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settings: a systematic review and meta-analysis

Mariana Velleca' ®, Mohsen Malekinejad®?, Cecily Miller**, Lucia Abascal Miguel?, Hailey Reeves?,
Philip Hopewell" and Elizabeth Fair'?*

Abstract

Background: Contact investigation, the systematic evaluation of individuals in close contact with an infectious
tuberculosis (TB) patient, is a key active case-finding strategy for global TB control. Better estimates of the yield of
contact investigation can guide strategies to reduce the number of underreported and underdiagnosed TB cases,
approximately three million cases per year globally. A systematic review (Prospero ID # CRD42019133380) and meta-
analysis was conducted to update and enhance the estimates of the yield of TB contact investigation in low- and
middle-income countries (LMIC). Pubmed, Web of Science, Embase and the WHO Global Index Medicus were searched
for peer-reviewed studies (published between January 2006-April 2019); studies reporting the number of active TB or
latent tuberculosis infection (LTBI) found through contact investigation were included. Pooled data were meta-analyzed
using a random effects model and risk of bias was assessed.

Results: Of 1,644 unique citations obtained from database searches, 110 studies met eligibility criteria for descriptive
data synthesis and 95 for meta-analysis. The pooled yields of contact investigation activities for different outcomes
were: secondary cases of all active TB (defined as those bacteriologically confirmed or clinically diagnosed) 2.87%
(2.61-3.14, 12 97.79%), bacteriologically confirmed active TB 2.04% (1.77-2.31, 1> 98.06%), and LTBI 43.83% (38.11-49.55,
1 99.36%). Yields are interpreted as the percent of contacts screened who are diagnosed with active TB as a result of TB

contact investigation activities. Pooled estimates were substantially heterogenous (1> > 75%).

Conclusions: This study provides methodologically rigorous and up-to-date estimates for the yield of TB contact
investigation activities in low- and middle-income countries (LMIC). While the data are heterogenous, these findings
can inform strategic and programmatic planning for scale up of TB contact investigation activities.

Keywords: Contact investigation, Mycobacterium tuberculosis, Systematic Review, Tuberculosis

Introduction

In 2019, tuberculosis (TB) caused more than 1.4 million
deaths globally, the most of any single infectious disease.
During the same year there were an estimated 10 million
new cases of the disease. Both the new cases and deaths
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occurred overwhelmingly in low- and middle-income
countries (LMIC) [2-5].

To curb the TB epidemic, earlier identification and
treatment of infectious individuals and their close con-
tacts is imperative [1, 9]. Intensified case-finding efforts,
including contact evaluation, can be beneficial not only to
facilitate timely treatment and implementation of preven-
tive measures, but also to address the estimated 3 million
TB cases “missing” from national registries due to under-
diagnosis and under-reporting [7, 9-11].
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TB contact investigation, defined as the systematic
evaluation of people exposed (contacts) to persons who
have potentially infectious TB (index cases), is a strategy
to identify additional new cases of active TB and latent
TB infection (LTBI) eligible for TB preventive therapy
[3, 9, 10]. Contact investigation is initiated when a new
case of TB is identified [10, 13]. An index case interview
is performed to obtain a list of all household and non-
household contacts [10]. While procedures may vary,
household visits for symptom screening of all named
contacts are recommended, and those who screen posi-
tive are referred for clinical evaluation for active TB,
while those who screen negative are eligible to begin
preventive therapy [9, 10]. The effectiveness of contact
investigation is measured by its yield, the percentage of
contacts evaluated who are found to have TB [10, 18,
19].

Two older systematic reviews (Morrison et al. 2008; Fox
et al. 2013) calculated the pooled yield of contact inves-
tigation in high-burden, low- and middle-income coun-
tries (LMIC) and found that among household contacts
screened, 4.5% and 3.1%, respectively, had active TB (all
active TB cases, bacteriologically confirmed, or clinically
diagnosed) [1, 3]. These findings represent high yields
for a TB control intervention considering the additional
number of cases that could be found in a high TB burden
setting. However, results must be analyzed with caution
due to substantial heterogeneity of the studies included in
both reviews [1, 3]. A secondary finding of these reviews
was lack of standardized or universal definitions of the
contact investigation interventions thus leading to signifi-
cant heterogeneity [1, 3].

