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Abstract. Tuberculosis (TB) contact investigation facilitates earlier TB diagnosis and initiation of preventive therapy,
but little data exist about the quality of its implementation. We conducted a retrospective cohort study to evaluate
processes of TB contact investigation for index TB patients diagnosed in Cali, Colombia, in 2017, including dropout at
each stage and overall yield. We constructed multivariable models to identify predictors of completing 1) the baseline
household visit and 2) a follow-up clinic visit for TB evaluation among referred contacts. Sixty-eight percent (759/1,120) of
registered TB patients were eligible for contact investigation; 77% (582/759) received a household visit. Odds of com-
pleting a household visit were significantly lower amongmen (adjusted odds ratio [aOR]: 0.6; 95%CI: 0.4–0.9; P = 0.009)
andpatients living inCali’swestern zone (aOR: 0.5; 95%CI: 0.3–0.8;P=0.008). Among1880screenedcontacts, 31% (n=
582) met the criteria for clinic referral, 47% (n = 271) completed a clinic visit, and 85% (231/271) completed testing. After
adjusting for clustering by index patient, odds of completing referral were higher among contacts with cough (aOR: 22;
95% CI: 7.1–66; P < 0.001) and contacts living in the western zone (aOR: 4.1; 95% CI: 1.2–15; P = 0.03). The cumulative
probability of a symptomatic contact from an eligible household completing TB evaluation was only 28%. The yield of
active TB patients among contacts was only 0.3% (5/1880). Only 16% (17/103) of children aged < 5 years and none of the
eight persons living with HIV, reported preventive therapy initiation. Routine monitoring of process indicators may fa-
cilitate quality improvement to close gaps in contact tracing and increase yield.

INTRODUCTION

Tuberculosis (TB)continues tobeamajorglobalpublichealth
problem, with an estimated two billion persons latently in-
fected,1 and approximately 10 million patients with incident
active TB disease in 2018.2 At least 30% of these patients are
never diagnosed or reported to public health authorities, a sit-
uation that fosters transmission and hampers TB elimination
efforts.2 The Pan-American Health Organization has recog-
nized active case detection as a key element of the End TB
Strategy in the Americas, to achieve the goals of reducing TB
incidence to 20 cases per 100,000 inhabitants by 2025, and to
5.5 per 100,000 by 2030.3 Household TB contact investigation,
also known as contact tracing, is an evidence-based inter-
vention for screening household members of the index patient
for active TB and linking them to evaluation, treatment, and
preventionservices. Thisapproachhasbeenshown to increase
TB diagnosis relative to passive, facility-based screening of
contacts.4 Home visits may also offer opportunities to provide
social support to indexpatientsduringTBtreatmentand tooffer
TB preventive therapy (TPT) to household contacts,5 a new
recommendation recently endorsed by the WHO.6–8

In Colombia, theMinistry of Health and Social Protection has
adopted the End TBStrategy, prioritizing active TB case finding
and contact tracing. However, contact investigation is a com-
plex intervention, and its implementation has proven to be
challenging in many countries, including Colombia, an in-
termediate TB burden country with substantial geographic

heterogeneity in case notifications. Accelerated urbanization
across the Latin American region fosters marginalization of the
poor inovercrowdedneighborhoodsof largecities,wheresocial
inequities, violence linked to crime and drug and alcohol use
disorders, and fragmentation of health systemsmake access to
TB care and delivery of contact-tracing services more difficult.9

Recent operational data from Cali, one of the Colombia’s
regional capitals, identified an unexpectedly low yield (< 1%)
of active TB patients from household contact tracing, in con-
trast to the 3.1–4.5% yield reported in meta-analyses of
contact investigation globally.4,10–12 When multicomponent
interventions like contact tracing fail to deliver expected re-
sults,13 detailed evaluation of the individual processes can
help pinpoint which components are not working well and
why. Quantitative approaches such as cascade analysis start
by estimating the number of prevalent TB cases in a target
population and then carefully measure the proportions actu-
ally evaluated, diagnosed, treated, and restored to health to
localizewhere patientsweremissed.14–16 A related technique,
patient-pathway analysis, follows-up individuals undergoing
evaluation for TB forward through their care journeys to
achieve similar objectives.17,18 In this study, we applied a
cascade analysis approach to Cali’s routinely collected TB
contact-tracing data to determine where household TB con-
tacts are lost to follow-up during TB screening, evaluation,
treatment initiation, and prevention, and to identify individual-
and household-level characteristics associated with dropout.

