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ABSTRACT
Background

Tuberculosis is an infectious bacterial disease that is spread via respiratory droplets from infected individuals to susceptible contacts. To
eliminate this disease from low- and medium-incidence settings, people who are most likely to be infected (contacts) must be identified.
Recently, study authors have examined alternate approaches to contact tracing methods that demonstrate improved detection and
prioritization of contacts. The comparative benefit of these methods has not been established.

Objectives

To assess the effectiveness of novel methods of contact tracing versus current standard of care to identify latent and active cases in low-
to moderate-incidence settings.

Search methods

We searched CENTRAL, MEDLINE, Embase, LILACS, Web of Science, and CINAHL up to 15 July 2019. We also searched for

clinical trials and examined reference lists and conference proceedings.
Selection criteria

Randomized controlled trials (RCTs) and cluster-RCTs of contact tracing strategies that included alternate approaches (other than
standard practice).

Data collection and analysis
Two review authors independently assessed identified articles for eligibility and quality using prespecified criteria.
Main results

No trials met the inclusion criteria of this review. Several study authors described an alternate method for examining contacts and
performing social network analysis but did not compare this with the current contact tracing approach.
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Authors’ conclusions

This Cochrane Review highlights the lack of research in support of the current contact tracing method and the need for RCTs to
compare new methods such as social network analysis to improve contact tracing processes.

PLAIN LANGUAGE SUMMARY
Contact tracing methods for tuberculosis
What is the aim of this review?

This Cochrane Review aims to establish whether any evidence is available to support the current approach to contact tracing (the
process of identifying individuals exposed to an infectious case of tuberculosis), and whether alternate options could result in a higher
rate of infection detection in contacts. We searched for all relevant studies to answer this question.

Key messages

Contact tracing is an important method to further reduce the rates of tuberculosis. Cochrane Review authors identified no studies
addressing this question. Therefore further research is needed to determine whether alternate contact tracing approaches could produce
a greater yield in the number of contacts detected and the proportion of individuals with disease.

What was studied in the review?

Tuberculosis (TB) is an infectious disease caused by Mycobacterium tuberculosis bacteria. Globally, tuberculosis infects an estimated 1.7
billion people, with 1.3 million deaths and 10 million new cases each year. Tuberculosis is transmitted via droplets coughed up from
infected patients to susceptible contacts. The World Health Organization (WHO) aims to eliminate this disease by 2035. To achieve
this ambitious task, the current decline in new cases must be at a faster rate. In high-income countries with low rates of tuberculosis,
contact tracing is the primary method used to find those at risk of developing tuberculosis.

What are the main results of the review?

The review authors found that no suitable randomized controlled trials have been conducted to answer this question. There is insufficient
high-certainty evidence comparing current contact tracing methods used against alternate options; further research is therefore needed.

How up-to-date is this review

We searched for studies published up to 15 July 2019.

BACKGROUND 2018). For this to be achieved, the current decline in new cases

must be at a faster rate. This requires an evaluation of current
practice (Yates 2016).

Description of the condition

Mycobacterium tuberculosis is a species of bacteria that causes tuber- Transmission of infection

culosis infection in susceptible individuals. The World Health Or-
ganization (WHO) estimates that 1.7 billion people in the world
are potentially infected with M tuberculosis. As part of the sustain-
able development goal (SDG) 3, the WHO aims to achieve an
80% reduction in tuberculosis incidence (new cases per 100,000
population per year) in 2030 compared with levels in 2015 (WHO

M tuberculosis is transmitted through expectoration of respiratory
droplets. Disease can be transmitted to other individuals (contacts)
by infected persons (index cases) before treatment interventions
are provided. Exposure to tuberculosis can result in no infection
or in active disease (symptomatic and infectious state) or in la-
tent tuberculosis infection (LTBI). The latter represents an asymp-
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tomatic, preinfectious state with no clinical evidence of active dis-
ease (Lee 2016; Young 2016). In this way, the endemic nature
of tuberculosis is propagated. Tuberculosis infection is currently
thought to affect 10 million people annually, with severe disease
resulting in approximately 1.3 million deaths a year (WHO 2018).

Tuberculosis incidence and control approaches

Tuberculosis incidence does not have an equal distribution glob-
ally. Areas of high (> 100/100,000), moderate (30 to 100/
100,000), and low (< 30/100,000) incidence have been reported
(WHO 2018).

Prevention and control methods differ depending on the level of
incidence, with different approaches adopted for high- versus low-
incidence settings (WHO 2012; WHO 2014). High-incidence
settings allocate resources to infected (active) cases, given the large
numbers in these settings and the lack of resources for intensive
examination of contacts. In low-incidence settings, more resources
are allocated in trying to identify latent cases to prevent develop-
ment of the infectious stage and further propagation of infection
(WHO 2014). This approach relies on effective contact tracing
approaches, as contacts in a low-incidence setting have a higher
relative risk than the general population of acquiring tuberculosis
disease (Sloot 2014).