In 2012, the WHO published the first global policy
guideline to assist national TB control programs with rec-
ommendations for conducting contact investigation [9].
While most of the recommendations were categorized
as “strong recommendation,” most of the evidence base
for these recommendations was categorized as “very low-
quality evidence” due to lack of systematically collected
data on contact investigation activities in LMIC [22]. A
central hypothesis of the expanded systematic review
described here is that the number of activities in low-
resource, high TB burden settings has increased signifi-
cantly and have been conducted with a more systematic
approach, thus warranting an update to the literature.

Findings on the effectiveness of TB contact investiga-
tion in LMIC, defined as the pooled yield of secondary TB
cases and LTBI cases detected among contacts screened,
are presented by updating the systematic review by Mor-
rison et al. published in 2008 [1]. Additionally, the impact
of the publication of the WHO TB Contact Investigation
Policy Guidelines [9] in 2012 on the number of studies
and on the yield of TB contact investigation was assessed.
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Methods

A comprehensive protocol to inform our systematic
review study was developed and registered. (Prospero ID
# CRD42019133380).

Search strategy and eligibility criteria

Pubmed, Web of Science, Embase and The World Health
Organization Global Index Medicus were searched for
peer-reviewed literature to identify studies published
between January 2006 and April 2019 which reported the
number of active TB cases or persons with LTBI found
through contact investigation of close contacts of infec-
tious TB cases in LMIC. See Additional file 1: Table S1
for search dates, keywords used, and number of citations
found for each database and Additional file 2: Table S2
for the key-definitions that were used for this systematic
review.

Studies which reported data on pulmonary and
extrapulmonary TB index cases were included. There
were no age restrictions for index cases nor for TB con-
tacts. Data were analyzed considering the following age
groups for TB contacts: <5 years; 5-14 years; < 15 years; >
15 years.

Studies that reported the number of secondary active
TB cases (clinically diagnosed or bacteriologically con-
firmed) or LTBI cases as the numerator, and the total
number of contacts screened as the denominator, to cal-
culate the yield of contact investigation were included.
Study designs included: prospective cohort studies, cross-
sectional studies, retrospective studies, cluster-rand-
omized studies and longitudinal cohort studies.

Retrospective studies that did not clearly distinguish
between co-prevalent cases (individuals with TB diag-
nosed within three months of the index case diagnosis)
and incident cases (diagnosed >3 months after the index
case diagnosis) as well as other systematic reviews were
excluded.

There were no restrictions on eligibility by language of
publication. See Additional file 3: Table S3 for the com-
plete list of exclusion criteria.

Selection of studies & data extraction process

All search results were imported into the bibliographic
citation manager EndNote X9.2 [23] to remove dupli-
cate records. Remaining citations were exported to the
web application Rayyan QCRI [24] for title and abstract
screening. First author (MV) reviewed titles/abstracts of
all citations and two co-authors (HR and LA) reviewed
(50% each) titles/abstracts of citations excluded by MV.
Next, MV reviewed full-text of included citations and two
co-authors (HR and LA) reviewed a 10% random sample
of full-texts. Any discordance was resolved by consensus
with two senior authors (EF and CM) as mediators.



Velleca et al. BMC Infect Dis (2021) 21:1011

A web-based data extraction form using RedCap soft-
ware was developed, and pilot tested prior to the data
extraction phase [25, 26]. MV extracted data for all eligi-
ble studies, and two co-authors (HR and LA) reviewed a
10% random sample of extracted data. The level of dis-
cordance between MV and HR/LA was 2.1%, resolved
by consensus with two senior authors (EF and CM) as
mediators.

For publications presenting data of the same contact
investigation, the most recent and comprehensive pub-
lication was included for data extraction and the other
publications referenced for missing information if needed.
Online supplementary appendices of included studies
were reviewed for relevant information.

A validated tool for the assessment of risk of bias in
prevalence studies was adapted for this systematic review
[27]. See Additional file 4: File S1 for the adapted risk of
bias tool and a table comparing the questions of the origi-
nal tool to the adapted one.

Data synthesis

The unit of analysis was the close contacts of active TB
cases. The common metric of interest was the yield of
contact investigation, calculated by: the number of sec-
ondary cases of TB found through contact investigation
(active TB or LTBI) divided by the number of contacts
screened.

Metaprop command in Stata/MP 15.1 [28] was used
to calculate the pooled proportions and 95% confi-
dence intervals for the yield of contact investigation and
produced the forest plots using random effects model
[29,1,3]. Statistical heterogeneity was assessed using the
chi-squared test and calculating the 1%? threshold by
Cochrane Handbook was used for their interpretation
(considerable heterogeneity I> > 75%) [30].