MATERIALS AND METHODS

Setting and investigators. Cali, a city of 2.5 million inhab-
itants, is the largest metropolitan area in Colombia’s Pacific
region. Tuberculosis is common, with an annual notification
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rate of 46 TB cases per 100,000 persons, 1.4 times the
national average.19 We as members of Alianza-TB, an
academic–public health partnership involving the Cali Secre-
tary of Health and investigators at local universities and re-
search institutes, were invited to lead this evaluation.
Study design and participants. We performed a retro-

spective cohort study to assess the quality of contact in-
vestigation carried out by the TB Control Program of the
Municipal Secretary ofHealth.We includeddataonall children
and adults registered with the local TB program as new or
retreatment patients with active TB disease between January
and December 2017. We excluded index patients who re-
ported no contacts, those who were incarcerated, and those
later found to have nontuberculous mycobacterial disease.
We includeddataonall contacts reportedby indexTBpatients
at diagnosis and encountered during household visits.
Procedures for household contact investigation. The

local TBprogram requires all patients diagnosedwith any form
of active TBdisease in thepublic or private sector to beoffered
contact investigation.20 Facility-based health workers in-
terview the index patient at diagnosis and record patient and
household information. Extramural teams are then dispatched
to households by the local TB program or by private health
insurers to carry out TB screening and referral for testing.
Guidelines recommend up to three home visits for TB
screening (baseline, month 6, andmonth 12), with the first visit
expected to occur within 8 days after index patient diagnosis.
At the household, teams screen household and other acces-
sible close contacts for TB symptoms and other clinical fea-
tures indicating a need for clinic referral (i.e., productive
cough ³ 2 weeks; age < 5 or ³ 60 years; and living with HIV or
diabetes).20 At clinics, TB diagnostic algorithms include spu-
tum smear microscopy and culture, and depending on phy-
sician’s decision, chest radiography and/or molecular testing
is provided. Tuberculosis preventive therapy is recommended
for all household contacts younger than 5 years and all people
living with HIV (PLHIV), after active TB disease has been ex-
cluded.21 Teams record all contact data on standardized pa-
per forms, including individual demographic and clinical
characteristics; household characteristics, including (for pur-
poses of risk factor surveillance only) access to outside ven-
tilation and sunlight (i.e., presence of exterior windows), and
crowding (i.e., > 3 persons per room); and the results of clinic
evaluation (although not the tests used). These are returned
to the Secretary of Health for entry into a contact-tracing
database.
Variables.Weextracteddemographic andclinical variables

from programmatic TB registers for index patients and con-
tacts, including age, gender, health insurance, type of contact
(household versus non-household close contact), productive
cough (³ 2 weeks), HIV status, microscopy results and culture
results, tuberculin skin testing, and chest radiography, as well
as whether treatment was initiated for latent TB infection.
Data analysis. We described demographic and clinical

variables using summary statistics. Then, we constructed a
stepwise evaluation of contact investigation processes by
estimating the following indicators: 1) proportion of index
patients eligible for contact investigation, 2) proportion of eli-
gible index patients receiving a baseline household visit, 3)
proportion of contacts referred who completed TB evaluation
by visiting the clinic (evidenced by results of sputum testing,
chest radiography, or data on prescription of TPT), 4)