Identifying contacts of infected patients

‘Contact tracing’ refers to a process involving a set of interventions
usually instituted by a tuberculosis service once an active case
of tuberculosis has been identified. This normally occurs once a
patient has presented to services but occur as part of the contact
tracing process itself (Abubakar 2012; NICE 2016).

Although several defined screening methods are available to iden-
tify latent and active disease, methods used to identify individuals
deemed to be contacts are less obvious.

Contacts in close proximity with infected patients for prolonged
periods of time have long been recognized as being at greater risk
of being infected (Jones-Lopez 2016). Minimum amount of time
and absolute proximity are not well-established.

The currently adopted contact tracing approach utilizes a ‘stone-
in-pond’ model (Veen 1992), with each ‘ripple’ representing a so-
cial circle with varying degrees of physical proximity to the in-
dex case, thus suggesting a way to limit screening size in contact
tracing scenarios. In this model, contact tracing progresses to the
next possible circle of contacts only if a predefined proportion of
positive contacts are included in the preceding circle. The utility
of this approach compared to alternate approaches has not been
evaluated.

Description of the intervention

Contact tracing

This screening process can identify a substantial group of con-
tacts depending on home, work, and travel arrangements of the
index cases. Current approaches rely heavily on subjective reports
from patients and occupational health teams to generate a list of
prospective contacts. This approach does not necessarily capture
all individuals at risk (Munang 2016).

These individuals are then assigned to different contact strata rela-
tive to the patient, reflecting presumed degrees of exposure. Thus,
family is the most proximal relationship, followed by close friends,
casual contacts, etc. Screening contacts therefore proceeds from
the innermost (most proximal) social circle to the least related,
depending on the proportion of positive contacts detected (Veen
1992).

Alternative approaches take into account not only the list of con-
tacts volunteered by the presenting patient, but also their social
relationships and geospatial movements outside of clearly defined
contact strata. These may include work colleagues as well as op-
portunistic contacts such as those sharing recreational spaces (for
example, bars, shops, transport). Current guidance does not ad-
vise routine screening of these social contacts (NICE 2016). How-
ever, methods that do take into account these social interactions
have demonstrated evidence of disease in these populations. Fur-
thermore, difficult to control outbreaks can often be seen to have
connections between previously unidentified or poorly defined
contacts (McElroy 2003; Andre 2007; Cook 2007; Gardy 2011;
Munang 2016).

Uncertainties in current approaches

The ‘stone-in-pond’ approach relies on consistent social relation-
ships for all infected patients, as a negative screen in a closer con-
tact circle results in the cessation of further contact tracing. This
consistency in social relationships and presumed proximity for all
individuals may not be universally applicable nor representative of
contemporary social relationships. Furthermore, social relation-
ships tend to vary with age and occupation - factors not taken
into account by current methods (Middlekoop 2009; Middlekoop
2014).

Traditional contact tracing methods may not take into account
areas of congregation that have been shown to be potential sources
of transmission for tuberculosis, especially for at-risk populations
groups (Barnes 1996; WHO 2014).

Once a more systematized approach is adopted, the number of
contacts identified increases, demonstrating the deficiency in effec-
tive contact identification through current methods (Gardy 2011;
Munang 2016).

Systematized approaches include social network analysis (SNA),
which differs from traditional contact tracing approaches by seek-
ing to identify geospatial distributions of individuals. This in-
formation, garnered from questionnaires, places patients in ar-
eas where they may have spread disease but for which they have
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deliberately or accidentally omitted mentioning contacts. In this
way, additional contacts can be identified (Gardy 2011; Munang
2016). Geospatial data can also assist in identifying key trans-
mission points, significant for congregate (that is, non-household
areas of public or social aggregation) settings (Yates 2016; Hella
2017; Huang 2017; Patterson 2017).

We are not aware of any reviews examining alternative contact
tracing approaches for a higher rate of latent case detection.

How the intervention might work

Assessing for alternative contact tracing methods could provide
a much-needed evidence base for current clinical practice or, if
lacking, could demonstrate the need for more evidence. Given the
development of new tracing methods including SNA, there is a
need to identify the most cost-effective methods that provide a
high yield of case detection whilst not allowing tuberculosis in-
cidents to propagate. Proposed new methods for contact tracing
would involve social network questionnaires that draw on areas
of congregation and therefore demonstrate previously unidenti-
fied links and transmission nodes. When combined with genetic
techniques such as whole genome sequencing, this could result in
identification of an increased number of contacts (Gardy 2011;
Munang 2016).

