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Background.  Transmission of Mycobacterium tuberculosis in healthcare settings is a preventable driver of the global tuberculosis 
epidemic. We aimed to assess the evidence for infection control interventions, including cough etiquette, engineering and personal 
respiratory protection measures, to prevent transmission of M. tuberculosis in healthcare settings.

Methods.  Three independent systematic reviews were performed using 6 databases and clinical trials websites. Randomized 
trials, cohort studies, before-after studies, and case-control studies were included. Searches were performed for controlled studies 
evaluating respiratory hygiene, engineering, and personal respiratory protection measures. Outcome measures included the inci-
dence of tuberculosis infection and disease. Studies involving transmission to either humans or animals were included.

Results.  Evaluation of respiratory hygiene and cough etiquette interventions identified 4 human studies, with 22 855 participants, and 1 
guinea pig study. Studies in humans evaluated the effects of multiple concurrent interventions. Patient use of surgical masks reduced infection 
by 14.8%, and tuberculosis disease was reduced by between 0.5% and 28.9%. Engineering and environmental interventions were evaluated 
in 10 studies of humans, including 31 776 human participants, and 2 guinea pig studies. Mechanical ventilation was associated with between 
2.9% and 14% less infection. Nine studies of personal respiratory protection were included, including 33 913 participants. Infection was re-
duced by between 0% and 14.8% in studies where particulate respirators were used. The quality of included studies was assessed as low.

Conclusions.  Respiratory hygiene, engineering, and environmental infection controls and personal respiratory protection inter-
ventions were associated with reduced transmission of M. tuberculosis and reduced tuberculosis disease in healthcare settings.

Keyword.   Tuberculosis.

Transmission of Mycobacterium tuberculosis in healthcare set-
tings is an important driver of the global tuberculosis epidemic, 
including the dissemination of drug-resistant disease [1, 2]. 
People attending hospitals and other congregate settings face 
an elevated risk of infection [3], due to occupational exposure 
to airborne droplets produced by patients with undiagnosed or 
partially treated pulmonary tuberculosis [4]. Institutional strat-
egies to protect people attending these facilities from becoming 
infected remain a top priority for tuberculosis control programs 
in both high- and low-prevalence settings [5]. The standard 
framework for global infection prevention and control (IPC) 
policies in institutions comprises 3 complementary categories 
of interventions: administrative measures, environmental con-
trols, and the use of personal protective equipment [6]. These 

strategies seek to detect and isolate cases promptly, while min-
imizing the probability that uninfected individuals will be ex-
posed and infected.

Limited evidence has been available to inform national and in-
ternational guidelines. Existing global recommendations predom-
inantly rely upon expert opinion and observational studies, most 
of which have methodological limitations [6]. This systematic re-
view was performed to inform revised World Health Organization 
(WHO) guidelines on tuberculosis infection prevention and con-
trol [7]. We aimed to evaluate the evidence for the effectiveness of 
(a) policies to promote cough etiquette and respiratory hygiene; 
(b) environmental and engineering controls; and (c) the use of 
personal protective equipment (such as respirators), in reducing 
transmission of tuberculosis in healthcare and other congregate 
settings. This review complements a companion review of admin-
istrative control measures to reduce tuberculosis transmission [8].

METHODS

We performed 3 separate systematic reviews of the evidence 
for cough etiquette and respiratory hygiene, environmental 
measures, personal respiratory equipment, in accordance with 
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PRISMA guidelines [9]. A review protocol was developed and 
approved by the WHO secretariat.

Search Strategy and Selection Criteria

Studies were eligible for inclusion if they measured the incidence 
of tuberculosis infection or disease among healthcare workers 
and other persons attending healthcare, or people attending 
nonhealthcare congregate settings (such as prisons or nursing 
homes). We included studies where animals were exposed to exhaust 
air containing airborne droplets from patients with tuberculosis.

Definitions
Respiratory hygiene and cough etiquette interventions were de-
fined as the practice of covering the mouth and nose during 
breathing, coughing, or sneezing. Such interventions included 
wearing a surgical mask, cloth mask, covering the mouth with tis-
sues, a sleeve, flexed elbow, or hand (followed by hand hygiene). 
Environmental control interventions were defined as the intro-
duction of methods of ventilation (including natural, mechanical, 
mixed-mode, and/or recirculated air filtration), upper room ultra-
violet germicidal irradiation (UVGI), or room air cleaner appli-
ances. Personal respiratory protection devices included the use of 
particulate respirators (N95 respirators or equivalent, introduced 
with or without a “fit test”) or implementation of a respiratory pro-
tection program. Comparator groups were populations in which 
these interventions were not implemented.

Outcome Measures
Outcomes included the incidence or prevalence of latent tubercu-
losis infection (LTBI) or tuberculosis disease. Detailed definitions of 
interventions and outcomes are included in the “WHO guidelines 
on tuberculosis infection prevention and control, 2019 update” [7].

Eligibility of Included Studies
Included study designs were randomized controlled trials, pro-
spective cohort studies, retrospective cohort studies (including 
before-and-after studies), or case-control studies. Studies were 
excluded if they did not report the outcomes of interest, lacked a 
suitable control or comparator group, if outcomes were measured 
in <10 subjects, or if the study reported modeling without any pri-
mary clinical data.