Subgroup analysis was conducted to calculate the
pooled yield of contact investigation stratified by: WHO
geographic region [34]; World Bank income classifica-
tion [33]; age group (<5y; 5-14y;<15y;>15y); contacts
with positive HIV status; contacts of multi drug resistant
(MDR)-TB index cases; smear status of index case; loca-
tion of the contact investigation (community-based or
clinic-based); and by start date of data collection (before
or after the publication of the WHO TB Contact Investi-
gation Policy Guidelines [9] in 2012) The overall analysis
and all sub-group analyses were performed separately for
active TB and then for LTBIL.

Sensitivity analysis to assess the effect of risk of bias on
the results was performed by removing studies classified
as moderate and high risk of bias from the analysis. Also
assessed was the effect of removing the top 5% and bot-
tom 5% outliers from the analysis for the pooled yields of
all active TB, confirmed active TB and LTBI. Additional
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analysis was performed by excluding studies with restric-
tions for the target population of contacts based on age,
or restrictions based on HIV status and drug susceptibil-
ity for the target population of index cases.

Results

Descriptive results

The Preferred Reporting Items for Systematic Reviews
and Meta-Analyses (PRISMA) checklist was used to guide
reporting [35]. The study search and selection process is
shown in Fig. 1.

Through database search, 1,644 unique citations were
identified; 110 studies were classified as eligible for data
extraction. Additional file 5: Table S4 provides the list of
citations included in this systematic review.

Included studies were conducted in 42 different coun-
tries, the majority conducted in Africa (39%) and Southeast
Asia (16%), based on the WHO geographical region classi-
fication [34]. There was a relatively even balance in the dis-
tribution of the eligible publications by World Bank income
classification [33], with 29% of the studies conducted in
low-income countries, 35% in lower middle-income coun-
tries, and 35% in upper middle-income countries.

Seventy-nine (72%) of the included studies started data
collection before the publication of the WHO TB Contact
Investigation Policy Guidelines [9,

Figure 2 shows the distribution of studies per year based
on start date of data collection. The year with the highest
number of studies starting data collection was 2013 (14
studies).

The median number of index cases per study was 254.5
(range 30-47,021, IQR 119.5-729.5), the median number
of contacts screened in each study for active TB was 665
(range 31-33,631, IQR 252-2585) and the median num-
ber of contacts screened in each study for LTBI was 345
(range 28-12,648, IQR 195-1064).

Forty studies presented data for child contacts under
five years of age (<5y), involving 17,556 children<5y
screened for secondary active TB. Twenty-one studies
reported a total of 6,479 children <5y started on Isonia-
zid Preventive Therapy (IPT). Figure 3 shows the overall
results of the risk of bias assessment. See Additional file 6:
Table S5 for the complete data on risk of bias for each
individual study.

Meta-analysis

Among the included studies, 95 reported data to cal-
culate the pooled yield of contact investigation for sec-
ondary cases of active TB (all active TB), 59 studies
provided data to calculate the pooled yield of contact
investigation for secondary cases of confirmed active
TB and 42 studies reported data for the pooled yield of
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Fig. 1 Flow diagram for study selection
contact investigation for LTBI. The results with a 95% Examining 95% confidence intervals (CI), a lower

confidence interval and I? for heterogeneity were: 2.87%  pooled estimate in the Western Pacific region was

(2.61-3.14, I* 97.79%) for all active TB (Fig. 4), 2.04%  observed for all active TB (1.17%, 95%CI: 0.75-1.59,

(1.77-2.31, I* 98.06%) for confirmed active TB (Fig. 5)  I* 98.58%) and for confirmed active TB (0.94%, 95%CI:

and 43.83% (38.11-49.55, 1* 99.36%) for LTBI (Fig. 6). 0.42-1.46, 1> 99.04%) when compared to the other
regions. For LTBI the point estimates and 95% CI were
considerably overlapping for all regions.

Subgroup analyses The upper middle income World Bank group had

Tables 1 and 2 summarize the results obtained for sub- . | wer pooled estimate (2.22%, 95%Cl: 1.86-2.58, 12

group analyses. There was considerable heterogeneity g7 559 without an overlapping 95% confidence interval
(I*>75%) in all subgroups.
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Fig. 2 Distribution of studies per year based on the start date of data collection (n=110). *: there was no information on the start date of data
collection, but the publication of these studies was before September 2012

compared to the lower middle-income group (3.29%,
95%Cl: 2.74—3.84, 1> 96.83%) for all active TB. For both
confirmed active TB and LTBI the point estimates and
95% confidence intervals were considerably overlapping
for all the income groups.