Why it is important to do this review

To reduce cases of tuberculosis in low- and moderate-incidence
settings, the most effective contact tracing method should be
adopted. We look to review the evidence for any contact tracing
strategies used to identify latent cases of tuberculosis in low- and
moderate-incidence settings and the economic viability of any ex-
isting strategies to better inform resource allocation.

This Cochrane Review will add to the evidence base of meaningful
strategies for early detection and prevention of tuberculosis tar-
geting low- and moderate-incidence settings. In addition, it will
assist healthcare providers in providing an evidence base to better
inform contact tracing and screening strategies. Improved strate-
gies for identification of latent tuberculosis will help to reduce
the endemic presence of tuberculosis and will help to achieve the
WHO tuberculosis elimination goal.

OBJECTIVES

To assess the effectiveness of novel methods of contact tracing
versus current standard of care to identify latent and active cases
in low- to moderate-incidence settings.

METHODS

Criteria for considering studies for this review

Types of studies
Randomized controlled trials (RCTs) and cluster-RCTs.

Types of participants

People of any age, gender, and ethnicity living in low- (< 30 per
100,000) and moderate-incidence (30 to 100 per 100,000 pop-
ulation) tuberculosis settings identified as potential tuberculosis
contacts.

Types of interventions

Intervention

Alternative approaches to identify potential tuberculosis contacts,
for example, use of SNA to identify contacts prospectively.

Controls

Traditional contact screening methods, such as the ‘stone-in-pond’
approach (standard care).

The stone-in-pond method describes the contact tracing approach
of prioritizing contacts by risk-stratifying cases based on assumed
proximity. Household contacts therefore have the highest pre-
sumed risk and form the closest circle to be screened, followed
by the next ‘ripple’, which may include close friends then casual
friends, and so on. This set of outwardly expanding concentric
circles is similar to the appearance of a stone being dropped in a
pond, with the ripples generated representing concentric circles of
risk proximity.

Types of outcome measures

Primary outcomes

Contacts with latent tuberculosis infection out of all contacts
screened.

Secondary outcomes

Contacts with diagnosis of proven M tuberculosis infection or active
clinical tuberculosis disease out of all contacts screened.
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Search methods for identification of studies

We sought to include all relevant studies regardless of language or
stage of publication (published, unpublished, in press, and ongo-
ing).

Electronic searches

The CIDG Information Specialist, Vittoria Lutje, performed elec-
tronic searches of the following databases up to 15 July 2019, using
the search terms and strategy described in Appendix 1: Cochrane
Infectious Diseases Group Specialized Register; Central Register
of Controlled Trials (CENTRAL), published in the Cochrane Li-
brary (Issue 7, July 2019); MEDLINE (PubMed, from 1966);
Embase (OVID, from 1947); Latin American Caribbean Health
Sciences Literature (LILACS) (BIREME, from 1982); Cumula-
tive Index to Nursing and Allied Health Literature (CINAHL;
EBSCOHost, from 1982); Science Citation Index Expanded, and
Social Sciences Citation Index (Web of Science, from 1900). She
also searched the WHO International Clinical Trials Registry
Platform (ICTRP; www.who.int/ictrp/en/), ClinicalTrials.gov (
clinicaltrials.gov/ct2/home), and the Clinical Trials Unit of the
International Union Against Tuberculosis and Lung Disease (IU-
ATLD; www.theunion.org) for trials in progress, using ‘tubercu-
losis’, ‘contact tracing’, and ‘contact screening’ as search terms.

Searching other resources

We searched the following conference proceedings for abstracts
of relevant studies: World Congress on TB, World Lung Confer-
ences of the International Union Against Tuberculosis Lung Dis-
ease (IUATLD), American Thoracic Society Meetings Proceed-
ings, and the British Society for Antimicrobial Therapy. Where
relevant, we sought to contact researchers and experts in the field
to identify additional eligible studies. We also checked the bibliog-
raphy and reference list of all identified studies for other relevant
studies (Lefebvre 2011).

Data collection and analysis

In the event that we identified relevant trials for inclusion, we
planned to contact trial authors for unpublished data or results.

Selection of studies

Two review authors (DBM and BM) independently screened the
titles and abstracts of citations identified by the search strategy
using a study selection form. We planned to obtain the full texts
of studies meeting the eligibility criteria. Two review authors
(DBM and BM) would then have independently assessed these
and recorded any articles excluded and reasons for exclusions in
a Characteristics of excluded studies table. When discrepancy be-
tween review authors arose, we planned to address this through

discussion and consensus. When disagreement was ongoing, we
would have consulted a third review author (MD). When clarifi-
cation of study methods was required, we planned to contact the
study authors for further information. We illustrated the study
selection process in a PRISMA diagram.