Search Strategy
Data sources included electronic health care databases and ev-
idence-based reviews. Six healthcare databases were searched, 
including Medline, EMBASE, Web of Science, PubMed, 
CENTRAL, LILACS, and clinical trials registries. We also 
searched the Cochrane Database of Systematic Reviews and 
hand searched the conference abstracts for the annual con-
ference of the International Union of Tuberculosis and Lung 
Disease and OpenSIGLE. Search strategies were developed in 
consultation with a librarian with experience in conducting 

systematic reviews. Detailed search terms are presented in the 
Supplementary Web Appendix (Tables S1, S2 and S3). To iden-
tify studies in which outcomes were measured in animals, ad-
ditional search terms were added to the overall search at the 
stage of title/abstract review (“mice,” “rats,” “pigs, guinea,” “an-
imals,” “nonhuman species,” or “rabbits”). No publication date 
restrictions or language restrictions were applied. Searches were 
conducted on 6 March 2018 (cough etiquette), 6 October 2017 
(environmental controls), and 1 October 2017 (personal respi-
ratory equipment).

In the first stage of study selection, titles and abstracts were 
screened independently by 2 reviewers (2 of L.  R., V.  C., and 
J.  H.), for suitability for subsequent full text review. In the 
second stage of study selection, full-text papers identified from 
the first stage were reviewed independently by 2 reviewers (2 of 
L. R., V. C., and J. H.). An additional search of reference lists of 
included articles was also conducted to identify further eligible 
articles.

Data Extraction and Analysis

Two reviewers extracted data from included papers into a 
standardized data extraction form. Discrepancies in study se-
lection or data extraction between reviewers were resolved by 
consensus.

Variables extracted from included studies included country, 
setting, participant characteristics, intervention details, com-
parator details and methods of measuring outcomes, and the 
number of participants with each outcome.

Outcomes in intervention and control groups were presented 
as proportions, with the effects of interventions presented as 
both absolute risk differences and relative risk difference. Results 
from animal and human studies were presented separately.

Outcomes were stratified by high or low-prevalence setting 
for tuberculosis [10]. We intended to stratify results according to 
human immunodeficiency virus (HIV) status, inpatient versus 
outpatient healthcare setting, and multidrug resistant tuberculosis 
(MDR-TB) exposure. Meta-analyses were to be performed if 2 or 
more studies reported similar interventions and outcomes.

To facilitate comparisons between studies in animals and hu-
mans, where outcomes were measured in animals, we applied 
the relative risk of the interventions to a typical control group 
of healthcare workers with an average risk of infection. This 
group was assigned an incidence equal to the mean incidence in  
9 human studies included in the 3 systematic reviews performed 
for this study [11–19]. This approach was adopted because ex-
posure in animal studies is calibrated by researchers, resulting 
in a higher absolute incidence of infection in the control group 
than is expected in human studies.

An assessment of the risk of bias of included was conducted 
according to the Cochrane Collaboration Tool for prospective 
cohort studies in humans and animals [5], and the Downs and 
Black tool for retrospective cohort studies [20].

http://academic.oup.com/cid/article-lookup/doi/10.1093/cid/ciaa719#supplementary-data
http://academic.oup.com/cid/article-lookup/doi/10.1093/cid/ciaa719#supplementary-data
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Role of Funding Source

The systematic reviews were supported by WHO. The WHO 
secretariat developed the research questions and provided input 
into the study protocol. The funder of the study had no role in 
data collection, data analysis, data interpretation, or writing of 
the report. The corresponding author had full access to all the 
data in the study and had final responsibility for the decision to 
submit for publication.

RESULTS

Respiratory Hygiene and Cough Etiquette Interventions

The review of respiratory hygiene and cough etiquette interven-
tions yielded 3293 unique papers, of which 5 were selected for 
inclusion (Figure 1). Table 1 shows the characteristics of studies 
in all 3 reviews, stratified by World Bank income classification 
and study design. The outcomes of studies evaluating the ef-
fect of respiratory hygiene and cough etiquette are summarized 
in Table 2. We identified 4 human studies, conducted among 
22 855 participants in healthcare settings. Use of masks by pa-
tients resulted in an absolute reduction in tuberculin skin test 
(TST) conversion of between 4.1 and 12.4 conversions per 1000 

person-months in Brazilian hospitals [15]; a reduction in TB 
disease by 0.5% in Malawian hospitals [21]; a reduction in TST 
conversion by 14.8% and a reduction in TB disease of 0.29 cases 
per 100 person-years in a Thai hospital [14], and a reduction in 
TB disease by 28.9% in a ward that treated people living with 
HIV in Italy [22]. No studies were identified that had been per-
formed in other congregate settings.

One study measured outcomes in animals, with 180 guinea 
pigs (90 per group) exposed to exhaled air from patients 
with MDR-TB that had been randomized either to surgical 
mask use or no mask use. The relative risk of TST conversion 
among guinea pigs in the intervention group was 0.52, com-
pared to the control group (ie, a 48% reduction in relative 
risk). Extrapolating this to an average population of healthcare 
workers, as described above, we would expect the absolute inci-
dence of infection to reduce from 6.5% to 3.4% (an absolute risk 
difference of −3.1%) [23].

Environmental Control Interventions in Humans
The search for environmental control interventions identified 
5615 papers for title and abstract screening, of which 76 pa-
pers were eligible for full text review (Figure  2). Ten studies, 

Figure 1.  Study selection for respiratory hygiene and cough etiquette interventions to reduce the transmission of Mycobacterium tuberculosis.



18  •  cid  2021:72  (1 January)  •  Fox et al

including 31  776 participants, met the inclusion criteria 
(Table  3). Mechanical ventilation in combination with other 
interventions was associated with an increase in TST conver-
sions in 2 before-and-after studies [15], and a decrease in TST 
conversions by between 2.9% and 14.8% in 7 before-and-after 
studies [11, 12, 14, 16, 18, 24, 25]. TST conversion was associ-
ated with a higher ventilation rate in a case-control study from 
Canadian tuberculosis laboratories [26].

