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Introduction

The evidence given in these annexes was derived from systematic reviews and literature searches related to TB infection
control measures. The main questions that were considered were:

1) How much TB transmission is there in different settings?

2) What is the effectiveness of triage, separation, cough etiquette and reduction of stay in health-care facilities?

3) What is the effectiveness of ventilation?

4) What is the effectiveness of ultraviolet germicidal irradiation (UVGI)?

5) What is the effectiveness of particulate respirators?

Each evidence profile contains the question in an adapted “PICOT” (population, intervention; comparison, outcome and
time) format, the study selection process and a summary of the main results. The outcome that was considered for each

question was the decrease in TB incidence (both drug-susceptible and drug-resistant TB), where:

. TB incidence was specified as the incidence of TB cases (new and recurrent) or TB infection, measured with
cutaneous test or gamma interferon assays, or TB prevalence derived measures

. decrease in TB incidence was measured in patients (differentiating between HIV and non-HIV infected) and
health workers (differentiating between HIV and non-HIV infected).

The GRADE system? was used to determine the quality of the collected evidence. This system considers factors such as
study design, quality, consistency, directness and precision.

a.  http://www.gradeworkinggroup.org/
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B ANNEX 1

Quantification of TB transmission in selected settings

Al.l Question

Table AL.1
Question or intervention Outcome Setting Population
Quantification of TB transmis- TB incidence Any ward Patients (HIV positive and all pa-
sion in selected settings TB ward tients)
MDR ward HWs (HIV positive and all HWs)
Outpatient
Household
Congregate?

HW, health worker; HIV, human immunodeficiency virus; MDR, multidrug resistant; TB, tuberculosis
& Congregate settings include prisons, homeless shelters, army barracks and nursing homes.

Al.2 Study selection process

. Health workers

- TB infection incidence in low- and middle-income countries (LMICs — using the World Bank ranking)
(10 studies, 7 from 1 systematic review (1) [see Section 1.5.1] and 3 independent reviews)

- TB infection incidence in high-income countries (HICs ~World Bank ranking) (35 studies, 33 from 2
systematic reviews (2,3) [see Section 1.5.1] and 2 independent reviews)

- TB incidence in LMICs (22 studies, 20 from 1 systematic review (1) [see Section 1.5.1] and 2
independent reviews)

- TB incidence in HICs (14 studies, 12 from 1 systematic review (3) [see Section 1.5.1] and 2
independent reviews)

. Inpatients in health-care facilities

- TB infection and TB incidence (10 studies independent review, data only from HICs)
. Congregate settings contacts

- TB infection incidence (9 studies independent review, data only from HICs)

- TB incidence (17 studies independent review, data only from HICs)
. Household contacts

- TB infection or TB incidence in HICs (14 studies independent review)




Al.3 Summary of evidence

Table AL.2 shows that the incidence of latent TB infection (LTBI) and TB disease among health workers in health-care fa-
cilities exceeds the incidence among the general population or among health workers not exposed to health-care facilities.

Likewise, the incidence of LTBI and TB among individuals in congregate settings, such as prisons (for which evidence was
readily available), and incidence of LTBI and TB among contacts in household settings, exceed the incidence among the

general population.

Table A1.2 Pooled estimates (reference general population)

Population Outcome Settings Risk ratio?
Health workers LTBI High income 10.06

LTBI Low income 5.77

B Low income 571

B High income 1.99
Congregate (mostly LTBI High income 2.74
prisons)

B High income 2141
Household LTBland TB High income 3.19

LTBI, latent TB infection; TB, tuberculosis
@ Estimates were computed from studies reported in the GRADE profiles tables

Al.4 GRADE profiles

Table A1.3 Health-care facilities — quality assessment

No. Design Limitations Inconsistency Indirectness Imprecision Other Quality
studies considerations
LTBI incidence among HWSs in high-income countries
32 Observa- No seri- No serious in- No serious No serious Very HIGH
tional ous limita- consist-ency indirect- imprecision strong as-
study tions ness sociation®
LTBI incidence among HWSs in low to middle-income countries
10 Observa- No seri- No serious in- No serious No serious Very HIGH
tional ous limita- consist-ency indirect- imprecision strong as-
study tions ness sociation
TB incidence among HWs in high-income countries
14 Observa- No seri- No serious in- No serious No serious Very HIGH
tional ous limita- consist-ency indirect- imprecision strong as-
study tions ness sociation®
TB incidence among HWSs in low to middle-income countries
22 Observa- No seri- No serious in- No serious No serious Very HIGH
tional ous limita- consist-ency indirect- imprecision strong as-
study tions ness sociation®

HW, health worker; LTBI, latent TB infection; IRR, incidence rate ratio.
2 Thirteen studies, IRR >5; thirty three studies, IRR >2
b Two studies, IRR >5; six studies, IRR >2

¢ Seventeen studies, IRR >5; twenty one studies, IRR >2
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Table AL1.4 Health-care facilities (patients) — quality assessment