Regarding age subgroups, a statistically significant
higher pooled yield was found for the group of chil-
dren under five years of age for all active TB (6.84%,
95%ClL: 5.56-8.11, I* 95.95%). Statistically significant
lower pooled yields were found for confirmed active
TB when compared to all active TB for the subgroups
of children <5y (0.73%, 95% CI: 0.24—1.22, I* 79.03%)
and < 15y (1.65%, 95%CI: 1.03-2.27, 1> 86.85%).

Clinic-based contact investigation yielded a higher
number of TB cases (3.44%, 95%CIL: 2.96-3.93, I*
97.93%) when compared to community-based contact
investigation (2.34%, 95%CI: 1.96-2.72, I* 97.89%).

22222 8536% for all active TB) when compared to
the overall pooled yields of contact investigation. No
statistically significant differences in the estimates were
found by start date of data collection (before or after the
publication of the WHO TB Contact Investigation Pol-
icy Guidelines [9] in 2012).

Sensitivity analysis

No significant changes on the estimates for the pooled
yields of all active TB, confirmed active TB and LTBI were
observed when the analysis was repeated after removing
the top 5% and bottom 5% outliers, nor after removing
studies with restrictions for the target population of con-
tacts based on age, or restrictions based on HIV status and
drug susceptibility for the target population of index cases
(See Additional file 7: File S2 for details).

Additional sensitivity analysis was carried out by cal-
culating the pooled yields without the studies classified
as high risk of bias, and without the studies classified
as either moderate or high risk of bias (See Additional
file 7: File S2 for details). A slightly lower pooled yield
was observed when including just studies classified as
low risk of bias for all active TB: 2.01% (1.47-2.55, I
98.13%).

Discussion
The systematic review presented here provides a timely
update on the literature on the yield of TB contact inves-
tigation and more robust evidence of the contribution
of contact investigation activities to TB case detection
in LMIC. The previous systematic review published in
2008 [1], included 41 publications covering the period
from 1955 to 2005 (50 years), while the current review
included 110 studies in a period of just 13 years, indicat-
ing the number of TB contact investigation publications
has increased substantially over the years as hypothesized.
With the persistent estimate of 3—4 million “missing” TB
cases reported globally over the last 5 years, contact inves-
tigation as an imperative active case finding strategy is
being prioritize in LMIC and high TB burden settings.
Although the number of studies starting data collection
after the publication of the WHO TB Contact Investiga-
tion Policy Guideline in 2012 is significantly smaller (28
studies) than the number of studies starting data collec-
tion before the guideline (79 studies), the publications
included in this review covered studies which started data
collection from 1995 to 2016, thus the period prior to the
publication of the guideline was longer (Fig. 2). The year
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1-)Was some form of random selection used to select the
sample, OR, was a census undertaken?

2-)Was the likelihood of contacts non-response bias minimal
(considering just the initiation of contact investigation, not the
entire follow-up period)?

3-)Was the likelihood of index case non-response bias
minimal?

4-)Were data collected directly from the contacts (as opposed
to a proxy)?

5-)Was an acceptable case definition used in the study?

6-)Was an appropriate initial screening of contacts done?

7-)Was the same mode of data collection and investigation
used for all TB contacts?

Fig. 3 Overall results of the risk of bias assessment (n=110)

Risk of Bias Assessment Overall Results (n=110)

® Low Risk of Bias
= High Risk of Bias

95% 5%

34% 66%

33% 67%

82% 18%

72% 28%

88% 12%

91% 9%

with the highest number of studies starting data collection
was 2013, which indicates a potential boosting impact of
the guideline on contact investigation activities (Fig. 2).
On average there was a gap of five years between the start
date of data collection and the publication date of a study,
thus we could expect an increase on the number of studies
starting data collection after 2013, which will be published
over the next years, with an exception for the years during
the COVID-19 pandemic, which has disrupted TB investi-
gation activities worldwide.

1,3,

An important consideration is, while the use of the
yield of contact investigation is a well-established statistic,
both the numerator and denominator can be impacted by
how the activities are implemented. For example, use of
rapid diagnostics or early initiation of therapy for active
TB patients may drive the yield down because transmis-
sion time may be decreased, while targeted screening
may increase the yield compared with comprehensive
screening of larger population of contacts. In this review,
the median number of contacts found and screened
in each study for active TB was 665 (range 31-33,631,
IQR 252-2585) while the median number reported by
Morrison et al. in 2008 was 523.5 (range 56—3046, IQR
286.25-1012.25).