Environmental Control Interventions in Animals
An additional 2 studies measured outcomes in a total of 791 guinea 
pigs exposed to exhaust air that had been treated with UVGI, taken 
from wards where patients had TB [28, 29]. Included studies of 
environmental control interventions are summarized in Table 2. 
UVGI treatment of ventilated air from patients with TB in a 
South African animal facility resulted in a relative risk of 0.28 (ie, 
a relative reduction in infection of 72%). When extrapolated to an 
average population of healthcare workers, this corresponds to a re-
duction in absolute risk from 6.5% to 1.8% (an absolute difference 
of −4.7%) [29]. The relative risk of infection following UGVI of 
exhaust air taken from an inpatient tuberculosis ward in Peru was 
0.27 (ie, a relative reduction in infection of 73%), corresponding to 
an absolute reduction in infection among an average population 
of healthcare workers from 6.5% to 1.8% (an absolute difference 
of −4.7%) [28].

Personal Respiratory Protection Interventions
The review of personal respiratory protection interventions iden-
tified 8186 unique studies for title and abstract review (Figure 3). 
Among these, 9 studies were identified, including 33 913 partici-
pants. All studies were before-and-after studies. Most studies of 
personal respiratory equipment were performed in the United 
States, whereas others were performed in Thailand and Brazil 
[13–15]. These cohort studies evaluated composite infection con-
trol measures, comprising a combination of administrative inter-
ventions, respiratory protection, and environmental interventions. 
The characteristics of included studies of personal respiratory 
protection are shown in Table 4. The use of respirators was asso-
ciated with an absolute reduction in TST conversion of between 
0.4% and 11.5% [11–16, 18, 19]. No difference in infection was ob-
served among staff using respirators in 1 before-and-after study 
performed in a hospital in the United States [17].

Meta-analyses could not be performed for any of the 3 re-
views, given the heterogeneity of the interventions.

Assessment of Study Quality
An evaluation of study quality for each class of interventions is 
shown in the Supplementary Web Appendix: respiratory hygiene 
and cough etiquette (Supplementary Tables S4 and S5, for human 
and animal studies), engineering and environmental control 

Table 1.  Summary of Characteristics of Included Studies

Characteristic

Number of Studies Conducted

Overall Studies  
n, (Total 

Participants)

In Low  
Prevalence 

Countries, n (%)

In High  
Prevalence 

Countries, n (%)

Respiratory hygiene and cough etiquette

  Study design

    Cross-sectional 0 0 (0) 0 (0)

    Before/after 3 1 (33%) 2 (67)

    Cohort 1 0 (0) 1 (100)

    Animal study 1 0 (0) 1 (100)

  Population studied

    HCWs 4 1 (25) 3 (75)

    Animals 1 0 (0) 1 (100)

  Interventions implemented

    Cough etiquette 1 0 (0) 1 (100)

    TB patient mask 
use

5 1 (20) 4 (80)

  Outcomes measured

    LTBI incidence 3 0 (0) 3 (100)

    TB disease 
incidence

3 1 (33) 2 (67)

Environmental and engineering controls

  Study design

    Case-control 1 1 (100) 0 (0)

    Cross-sectional 1 1 (100%) 0 (0)

    Cohort 1 0 (0) 1 (100)

    Before/after 7 6 (86) 1 (14)

    Animal study 2 0 (0) 2 (100)

  Population studied

    HCW 10 8 (80) 2 (20)

    Animals 2 0 (0) 2 (100)

  Interventions implemented 

    Natural ventilation 1 0 (0) 1 (100)

    Mechanical venti-
lation

8 7 (88) 1 (13)

    Mixed-mode 
ventilation

2 1 (50) 1 (50)

    UVGI 3 1 (33) 2 (33)

  Outcomes measured

    LTBI incidence 12 8 (75) 4 (25)

    TB disease 
incidence

2 0 (0) 2 (100)

Personal respiratory protection

  Study design

    Cohort 1 0 (0) 1 (100)

    Before/after 8 6 (75) 2 (25)

  Population studied

    HCW 9 6 (67) 3 (33)

  Interventions implemented

    Particulate 
respirators

8 5 (63) 3 (38)

    Moulded mask 1 1 (100) 0 (0)

  Outcomes measured

    LTBI incidence 9 6 (67) 3 (33)

    TB disease 
incidence

1 0 (0) 1 (100)

Abbreviations: HCW, healthcare worker; LTBI, latent tuberculosis infection; TB, tubercu-
losis; UVGI, ultraviolet germicidal irradiation. 

http://academic.oup.com/cid/article-lookup/doi/10.1093/cid/ciaa719#supplementary-data
http://academic.oup.com/cid/article-lookup/doi/10.1093/cid/ciaa719#supplementary-data
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(Supplementary Tables S6 and S7, for human and animal studies), 
and personal respiratory protection (Supplementary Table S8). 
The PRISMA checklist is included in Supplementary Table S9.

DISCUSSION

We undertook 3 systematic reviews of respiratory hygiene and 
cough etiquette measures, environmental controls, and per-
sonal respiratory equipment interventions to reduce transmis-
sion of M.  tuberculosis in healthcare settings. Most included 
studies demonstrated a reduction in infection and disease 

among healthcare workers. These findings were supported by 
studies in animals, with surgical mask use by patients and the 
introduction of UVGI resulting in resulted in a reduction in 
transmission. Together, these studies indicate that infection 
control measures in healthcare settings are likely to reduce 
transmission. Most included studies evaluated the effect of 
multiple concurrent interventions.