No. Design Limitations  [Inconsistency Indirectness Imprecision Other Quality
studies considerations
Nosocomial transmission of TB or LTBI incidence (patient population)
10 Observa- No seri- No serious in- No seri- No seri- Very strong HIGH
tional study ous limi- consistency ous indi- ous im- association®
tations rectness precision
LTBI, latent TB infection; IRR, incidence rate ratio.
2 One study, IRR>5;three studies, IRR>2
Table AL.5 Congregate settings — quality assessment
No. Design Limitations Inconsistency Indirectness | Imprecision Other Quality
studies considerations
LTBI incidence among individual in congregate settings
9 Observa- No seri- No serious No seri- No seri- Very strong HIGH
tional study ous limi- inconsistency ous indi- ous im- association?
tations rectness precision
TB incidence among individuals in congregate settings
17 Observa- No seri- No serious No seri- No seri- Very strong HIGH
tional study ous limi- inconsistency ous indi- ous im- association®
tations rectness precision
LTBI, latent TB infection; IRR, incidence rate ratio.
@ One study, IRR>5; three studies, IRR>2
b Thirteen studies, IRR>5; fourteen studies, IRR>2
Table A1.6 Household settings — quality assessment
No. Design Limitations Inconsistency Indirectness Imprecision  [Other Quality
studies considerations
Household transmission of TB or LTBI incidence in high income countries
14 Observa- No seri- No serious Noserious No seri- Very strong HIGH
tional study ous limi- inconsistency indirect- ous im- association
tations ness precision

LTBI, latent TB infection; IRR, incidence rate ratio
2 Four studies, IRR>5; nine studies, IRR>2
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B ANNEX 2

Triage of people with TB symptoms and separation of infectious
cases (Recommendations 8a and 8b)

A2.1 Question

Question or Outcome Settings Population
intervention
Triage with and Reduction in TB incidence Outpatient settings Patients (HIV-positive and
without separa- Any ward all patients)
tion versus no in- TB ward HWs (HIV-positive and all
tervention MDR ward HWs)

Congregate settings?

HW, health worker; HIV, human immunodeficiency virus; MDR, multidrug resistant; TB, tuberculosis
a Congregate settings include prisons, homeless shelters, army barracks and nursing homes.

A2.2 Study selection process

2095 TB infection
control citations
from 2 databases 2002 articles
excluded after
screening titles

\ 4

93 original articles

on TBIinfection 43 articles excluded
contro after screening
» | abstracts

50 articles on
triage/physical
separation for TB
infection control

35 articles excluded
due to lack of
relevant data or
lack of use of Mtb
or BCG

v

15 articles from
which data were
extracted after

full-text review

BCG, Bacille Calmette Guerin; Mth, Mycobacterium tuberculosis; TB, tuberculosis
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A2.3 Summary of evidence

In total, 15 studies, including 3 (1-3) from LMICs, have been reviewed. The reviewed studies, including three that contained
qualitative data only (4-6), support the implementation of triage and physical separation within a set of TB infection control
measures. All the studies (1-3) from LMICs reported reduction of TB infection among health workers within a year of intro-
duction of multiple infection control measures. In particular, in two studies (2, 3), the decrease in LTBI incidence was sta-
tistically significant; the third study (1) showed a decrease of TB disease among health workers, but this decrease was not
statistically significant.

In all studies conducted in HICs (7-15), indicators of nosocomial transmission rapidly declined following the implementation
of recommended infection control measures.

Two studies (11, 14) showed that the implementation of the full set of administrative measures reduces transmission of TB
to health workers in nosocomial settings. One study showed that reduction of incidence of TB infection among health work-
ers happened after introducing an expanded isolation policy (7). Four studies (11, 13-15) addressed the issue of nosoco-
mial transmission of multidrug-resistant TB (MDR-TB) following introduction of outbreak and administrative control

measures. In one study within the HIV ward setting, the exclusive implementation of administrative controls resulted in the
complete elimination of MDR-TB transmission among patients (14). However, identification of the key interventions respon-
sible for the decrease in transmission is difficult, because many measures were introduced simultaneously in most facilities.

Overall, the limited evidence available suggests that risk of TB infection can be reduced with simple administrative controls,
but this needs to be evaluated in larger, better controlled studies.

A2.4 GRADE profiles

Table A2. 1 Triage of people with TB symptoms and separation of infectious cases — quality assessment

No. studies [Design [Limitations [Inconsistency [Indirectness® Imprecision [Quality
Triage
12 (1-3,7- Observa- No serious No serious Serious No serious LOW
15) tional limitations inconsistency indirectness imprecision
studies

Physical separation

12 (1-3, 7- Observa- No serious No serious Serious No serious LOW
15) tional limitation inconsistency indirectness imprecision
studies

& |ndirect intervention — the studies available assess the outcome for several administrative measures implemented concur-
rently.
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B ANNEX 3

Cough etiquette and respiratory hygiene (Recommendation 8c)

A3.1 Question

Table A3.1
Question or intervention Outcome Settings Population
Source control interventions Reduction in TB inci- Any ward Patients (HIV positive
(masks, tissues, cough dence TB ward and all patients)
etiquette and respiratory MDR ward HWs (HIV positive and all
.hyg|ene)lversus no Outpatient HWs)
intervention

Congregate?