In the subgroup analyses (Tables 1 and 2), high het-
erogeneity was found, therefore the findings should be

interpreted with caution. The higher pooled yield for
clinic-based contact investigation when compared to
community-based contact investigation for all active TB
was expected, considering that a higher number of symp-
tomatic contacts is found with this passive strategy. The
differences between the estimates for all active TB and
confirmed active TB across age groups can be explained
by the fact that standard practice often does not include
confirmation of TB diagnosis in children.

Many studies did not report data regarding smear posi-
tivity of the index case, drug susceptibility of the index
case nor HIV status of the contacts, thus estimates pre-
sented for these subgroups might not be accurate. Despite
the small number of studies included in the analysis, the
results indicate a potentially high yield for all active TB
among these risk groups. This finding has important
implications for countries when grappling with decisions
about who to prioritize for contact investigation activities,
and for infection control activities considering the poten-
tially worse outcomes related to undiagnosed TB in these
groups, particularly in contacts who are PLHIV and con-
tacts of MDR-TB.

The higher pooled yields found for all active TB for chil-
dren under five years of age and for PLHIV, when com-
pared to the overall pooled yield, highlight the importance
of establishing and/or sustaining policies for TB preven-
tive therapy in these countries.
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00068 (0.0055,0.0083)
02742(0:2308,03225)

00287 (0.0261,00314)