Data extraction and management

Two review authors planned to independently extract data using a
data extraction form. When disagreements arose, we would have
resolved these through discussion or by consultation with a third
review author (MD). Data to be extracted included start and end
dates of the study, study locations, study design, funding, tuber-
culosis prevalence (as stated by study authors), and conflict of in-
terests. We also planned to extract data on participants, including
demographic details (age and sex), geographical location, index
case description, and description of the contact relationship. We
planned to extract details of the intervention regarding how these
individuals were identified as contacts as well as the outcomes (dis-
ease development as active or latent disease).

We planned to extract details of any co-interventions (that is, what
method was used to identify individuals as contacts, whether this
formed part of a cost-effectiveness analysis, and if methods differed
depending on the setting (congregate versus household)). Details
of the control (that is, the standard of care employing stone-in-
pond model of contact tracing) were also to be extracted. We aimed
to extract the number of contacts identified from each described
outbreak or incident event. We planned to generate through ex-
tracted data the number of contacts identified and screened for tu-
berculosis infection (active or latent disease - numerator) over the
total number of contacts identified and screened (denominator).
For cluster-RCTs, we planned to record the number, size, and
method used for clustering. The clustered measure of effect and
variance would have been recorded, if this was adjusted for by
the study authors. If no adjustment for clustering was made, we
planned to extract details on the number of participants experi-
encing the event and the number randomized to each group (for
dichotomous outcomes). For continuous outcomes, we aimed to
extract the summary effect (mean or median) and the measure of
variance (standard deviation or range).

After data extraction, two review authors (DBM and BM) would
enter these data into Review Manager 5 (RevMan 2014). We
would have contacted trial authors to clarify any unclear data or
in the event of missing or incomplete data. For continuous out-
comes, we would have recorded the measure of effect (mean or
median) and variance (SD or range). For dichotomous outcomes,
we planned to record the number of patients with the outcome
event and the total number of patients in each intervention group.

Assessment of risk of bias in included studies

Two review authors (DBM and BM) planned to independently
assess the risk of bias of each included study using an assessment
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form as per the Cochrane ‘Risk of bias’ tool (RevMan 2014). We
planned to resolve any differences of opinion through discussion
and, if needed, by consulting a third review author (MD). When
data were missing, unclear, or incomplete, we would have con-
tacted the trial authors for further details.

We planned to use the Cochrane approach to assess risk of bias
across six domains: sequence generation and allocation conceal-
ment (selection bias), blinding of participants and personnel (per-
formance bias), blinding of outcome assessors (detection bias), in-
complete outcome data (attrition bias), selective outcome report-
ing (reporting bias), and other potential biases. For each domain,
we planned to record the methods used by study authors to reduce
the risk of bias and to assign a judgement of ‘low risk of bias’, ‘high
risk of bias’, or ‘unclear risk of bias’.

For cluster-RCTs, we would have considered baseline imbalance
in the appraisal of selection bias and loss of clusters in the appraisal
of attrition bias, and we would have further considered the risk of
contamination bias (where people living in the control areas also
benefit from the intervention).

We aimed to summarize results for the assessment of risk of bias
using the ‘Risk of bias’ summary and the ‘Risk of bias’ graph, in
addition to ‘Risk of bias™ tables (Higgins 2017).

Measures of treatment effect

To assess the treatment effect, we planned to examine continuous
and dichotomous data separately. For continuous data, we would
have assessed effects by mean differences; for dichotomous data,
we would have used risk ratios. We planned to present 95% con-
fidence intervals (Cls) and ranges where relevant.

Unit of analysis issues

When cluster-RCTs had not adjusted their results for effects of
the cluster design, we planned to adjust sample sizes using the
methods described in Section 16.3.4 or 16.3.6 of the Cochrane
Handbook for Systematic Reviews of Interventions (Higgins 2011),
using an estimate of the intracluster correlation coefficient (ICC).
When possible, we aimed to derive the ICC from the trial itself,
or from a similar trial. If an appropriate ICC was unavailable,
we planned to conduct sensitivity analyses to investigate potential
effects of clustering by imputing a range of values for the ICC.

Dealing with missing data

We planned to contact trial authors when we deemed data were
missing or incomplete. Further than this, we did not plan any
imputation measures for missing data.

Assessment of heterogeneity

We planned to assess statistical heterogeneity between trials by vi-
sually inspecting forest plots to detect overlapping Cls and by ap-
plying the Chi? test and the I2 statistic (Higgins 2003). We would
have regarded a Chi2 P value < 0.05 as statistically significant, and
an 2 statistic value > 75% as representing considerable hetero-

geneity (Deeks 2017).