HW, health worker, HIV, human immunodeficiency virus; MDR, multidrug resistant; TB, tuberculosis
a Congregate settings include prisons, homeless shelters, army barracks and nursing homes.

A3.2 Study selection process

244 TB infection
control citations
from 2 databases 224 articles

excluded after
screening titles

v

20 original
articleson TB
infection control

10 articles excluded
after screening
abstracts

v

10 articles on
cough etiquette for
TB infection
control

4 articles excluded
due to lack of
relevant data or
lack of use of Mtb
or BCG

v

6 articles from
which data were
extracted after
full-text review

BCG, Bacille Calmette Guerin; Mth, Mycobacterium tuberculosis; TB, tuberculosis
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A3.3 Summary of evidence

Two observational studies (1, 2) clearly mention respiratory hygiene among the administrative measures contained in the
packages implemented. However, some articles addressed the impact of respiratory hygiene on the reduction of transmis-
sion of influenza and pertussis, diseases with transmission dynamics that differ from those of TB (3-6). The few data avail-
able from these studies support the implementation of cough etiquette to reduce the transmission of influenza and
pertussis. These findings, although not TB related, are used to inform the public health recommendation for the role of
cough etiquette for TB infection control.

A3.4 GRADE profile

Table A3.2 Cough etiquette and respiratory hygiene — quality assessment

No. Design Limitations Inconsistency Indirectness Imprecision Quality
studies
28 Observational Serious limi- No serious No serious in- No serious LOwW
studies tations inconsistency directness imprecision

@ Table generated based on the TB-related papers only (1,2)
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B ANNEX 4

Minimizing time spent in health-care facilities (Recommendation 8d)

A4.1 Question

Table A4.1
Question or intervention Outcome Setting Population
Minimise time spent in health- Reduction in TB Any ward Patients (HIV positive and
care facilities versus no inter- incidence TB ward all patients)
vention MDR ward HWs (HIV positive and all
HWs)

HW, health worker; HIV, human immunodeficiency virus; MDR, multidrug resistant; TB, tuberculosis

A4.2 Summary of evidence

No studies were found that directly assess the contribution of hospital stay to nosocomial TB transmission. Therefore, a
GRADE table cannot be generated. There are several studies on cost-effectiveness of ambulatory management versus
hospitalization.
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Bl ANNEX 5

Ventilation system: Natural, mixed-mode and mechanical ventilation
(Recommendations 10, 10a and 10b)

A5.1 Question

Table A5.1
Question or intervention Outcome Setting Population
Ventilation versus no interventions Reduction in TB inci- Any ward Patients (HIV-posi-
Mechanical ventilation versus no inter- dence TB ward tive and all
vention Change in ACH MDR ward patients)
Natural or mixed-mode ventilation ver- Cost or cost—effective- Outpatient HWs (HIV-positive
sus mechanical ness Congregate® and all HWs
Single occupancy versus ventilation or
mechanical

ACH, air change per hour; HW, health worker; HIV, human immunodeficiency virus; MDR, multidrug resistant; TB, tuberculosis
@ Congregate settings include prisons, homeless shelters, army barracks and nursing homes.

A5.2 Study selection process

4537 articles excluded after screening titles and abstracts

5334 TB infection
control citations
from 4 databases 741 duplicate
articles excluded

v

4593 original
articles on TB 4537 articles
infection control excluded after
> | screening titles and
abstracts

56 articles on
ventilation for TB
infection control

47 articles excluded
due to lack of
relevant data or
lack of use of Mtb
or BCG

v

9 articles from
which data were
extracted after
full-text review

BCG, Bacille Calmette Guerin; Mth, Mycobacterium tuberculosis; TB, tuberculosis
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A5.3 Summary of evidence

Of the nine included articles (1, 9), three were epidemiologic studies (cohort or cross-sectional designs) (3-5) that looked
at tuberculin skin test (TST) conversion rates in health workers; four were modelling studies (1, 6-8) and two described the
costs of ventilation interventions (2, 9). No randomized controlled trials studying the effectiveness of ventilation measures
were found. One study focused on natural ventilation only (7), the other studies assessed mechanical ventilation. The three
epidemiological studies showed a link between ventilation and TST conversion rates: the lower the ventilation, the higher
the TST conversion rate in health workers. The factors studied in the nine included articles vary widely.

In general, even if the evidence for ventilation is of low quality, studies suggest that these interventions are useful for TB
infection control.