Fig. 4 Forest plot of the yield of contact investigations for all active tuberculosis (confirmed and clinically/ radiologically diagnosed)
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%
author_year ES (95% CI) Weight
Amanullah, 2014 : ¢ 3 0.0526 (0.0257, 0.1047) 0.42
Armstrong-Hough, 2017 —‘_|— 0.0070 (0.0019, 0.0250) 1.87
Assefa, 2015 0.0256 (0.0071, 0.0888) 048
Beyanga, 2018 1 ¢ 0.0636 (0.0446, 0.0898) 091
Bonnet, 2017 > 0.0178 (0.0076, 0.0410) 1.36
Chakhaia, 2014 B — 0.0173 (0.0105, 0.0283) 1.96
Chamie, 2018 : l 0.0095 (0.0017, 0.0520) 1.14
Chheng, 2015 ! @-»  0.0960 (0.0558, 0.1603) 025
Datiko, 2017 * : 0.0038 (0.0031, 0.0046) 245
Datta, 2017 | ¢ 3 0.0622 (0.0367, 0.1035) 0.53
Diatta, 2007 —— 0.0233 (0.0139, 0.0387) 1.65
Eang, 2012 G 0.0263 (0.0247, 0.0281) 2.43
Egere, 2017 - 1 0.0047 (0.0030, 0.0073) 242
Fox, 2012 -‘_ | 0.0037 (0.0010, 0.0133) 2.26
Fox, 2017 . 0.0237 (0.0121, 0.0461) 1.30
Guo, 2012 * ! 0.0005 (0.0002, 0.0009) 246
Guo, 2019 * ! 0.0017 (0.0010, 0.0029) 245
Gupta, 2016 —0—: 0.0096 (0.0041, 0.0223) 1.99
Habte, 2016 I ¢ 0.0397 (0.0238, 0.0655) 1.03
Hall, 2015 | 3 0.1061 (0.0523, 0.2031) 0.13
Hill, 2007 _‘_l' 0.0105 (0.0051, 0.0216) 2.04
Hiruy, 2018 | —— 0.0336 (0.0225, 0.0500) 1.52
Hoang, 2019 s | 0.0031 (0.0005, 0.0172) 219
Hosten, 2018 —— | 0.0062 (0.0021, 0.0182) 2.11
Jackson-Sillaha, 2007 —— | 0.0101 (0.0068, 0.0150) 233
Javaid, 2016 ! 3 0.0836 (0.0642, 0.1083) 0.94
Jerene, 2015 * : 0.0076 (0.0064, 0.0091) 2.44
Jia, 2014 -‘— | 0.0063 (0.0041, 0.0096) 240
Jones-Lopez, 2013 e | 0.0022 (0.0004, 0.0122) 2.32
Karamagi, 2018 —p— 0.0181 (0.0134, 0.0246) 222
Khanal, 2016 1 —— 0.0346 (0.0317, 0.0377) 2.39
Khatana, 2019 | —— 0.0351 (0.0231, 0.0531) 142
Lala, 2015 1 ——— 0.0344 (0.0272, 0.0436) 2.01
Little, 2018 ! ¢ 0.0390 (0.0219, 0.0685) 0.90
Maciel, 2009 1 : 0.0323 (0.0139, 0.0733) 0.68
Mandalakas, 2017 - ! 0.0090 (0.0074, 0.0108) 243
Martinez, 2018 : D a— 0.0442 (0.0355, 0.0550) 1.86
Masur, 2017 I ¢ 0.0536 (0.0337, 0.0842) 0.80
Muyoyeta, 2017 —— 0.0207 (0.0133, 0.0321) 1.91
Narasimhan, 2017 — 0.0028 (0.0005, 0.0156) 223
Nguyen, 2009 L C—— 0.0095 (0.0032, 0.0275) 1.78
Oshi, 2017 —‘— | 0.0100 (0.0073, 0.0137) 237
Puryear, 2013 D S—— 0.0201 (0.0112, 0.0356) 1.68
Pérez-Porcuna, 2012 ! 3 0.1176 (0.0686, 0.1945) 0.17
Qadeer, 2017 ! e c— 0.0382 (0.0295, 0.0492) 1.86
Sanaie, 2016 - : 0.0161 (0.0143, 0.0181) 243
Seddon, 2013 I ¢ 0.0439 (0.0240, 0.0788) 073
Shah, 2013 | = 0.0255 (0.0234, 0.0279) 242
Shamaei, 2018 | _‘_ 0.0361 (0.0257, 0.0505) 1.63
Shapiro, 2012 1 B — 0.0594 (0.0513, 0.0687) 1.96
Sia, 2010 s — 0.0223 (0.0145, 0.0342) 1.87
Singh, 2012 I ——— 0.0505 (0.0376, 0.0676) 1.41
Singh, 2013 e — 0.0323 (0.0247, 0.0422) 1.96
Singla, 2011 ! ¢ 0.0298 (0.0158, 0.0557) 1.10
Swindells, 2018 —0:— 0.0169 (0.0106, 0.0269) 2.03
Vella, 2011 —‘1— 0.0187 (0.0133, 0.0261) 217
Verhagen, 2014 ¢ r 0.0123 (0.0034, 0.0436) 125
Whalen, 2011 p—— 0.0255 (0.0194, 0.0336) 210
Zhang, 2011 > 1 0.0068 (0.0055, 0.0083) 244
Overall (12 = 98.1%, p = 0.000) <> 0.0204 (0.0177, 0.0231) 100.00
1
N I R R E— |
0 .01 .02 .03 .04 .05 A
Fig.5 Forest plot of the yield of contact investigations for confirmed tuberculosis
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%
author_year ES (95% CI) Weight
Abu-Taleb, 2011 * 0.2857 (0.1525, 0.4706) 2.02
Aibana, 2016 * : 0.4160 (0.4075, 0.4246) 2.44
Aida, 2012 | —— 0.5397 (0.4780, 0.6002) 2.37
Aldhhubhani, 2013 1 —— 0.5565 (0.4931, 0.6181) 2.37
Amanullah, 2014 ———— 0.4511 (0.3691, 0.5359) 2.31
Baliashvili, 2018 —— : 0.3397 (0.3130, 0.3675) 242
Bonnet, 2017 —— 0.3950 (0.3396, 0.4532) 2.38
Cailleaux-Cezar, 2009 —— 0.4609 (0.4302, 0.4919) 242
Cavalcante, 2010 ! —— 0.6374 (0.6004, 0.6729) 2.41
Chakhaia, 2014 | —— 0.5274 (0.4785, 0.5757) 2.39
Chheng, 2015 | —— 0.5520 (0.4646, 0.6363) 2.31
Dahiwale, 2010 —— | 0.1607 (0.1129, 0.2237) 2.38
Datta, 2017 : ————  0.7024 (0.5975, 0.7896) 2.27
Dayal, 2018 —— I 0.2030 (0.1594, 0.2548) 2.40
Diatta, 2007 1 —_—— 0.5973 (0.5576, 0.6358) 2.41
Egere, 2017 L J ! 0.1581 (0.1472, 0.1697) 243
Fox, 2017 —— : 0.3303 (0.2815, 0.3830) 2.39
Garie, 2011 | ——— 0.5761 (0.5038, 0.6452) 2.35
Gomes, 2011 —— 1 0.2183 (0.1955, 0.2430) 243
Hosten, 2018 —_—— : 0.2412 (0.1903, 0.3008) 2.38
Hu, 2012 —— | 0.2962 (0.2683, 0.3257) 242
Jackson-Sillaha, 2007 - 1 0.2948 (0.2769, 0.3135) 2.43
Jones-Lopez, 2013 ! —— 0.6471 (0.6014, 0.6902) 2.40
Laniado-Laborin, 2014 : - 0.7861 (0.7192, 0.8407) 2.37
Lin, 2008 - | 0.2294 (0.2078, 0.2525) 243
Lu, 2018 —— 1 0.2594 (0.2340, 0.2866) 242
Martinez, 2018 ! - 0.5611 (0.5375, 0.5844) 243
Mensah, 2017 : —— 0.6500 (0.5525, 0.7364) 2.29
Narasimhan, 2017 | —— 0.5866 (0.5327, 0.6385) 2.39
Nguyen, 2009 ——— | 0.3108 (0.2418, 0.3894) 2.34
Rutherford, 2012 -e—‘— 0.4770 (0.4215, 0.5331) 2.38
Seddon, 2013 — | 0.1798 (0.1354, 0.2348) 2.39
Shamaei, 2018 —_—— 1 0.2754 (0.2470, 0.3057) 242
Sia, 2010 ! —— 0.5295 (0.4968, 0.5620) 242
Sinfield, 2013 —— : 0.2667 (0.2095, 0.3328) 2.37
Singh, 2012 I —_—— 0.6033 (0.5687, 0.6369) 242
Singh, 2013 I -$ 0.7876 (0.7653, 0.8083) 243
Stein, 2018 ! - 0.6511 (0.6325, 0.6692) 243
Triasih —0—: 0.3717 (0.3162, 0.4309) 2.38
Verhagen, 2014 ——r— 0.4172 (0.3442, 0.4939) 2.34
Whalen, 2011 ! - 0.6262 (0.6043, 0.6476) 243
van Zyl, 2006 —_—— ! 0.2576 (0.2152, 0.3051) 2.40
Overall (12 =99.4%, p = 0.000) <> 0.4383 (0.3811, 0.4955) 100.00
I
| | | | |
0 2 4 6 8
Fig. 6 Forest plot of the yield of contact investigations for LTBI