Assessment of reporting biases

We aimed to examine the likelihood of reporting bias using funnel
plots, provided there were at least 10 included trials (Sterne 2017).

Data synthesis

Two review authors (DBM and BM) planned to analyse the data
using Review Manager 5 (RevMan 2014). We planned to stratify
the primary analysis by study design, and we did not plan to
perform a meta-analysis across different trial designs.

Outcomes were to be stratified according to numbers of cases de-
tected at a particular time point per contact tracing strategy. When
appropriate, we planned to group time points together and per-
form a meta-analysis (for example, changing number of contacts
over time in a single contact tracing episode).

We aimed to tabulate results from cluster-RCTs that could not
be adjusted for clustering. We also aimed to use a random-effects
model in the presence of significant statistical heterogeneity and a
fixed-effect model in the absence of heterogeneity.

Subgroup analysis and investigation of heterogeneity

We planned to investigate potential causes of heterogeneity by
performing subgroup analyses by study setting (congregate versus
home), screening test used, risk factors in demography (drug and
alcohol use, immunosuppressive states), occupation, age of partic-
ipants, and tuberculosis prevalence in the study area.

Sensitivity analysis

If a minimum of 10 trials met our inclusion criteria, we planned
to conduct a sensitivity analysis. Sensitivity analyses would test the
robustness of results to the risk of bias components.

Certainty of the evidence

We aimed to use the GRADE approach to assess the certainty of
evidence, and when appropriate, we planned to create ‘Summary

of findings tables and Evidence Profiles (GRADEpro 2015).

RESULTS
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Description of studies

See Characteristics of excluded studies.

Results of the search

We identified 755 articles using the prespecified search strategy,
with an additional 16 clinical trials in progress. Of these, none met
the inclusion criteria for this review. We identified no conference
proceedings or abstracts. Several trial authors examined the fea-
sibility and effectiveness of network-based approaches to contact
tracing, an alternative method. These studies did not meet the in-
clusion criteria for the reasons below (Figure 1). They are further
explored in the Discussion section.

Contact tracing strategies in household and congregate environments to identify cases of tuberculosis in low- and moderate-incidence
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Figure I. PRISMA flow diagram.
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Included studies

No trials met the inclusion criteria of this review.

Excluded studies

We listed the reasons for exclusion of relevant studies in the
Characteristics of excluded studies table.

Risk of bias in included studies

This was not applicable.

Effects of interventions

This was not applicable.

DISCUSSION
We did not identify any randomized controlled trials (RCTs) or

quasi-RCTs that compared alternative contact tracing methods to

the standard approach.

To eliminate tuberculosis in low-incidence settings, high-risk
groups must be scrutinized as part of an effective screening pro-
cess. Contacts of patients who have active, infectious tuberculosis
represent a higher-risk group than the general population (Diel
2006; Morrison 2008; WHO 2014).

Effective contact tracing processes are therefore key to reducing
and eventually eliminating tuberculosis (WHO 2014). Several trial
authors have demonstrated the effectiveness of alternative strate-
gies for contact tracing in a variety of settings (McElroy 2003;
Andre 2007; Cook 2007; Gardy 2011; Andrews 2014; Munang
2016; Yates 2016; Hella 2017; Patterson 2017).

Andrews 2014 undertook a modelling study in a high-incidence
area. Using a modified Wells-Riley model, researchers described
transmission patterns in an endemic setting. They demonstrated
the significance of non-household settings for transmission of in-
fection and for correlation with age (adolescents 15 to 19 responsi-
ble for school transmission). They included no control group; this
was a modelling study examining congregate settings in a high-
incidence environment.

Cook 2007 examined the role of SNA in detecting tuberculosis
transmission to prioritize contacts. Using a structured question-
naire and supplementing this with patient records, review authors
extracted demographic data and information about social aggre-
gation, patients, and their contacts. This was augmented with

molecular genotyping. Trial authors found that patients who were
not identified through conventional contact investigations were
connected through areas of social aggregation or via mutual con-
tacts. These authors found a positive correlation between contact
screening tests (positive tuberculin skin tests) and location in the
denser portions of constructed networks (P < 0.1). This was not an
RCT, and trial authors included no comparison group. These trial
findings were supported by another study (Andre 2007), whose
authors again examined the role of network analysis in prioritizing
contacts by supplementing epidemiological data collected through
hospital records and patient interviews with genotyping isolates.
They found that contacts prioritized using a network analysis ap-
proach were more likely to have latent disease (LT'BI) than non-
prioritized contacts (odds ratio (OR) 7.8). This again was not a re-
view article and did not include a comparison group for analysis. A
further network-based study was identified (McElroy 2003). These
trial authors retrospectively reviewed outbreak events in a US low-
incidence state, applying social network analytical methods. This
involved re-interviewing patients and contacts. Researchers dis-
covered previously unrecorded patterns of drug use propagating
infection.