A5.4 GRADE profiles

Table A5.2 Natural, mixed-mode and mechanical ventilation for TB infection control — quality assessment

No. Design Limitations Inconsistency Indirectness Imprecision Quality
studies
9 Observational, Serious Serious Serious Serious LOW
modelling, limitations
environmental,
animal, and cost
studies
Table A5.3 Key findings from the systematic review on natural and mechanical ventilation
Country, Setting and Type of Comparison | Data without Data with ventilation  [Notes
type of subjects ventilation type ventilation
study,
years and
reference
South Hospital Mechanical Casesof Mechanical Improvements to Mechani-
Africa HWs and and natural XDR-TB ventilation pre- natural ventilation cal venti-
Model- patients prevent- vents 12% of could prevent aver- lation and
ling ed XDR-TB cases age of 33% of HEPA fil-
study (range 10-20%) XDR-TB cases ters can
(1) (range 8-35% due reduce
to wind patterns) extral0%
of XDR-
TB cases
(range
20-35%)
USA 5 hospi- Nonrecirculat- Room exhaust
1989- tals, 4 ed air; $30,000— fans: $3,500-9,800
1994 with 132,900
Cost MDR-TB
study outbreaks
v
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Country, Setting and Type of Comparison | Data without Data with ventilation  [Notes
type of subjects ventilation type ventilation
study,
years and
reference
USA ED Intervention in- TST (Baseline) Cy- Cycle 3 after imple- Annual in-
Pro- Hospital cluded: 4 iso- conver- cle 1: 451/4547 mentation of all cidence
spec- staff lation rooms sion (8.1%) in other measures: 0/64 of TB dis-
tive (as per CDC rates departments, 8/ (0%) for ED and ease was
cohort standards), over 6- 88 (9.1%) in 36/3000 (1.2%) for 22.1/
study 100% nonre- month Emergency oD 100,000
part of circulated air intervals dept.
screen- in trauma (10 mm Cycle 2: 6/50
ing pro- area, im- cutoff, 5 (12%) for ED,
gram proved ventila- TU) 51/2514 (2%)
1993- tion with at for OD
1996 least 25%
3) fresh airin ED,
laminar flow of
air, Plexiglas
droplet shields
Canada 17 acute- TST Inadequate ven- In multi proportion- Ventila-
Cross- care hos- conver- tilation of al hazards regres- tion mea-
section- pitals in 4 sion nonisolation sion, earlier time to sured by
al sur- cities groups rooms signifi- conversion signifi- Smoke
vey Nurses, (Man- cantly associat- cantly associated tubesand
1992- physio- toux, 10 ed with TST with ventilation CO, re-
1995 thera- mm cut- conversion <2ACH in noniso- lease
(4) pists, off, 5TV) among nursing, lation rooms (haz- mea-
respirato- housekeeping ards ratio 3.4 (2.1- sured by
ry thera- and respiratory 5.8)) but not with infrared
pist, therapy person- ventilation in respi- direct
aides, or- nel (p<0.001). ratory isolation reading
derlies, inadequate ven- rooms (<6ACH vs monitor
house- tilation of bron- >6ACH) 1.02 (0.8-
keepers, choscopy 1.3)
clerks rooms also sig-
nonclin- nificantly asso-
cial per- ciated with
sonnel conversion
among respira-
tory therapists
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Country, Setting and Type of Comparison | Data without Data with ventilation  [Notes

type of subjects ventilation type ventilation

study,

years and

reference

Canada 17 acute TST In converted In multivariate

Cross- care hos- conver- group, ACH av- analysis, ratio of

section- pitals in 4 sion eraged 16.7 actual ventilationto

al study cities groups Innonconverted minimum recom-

(5) Nurses, (Man- group, ACH av- mended (compar-
patholo- toux, 10 eraged 32.5 ing half vs equal)
gy and mm cut- TST conversion gave OR 1.3
microbiol- off, 5TU) significantly as- though not signifi-
ogy tech- sociated with cant (CI: 0.9, 1.9)
nicians lower ventilation
physio- (<0.001)
thera-
pists,
respirato-
ry thera-
pist,
nonclin-
cial per-
sonnel as
reference

USA Holding TST At measured 62.5% reduction in Annual in-

Model- facility conver- ventilation infection by in- cidence

ling Deputy sion (1763 CFM), 4/ creasing ventilation of TB dis-

study sheriffs rates 37 sheriffs in- by 64% ease

using (Man- fected; at de- ranged 3—-

Wells- toux, signed 7.3/

Riley 5TU) ventilation 100,000

model (4954 CFM),

(6) only 1.5/37

Peru 8 hospi- Natural and Median Median risk was 39% for mechani- ACH

Mathe- tals in- mechanical risk of 97% for natural- cal-ventilated neg- mea-

matical cluding ventilation B ventilation facili- ative-pressure sured us-

model- TB wards trans- ties with win- isolation rooms at ing tracer
ling us- and clin- mission dows/doors 12 ACH gas con-
ing ics (5 built (% of in- closed, 33% for centra-

Wells- before dividu- natural-ventila- tion

Riley 1950 and als tion facilities in decay

model 3 built infected) modern hospi- tech-

) 1970- tals and 11% in nique,
1990) ; pre-1950 hospi- CO, con-
suscepti- tals with win- centra-
ble indi- dows/doors tions
viduals opened mea-
who are sured us-
exposed ing

infrared
gas ana-
lyzer
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Country, Setting and Type of Comparison | Data without Data with ventilation ~ [Notes

