contained in the December 7, 1990, mrbiditv and Mort alitv Weeklv peaon entitled "Guidelines for Preventing the Transmission of 
Tuberculosis in Health-Care Settings, with Special Focus on 
HIV-Related Issues. 

In addition Or. Mfllar indicated that CDC is 

The NIOSH recommended guidelines call for the use of 
powered, halfmask respirators equipped with high7efficiency 
particulate filters by workers in health-care facilities 
potentially exposed to confirmed or potential tuberculosis (TB) 
transmitters. 
same recommendations to me t h a t  the recommendations meet the  
NIOSH mandate in the Occupational Safety and Health Act .  He 
further stated that NIOSH recognizes that there are drawbacks to 
using the recommended respirators and that these drawbacks could 
form a basis for consideration in developing risk management 
options. 

Dr. Millar stated in h i s  letter transmitting th-e 

CDC is organizing an open meeting in Atlanta on October 22-23 
to bring together experts in the fields of TB prevention and 
control, nosocomial infection prevention, biosafety, and 
occupational safety and health as well as representatives of 
labor, medical, and hospital administration organizations to 
assess the need to revise the current CDC guidelines. 
meeting will be announced in the Federal RPaist ex .  Many leaders 
in the field of TE control have expressed to CDC their views that 
the current guidelines with respect to this issue are appropriate 
and do not need to be revised. 

The 

Because o f  the complexity of 
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I 

these issues and the public health importance of this problem, 1: 
have asked the Co-chairs of the National Multi-Drug Resistant 
Tuberculosis Task Force--Dr. Alan R.'Hinman, Director, National 
Center for Prevention Services, CDC, and Dr. James M. Hughes, 
Director, National Center for Infectious Diseases, CDC--to 
coordinate this meeting, with Dr. Millar's assistance. 

I cannot emphasize too strongly that CDC considers personal 
protective equipment to be only one element in the management of 
TB risk to the health-care worker. Obviously, the disadvantages 
in patient care due to the use of the recommended equipment must 
be carefully considered. 
unrecognized drawbacks could become impediments to overall 
national efforts to prevent and control TB. 
explored in the October meeting. 

Some of these and other yet 

These issues will be 

I invite representatives of the Occupatiohal Safety and 
Health Administration (OSHA) to participate in the meeting. 
Please identify an appropriate contact person on your staff, and 
I will ask Drs. Hinman and Hughes to provide additional 
information to that person regarding the agemda and logistics of 
the meeting. 

I recommend that OSHA consider the results of this meeting 
in determining actions t o  take relative to implementing the NIOSH 
guidelines. 
share that information with the OSHA regional offices and state 
offices so that they can benefit  from these further 
deliberations. 

If you concur W i t h  this process, then I suggest you 

We look forward to working closely with OSHA to ensure 
timely implementation of optimal prevention strategies to address 
this important public health problem in a consistent and 
effective manner 

, Sincerely, 

William 1;. Roper, Mh., M.P.H 
Director 

cc: 
Dr. Alan R. Kinman 
Dr. James M, Hughes 
Dr. J. Donald Millar 

I 



Dorothy L Stnxnk 
Assistant Seaetlvy for Occupational 

U. S. Department of Labor 
Room South 2315 
200 Constitution Avenue, N.W. 

safety d Health 

Dear. Ms. S 

19, to provide the Occupational Safety and 
Health Adrninistraton as soon as possible the NIOSH Recommended Guidelines for 
Personal Respiratory Protection of Workers in Hcalth-Care Facilities Potentidly 
Exposed to Tuberculosis. Enclosed is a copy of the requested document. 

This recommendation meets our mandate in the Occupational Safety and Health Act 
[Section 2O(a)(3)] to "develop criteria. . . which will describe exposure levels that are 
safe for various periods of employment, including but not limited to exposure levels at 
which w v e e  will suffer impaired health or functional capacities or diminished life 
expectancy as a result of his work experience" (emphasis added). 

This recommendation was also transmitted to the Director of CDC by the enclosed cover 
memorandum dated September 14,1992. You will note that this cover memorandum 
states that a rmmbcr of issues and considerations pertaining to feasibility, user 
acceptability, and resource implications, have not been addressed in this MOSH 
assessment. 