proportion of referred contacts diagnosedwith and treated for
active TB disease, and 5) proportion of eligible contacts
without active TBdiseasewho initiated TPT.Weestimated the
cumulative probability of a household contact with active TB
disease being visited, screened, referred to a clinic, and
tested. We summarized the types of diagnostic testing per-
formed for active TB disease using simple proportions. We
estimated the cumulative probability of a symptomatic con-
tact completing evaluation for active TB. To do so, we multi-
plied the probabilities of the following steps being completed,
each conditioned on the previous step having been com-
pleted, for contacts residing in an eligible index household: 1)
index patient completing the household visit, 2) contact en-
countered during the household visit, 3) referred contact
completing referral (any evidence of a clinic visit by results of
laboratory testing, chest radiography, or data on prescription
of TPT), and 4) contact tested (results of sputum evaluation by
microscopy, culture, and/or molecular testing). We performed
bivariate and multivariable analyses examining associations
between 1) demographic or clinical characteristics of index
patients and completion of the initial household visit; and 2)
demographic or clinical characteristics of contacts referred to
clinics for evaluation and completion of a follow-up clinic visit.
To identify independent predictors of completion of the
baseline household visit, weconstructed amodel, including all
variables with P-value £ 0.2 in bivariate analyses, as well as
index patient age and smear results, which we forced into the
model on grounds of face validity. Similarly, to identify in-
dependent predictors of completing the follow-up clinic visit,
we constructed a multivariable, mixed-effects, logistic re-
gression model, including variables with P-value £ 0.2 in bi-
variate analyses. To account for potential clustering of contact
outcomes by associationwith index patient, we calculated the
intra-class correlation coefficient (ICC) and planned to adjust
for clustering using random intercepts and robust standard
errors if the ICC exceeded 0.1. Finally, we ran a quadrature
check to evaluate the accuracy of the regression model and
ensure proper model fit. We used STATA 15 (StataCorp,
College Station, TX) for all analyses. Sample size was based
on convenience, and in lieu of power calculations, we reported
exact binomial 95% CIs for all estimates. For multivariable
analyses,wedetermined statistical significanceat theP<0.05
level.
Ethical considerations. Institutional review boards at

Universidad Icesi and the Centro Internacional de Entrena-
miento e Investigaciones Médicas approved the study, waiv-
ing informed consent on grounds of minimal risk.

RESULTS

Household visit processes. There were 1,120 patients
diagnosed and registered as index TB patients in Cali in 2017
(Figure 1). Of these, 759 (68%) were eligible for household
contact investigation. The remaining 361 (32%) index patients
were ineligible because of incarceration (152/1,120, 14%),
living alone (202/1,120, 18%), or being later found to have
nontuberculous mycobacterial infection instead of TB (7/
1,120, 0.6%). A baseline household visit was completed for
582 of 759 eligible index TB patients (77%, 95% CI: 76–82).
Characteristics of index patients eligible for household

visits. Amajority of index patients eligible for household visits
were men (n = 444, 58%; Table 1). The median age of index
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patients was 45 years (interquartile range, IQR: 28–60), with
506 (67%) patients of working age (18–59 years). There
were 73 (10%) eligible index TB patients who were also
PLHIV. Most patients had bacteriologically confirmed pul-
monary TB (n = 554, 73%), whereas 97 (13%) had clinically
diagnosed pulmonary TB, and 108 (14%) had extrapulmo-
nary TB. Most had private insurance (n = 406, 53%), a
substantial proportion had public insurance (n = 310, 41%),
and very few were uninsured (n = 43, 6%). The median du-
ration of symptoms before diagnosis was 66 days (IQR:
33–140).
Predictors of index TB patient household visit. In bi-

variate analysis, several variables were associated with
completing the initial household visit, including gender, and
city zone of residence (Table 2). In a multivariable model ad-
justed for age and smear results, the odds of household visit

completion were lower among male index patients (adjusted
odds ratio [aOR]: 0.6; 95% CI: 0.4–0.9; P = 0.009) and those
living in the city’swestern zone (aOR: 0.5; 95%CI: 0.3–0.8;P=
0.008) than among those in the city’s northern zone (the
reference).
Characteristics of contacts. The 582 index patients who

received a baseline household visit identified 2046 contacts.
Baseline visits occurred at a median of 37 days (IQR: 15–80)
after the index patient initiated TB treatment; only 62 (11%)
occurred within eight days as guidelines specify. A total of
1880 contacts, 92% of those enumerated, were encountered
during the baseline visit, with a median of four (IQR: 3–6)
contacts per household. Most were household contacts (n =
1,514, 81%); the remainder were non-household close con-
tacts. Of all contacts, 52% (n = 975) had private insurance,
43% (n = 815) had public insurance, or 4% (n = 77) were un-
insured. The median age was 31 years (IQR: 16–52), and the
majority visited were women (n = 1,051, 56%). Two hundred
eighteen (12%) reported productive cough for ³ 2 weeks
(Table 3).Of the 582homes visited, 100 (17%) hadoneormore
characteristics believed to increase the risk of TB trans-
mission, without access to sunlight, and/or without outside
ventilation; and/or with crowding (Table 1).
Contact investigation processes. Figure 2 shows the flow