type of subjects ventilation type ventilation

study,

years and

reference

USA Office TST Baseline con- Increase of 10cfm Further

Mathe- building conver- version:27/67 would reduce rate increas-

matical Workers sion (40%) by 26.9% (18/67) es in out-

model- (Man- Decrease in Increase 20 CFM door air

ling toux, 10 ventilation by 10 would reduce to13/ ventila-

based mm cut- CFM would 67 (19%) tion pre-

on con- off, 5TV) double infection dicted to

tact in- 4 month rate (52/67 or resultin

vestigati intervals 78%) progres-

on sively

(8) smaller
reduc-
tionsinin-
fection

USA Waiting room 100% exhaust in 100% ex-

Life cy- recirculation: waiting room: haust for

cle cost Los Angeles LA-$1,753,471 entire

analy- (LA)- NY-$1,437,056 building:

sis for $1,707,409 At-$1,770,116 LA-

25 New York (NY)- $1,783,9

years in $1,387,717 45

3 cities Atlanta— NY-

9 $1,718,853 $1,492,5
15
Atl-
$1,847,9
92

ACH, air changes per hour; CDC, Centers for Disease Control and Prevention, Atlanta, Georgia, United States of America; CFM, cubic
feet per minute; ED, emergency department; HEPA, high-efficiency particulate air, HW, health worker, LA, Los Angeles; MDR, multidrug
resistant; NY, New York; OD, outpatient department; TST, tuberculin skin test; TU, tuberculin unit; XDR extensively drug resistant
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B ANNEX 6

Use of ultraviolet germicidal irradiation fixtures
(Recommendation 11)

A6.1 Question

Table A6.1

Questions/interventions Outcome Setting Population

+ UVGl lights versus no in- + Reduction in TB incidence + Any ward + Patients (HIV-positive and
tervention « Cost or cost-effective- « TBward all patients)

+ UVGlI lights versus UV ness « MDR ward + HWs (HIV-positive and all
lights plus other interven- « Adverse outcomes + Outpatient HWs)
tions a

+ Congregate

HW, health worker, HIV, human immunodeficiency virus; MDR, multidrug resistant; TB, tuberculosis; UVGI, ultraviolet germicidal
irradiation

@ Congregate settings include prisons, homeless shelters, army barracks and nursing homes.

A6.2  Study selection process

5334 TB infection
control citations
from 4 databases

741 duplicate
articles excluded

v

4593 original
articleson TB
infection control

4523 articles
excluded after
screening titles and
abstracts

v

70 articles on
UVGI for TB
infection control

59 articles excluded
due to lack of
relevant data or
lack of use of Mtb
or BCG

v

11 articles from
which data was
extracted after

full-text review

BCG, Bacille Calmette Guerin; Mth, Mycobacterium tuberculosis; TB, tuberculosis; UVGI, ultraviolet germicidal irradiation
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A6.3 Summary of evidence

There is wide variation in the factors studied in the 11 included articles (1-11). Only one is an epidemiologic study that
looked at TST conversion rates in health workers showing no major additional benefit (2). However, one well designed an-
imal model study demonstrated that UVGI could reduce TB transmission and disease in guinea pigs (1). All the three lab-
oratory experiments studies showed reduction in bacteria concentration, and absence of tubercles in animals exposed to
UVGI (8, 9, 11).

Two are modelling studies (3, 5), another looks at adverse effects (7), and one article describes the costs of the UVGI in-
tervention (4). There are no randomized controlled trials studying the effectiveness of UVGI. However, given the ethical
consideration for the conduction of a randomized controlled trial in humans to determine the efficacy of UVGI, results from
the animal model study represent the closest proxy to a randomized controlled trial.

There is little evidence on the effectiveness of UVGI as an intervention. However, the available evidence, though weak and
indirect, is generally favourable on its use for TB infection control.

A6.4 GRADE profiles

Table A6.2 UVGI for TB infection control — quality assessment

No. studies Design Limitations Inconsistency Indirectness Imprecision Quality
11 Observational, mod- Serious Serious Serious Serious LOW
elling, limitations
environmental,
animal and cost
studies

Table A6.3 Key findings from the systematic reviews of ultraviolet germicidal irradiation (UVGI) fixtures

Country, Settingand | Type of Comparison Data without UVGI Data with UVGI Notes
type of subjects UvGl type
study,
years and
reference
Peru Three Up- TST con- 106 tuberculin-posi- There was autopsy or or-
Animal wards per version tives in the control gan culture evidence of tu-
study Guinea room and de- group, 43 in the group berculosis disease in 26
1) pigs tection of protected by ionizers, control group animals,
TB dis- and 29 in the group compared with 11 in those
ease only exposed to ward protected by ionizers (log-
air when UV lights rank 3.7, P=0.055) and 11
were switched on (P in those protected by UV
<0.0001). Tuberculo- lights (log-rank 5.4; P =
sis transmission was 0.02).
reduced by 58% by
ionizers (log-rank 27; P
<0.0001) and by 72%

by UV lights (log-rank
46; P <0.0001).