Fox 2012 conducted a systematic review to look at the outcomes
of contact investigations for tuberculosis. These review authors
established the risk to contacts of developing disease and the lack
of evidence to support current contact tracing methods. They per-
formed subgroup analyses according to index and contact charac-
teristics. These review authors established the prevalence of con-
tact outcomes according to setting income; low- and middle-in-
come countries have a latent disease prevalence of 45.9%, with
tuberculosis disease in 3.1% of all contacts and 3.6% of house-
hold contacts. In high-income countries (correlating with low-
incidence settings), tuberculosis disease was 1.0%, and amongst
household contacts 3.5%, with 26.3% of latent cases detected.
There was no comparison of contact tracing methods, and low-
quality observational studies provided the basis for conclusions.

Review authors found no clear evidence for the current contact
tracing method used - the ‘stone-in-pond’ approach (Veen 1992;
Fox 2012). This approach involves assessment of contacts in pre-
scribed proximity rings to the index case, with the most proximal
ring traditionally representing household contacts. Several trial au-
thors have demonstrated the shortcomings of this approach, with
transmission zones changing depending on age and social activi-
ties (Middlekoop 2014; Yates 2016; Hella 2017; Patterson 2017;
Worrell 2017). The search conducted for our review revealed no
RCTs addressing a comparison of the standard contact tracing ap-
proach - the ‘stone-in-pond’ model - versus a new approach such
as a network analysis approach - social network analysis (SNA).
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Summary of main results

Our review did not find any RCTs that compared the standard
contact tracing approach (the ‘stone-in-pond’ model) to alterna-
tive approaches (SNA).

Overall completeness and applicability of
evidence

Several identified studies demonstrated the benefit of a network
analysis approach; however these were not RCTs, and they did not
include a comparison group (McElroy 2003; Andre 2007; Cook
2007).

From contemporary research studies, it appears that a more ef-
fective approach could possibly be adopted, and that previous as-
sumptions about transmission zones for tuberculosis need to be
revisited, with non-household transmission playing a key role.
Transmission of tuberculosis is also influenced by demographic
factors such as age and gender; therefore an approach that takes
into account geospatial location, activity spaces, and these demo-
graphic factors could better identify contacts and help prioritize
tracing opportunities while identifying contacts at highest risk of
disease development.

Policies advising contact tracing processes should take into account
the growing research evidence in support of a network-based ap-
proach to contact tracing, considering factors that influence differ-
ent transmission zones in low-incidence settings. Improved con-
tact tracing can help to further reduce incidence rates and pre-
vent ongoing active case development in high-risk groups such as
contacts of infectious patients. Furthermore, once identified, these
factors can inform control and prevention measures in congregate
settings to prevent ongoing occurrence of incidents.

Certainty of the evidence

This is not applicable.

Potential biases in the review process

We attempted to minimize bias by using a previously described
search criterion. We also searched clinical trials in progress to min-
imize the risk of missed studies; however this review process may
have missed studies that have not yet been published. We con-
ducted a broad search including participants and environments
studied, and it is unlikely that we missed any published RCTs.
Rather, lack of studies is a reflection of the lack of evidence on this
topic. Furthermore, it may reflect differences in the description of
interventions used, as well as less clearly defined use of methods
by clinical teams (that is, a degree of overlap in contact tracing

approaches).

Studies identified through our search have been discussed above
and reflect the difficulty involved in conducting a prospective RCT.
Trial authors suggest it may be possible to conduct such a trial via
a cross-over method using comparative sites.

Agreements and disagreements with other
studies or reviews

We did not identify any papers as part of this review that compared
the standard contact tracing approach (‘stone-in-pond’ approach)
with alternative approaches such as a network analysis approach.
Several trial authors have suggested the benefit that could be gained
from using a social network approach; however this was not com-
pared to the standard contact tracing approach (McElroy 2003;
Andre 2007; Cook 2007; Gardy 2011; Andrews 2014; Munang
2016; Yates 2016; Hella 2017; Patterson 2017). Additionally, trial
authors have previously described deficiencies in the current con-
tact tracing approach, lending support to the need for a compara-
tive analysis (Middlekoop 2014; Yates 2016; Hella 2017; Patterson
2017; Worrell 2017).

AUTHORS’ CONCLUSIONS

Implications for practice

The current contact tracing method (‘stone-in-pond’ approach)
does not appear to be based on a comparative evidence-based ap-
proach and instead has been adopted from its early proposal as a
pragmatic process.

Implications for research

This Cochrane Review has identified the dearth of evidence for
contact tracing methods. It highlights the need for further research
into optimal contact tracing methods to evaluate the most efficient
and effective approach.