of contacts through the investigation cascade. Among all
contacts visited, 582 (31%) met one or more criteria for clinic
referral for TB evaluation. Two hundred seventy-one (47%,
95% CI: 42–50) completed referral. Two hundred thirty-one
(85%) contacts who completed referral underwent testing. All
231 had sputum smear microscopy; 54 (20%) had samples
also tested by solid culture, and six others (3%) also un-
derwent molecular testing by either GeneXpert MTB/RIF
(Cepheid Inc., Sunnyvale, CA) or PCR-based reverse hybrid-
ization line probe assay. Sixty-five (24%) contacts underwent
chest radiography, and 27 (41%) of these also underwent spu-
tum testing. The cumulative probability that a symptomatic
contact with indications for active TB evaluationwould complete
TB testing at a clinic at baseline was 28% (77% reached during
the household visit, of whom 92% were found at home, of
whom, 47% completed referral, of whom 85% were finally
tested). The overall proportion of contacts bacteriologically
confirmed to have active TB disease was 0.3% (5/1880). Of

FIGURE 1. Process evaluation of key steps in household TB contact investigation for index TB patients. NTM = nontuberculous mycobacteria;
TB = tuberculosis.

TABLE 1
Demographic and clinical characteristics of index patients eligible for
household visits

Patient characteristic N (%)

(n = 759)
Median age-group (IQR) (years) 45 (28–60)
< 18 59 (8)
18–40 281 (37)
41–59 225 (30)
³ 60 194 (25)

Male gender 444 (58)
Persons living with HIV 73 (10)
Type of insurance
Private 406 (53)
Public 310 (41)
No insurance 43 (6)

Type of TB
Pulmonary bacteriologically confirmed* 554 (73)
Pulmonary clinically diagnosed 97 (13)
Extrapulmonary 108 (14)

Household characteristics†
Lack of ventilation (lack of light and/or crowding) 67 (11)
Lack of sunlight and/or crowding‡ 33 (6)
Median duration of symptoms (IQR) (days)ɨ 66 (33–140)
IQR = interquartile range; TB = tuberculosis.
* By sputum smear microscopy examination and/or sputum culture.
†Available only for 582 visited households.
‡Crowding defined by theNational Administrative Department of Statistics of Colombia as

> 3 people living in the same room.

EVALUATION OF TUBERCULOSIS CONTACT INVESTIGATION IN COLOMBIA 1311



those eligible for preventive therapy, 16% (17/103) of children
aged < 5 years, and none (0/8) of the contacts whowere PLHIV
initiated preventive treatment.
Subsequent household visits. One hundred and twenty-

six (22%) households received a second visit, and 184 (32%)

received all three visits. Second visits occurred at amedian of
224 days (IQR: 192–276) after diagnosis, whereas third visits
occurred at a median of 398 days (IQR: 367–482) after di-
agnosis. At the second visit, only 18 new contacts were re-
ferred for TB evaluation and 56% (10/18) completed
evaluation. For the third visit, only five new contacts were
referred and all completed TB evaluation, and no new TB
patients were reported out of these subsequent visits.
Predictors of completion of clinic referral for the base-

line visit. Completion of clinic referrals was highly clustered
by index patient (ICC: 0.68; 95% CI: 0.51–0.81). Bivariate
analyses adjusted for clustering identified several variables
associated with referral completion (P £ 0.20), including age,
higher socioeconomic stratum, being a household rather
than a non-household close contact, having the same insurer
as the index patient, city zone of the household, productive
cough ³ 2 weeks, being a PLHIV, and having diabetes
(Table 4. After adjusting for age, diabetes, type of contact,
and socioeconomic stratum as fixed effects, and for house-
hold as a random effect, we found higher odds of referral
completion among contacts with productive cough for
³ 2 weeks (aOR: 21.6; 95%CI: 7.1–66; P < 0.001), those who
were PLHIV (aOR: 68.1; 95% CI: 2.3–2008.7; P < 0.015), and
those living in the western zone of the city (aOR: 4.1; 95%CI:
1.2–14.5; P = 0.03) than among those in the northern zone
(Table 4). Quadrature checking confirmed the validity of our