Removing outliers for the sensitivity analysis did not
lead to a meaningful effect on the estimates. When includ-
ing only studies classified as low risk of bias, the estimates
changed significantly (Additional file 7: File S2). However,
the number of studies included in this analysis was small.

Although the risk of publication bias cannot be
excluded, a formal assessment using funnel plots and
regression asymmetry was not conducted because the

validity and utility of these methods in meta-analyses of
proportions is uncertain [32].

The adapted risk of bias tool used was helpful in assess-
ing bias in the studies by focusing in aspects such as con-
tacts response rates, the definitions used, the sampling
method used, source of data collection and standardiza-
tion of procedures. The high percentage of studies classi-
fied as high risk of bias for the domain of non-response
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Table 1 Pooled yields among subgroups for all active TB, confirmed active TB, and LTBI

Subgroups n Pooled % yield for all active n

TB (95% confidence interval)

Pooled % yield for confirmed n Pooled % yield for LTBI (95%
active TB (95% confidence confidence interval)
interval)

WHO Geographic regions

AFR 37 343% (2.91-3.94, 1 97.09%) 27
AMR 12 268%( 95-341, 12 94.70%) 5

EMR 10 3.11% (2.33-3.90, I> 97.29%) 7

EUR 3 230%( 69-291) 1

SEAR 12 4.81% (342-6.21, 1> 93.53%) 8

WPR 14 1.17% (0.75-1.59, I> 98.58%) 10

World Bank income classification

Low-income 28 3.00% (2.49-3.52, 1> 97.70%) 21
Lower middle-income 30 3.29% (2.74-3.84, I 96.83%) 21
Upper middle-income 30 2.22% (1.86-2.58, I 97.52%) 16

Year started data collection

Pre WHO guideline 63 2.77% (2.47-3.08, 1 97.97%) 38
Post WHO guideline 25 3.08% (2.49-3.68, I 96.33%) 20
HIV status

Positive contacts 9 895% (549-12.41, 1> 80.53%) 5

Sputum smear status of index case

Positive sputum smearindex 5 8.30% (3.88-12.73, I 85.36%) N/A
MDR-TB
Contacts of MDR-TB 13 4.69% (3.26-6.13, 1> 94.30%) 10

Location of contact investigation
Community-based 36 2.34% (1.96-2.72, I 97.89%) 28