Our findings provide support for the expansion of existing 
infection control measures to reduce transmission of tubercu-
losis in healthcare settings [5, 6]. In most studies, the absolute 
reduction in risk of infection was modest, given the relatively 

Figure 2.  Study selection for environmental control interventions to reduce the transmission of Mycobacterium tuberculosis.

http://academic.oup.com/cid/article-lookup/doi/10.1093/cid/ciaa719#supplementary-data
http://academic.oup.com/cid/article-lookup/doi/10.1093/cid/ciaa719#supplementary-data
http://academic.oup.com/cid/article-lookup/doi/10.1093/cid/ciaa719#supplementary-data


Interventions to Reduce Tuberculosis Transmission  •  cid  2021:72  (1 January)  •  21

Ta
bl

e 
3.

 
Ch

ar
ac

te
ri

st
ic

s 
of

 In
cl

ud
ed

 S
tu

di
es

 E
va

lu
at

in
g 

th
e 

Ef
fe

ct
iv

en
es

s 
of

 E
nv

ir
on

m
en

ta
l C

on
tr

ol
s 

(n
 =

 1
1)

Fi
rs

t A
u

-
th

o
r, 

Ye
ar

 
P

u
b

lis
h

ed
S

et
ti

n
g

S
tu

d
y 

D
e-

si
g

n
Po

p
u

la
ti

o
n

/s

In
te

rv
en

ti
o

n
/s

C
o

m
p

ar
at

o
r

P
ri

m
ar

y 
Fi

n
d

in
g

s

E
nv

ir
o

n
m

en
ta

l C
o

n
-

tr
o

ls
O

th
er

N
o

 In
te

rv
en

-
ti

o
n

R
es

p
ir

at
o

ry
 H

yg
ie

n
e 

In
te

rv
en

ti
o

n
A

b
so

lu
te

 R
is

k 
D

iff
er

en
ce

O
th

er
 D

et
ai

ls

H
ig

h
 b

u
rd

en
 s

et
ti

n
g

s

R
ot

h,
 2

00
5 

[1
5]

Fo
ur

 h
os

-
pi

ta
ls

, 
B

ra
zi

l

C
oh

or
t 

st
ud

y
H

C
W

s
M

ec
ha

ni
ca

l v
en

ti-
la

tio
n:

 n
eg

at
iv

e 
pr

es
su

re
 in

 p
at

ie
nt

 
ro

om
s

U
se

 o
f 

su
rg

ic
al

 m
as

ks
 b

y 
pa

tie
nt

s,
 r

es
pi

ra
to

rs
 

us
ed

 b
y 

H
C

W
s

H
os

pi
ta

l 
w

he
re

 
m

ec
ha

ni
ca

l 
ve

nt
ila

tio
n 

w
as

 n
ot

 
us

ed

7.
4 

co
nv

er
si

on
s 

/ 1
00

0p
er

so
n-

ye
ar

s

8.
1 

pe
r 

10
00

pe
rs

on
-

ye
ar

s 
0.

7 
/ 1

00
0p

er
so

n-
ye

ar
s 

hi
gh

er
 

in
 in

te
rv

en
tio

n 
ho

sp
ita

l
C

om
pa

ris
on

 b
et

w
ee

n 
ho

sp
ita

l A
 (c

on
tr

ol
) a

nd
 

ho
sp

ita
l B

 (e
ng

in
ee

rin
g 

in
te

rv
en

tio
n)

Ya
na

i, 
20

03
 

[1
4]

TB
 h

os
pi

ta
l, 

Th
ai

la
nd

B
ef

or
e 

an
d 

af
te

r
H

C
W

s
M

ix
ed

 m
od

e 
ve

nt
ila

tio
n 

in
 

is
ol

at
io

n 
ro

om
s,

 
w

ith
 lo

ca
l e

xh
au

st
 

ve
nt

ila
tio

n 
an

d 
m

ax
im

um
 n

at
ur

al
 

ve
nt

ila
tio

n.
  

U
VG

I i
ns

ta
lla

tio
n 

on
 

hi
gh

-r
is

k 
w

ar
ds

O
ne

 is
ol

at
io

n 
ro

om
 

es
ta

bl
is

he
d 

in
 

ea
ch

 w
ar

d.
 S

af
et

y 
ca

bi
ne

t 
in

tr
od

uc
ed

 in
 

tu
be

rc
ul

os
is

 la
bo

ra
to

ry

Pr
io

r 
to

 in
tr

o-
du

ct
io

n 
of

 
gu

id
el

in
es

13
/7

7 
(1

6.
9%

) 
TS

T 
co

nv
er

si
on

s 
 

30
/4

35
7 

TB
 

ca
se

s 
 

(0
.7

/1
00

 p
er

so
n 

ye
ar

s)

2/
96

 T
ST

 c
on

ve
rs

io
ns

 
(2

.1
%

)  
19

/4
78

0 
(0

.4
 T

B
 c

as
es

 
/1

00
 p

er
so

n 
ye

ar
s)

R
ed

uc
tio

n 
in

 T
ST

 c
on

ve
rs

io
ns

 
by

 1
4.