It is my understanding that Dr. William L Roper has initiated a process to revise the 
current CDC recommendations contained in the December 7,1990, MMWR entitled, 
"Guidelines for Preventing the Transmission of Tuberculosis in Health-Care Settings, 
With Special Focw on "V-related Issues." The enclosed NOSH assessment will be 
taken into consideration by CDC aS it revises the 1990 CDC recommendation. I will 
keep you updated on this process as it unfolds. 
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If you have any questions about our recommendations or need further infomtion, 
piease do not baitate to contact me. 

Sincerely, 



DEPARTMENT OF HEALTH & HUMAN SERVICES Public h 8 ) m  Sewm 
Canten for Diu- ca-l t 

Memorandum %-u 

- September 14, 1992 

(4 
Date 

From 

Subject 

To 

Director, NOSH 036) 

MOSH Recommended Guidelines for Personal Respiratory Protection of Health- 
Care-Facility Workers Potentially Exposed to Tuberculosis 

William L Roper, M.D. 
Director, CDC @14) 

By a process of extensive deiiberations over many months, and using our legal 
mandates as guidance, we have assessed the rislcs of occupational transmission of 
tuberculosis and developed a NOSH recommendation for the use of personal 
respiratory protection to protect health-care workers these hazards 
(attached as "NIOSH Recommended Guidelines for Pe~onal  Respiratory 
Protection of Health-Care-Facility Workers PotentiaIly Exposed to Tuberculosis"). 

This recommendation meets our mandate in the Occupational Safety and Health 
(Om) Act [Section 2O(a)(3)] to "develop criteria. . . which will describe exposure 
levels that are safe for various periods of employment, including but not limited to 
exposure leveis at which l vet w i m  impaired health or functional 
capacities or diminisfied life expectancy as a result of his work experience" 
(emphasis added). 

The use of the respirators described in our recommendations, i.e., the powered, air- 
purifying - respirator, or the positive-pressure air-line haifmask respirator, 
wiU assaxre protection against tuberculosis consistent with the criteria spetifitd in 
the quote from the OSH Act. Respirators with negative pressure inside the mask, 
such as disposable particulate respirators as recommended in the 1990 CDC 
guidelines, might more easily achieve widespread acceptance, but will not assure a 
&dent level of protection because of h d  leakage of potentially contaminated 
air. 

Under conditions of optimal use, particutate respirators may allow up to 20 percent 
leakage around the face seal, Further, the cupahaped disposable particulate 
respitatorS cannot be reliably fit-checlrcd by WCWK with each donning. Tbus, the 
actual protection provided by such devices for any individual is unpredictable. The 
powered, air-puriQing respirators recommended by NOSH be fit-tested and 
fitdecked by their wearers, and reliably prevent at least 98 percent of fact seal 
leakage if properly worn and maintained. 



Page 2 - William L Roper, M.D. 

We recognize that safety of workers as defined by the OSH Act is not the only 
issue that CDC must consider in developing guideiines for managhg the risks 
caused by the spread of tuberculosis. We recognize that powered, &-purifying and 
al-line (supplied-air) respirators involve additional noise, impainncnt of voice 
communication, limitation of range of motion, additional costs, and an appcaance 
that might intimidate patients accustomed to seeing health-care workers wearing 
the currently used, typical surgical mask. We also recognize that these 
characteristia may result in disadvaatages in patient care, possibly leading to a 
failure by hdth-care providers to adhere consistently to the recommended 
protection. These drawbacks could form a basis for Criteria in considering several 
risk management options in the revised CDC guidelines. 

Full implementation of other aspects of the 1990 CDC guidelines, including early 
case idcmikatbn, isolation, vepltilatioD, and work practices, in the absence of 
univtrsally effective personal respiratory protection, will reduce risks, although not 
to nil. 

We conclude that the respirators recommended by NOSH against the hazard of 
infectious tuberculosis constitute the reliable personal respiratory protection that 
meets the statutory NOSH risk Bi; Assistant Surgeon General 