TABLE 2
Predictors of completion of baseline household visit

Household visit completed

Index patient characteristics Yes (%) No (%) Bivariate analysis Multivariable analysis

(n = 759) (n = 582) (n = 177) OR (95% CI) P-value OR (95% CI) P-value

Age-group (years) 0.36*
< 18 46 (78) 13 (22) 1 – 1 –

18–40 220 (78) 61 (22) 1.0 (0.5–2.0) 0.96 0.8 (0.3–1.8) 0.56
41–59 163 (72) 62 (28) 0.7 (0.4–1.5) 0.39 0.6 (0.3–1.5) 0.29
³ 60 153 (79) 41 (21) 1.0 (0.5–2.1) 0.89 0.8 (0.3–1.9) 0.61

Gender
Female 258 (82) 57 (18) 1 – – –

Male 324 (73) 120 (27) 0.6 (0.4–0.8) 0.004 0.6 (0.4–0.9) 0.009
Person living with HIV
No 526 (77) 160 (23) 1 – – –

Yes 56 (77) 17 (23) 1.0 (0.6–1.8) 0.99 – –

Diabetes mellitus
No 530 (77) 161 (23) 1 – – –

Yes 52 (76) 16 (24) 1.0 (0.5–1.8) 0.97 – –

Type of TB
Pulmonary 499 (77) 152 (23) 1.0 (0.6–1.6) 0.96 – –

Extrapulmonary 83 (78) 25 (22) 1 – –

Type of insurance
Private 307 (76) 99 (24) 0.9 (0.6–1.2) 0.45 – –

Public/uninsured 275 (78) 88 (22) 1 – – –

Sputum acid-fast bacilli smear
Negative 264 (74) 92 (26) 1 – – 1
Positive 318 (79) 85 (21) 1.2 (0.8–1.7) 0.29 1.3 (0.9–1.8) 0.17

Socioeconomic status†
Low 534 (76) 165 (24) 1 – – –

High 48 (80) 12 (20) 1.2 (0.6–2.4) 0.53 – –

City zone‡ 0.002
Central 107 (73) 40 (27) 0.5 (0.3–0.9) 0.03 0.6 (0.3–1.2) 0.16
Southeast 182 (82) 39 (17) 0.9 (0.5–1.6) 0.72 0.9 (0.5–1.6) 0.75
Western 182 (71) 76 (29) 0.5 (0.3–0.8) 0.005 0.5 (0.3–0.8) 0.008
North 109 (84) 21 (16) 1 – – –

OR = odds ratio; TB = tuberculosis. Statistically significant associations at the P < 0.05 level for multivariable analysis shown in bold.
* Pearson chi square.
†Based on the socioeconomic distribution of households per neighborhood reported by the National Administrative Department of Statistics of Colombia.
‡Divisions of the city, according to the Planning Department of Cali (n = 756).

TABLE 3
Demographic and clinical characteristics of contacts encountered
during the household visit

Contact characteristic N (%)

(n = 1880)
Median age-group (interquartile range) (years) 31 (16–52)
£ 18 526 (28)
18–40 613 (33)
41–59 428 (23)
³ 60 297 (16)
Male gender 828 (44)
Type of insurance
Private 975 (52)
Public 815 (43)
No insurance 77 (4)

Type of contact
Household 1,514 (81)
Non-household 365 (19)

Clinical characteristics
Cough for two or more weeks 218 (12)
Self-reported diabetes mellitus 46 (2)
Self-reported HIV 8 (0.4)
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mixed-effects model (relative difference < 0.01 among 8, 12,
and 16 integration points).