8%
;  

A
bs

ol
ut

e 
re

du
ct

io
n 

in
 T

B
 

ca
se

s 
by

 0
.2

9 
ca

se
s 

pe
r1

00
 

pe
rs

on
 y

rs

 

Lo
w

 b
u

rd
en

 s
et

ti
n

g
s

B
lu

m
be

rg
, 

19
95

 [1
6]

Te
rt

ia
ry

 
ho

sp
ita

l, 
U

SA

B
ef

or
e 

an
d 

af
te

r
H

C
W

s
M

ec
ha

ni
ca

l v
en

ti-
la

tio
n:

 N
eg

at
iv

e 
pr

es
su

re
 r

oo
m

s 
in

tr
od

uc
ed

 fo
r 

pa
tie

nt
s

A
dm

in
is

tr
at

iv
e 

(p
at

ie
nt

 
is

ol
at

io
n,

 in
fe

ct
io

n 
co

nt
ro

l c
oo

rd
in

at
or

 
ap

po
in

te
d)

, r
es

pi
ra

-
to

ry
 h

yg
ie

ne
 a

nd
 H

C
W

 
ed

uc
at

io
n,

 s
ta

ff
 u

se
 o

f 
m

as
ks

S
ta

nd
ar

d 
pr

ac
tic

e 
pr

io
r 

to
 in

-
te

rv
en

tio
n

11
8/

35
79

 (3
.3

%
) 

co
nv

er
si

on
s

23
/5

15
3 

(0
.4

%
) c

on
-

ve
rs

io
ns

R
ed

uc
ed

 T
ST

 c
on

ve
rs

io
ns

 b
y 

2.
9%

 in
 in

te
rv

en
tio

n
 

W
en

ge
r, 

19
95

 [2
4]

H
IV

 w
ar

d 
of

 u
rb

an
 

ho
sp

ita
l, 

U
SA

 

B
ef

or
e 

an
d 

af
te

r
H

C
W

s
M

ec
ha

ni
ca

l 
ve

nt
ila

tio
n:

 
N

eg
at

iv
e 

pr
es

su
re

 
in

tr
od

uc
ed

 t
o 

is
ol

at
io

n 
ro

om
s

Pa
tie

nt
 is

ol
at

io
n,

 s
tr

ic
te

r 
is

ol
at

io
n 

pr
oc

ed
ur

es
, 

st
af

f 
us

e 
of

 s
ur

gi
ca

l 
m

as
ks

 a
nd

 o
th

er
s

S
ta

nd
ar

d 
pr

ac
tic

e 
pr

io
r 

to
 in

-
te

rv
en

tio
n

7/
25

 (2
8%

) c
on

-
ve

rs
io

ns
3/

17
 (1

8%
) c

on
ve

r-
si

on
s

R
ed

uc
tio

n 
of

 1
0%

 T
ST

 
co

nv
er

si
on

s 
af

te
r 

in
te

rv
en

tio
n

 

M
al

on
ey

, 
19

95
 [1

2]
M

D
R

-T
B

 
w

ar
ds

, 
U

SA

B
ef

or
e 

an
d 

af
te

r
H

C
W

s
M

ec
ha

ni
ca

l 
ve

nt
ila

tio
n:

 e
xh

au
st

 
fa

ns
 in

 is
ol

at
io

n 
ro

om
s

Im
pr

ov
ed

 is
ol

at
io

n,
 r

ou
tin

e 
sm

ea
r 

te
st

in
g 

to
 g

ui
de

 
is

ol
at

io
n,

 m
ou

ld
ed

 
su

rg
ic

al
 m

as
ks

 fo
r 

he
al

th
 w

or
ke

rs

S
ta

nd
ar

d 
pr

ac
tic

e 
pr

io
r 

to
 in

-
te

rv
en

tio
n

15
/9

0 
(1

6.
7%

) 
co

nv
er

-
si

on
s 

ov
er

 
18

 m
on

th
s

4/
78

 (5
.1

%
) c

on
-

ve
rs

io
ns

 o
ve

r 
18

 m
on

th
s 

in
 in

te
r-

ve
nt

io
n 

pe
rio

d

R
ed

uc
ed

 T
ST

 c
on

ve
rs

io
n 

by
 

11
.5

%
 a

ft
er

 in
te

rv
en

tio
n

 

Fe
lla

, 1
99

5 
[1

1]
U

rb
an

 A
ID

S
 

ce
nt

er
 

an
d 

pr
is

on
 

ho
sp

ita
l, 

U
SA

B
ef

or
e 

an
d 

af
te

r
H

C
W

M
ec

ha
ni

ca
l 

ve
nt

ila
tio

n:
 

ne
ga

tiv
e 

pr
es

su
re

  
U

VG
I i

ns
ta

lle
d

A
dm

in
is

tr
at

iv
e 

(e
ar

ly
 

is
ol

at
io

n)
, r

es
pi

ra
to

rs
 fo

r 
st

af
f 

(in
iti

al
ly

 p
ar

tic
ul

at
e 

re
sp

ira
to

rs
, t

he
n 

m
is

t 
fu

m
e 

re
sp

ira
to

rs
) 

Fe
w

er
 

ne
ga

tiv
e 

pr
es

su
re

 
ro

om
s.

 
Pr

io
r 

to
 

U
VG

I i
n-

st
al

la
tio

n

41
/3

03
 (1

3.
5%

) 
co

nv
er

si
on

s
21

/4
46

 t
es

ts
 (4

.7
%

) 
co

nv
er

si
on

s
R

ed
uc

ed
 T

ST
 c

on
ve

rs
io

n 
by

 
8.