Clinic-based 38 3.44% (2.96-3.93,1° 97.93%) 24

97% (162-2.31, 1 94.58%) 15 44.14% (32.52-55.76, 1> 99.62%)
477% (2.02-7.51, 1% 78.37) 6 56.74% (45.78-67.69, 1> 98.31%)
2.98% (2.13-3.82, I 94.48%) 6 39.43% (27.23-51.62, I 95.94%)

1.73% (1.05-2.83)* 2 38.44% (36.06-40.82)*
2.93% (1.59-4.27, 1> 94.77%) 7 45.63% (26.66-64.60, I 99.31%)
0.94% (0.42-1.46, I 99.04%) 6 32.58% (23.38-41.79, 1> 97.90%)
1.97% (1.5-2.44, 1> 97.04%) 13 46.89% (34.23-59.54, 1> 99.67%)
2.23% (1.69-2.76, I 95.62%) 16 44.85% (34.57-55.13, 1> 98.79%)
1.78% (1.40-2.16, I 96.73%) 13 39.34% (32.15-46.54, I 98.73%)
1.99% (1.67%-2.31%, I 98.34%) 39 45.22%(39.25-51.19, I 99.40%)
2.10% (1.57-2.64, I 95.09%) 3 25.80% (18.19-33.40)*
6.71% (2.15-11.27, 1 89.11%) 0 N/A
N/A N/A  N/A
3.43% (2.05-4.82, I 90.28%) 7 37.53% (24.22-50.84, 1 95.99%)
2.14% (1.72-2.55, I 97.96%) 17 46.67% (36.86-56.49, 1> 99.64%)
1.90% (1.37-2.43, I 98.03%) 20 40.15% (32.81-47.49, 1 98.18%)

AFR Africa, AMR Americas, EMR Eastern Mediterranean, EUR Europe, SEAR South-East Asia, WPR Western Pacific

*Due to small study size it was not possible to assess heterogeneity

Table 2 Pooled data for all active TB and confirmed active TB
among contacts, by age group

Subgroups Studies (n) Pooled % yield (95%
confidence interval)
All active TB
<5y 32 6.84% (5.56-8.11, 1 95.95%)
5-14y Il 3.13% (2.11-4.16, 1> 85.81%)
<15y 28 3.59% (2.72-4.46, 1> 95.30%)
> 15y 26 3.69% (3.0-4.37, 17 91.81%)
Confirmed active TB
<5y 10 0.73% (0.24-1.22, 1> 79.03%)
5-14y 5 3.43% (1.02-5.85, 1> 76.27%)
<15y 15 1.65% (1.03-2.27, 1 86.85%)
> 15y 20 3.22% (2.27-4.17, 17 91.23%)

bias (see Additional file 6: Table S5) can be explained by
the fact that, as stated in many studies, the investigators
could not screen all the listed contacts due to absence,
travelling or refusal to participate. In many studies where
clinic-based contact investigation was performed, only a

small percentage of contacts presented to the clinic for
evaluation, and in the case of retrospective studies the
number of contacts listed compared to the number that
attended the clinic for assessment is unknown. Index case
response rates were affected by refusal to participate or by
not referring contacts for evaluation.

Further studies are needed with review of the broader
literature, including contact investigation studies con-
ducted in high income countries, as well as stratified
analyses by screening and diagnostic approach used to
determine impact of the screening algorithm on yield of
prevalent cases found. Analyses of the timing of contact
investigation to determine optimal follow up time of the
intervention is also an important area of research where
the data remains sparse.

Limitations

Limitations of primary studies

This study had several limitations. In addition to sub-
stantial limitations from the heterogeneity of the stud-
ies included, the number of contacts screened per index
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case was not captured by this systematic review, and this
could be an important information regarding the sys-
tematization of contact investigation activities. Although
studies with contacts recently exposed to TB index cases
(co-prevalent cases) were targeted, some incident and co-
prevalent cases may have been merged in the estimates
because the included studies used different time-periods
for classification of baseline.

Limitations of the review

Limitations that may have affected the results include using
a single reviewer for full-text screening and data extraction,
with only a percentage verified by co-authors, as well as the
decision not to search grey literature and not to include pro-
grammatic data on TB contact investigation activities.

Conclusion

Despite substantial heterogeneity, this systematic review
contributes important additional evidence for the effec-
tiveness and impact of contact investigation in LMIC.
Continued observations over the following years will be
required to assess whether the number of contact inves-
tigation activities have increased significantly after the
publication of the WHO Contact Investigation Guideline
in 2012, whether the activities have been conducted more
systematically, and ultimately what contribution to and
impact on TB case finding contact investigation has.
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