Contact tracing methods need to take into account the limited
resource allocation provided and should be able to effectively iden-
tify those at risk of discase development. Ideally, these methods
should balance the accurate identification of exposed contacts,
whilst allowing prioritization of those at highest risk of disease
development.

Future trials should examine the benefit of network-based ap-
proaches to contact tracing using current methods as a benchmark.
It is likely that the background incidence of study setting will af-
fect outcomes, and trials should take this into account. Further-
more, designing studies to examine the effectiveness of alterna-
tive methods for contact tracing (for example, network approach)
could take into account novel molecular techniques (for example,
whole genome sequencing). This would allow studies to examine
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the relative decline in the number of molecularly linked active
cases over a specified time period. Finally, to fully inform future
policy decisions, a cost-effectiveness analysis should ideally be in-

cluded.

Our review demonstrates that there is limited high-quality evi-
dence for the current contact tracing method and for consideration
of alternative approaches. RCTs are therefore needed to assess the
best approach to effective contact tracing methods. Ideally these
trials would compare a network analysis approach using standard
care (the ‘stone-in-pond’ approach).

New approaches to molecular diagnostics could assist with a net-
work analysis approach. Whole genome sequencing has been
shown to provide higher resolution for investigations in outbreaks
of tuberculosis infection (Gardy 2011). In addition, several trial
authors have demonstrated the benefit of assessing ventilation
when congregate settings are considered in contact tracing pro-

cesses; this has so far been done using carbon dioxide (CO3) mon-
itors (Jones-Lopez 2016; Hella 2017; Patterson 2017).
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CHARACTERISTICS OF STUDIES

Characteristics of excluded studies /[ordered by study ID]

Study

Reason for exclusion

Andre 2007

Cluster analysis study. No control group used.

Andrews 2014

No control group. Modelling study examining congregate settings in a high-incidence environment

Bayona 2003  Cohort study. Investigated multidrug-resistant tuberculosis. Different interventions; study authors examined treat-
ment options and secondary contact cases
Cook 2007 No control group. Cluster analysis.
de Vries 2006 Cluster analysis study. No control group. Narrow study population
Driver 2003 Prospective observational study. Ineligible comparison group. Different assessments and outcomes
Fatima 2016 Different interventions. Examined active and passive case finding. Retrospective study
Fox 2012 Systematic review and meta-analysis looking at the overall effectiveness of contact tracing. Did not examine alternate
methods of contact tracing. Looked at the prevalence of latent tuberculosis infection
Fox 2013 Different intervention. Examined active case finding. Looked at high incidence setting. Examined only household
contacts
Fox 2018 Different intervention. Examined active case finding. Looked at high incidence setting. Examined only household
contacts
Jensen 2016 Retrospective study. Different intervention. Examined active case finding
McElroy 2003  Retrospective study. No control group. Outbreak, cluster analysis
Ribeiro 2015  Spatial and genotypic cluster analysis of tuberculosis transmission events. High incidence setting
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APPENDICES

Appendix |. Search strategies

Cochrane Central Register of Controlled Trials

#1 tuberculosis:ti,ab,kw (Word variations have been searched)
#2 TB

#3 MeSH descriptor: [Mycobacterium tuberculosis] explode all trees
#4 MeSH descriptor: [Tuberculosis] explode all trees

#5 #1 or #2 or #3 or #4

#6 MeSH descriptor: [Contact Tracing] explode all trees

#7 “contact tracing”

#8 “contact screening” or “contact management”

#9 “contact investigation*”

#10 “transmission dynamics”

#11 referral

#12 “stone in pond”

#13 “household screening”

#14 “social network*”

#15 #7 or #8 or #9 or #10 or #10 or #11 or #12 or #13 or #14
#16 #15 and #5

PubMed (MEDLINE)

Search  Query

#1 tuberculosis [MesH]

#2 Mycobacterium tuberculosis [MesH]

#3 tuberculosis or TB Field: Title/Abstract

#4 ((Mycobacterium tuberculosis [MesH]) OR #2) OR #1

#5 “Contact Tracing”[Mesh]

#6 “Contact Tracing” Field: Title/Abstract

#7 “contact screening” or “contact management” Field: Title/Abstract
#8 “contact investigation*” Field: Title/Abstract

#9 “transmission dynamics” Field: Title/Abstract

#10 referral Field: Title/Abstract
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(Continued)

#11 “stone in pond” Field: Title/Abstract

#12 “household screening” Field: Title/Abstract

#13 “social network*” Field: Title/Abstract

#14  ((((((#13) OR #12) OR #11) OR #10 OR #9 OR #8 OR #7 OR #6 OR #5

#15  (#15) AND #4

#16 “Randomized Controlled Trial” [Publication Type] OR “Controlled Clinical Trial” [Publication Type]

#17 randomized or placebo Field: Title/Abstract

#18 randomly or trial or groups Field: Title/Abstract

#19 “drug therapy” [Subheading]

#20 (((#19) OR #18) OR #17 OR #16

#21 “Animals”[Mesh]

#22 “Humans”[Mesh]

#23 (#21) NOT #22

#27  (#20) NOT #23

#28 #15 AND #27

Embase

1 (tuberculosis or TB).mp.