DISCUSSION

Household TB contact investigation is an evidence-based
strategy to increase identification of undiagnosed TB and of-
fers additional opportunities to provide preventive therapy to
high-risk householdmembers, while also supporting index TB
patients during treatment.7 We were invited by the Secretary
of Health of Cali to investigate why the yield of active TB pa-
tients from their contact investigation program has been un-
expectedly low over several years. We identified numerous
gaps in the contact-tracing cascade, suggesting that the pro-
cess cumulatively reached less than a third of all contacts with
activeTB.Therewere three factors that likelycontributedmost to
this low yield: 1) one-quarter of index patients never received a
home visit, 2) TB evaluation at health facilities was not achieved
for almost half of eligible contacts, and 3) about 80%of contacts
who were evaluated at clinics did not receive a highly sensitive,
molecular, or culture-based diagnostic test for TB.
First, we found that only 77% percent of index TB patients

received a baseline household visit, although guidelines from
the Colombian National Institute of Health recommend that all
newly diagnosed TB patients be referred for contact tracing.
We hypothesize that social conflicts such as poverty and vi-
olence could be hampering access of health teams to some
areas of the city, a situation that could be potentiated by the
fact that homevisitors are predominantly female. For instance,
contact tracing was less likely to occur in patients living in
Cali’swestern zone, an areawith high rates of poverty (80%of
households in lowest income sextile) and violent crime (88
homicides/100,000 inhabitants in 2019).22–24 Recent ecologic
studies have shown a substantial impact of violence on
arboviral surveillance activities conducted in the same zone of
the city, highlighting the importance of integrating measures
of social disparities and conflict into reports of case finding for
infectious diseases.25,26 Another recent study, conducted in a
violent, overcrowded urban slum in Brazil, demonstrated that

training and hiring community members to deliver TB services
increased treatment success and cure proportions among TB
patients from that community.27 The Secretary of Health of
Cali could consider a similar strategy of hiring (or involving
volunteers) local residents to perform contact investigation
activities in the western zone.
In addition, we found that almost 20% of all TB patients did

not receive a household visit because they reported having no
contacts. A study from Peru that also examined routine TB
contact investigation data reported a similar proportion of
index patients without contacts.28 Although some TB patients
may be living alone, providers should consider that some pa-
tients may fail to report contacts because of fear of disclosing
their TB status to relatives, friends, and neighbors and expe-
riencing stigma as a result. Stigma is a well-described reason
preventing TBpatients fromcompletingmedical follow-upand
treatment.29 Currently, we are conducting additional qualita-
tive studies to better understand why some patients either
directly or indirectly decline consent for contact tracing.
Second, there was also significant dropout of contacts who

were referred for TB evaluation in clinics. Not surprisingly,
contacts with productive cough were more likely to complete
referrals; however, one-third of those still did not reach the
clinic. A similar findingwas reported fromastudy conducted in
Uganda,where only 20%of all contactswhowere possible TB
patients visited a clinic to complete TB evaluation.12 Another
study of routine contact investigation conducted in Peru
showed that only 42%of contacts were evaluated in clinics.30

A recent scoping review reported lack of patient-centered
approaches and poor accessibility to health services among
the most important barriers to contact tracing.31 Some po-
tential interventions for addressing the barriers identified in
Cali and elsewhere include introducing index patients to home
visitors at the time of diagnosis; equipping health workers to
collect sputum at home; offering contacts transport vouchers
to attend clinic when indicated; reinforcing the educational
component during the visits on factors associated with TB,
promoting the capacity for risk self-assessment; and in-
creasing the sensitivity of diagnostic testing. In addition,

FIGURE 2. Process evaluation of key steps in TB contact investigation for household and close contacts. *Contacts inappropriately lost from the
contact investigation process. Thoseappropriately removedoncompletionof the contact evaluationprocess are shown to the left side of the figure.
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telephone contact tracing is now being widely applied during
the COVID-19 pandemic, and this strategy could be similarly
used to improve TB contact tracing, by helping frontline
health workers better access hard to reach areas of the city
for baseline and follow-up screenings, and by enabling more
referred contacts to complete some aspects of evaluation
remotely by linking telephone contact tracing with home-
based sputum collection.
With a number needed to screen of 376 to identify one new

TB patient and very few patients initiated on preventive ther-
apy, the public health value of contact tracing in Cali was
minimal, especially compared with other similar settings.10,11