USA Hospital Up- TST con- 30/145 (20.7%) base- Starting from 7/219 (3.2%); TSTwith 10
Cross- HWs, per version line conversion rate changed to 14/227 (6.2%) mm cut off
sec- hospi- room rates with several IC mea- for first 6 months, then to at 6-month
tional tal em- sures 4% for next 6 months intervals
survey ployees

1991~

93

@
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Country, Settingand | Type of Comparison Data without UVGI Data with UVGI Notes

type of subjects UVGI type

study,

years and

reference

Italy Hospi- N/A TST con- GV: 34.3-99.9% GV+UV: 5.8-90%

Predic- tal, HIV version GV+SM: GV+SM+UV: 3.5-42.8%

tion wards rates for 22.3-98.1% GV+DMR+UV: 0.9-12.6%

model- HWs, 4types of GV+DMR: 5.9-61.5% GV+HM+UV: 0.2-2.8%

ling hospi- high-risk GV+HM: 1.3-17.9%

(3) tal em- proce-

ployees dure

USA 5 hospi- Up- Cost Wall mounted: In ventilation system:

Cost tals, 4 per $84,000 for 12 fixtures, $61,400 for 12 fixtures

study with room $93,000 for 8 fixtures

1989~ MDR- ,in at another hospital

94 TB out- venti-

4) breaks lation

duct

USA Hospital Up- TB risk, UVGI reduced TB risk UVGI reduced TB risk by Mean cost

Risk per mean an- by 1.6-fold in low-risk 4.1-fold in high-risk setting; effective-

analy- room nual new setting UVGI reduced mean infec- ness

sis infection UVGI reduced mean tion rate from 2.2 to 0.6 per ranged from

Hypo- rate, cost infection rate from 2.2 year at high irradiance $133 per

theti- effective- to 1.3 per year at low ir- TST con-

cal ness radiance version

model- saved in

ling high-risk

(5) setting to
$1017 per
TST con-
version
saved in
low-risk set-
ting

Cana- Hospital Up- ACH 2.0w/o UV 4.0 with UV All P<.05

da per mea- 3.1 for upper-room UV 7.7 for portable UV Measured

Cross- room sured by 2.2 for UV + unmixed 4.5 for UV + mixed air other bacte-

sec- , por- proxy, air riain air, did

tional table not di- not include

survey de- rectly Mtb

1997- vice

98

(6)

USA Home- Up- Adverse 223/3611(6%) inter- 95 cases entirely during ac-

Dou- less per effects views reported skin or tive UV period, 36 during

ble- shelter room eye symptoms placebo, 36 uncertain

blind, Shelter (Chi-square P = 0.4)

place- staff

bo-

con-

trolled

field tri-

al, not

ran-

dom-

ized

1997-

2004

)
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Country, Settingand | Type of Comparison Data without UVGI Data with UVGI Notes
type of subjects UVGI type
study,
years and
reference
USA Dental Up- Reduc- Count range 150-350 Count range 15-30 9-fold re-
Labo- clinic in per tionof TB duction in
ratory TB hos- room bacteria TB bacteria
study pital on cul- on plates
(8) ture
plates af-
ter UV
expo-
sure for
24 hours
USA Labora- Up- ACH ACH when UV off: 2-4 ACH for 1 UV fixture: 12 Ratio of dis
Labo- tory per ACH for 2 UV fixtures: 21— appear-
ratory room room 37 ance of
study difference in ACH: range BCG for UV
1974 10-33 Versus no
75 UV was 9:1
©
USA Six- Up- Pres- Tubercles ranged from No rabbits had tubercles Used BCG
Animal room pi- per ence of 21010
study lot ward room tuber-
1995 clesin12
(10) rabbits
exposed
to BCG
USA Labora- Up- Cultura- First time: 7.67 x 10 First time: UV lamps
Labo- tory per ble bac- Repeat: 551 x 10° reduced av-
ratory room room teria 3.71 x 104 Repeat: erage room
study count 1.01x 108 BCG con-
(11) concen- centration
tration between
(CRU/ 96-97% at
md) 50% rela-
tive humidi-
ty

ACH, air changes per hour; BCG, Bacille Calmette Guerin; CFU, colony forming unit; DMR, dust-mite respirator; GV, general
ventilation; HEPA, high-efficiency particulate air; HIV, human immunodeficiency virus; HM, HEPA mask; HW, health worker; MDR,
multidrug resistant; Mtb, Mycobacterium tuberculosis; N/A, not applicable; SM, surgical masks; TB, tuberculosis; TST, tuberculin skin
test; UV, ultraviolet; UVGI, ultraviolet germicidal irradiation
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B ANNEX 7

Use of particulate respirators for health workers
(Recommendation 12)

A7.1 Question

Table A7.1
Question/interventions Outcome Settings Population Special situations
Respirators (N95 or Reduction in TB Any ward HWs (HIV-posi- Procedures in-
equivalent) versus no incidence TB ward tive and all HWs) volving aerosol
intervention MDR ward versus other pro-
Outpatient cedures
Fit test versus fit check Proper use of the Any ward HWs (HIV-posi-
and/or training respirator TB ward tive and all HWs)
MDR ward
Outpatient

HW, health worker; HIV, human immunodeficiency virus; MDR, multidrug resistant; TB, tuberculosis