8%
 a

ft
er

 in
te

rv
en

tio
n

 

B
eh

rm
an

, 
19

98
 [2

5]
E

m
er

ge
nc

y 
w

ar
d,

 
U

SA

B
ef

or
e 

an
d 

af
te

r
H

C
W

s
M

ec
ha

ni
ca

l 
ve

nt
ila

tio
n:

 m
ix

ed
 

m
od

e 
ve

nt
ila

tio
n

Ve
nt

ila
tio

n 
in

 t
ra

um
a 

ar
ea

, 
la

m
in

ar
 fl

ow
 f

ro
m

 r
eg

is
-

tr
ar

s 
to

 p
at

ie
nt

s

S
ta

nd
ar

d 
pr

ac
tic

e 
pr

io
r 

to
 in

-
te

rv
en

tio
n

6/
50

 (1
2%

)
0/

64
 (0

%
)

R
ed

uc
ed

 T
ST

 c
on

ve
rs

io
n 

by
 

12
%

N
o 

ch
an

ge
 in

 T
ST

 c
on

ve
rs

io
n 

in
fe

ct
io

n 
in

 o
th

er
 w

ar
ds

 
w

he
re

 t
he

 in
te

rv
en

tio
n 

w
as

 n
ot

 in
tr

od
uc

ed
 

du
rin

g 
th

e 
sa

m
e 

pe
rio

d



22  •  cid  2021:72  (1 January)  •  Fox et al

Fi
rs

t A
u

-
th

o
r, 

Ye
ar

 
P

u
b

lis
h

ed
S

et
ti

n
g

S
tu

d
y 

D
e-

si
g

n
Po

p
u

la
ti

o
n

/s

In
te

rv
en

ti
o

n
/s

C
o

m
p

ar
at

o
r

P
ri

m
ar

y 
Fi

n
d

in
g

s

E
nv

ir
o

n
m

en
ta

l C
o

n
-

tr
o

ls
O

th
er

N
o

 In
te

rv
en

-
ti

o
n

R
es

p
ir

at
o

ry
 H

yg
ie

n
e 

In
te

rv
en

ti
o

n
A

b
so

lu
te

 R
is

k 
D

iff
er

en
ce

O
th

er
 D

et
ai

ls

M
en

zi
es

 
20

03
 [2

6]
La

bo
ra

-
to

rie
s,

 
C

an
ad

a

C
as

e- co
nt

ro
l

H
C

W
s 

in
 la

-
bo

ra
to

rie
s

M
ec

ha
ni

ca
l v

en
til

at
io

n 
in

 la
bo

ra
to

rie
s

 
N

o 
ve

nt
ila

tio
n 

in
 la

bo
ra

-
to

rie
s

N
/A

N
/A

N
/A

A
m

on
g 

co
nv

er
si

on
s,

 m
ea

n 
ve

nt
ila

tio
n 

w
as

 1
6.

7 
(S

D
 2

.4
) A

C
H

. A
m

on
g 

no
n-

co
nv

er
si

on
s,

 m
ea

n 
ve

nt
ila

tio
n 

w
as

 3
2.

5 
(S

D
 

22
.7

) A
C

H
. P

 <
 .0

01

M
ue

ck
e,

 
20

06
 [2

7]
U

ni
ve

rs
ity

, 
C

an
ad

a
C

ro
ss

-s
ec

-
tio

na
l

S
tu

de
nt

s
M

ec
ha

ni
ca

l v
en

til
at

io
n 

in
 c

la
ss

ro
om

s
 

R
oo

m
s 

w
ith

ou
t 

m
ec

ha
ni

ca
l 

ve
nt

ila
tio

n

75
/2

97
 (2

5%
)

73
/1

89
 (3

9%
)

In
ci

de
nc

e 
of

 T
ST

 c
on

ve
rs

io
ns

 
in

cr
ea

se
d 

by
 1

4%
 in

 r
oo

m
s 

w
ith

 m
ec

ha
ni

ca
l v

en
til

at
io

n

 

W
el

be
l, 

20
09

 [1
8]

U
rb

an
 h

os
-

pi
ta

l, 
U

SA
B

ef
or

e 
an

d 
af

te
r

H
C

W
s

M
ec

ha
ni

ca
l v

en
til

a-
tio

n:
 C

on
ve

rs
io

n 
of

 
36

 is
ol

at
io

n 
ro

om
s 

to
 n

eg
at

iv
e 

pr
es

-
su

re
 r

oo
m

s

U
se

 o
f 

H
E

PA
 fi

lte
rs

 in
 t

he
 

em
er

ge
nc

y 
de

pa
rt

m
en

t
Pr

io
r 

to
 in

tr
o-

du
ct

io
n 

of
 

m
ec

ha
ni

ca
l 

ve
nt

ila
tio

n

98
/2

22
1,

 (4
.4

%
) 

co
nv

er
si

on
s

6/
21

08
 (0

.2
8%

) c
on

-
ve

rs
io

ns
R

ed
uc

ed
 T

ST
 c

on
ve

rs
io

ns
 b

y 
4.

1%
 in

 t
he

 in
te

rv
en

tio
n 

gr
ou

p

 

A
n

im
al

 s
tu

d
ie

sa

E
sc

om
be

, 
20

09
 [2

8]
TB

-H
IV

 
w

ar
d,

 
Pe

ru
 

C
oh

or
t 

st
ud

y
G

ui
ne

a 
pi

gs
 

ex
po

se
d 

to
 e

xh
au

st
 

w
ar

d 
ai

r

U
ltr

av
io

le
t 

ge
rm

i-
ci

da
l i

rr
ad

ia
tio

n 
of

 
ex

ha
us

t 
ai

r 
fr

om
 

pa
tie

nt
 r

oo
m

; O
R

  
N

eg
at

iv
e 

ai
r 

io
ni

za
tio

n 
tu

rn
ed

-o
n 

in
-p

at
ie

nt
 

ro
om

Tw
o 

in
te

rv
en

tio
ns

 c
om

-
pa

re
d 

w
ith

 t
he

 s
am

e 
co

nt
ro

l p
op

ul
at

io
n

U
VG

I t
ur

ne
d 

of
f 

/ n
eg

-
at

iv
e 

ai
r 

io
ni

za
tio

n 
tu

rn
ed

 o
ff

10
6/

30
4 

(3
5%

) 
TS

T 
co

nv
er

-
si

on
s 

 
26

/3
04

 
(8

.6
%

) T
ST

 
co

nv
er

si
on

s

(a
) U

VG
I i

nt
er

ve
nt

io
n 

 
29

/3
07

 (9
.5

%
) T

ST
 

co
nv

er
si

on
.  