For example, the yield was 2-fold higher in Brazil32 and 6-fold
higher in Peru.33 Several factors could explain this low yield.
First, Colombia’s symptomscreening protocol, by the timewe
conducted this study, included only cough for ³ 2 weeks,
which identifies only about one-third of culture-confirmed
cases according to a WHO-commissioned systematic review
of active case finding.34 Expanding this definition to cough of
any duration and adding fever, night sweats, and weight loss
doubles pooled sensitivity for bacteriologically confirmed
pulmonary TB to 70%, although at a cost of decreased
specificity (from 95% to 61%) and positive predictive value.
The review also found that adding chest radiography could
further increase pooled sensitivity up to 98%. Second, only
one-fifth of the contacts who reached clinical evaluation had a

highly sensitive culture-based test, and only a tiny proportion
(3%) had a molecular test. As the End TB Strategy challenges
countries to increase the proportion of all incident TB patients
who are diagnosed and treated from 69% to ³ 90% by 2025,
theWHO’s recommendation that all countries adopt universal
molecular testing is critical.35 Current Colombian guidelines
recommend molecular testing and liquid culture on sputum
samples of contacts with cough of any duration (National
Regulation 00227 from 2020).
People sharing ahouseholdwith a pulmonary TBpatient are

at higher risk of developing latent TB infection, with younger
children (< 5 years) andPLHIV at highest risk for developing TB
disease.8 Colombia’s national guidelines recommend that
contacts aged<5 years andPLHIV should be screened for TB,
and if TB is excluded, TPT should be started, setting a TPT
goal³90%for younger children (< 5years)whoare contacts of
pulmonary TB patients by 2025.36 In our study, initiation of
TPT was reported low, with less than one-fifth of children
aged < 5 years and none of the eight PLHIV started on treat-
ment. These figures are considerably lower than those ob-
served in studies from Lima, Peru, where between 70% and
89% of contacts aged < 5 years started preventive
therapy.28,30 This is important because younger children are at
a higher risk of morbidity and mortality due to TB disease,
especially in LMICs.37,38 Preventive therapy has been recog-
nized by the WHO as a key element for TB elimination,35

TABLE 4
Bivariate and multivariable predictors of completing clinic referral among referred contacts, adjusted for clustering by index patient

Referral completed Bivariate analysis Multivariable analysis

Characteristic of referred contacts Yes (%) No (%) OR*

P-value

AOR

P-value(n = 582) (n = 271) (n = 311) (95% CI) (95% CI)

Age-group (years) < 0.001
< 18 59 (42) 82 (58) – – 1 –

18–40 48 (72) 19 (28) 5.8 (1.9–16.9) 0.001 0.9 (0.3–2.9) 0.8
41–59 44 (61) 28 (39) 4.1 (1.4–11.7) 0.008 1.1 (0.3–3.5) 0.9
³ 60 117 (41) 169 (59) 0.9 (0.4–1.9) 0.7 1.6 (0.7–3.8) 0.2

Gender
Female 155 (46) 185 (54) – – – –

Male 116 (48) 126 (52) 1.1 (0.6–1.9) 0.8 – –

Persons living with HIV
No 265 (46) 309 (54) – – – –

Yes 6 (75) 2 (25) 32.0 (1.4–749.5) 0.03 68.1 (2.3–2009) 0.015
Diabetes mellitus:
No 261 (49) 275 (51) – – – –

Yes 10 (22) 36 (78) 0.2 (0.05–0.6) 0.008 0.3 (0.09–1.2) 0.09
Productive cough (³ 2 weeks)
No 113 (31) 251 (69) – – – –

Yes 158 (72) 60 (28) 19.9 (8.1–48.7) < 0.001 21.6 (7.1–66) < 0.001
Household contact
No 39 (36) 69 (64) – – 1 –

Yes 232 (49) 242 (51) 3.2 (1.1–9.1) 0.03 1.8 (0.6–4.8) 0.27
Same insurer†
No 239 (46) 283 (54) – – 1 –

Yes 32 (53) 28 (47) 2.4 (0.7–8.6) 0.18 1.9 (0.6–6.5) 0.29
Socioeconomic status‡
Lower 246 (46) 293 (54) – – 1 –