A7.2 Study selection process

5334 TB infection
control citations
from 4 databases 741 duplicate
articles excluded

v

4593 original

articles on TB 4490 articles
infection control excluded after

screening titles and
abstracts

v

103 articles on
masks or respirators

for TB infection -
control 90 articles excluded

due to lack of
relevant data or
lack of use of Mtb
or BCG

v

13 articles from
which data were
extracted after
full-text review

BCG, Bacille Calmette Guerin; Mth, Mycobacterium tuberculosis
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A7.3 Summary of evidence

Of the 13 relevant studies included in the review (1-13), 3 epidemiologic studies (cross-sectional surveys) evaluated TST
conversion rates in health workers and showed a decrease in TST conversion in health workers following the introduction
of respirators (6, 7, 10). Four articles were modelling studies (2, 3, 7, 12), and four studies described the cost/cost-effec-

tiveness of respirators (2,9,11,13). One study showed low compliance with use of respirators by HWs even if proper training
is ensured (4). One study demonstrated that user seal check should not be used as a surrogate for respirator fit testing (5).

A majority of the cost studies determined respirators are expensive and not very cost-effective. There is little evidence on
the effectiveness of respirators as an infection control intervention by themselves. However, the available evidence, though
weak and indirect, is generally favourable on its use for TB infection control.

A7.4 GRADE profile

Table A7.2 Respirators for TB infection control — quality assessment

zltc;. dies Design Limitations Inconsistency Indirectness Imprecision Quality
13 Observational, Serious limi- Serious Serious Serious LOW
modelling, en- tations
vironmental,
animal and
cost studies
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Table A7.3 Key findings from systematic review on respirators

Country, Settingand | Type of Comparison | Datawith orwithout | Data with mask or Notes
type of subjects mask or type mask or respirator respirator
study, respirator
years and
reference
USA Tertiary Vari- Cost Simple isolation Estimated cost of pre- Fit testing for 350 new
Cost case ous mask: $1,833 venting one case of oc- employees per year:
study hospital DMR: $1866- cupational TB $6,124 ($312,422
1) HWs 28,106 Disposable HEPA respi- over 41-year period)
Disposable rator $631,236 Fit training for new
HEPA respirator: Respirator with replace- employees in year:
$15,396- able HEPA filter: $5,256 ($268,086 for
114,715 $5,686,577 41 years)
Respirator with Fit testing: $312,422
replaceable Fit training: $268,086
HEPA: $18,614-
138,697
USA Hospital Vari- Risk re- Protection rate Under no UVGI and 6
Mod- HWs ous duction Versus no respi- ACH, 2560 person-
elling and per- ratory protect hours required for skin-
study son- (reduce risk fold) test conversion for no
2) hours to « surgical mask respirator protection, in-
TST 24 creases to 6100 hours
conver- + disposable for surgical mask, 44900
sion dust-mite or hours for DF/DM mask
dust-fume or disposable HEPA,
respirator or 116000 hours for nega-
disposable tive pressure cartridge
HEPA respira- HEPA respirator, and
tor 17.5 610,000 for powered air-
* negative pres- purifying respirator
sure cartridge
HEPA respira-
tor 45.5
* powered air-
purifying res-
pirator 238
South Hospital N95 Cases Respirator mask Enforcement of adher- Mask use more effec-
Africa HWSs respi- of XDR- use would pre- ence would increase tive when combined
Mod- and rators TB pre- vent 2% of XDR number of XDR cases with other strategies
elling patients for vented cases and 2/3in averted by average of (reducing length of
study staff staff. 5% of XDR 1% (range 0-2%) stay, improved natu-
(3) and infections avert- ral ventilation, MODS,
mask ed if patients pro- voluntary testing and
s for vided with counselling with anti-
pa- surgical masks retroviral therapy, iso-
tients lation with 5 patients)
Brazil Hospital N95 Compli- During high-risk In TB isolation room: 39% of HWs found to
Cross HWs respi- ance procedures: 20% 39.5% of patient en- have facial-seal leak-
-sec- rators of patient en- counters had HW wear age (i.e. masks not
tional counters had N95 versus 8.7% when worn properly); 25.5%
2000~ HW wear N95 patient not isolated (OR of patient encounters
01 versus 27.6% in =6.85, p<0.001) had HW wear N95
(4) non-high-risk
procedures (OR
=153,P=
0.367)
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Country, Settingand | Type of Comparison | Datawith orwithout | Data with mask or Notes
type of subjects mask or type mask or respirator respirator
study, respirator
years and
reference
Hong Hospital N95 User fit The user seal User seal check wrongly Results indicate that
Kong Nurses and check check wrongly indicated that it did not fit user seal check
Retro- N100 versus indicated thatthe on 21-40% of occasions should not be used as
spec- fit test- mask fitted on a surrogate fit test
tive ing with 18-31% of occa-
(5) Porta- sions