2 limit 1 to human

3 Mycobacterium tuberculosis/

42o0r3

5 “contact tracing”.mp. or contact examination/

6 (“contact screening” or “contact management”).mp.

7 “contact investigation”.mp.

8 “transmission dynamics”.mp.

9 patient referral/

10 “stone in pond”.mp.

11 “household screening”.mp.

12 social network/ or “social network®”.mp.
1350r6or7or8or9orl0orllorl2

144 and 13

15 controlled clinical trial.mp. or Controlled Clinical Trial/
16 randomized controlled trial. mp. or Randomized Controlled Trial/
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17 single blind procedure/

18 double blind procedure/

19 crossover procedure/

20 placebo.ti. or placebo.ab.

21 “randomly allocated”.mp.

22 (randomized or placebo or double-blind* or single-blind*).mp
23 15 0r 16 or 17 or 18 or 19 or 20 or 21 or 22

24 14 and 23

LILACS

Search on : tuberculosis or TB [Words] and “contact tracing” or “contact screening” [Words] and randomized or trial or groups [Words]

CINAHL (EBSCOHost)

Query

S7 S5 AND S6

S6 TX ( randomized controlled trial or rct ) OR MH controlled clinical trial OR TX ( “double blind*” or “single blind” or placebo or
crossover )

S5 S1 AND $4

S4S2 OR S3

S3 MH contact tracing OR TX “transmission dynamics” OR TX referral OR TX “household screening” OR TX “social network”
S2 TX “contact tracing” OR TX “contact screening” OR TX “contact investigation”

S1 TX ( tuberculosis or TB') OR MH mycobacterium tuberculosis

Web of Science

#5 #4 AND #3

Indexes=SCI-EXPANDED, SSCI, CPCI-S, CPCI-SSH Timespan=All years

# 4 TOPIC: (randomized trial or clinical trial) OR TOPIC: (double-blind* or single-blind* or placebo)

Indexes=SCI-EXPANDED, SSCI, CPCI-S, CPCI-SSH Timespan=All years

# 3 #2 AND #1

Indexes=SCI-EXPANDED, SSCI, CPCI-S, CPCI-SSH Timespan=All years

#2 TOPIC: (“contact tracing” or “contact screening” or “contact investigation”) OR TOPIC: (“household screening” or “transmission
dynamics” or “social network*”)

Indexes=SCI-EXPANDED, SSCI, CPCI-S, CPCI-SSH Timespan=All years

# 1 TOPIC: (tuberculosis or tb or “mycobacterium tuberculosis”)

Indexes=SCI-EXPANDED, SSCI, CPCI-S, CPCI-SSH Timespan=All years

CONTRIBUTIONS OF AUTHORS

All review authors contributed to the development of this protocol. DBM drafted the original manuscript with input from BM and
MD. DBM and BM screened studies, and MD acted as an arbitrator where necessary. All review authors read and approved the final

review version.
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DIFFERENCES BETWEEN PROTOCOL AND REVIEW

We amended the Methods section of the published protocol, Menezes 2018, regarding inclusion of studies. We changed the text from
“any contact tracing strategy to identify tuberculosis infection cases other than a stone-in-pond screening approach (standard care), e.g.
the use of SNA to identify contacts prospectively” to “any contact tracing strategy to identify tuberculosis infection cases versus traditional
or alternative approaches such as the stone-in-pond screening approach, e.g. the use of SNA to identify contacts prospectively”. We
made this change on the basis that we found no trials comparing the ‘stone-in-pond’ approach to another intervention, and we wanted
to expand the search.

We amended the outcomes section to further clarify the differences between primary and secondary outcomes and to provide a clear
denominator. The primary outcome has been changed from “the proportion of contacts with tuberculosis infection identified through
screening strategies” to “contacts with latent TB infection out of all contacts screened”. The secondary outcome has been changed
from “the proportion of contacts with disease (latent and active tuberculosis versus non-infected contacts) identified between the two
screening approaches” to “contacts diagnosed with proven Mycobacterium tuberculosis infection or active clinical tuberculosis disease
out of all contacts screened”. Neither of these changes affected the search criteria or the number of studies found or investigated.
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