11
/3

07
 (3

.6
%

) c
as

es
 

of
 T

B
  

(b
) A

ir 
io

ni
za

tio
n 

in
te

r-
ve

nt
io

n 
 

43
/3

03
 (1

4%
) T

ST
 

co
nv

er
si

on
s 

 
13

/3
03

 (4
.3

%
) w

ith
 T

B
 

di
se

as
e

(a
) U

VG
I i

nt
er

ve
nt

io
n 

 
TS

T 
co

nv
er

si
on

 r
ed

uc
ed

 b
y 

25
.5

%
  

TB
 r

ed
uc

ed
 b

y 
5%

.  
(b

) A
ir 

io
ni

sa
tio

n:
  

TS
T 

co
nv

er
si

on
 r

ed
uc

ed
 b

y 
20

.7
%

  
TB

 d
is

ea
se

 r
ed

uc
ed

 b
y 

4.
3%

W
he

n 
ex

tr
ap

ol
at

ed
 t

o 
a 

hu
m

an
 p

op
ul

at
io

n,
 t

he
 

in
te

rv
en

tio
n 

w
ou

ld
 b

e 
ex

pe
ct

ed
 t

o 
re

du
ce

 
in

fe
ct

io
n 

fr
om

 6
.5

%
 

to
 1

.8
%

 (a
n 

ab
so

lu
te

 
re

du
ct

io
n 

of
 4

.7
%

, 
re

la
tiv

e 
ris

k 
of

 0
.2

7)

M
ph

ap
hl

el
e,

 
20

15
 [2

9]
H

IV
 w

ar
d,

 
S

ou
th

 
A

fr
ic

a

C
oh

or
t 

st
ud

y
G

ui
ne

a 
pi

gs
 

ex
po

se
d 

to
 e

xh
au

st
 

w
ar

d 
ai

r

U
ltr

av
io

le
t 

ge
rm

i-
ci

da
l i

rr
ad

ia
tio

n 
of

 
ex

ha
us

t 
ai

r 
fr

om
 

pa
tie

nt
 r

oo
m

 
U

VG
I t

ur
ne

d 
of

f
58

/9
0 

(6
4.

4%
) 

TS
T 

co
nv

er
si

on
s

16
/9

0 
(1

8%
) T

ST
 c

on
-

ve
rs

io
ns

 o
ve

ra
ll

R
ed

uc
tio

n 
in

 in
fe

ct
io

n 
by

 
46

.7
%

 (c
om

bi
ne

d 
ov

er
 2

 
pe

rio
ds

)  
Pe

rio
d 

1:
 0

/9
0 

(0
%

)  
(R

ed
uc

tio
n 

of
 1

0%
)  

Pe
rio

d 
2:

 1
6/

90
 (1

7.
7%

)  
(R

ed
uc

tio
n 

of
 3

6.
8%

)

W
he

n 
ex

tr
ap

ol
at

ed
 t

o 
a 

hu
m

an
 p

op
ul

at
io

n,
 t

he
 

in
te

rv
en

tio
n 

w
ou

ld
 b

e 
ex

pe
ct

ed
 t

o 
re

du
ce

 
in

fe
ct

io
n 

fr
om

 6
.5

%
 

to
 1

.8
%

 (a
n 

ab
so

lu
te

 
re

du
ct

io
n 

of
 4

.7
%

, 
co

rr
es

po
nd

in
g 

to
 a

 
re

la
tiv

e 
ris

k 
of

 0
.2

8)

A
bb

re
vi

at
io

ns
: A

C
H

, a
ir 

ch
an

ge
s 

pe
r 

ho
ur

; H
C

W
, h

ea
lth

-c
ar

e 
w

or
ke

r;
 H

E
PA

, h
ig

h 
ef

fic
ie

nc
y 

pa
rt

ic
ul

at
e 

ai
r;

 H
IV

, h
um

an
 im

m
un

od
efi

ci
en

cy
 v

iru
s;

 L
TB

I, 
la

te
nt

 tu
be

rc
ul

os
is

 in
fe

ct
io

n;
 M

D
R

-T
B

, m
ul

tid
ru

g 
re

si
st

an
t 

tu
be

rc
ul

os
is

; S
D

, s
ta

nd
ar

d 
de

vi
at

io
n;

 T
B

, t
ub

er
-

cu
lo

si
s;

 T
ST

, t
ub

er
cu

lin
 s

ki
n 

te
st

; U
VG

I, 
ul

tr
av

io
le

t 
ge

rm
ic

id
al

 ir
ra

di
at

io
n.

Ta
bl

e 
3.

 C
on

tin
ue

d



Interventions to Reduce Tuberculosis Transmission  •  cid  2021:72  (1 January)  •  23

low annual risk of infection. However, over time, the cumula-
tive benefits of sustained infection control measures for staff 
and patients is likely to be substantial. Such measures are likely 
to be particularly important for staff in regular contact with pa-
tients with undiagnosed, or recently diagnosed, tuberculosis. 
Prevention of disease in healthcare workers is an important 
part of workforce health and safety, staff retention, and infec-
tion control for other patients. Unrecognized disease among 
healthcare workers can also result in a substantial risk to the 
other patients that they treat, many of whom may be highly sus-
ceptible on account of comorbidities [30].