Count

reading

of 100

as the

criterion

foracor-

rectly fit-

ted

mask
USA Hospital Vari- TST 30/145 (20.7%) Conversion rate at 3.2 TST with 10 mm cut-
1991- HWs, ous conver- baseline conver- then 6.2 (with UV) then off at 6-month inter-
1993 hospital sion sion rate with 4.0 for particulate respi- vals
Cross- employ- rates Technol shield rators
sec- ees (several 5.8 for dust-mist-fume
tional IC mea- respirators
(6) sures to-

gether,

includ-

ing neg-

ative-

pres-

sure

rooms

and UV

lights)
USA Vari- Risk of Risk under mod- Risk goes down to 0.021 Risk of infection de-
Mod- ous infection erate exposure with a elastomeric half- creases exponentially
elling category with face respirator (w/leak- with increasing per-
study disposable respi- age of 0.1) sonal respirator pro-
with rator (leakage tection; relative
modi- 0.2), ACH6 = efficacy of such pro-
fied 0.042 tection decreases
Wells- with increased venti-
Riley lation
@)
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Country, Settingand | Type of Comparison | Datawith orwithout | Data with mask or Notes
type of subjects mask or type mask or respirator respirator
study, respirator
years and
reference
USA Hospital Vari- TST For hospitals re- For hospitals reporting > Similar analysis for
Cross HWs ous conver- porting > 6 pa- 6 patients in 1992 hospitals reporting <6
-sec- sion tients in 1992: among high-risk HWs TB patients/year, no
tional rates submicron respi- (including bronchosco- significant differences
sur- rator protection pists and respiratory in HW TST conver-
vey (submicron sur- therapists): sion rate between
1992- gical masks, Submicron respirator hospital compliant or
95 NIOSH-ap- protection: TST conver- not compliant with TB
8) proved dispos- sion rate was 15/750 infection control mea-

able particulate (1.9%) sures

respirators: dust Surgical masks: 19/

mist, DFM and 1183 (1.6%)

HEPA-filter res- P =050

pirators): TST

conversion rate

289/29376

(0.98%)

Surgical masks:

497/52648

(0.94%)

P=0.98
USA Five Vari- Cost Total program Estimate of N95 respira- These findings, in
Cost hospi- ous cost of HW respi- tor program cost, as- contrast to other stud-
study tals rator fit-testing suming single use: ies, suggest cost of
1994 HWs program: $270-422,526 respirator protection
(9) $8,736-$26,175 program at most hos-

pitals not excessive

Brazil Hospital Vari- TST In relation to use In relation to use of sur- TST testing Mantoux
Cross Nurses ous conver- of Technol gical masks, 28/ 2TU with 10 mm cut-
-sec- sion PFR95 masks, 68(62.2%) who reported off
tional rates 31/68(68.9%) using them did not con-
study who reported us- vert, as compared to 6/8
1997- ing them did not (75%) who showed tu-
99 convert, as com- berculin conversion (p =
(10) pared to only 2/8 0.7)

(25%) who

showed tubercu-

lin conversion

(RR=0.3,P=

0.03 CI:0.09-

1.01)
USA 159 vet- HEPA Cost ef- Using HEPA res- Using HEPA respirators
Cost- eran af- respi- fective- pirators in HWs: in HWs: Would cost
effec- fairs rators ness Would cost $7 $100 million to save one
tive- hospi- million to prevent life
ness tals 1case of TBin
study HWs HW
11)
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Country, Settingand | Type of Comparison | Datawith orwithout | Data with mask or Notes
type of subjects mask or type mask or respirator respirator
study, respirator
years and
reference
USA Vari- Cumula- 10-year cumula- 10-year cumulative risk
Mod- ous tive risk tive risk for low- for high-risk scenario:
elling of infec- risk scenario: 0.48 (no respirator),
study tion 0.15 (no respira- 0.24 (surgical mask),
(12) tor), 0.067 (surgi- 0.037 (disposable DMF
cal mask), respirator), 0.013 (elas-
0.0094 (dispos- tomeric half-mask
able DMF respi- HEPA respirator),
rator), 0.0033 0.0026 (HEPA PAPR);
(elastomeric of 1000 HWSs, number of
half-mask HEPA expected cases after 10
respirator), years: 480, 240, 37, 13,
0.00064 (HEPA 3 (same order as above)
PAPR)
Of 1000 HWs,
number of ex-
pected cases af-
ter 10 years:
150, 67,9,3,1
(same order as
above)
USA Hospital Vari- Cost of Tecnol fluid- 3M dust-mist-fume 3M HEPA 9920:
Cost HWs ous person- shield: $80,600 9220: $990 in 1992 to $66,960 in 1994 to
study al pro- in 1992 to $21,450 in 1993 $16,000 in 1995
1992- tective $41,067 in 1995 American threshold flu-
95 equip- Moldex 2200 id-resistant: $19,443 in
(13) ment particulate respi- 1995
program rator $25,239 in
199210 $5,550in
1995

ACH, air changes per hour; CDC, Centers for Disease Control and Prevention; ClI, confidence interval; DF, dust/fume; DM, dust/mist;

DMF, dus/mist/fume; DMR, dust/mist respirator; HEPA, high-efficiency particulate air; HW, health worker; IC, infection control; MODS,
microscopic-observation drug-susceptibility; NIOSH, National Institute for Occupational Safety and Health; OR, odds ratio; PAPR,
powered air purifying respirator; RR, relative risk; TB, tuberculosis; TST, tuberculin skin test; UV, ultraviolet; UVGI, ultraviolet germicidal
irradiation; XDR, extremely drug resistant
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