Higher 25 (58) 18 (42) 3.3 (0.7–16.0) 0.14 2.6 (0.5–13) 0.24
City zone§ 0.03
Western 86 (51) 84 (49) 4.1 (1.1–14.7) 0.03 4.1 (1.2–15) 0.03
Central 79 (59) 56 (41) 6.6 (1.6–26.7) 0.008 3.7 (0.98–14) 0.054
Southeast 65 (40) 97 (60) 1.5 (0.4–5.1) 0.52 2.0 (0.6–6.7) 0.27
North 40 (35) 73 (65) – – 1 –

aOR = adjusted odds ratio; OR = odds ratio; TB = tuberculosis. Statistically significant associations at the P < 0.05 level shown in bold.
* Adjusted only for clustering by index patient.
†When contact and index patient had the same insurer.
‡Socioeconomic status based on the socioeconomic distribution of households per neighborhood reported by the National Administrative Department of Statistics of Colombia.
§Divisions of the city according to the planning department of Cali.
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particularly in low and intermediate TB-incidence countries
such as Colombia. Future efforts should be focused on iden-
tifying and addressing barriers to prescribing, initiating, and
completing TPT in children aged < 5 years and other high-risk
groups living with TB patients.
Our study has some limitations. First, data abstraction was

retrospective, which limited our analysis to variables that had
already been collected. Whereas most of the important pro-
cessmeasureswere carefully and comprehensively recorded,
the key outcome of referral completion was based on the re-
sults of laboratory testing, chest radiography, and data on
prescription of TPT, as surrogatemeasures for confirmation of
clinical evaluation. This may have led to some outcome mis-
classification, and it is uncertain how documentation of these
services might differ according to the characteristics of indi-
viduals or their insurance coverage. Second, we lacked im-
portant information about the reasons why some participants
did not receive or complete key steps in the contact-tracing
process, including home and clinic visits. Ongoing qualitative
studies with contact-tracing teams and participants sampled
based on outcomes may help elucidate barriers and facilita-
tors of these processes, and inform the design of targeted
interventions to address these factors. Finally, we failed to
identify significant individual or household predictors of
household visits or clinical follow-up. Completion of clinic
visits was highly clustered within households, suggesting that
there may be predictive characteristics that either were not
measured (there was not available information on familial re-
lationship) or were not measured precisely enough (this
characteristic was derived from the household location and
data from the National Department of Statistics of Colombia).
Our study also has several strengths. First, we leveraged

operational data from an entire year of contact tracing with a
relatively low rate of missing data, while working directly with
public health providers to define the research questions and
map out choke points in implementation. Second, we con-
ducted a formal process evaluation of the data, following a
thorough cascade analysis approach. Finally, to the best of
our knowledge, this is the first implementation research
evaluation of TB contact tracing in Colombia, providing a
relevant contribution to the understanding of this important
intervention for TB elimination in the country.
Some of the possible facilitation strategies generated from

this study may also be worth testing in the context of contact
tracing for COVID-19, for which theWHOhas issued thorough
interim guidance.39 First, contact tracing for COVID-19 may
benefit from active participation of community members, es-
pecially in neighborhoods with low rates of successful TB
contact investigation, whether due to the “invisible barriers
generated by areas controlled by illegal gangs” that make
outsiders unwelcome, urban violence, and complex local
geography, or other contextual factors. Specifically, special
planning including public health messaging, two-way com-
munications, and specific supports may be necessary to ad-
dress social determinants including poverty and a loss of
employment due to COVID-19 illness or exposure, a lack of
housing or marginal housing characterized by crowding and
poor ventilation, lack of education, and poor access to health
services. Second, home-based testing may be critical to
overcomebarriers to visiting health facilities suchas fear of the
health and social consequences of a confirmed COVID-19
diagnosis, just as for TB. Finally, building rapport with the

index patient during the initial interview may be important to
obtain complete and accurate information that facilitates
contact tracing, including a working phone number, email
address, and alternative contact persons able to get in touch
with contacts if needed.
In conclusion, our study showed that the three most im-

portant gaps in TB contact investigation in Cali occurred be-
tweendiagnosis andcompletion of a household visit, between
contact referral and completion of a clinic visit, and during TB
testing. Systematic process analyses of TB programmatic
data could be adapted for more efficient operational use to
identify barriers and target solutions. Future efforts should
focus on facilitating health worker visits to TB index house-
holds, designing home-based strategies to overcome barriers
linked to evaluation, and increasing access to molecular
testing.
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