Many of the interventions that were evaluated can be de-
livered at low cost in resource-limited settings. Natural ventila-
tion is a simple means of air disinfection, allowing contaminated 
exhaled particles to be removed from the healthcare setting, 
although this approach is less feasible where temperature ex-
tremes occur frequently [31]. Similarly, prompt use of surgical 
masks by patients with presumptive or confirmed active di-
sease can reduce transmission at a relative low cost. In contrast, 

prevention of transmission can have considerable benefits to 
patients and health systems, where the treatment costs can 
be considerable. Further studies are required to evaluate the 
cost-effectiveness of infection control measures, in order to in-
form decision making by health system managers about locally 
appropriate measures.

This systematic review has a number of limitations. We did 
not identify studies evaluating infection prevention and control 
measures in other congregate settings outside of the health-
care systems. Further research is required to demonstrate the 
effect of infection control practices in such settings, including 
prisons and educational facilities. A  second limitation is the 
absence of randomized trials. Most included studies were ret-
rospective cohort studies, with a before-and-after design. As a 
result, temporal factors unrelated to the intervention may have 
contributed to the observed reduction in incidence of infection. 
Studies of tuberculosis transmission are also prone to secular 
trends. Changes in the community prevalence of disease and 
other unrelated improvements in tuberculosis control can result 

Figure 3.  Study selection for personal respiratory protection interventions to reduce the transmission of Mycobacterium tuberculosis.
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in confounding, leading to an under- or overestimation of an 
intervention’s effectiveness. Third, most included studies evalu-
ated the effect of composite interventions, where with mul-
tiple interventions introduced concurrently. This is typical of 
health system approaches to infection control, which endeavor 
to produce an optimal effect by implementing complementary 
measures (such as administrative, engineering, and personal 
respiratory protection controls). However, this approach means 
that we were unable to compare the effect of alternative infection 
control strategies nor to assess the interaction between them.

The included animal studies also require careful interpretation. 
Although animal studies allow the evaluation of individual compo-
nents of infection control, such as patient mask use or engineering 
controls, their generalizability to humans is unclear. Guinea pig 
models are calibrated to measure the relative risk of an interven-
tion, with the duration and intensity exposure titrated to produce 
a high incidence of infection. As these animals are highly suscep-
tible to infection, they provide a useful model in transmission 
studies, allowing the relative effect of an intervention to be evalu-
ated. However, this susceptible state means that the absolute rate of 
infection would be higher in guinea pigs than a similarly exposed 
human [32]. It is for this reason that the GRADE guidelines rec-
ommend downgrading the quality of evidence for studies including 
animals [33]. In this systematic review, we addressed this concern, 
by applying the relative risk observed with interventions to an ab-
solute infection risk that is typical among healthcare workers. This 
approach allowed us to estimate an absolute risk difference that 
would be observed in humans, when the intervention was applied. 
Nevertheless, the use of animal models should be regarded as pro-
viding only indirect evidence of effectiveness of interventions and 
should be interpreted in the context evidence from human studies.

Our study findings have several important policy implica-
tions. Current evidence demonstrates that introducing a combi-
nation of administrative, engineering, and personal respiratory 
protection measures reduces transmission of M.  tuberculosis 
and tuberculosis disease in healthcare settings. This supports 
WHO recommendations to adopt a comprehensive approach 
to tuberculosis infection control in healthcare settings. These 
findings are also consistent with the F-A-S-T approach to tu-
berculosis control [34], which proposes a combination of 
measures that aim to detect cases early and promptly separate 
and treat based upon drug susceptibility test results. However, 
current studies in humans have not compared the effect of dif-
ferent elements of infection control. Nevertheless, based on 
this evidence, health system interventions are likely to have a 
significant benefit for healthcare workers and other visitors to 
healthcare settings. Importantly, not all infection control meas-
ures will be affordable in resource-limited settings, where lower 
cost measures such as administrative controls and PPE may be 
prioritized.

This review also demonstrates the value of serial surveillance for 
infection among staff as a programmatic indicator of transmission 

in high-prevalence settings. Monitoring infection rates among 
staff in high-transmission settings can identify whether infection 
control needs to be strengthened and enables health facilities to 
prevent disease among staff and improve confidence in infection 
control practices, contributing to workforce retention.

This review demonstrates the need for further high-quality 
research to compare the effectiveness of different individual 
components of infection control within health systems, and 
other settings. Evaluation of low-cost approaches, such as 
natural ventilation, is particularly important for resource-
limited settings. Studies evaluating a single intervention, 
rather than concurrent introduction of multiple interven-
tions, will be most informative. A  cluster randomized trial 
design would overcome biases that may be present in before-
after studies. Adequately controlled studies in congregate set-
tings such as prisons will also guide infection control policies 
outside of hospitals.

CONCLUSION

Infection control policies to enhance respiratory hygiene, environ-
mental controls, and personal respiratory protection were associated 
with a reduction in transmission of M.  tuberculosis to healthcare 
workers in low- and high-prevalence settings. A  combination of 
measures is likely to be most effective in healthcare settings. Further 
research is required to determine which interventions are effective 
and cost-effective in other congregate settings. The expansion of ev-
idence-based infection control practices will play an important role 
in reducing transmission of M. tuberculosis and is a key strategy for 
combating the global tuberculosis epidemic.
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