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Background.  Household contacts (HHCs) of individuals with multidrug-resistant tuberculosis (MDR-TB) are at high risk
of infection and subsequent disease. There is limited evidence on the willingness of MDR-TB HHCs to take MDR-TB preventive
therapy (MDR TPT) to decrease their risk of TB disease.

Methods. In this cross-sectional study of HHCs of MDR-TB and rifampicin-resistant tuberculosis (RR-TB) index cases from
16 clinical research sites in 8 countries, enrollees were interviewed to assess willingness to take a hypothetical, newly developed
MDR TPT if offered. To identify factors associated with willingness to take MDR TPT, a marginal logistic model was fitted using
generalized estimating equations to account for household-level clustering.

Results. From 278 MDR-TB/RR-TB index case households, 743 HHCs were enrolled; the median age of HHCs was 33 (inter-
quartile range, 22-49) years, and 62% were women. HHC willingness to take hypothetical MDR TPT was high (79%) and remained
high even with the potential for mild side effects (70%). Increased willingness was significantly associated with current employment
or schooling (adjusted odds ratio [aOR], 1.83 [95% confidence interval {CI}, 1.07-3.13]), appropriate TB-related knowledge (aOR,
2.22 [95% CI, 1.23-3.99]), confidence in taking MDR TPT (aOR, 7.16 [95% CI, 3.33-15.42]), and being comfortable telling others
about taking MDR TPT (aOR, 2.29 [95% CI, 1.29-4.06]).

Conclusions. 'The high percentage of HHCs of MDR-TB/RR-TB index cases willing to take hypothetical MDR TPT provides im-
portant evidence for the potential uptake of effective MDR TPT when implemented. Identified HHC-level variables associated with
willingness may inform education and counseling efforts to increase HHC confidence in and uptake of MDR TPT.
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Tuberculosis (TB) is the leading infectious cause of mortality
worldwide with an estimated 10.0 million new cases and 1.3
million deaths in 2017 alone [1]. Multidrug-resistant TB
(MDR-TB; ie, resistant to at least isoniazid and rifampicin)
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and rifampicin-resistant TB (RR-TB) are estimated to have
caused 558 000 of these new cases and a disproportionately
high number of deaths [1]. Household contacts (HHCs) of
individuals with active TB are at high risk of infection due to
prolonged exposure in shared environments [2, 3]. The devel-
opment of MDR-TB disease among HHCs [2-4] has severe
implications for already TB-affected households due to poor
treatment outcomes despite lengthy, costly, and toxic regimens
[5, 6]. Prevention of MDR-TB disease, therefore, remains a crit-

ical public health priority.
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Preventing new TB cases through the treatment of TB infection
among persons exposed to an infectious TB case is a pillar of the
End TB Strategy. Isoniazid- and rifamycin-containing regimens
have been demonstrated to reduce the risk of TB disease among
HHCs exposed to drug-susceptible TB [7-9]. However, observa-
tional studies on MDR-TB preventive therapy (MDR TPT), pri-
marily describing the use of fluoroquinolone-based regimens,
have been inconclusive, resulting in a conditional recommenda-
tion for treatment of only high-risk HHCs [4, 9, 10]. Ongoing clin-
ical trials are evaluating new potential regimens to treat MDR-TB
infection [11], but little evidence exists on the willingness of HHCs
to take MDR TPT were it available.

Studies of knowledge, attitudes, and practices have the po-
tential to provide insights into the willingness of populations
to utilize a proposed prevention or treatment strategy, as well
as elucidate barriers and enablers of uptake. These findings can
provide context to an intervention’s acceptability [12], inform
health education efforts [13, 14], and characterize provider
opinions and preparedness [15]. We conducted a multicountry,
cross-sectional study of HHCs of MDR-TB/RR-TB index cases
in diverse high-TB-burden settings to understand how HHCs’
TB-related knowledge, attitudes, and practices (KAP) are asso-
ciated with their willingness to take a hypothetical MDR TPT.

METHODS

Study Setting
The study was conducted from October 2015 to April 2016 at 16
clinical research sites in 8 countries—Botswana (1 site), Brazil

(1), Haiti (1), India (2), Kenya (1), Peru (2), South Africa (7),
and Thailand (1), in preparation for the Protecting Households
on Exposure to Newly Diagnosed Index Multidrug-resistant
Tuberculosis Patients (PHOENIx) trial being conducted by
the AIDS Clinical Trials Group (ACTG; https://actgnetwork.
org/) and International Maternal Pediatric Adolescent AIDS
Clinical Trials Network (IMPAACT; http://impaactnetwork.
org/). Information on local TB program activities, including
contact tracing and TB preventive therapy (TPT), was collected
through key informant interviews (Table 1).

Study Participant Eligibility Criteria and Recruitment

Pulmonary MDR-TB/RR-TB index cases were eligible for
enrollment if they met the following inclusion criteria: (1)
documented rifampicin resistance by Xpert MTB/RIF assay,
line probe assay, or phenotypic drug sensitivity testing; (2)
MDR-TB treatment initiation within 6 months of study enroll-
ment; (3) 21 HHG; (4) permission for the study team to enu-
merate and screen HHCs; and (5) residing at a distance deemed
by the site-level study team close enough for study conduct.
HHCs were defined as (1) any person currently living or having
lived in the same dwelling unit or plot of land; (2) currently
sharing or having shared the same housekeeping arrangements
as the index case; and (3) reporting exposure within 6 months
prior to the index case starting MDR-TB treatment. Index cases
were recruited and all eligible adult and adolescent HHCs (=13
years of age) without active TB were asked to complete a KAP
questionnaire.

Table 1. Routine Practices of Tuberculosis Control Programs Affiliated With Participating Clinical Research Sites
India Peru South Africa

Routine Practices of TB Control

Program Botswana Brazil Haiti Site 1 Site 2 Kenya Site 1 Site 2 Site 1 Site 2 Site 3 Site 4 Site5 Site 6 Site 7  Thailand

Evaluation of HHCs of MDR-TB Yes Yes Yes Yes VYes Yes Yes Yes No Yes Yes No Yes Yes Yes Yes
patients

Household visits conducted to Yes Yes No No Yes Yes Yes Yes Yes VYes Yes Yes Yes Yes
evaluate HHCs

Evaluation of adult contacts of Yes Yes Yes Yes Yes Yes Yes Yes Yes VYes Yes Yes Yes Yes
MDR-TB patients
Symptom screen Yes Yes Yes Yes Yes Yes Yes Yes Yes VYes Yes No Yes Yes
Tuberculin skin test No Yes No Yes No Yes Yes Yes No  No No No No Yes
Interferon-y release assay No No No No No No No No No No .. No No No No
Chest radiograph Yes Yes Yes Yes No Yes Yes Yes Yes No No No No Yes

Follow-up with contacts of MDR-TB  Yes® No 3 No 9 24 24 24 No No 24 No No 6 24 4
patients, mo

Preventive therapy given to HHCs No Yes No No No No No No No Yes Yes No Yes Yes Yes No
of MDR-TB patients
Fluoroquinolone alone No No No No No No
Fluoroquinolone + ethambutol® No No No ... Yes+INH Yes Yes+ PZA
Fluoroquinolone + ethionamide No No No No No No
Isoniazid + rifampicin No No No No No No
Isoniazid Yes Yes Yes Yes Yes No

Abbreviations: HHCs, household contacts; INH, isoniazid; MDR-TB, multidrug-resistant tuberculosis; PZA, pyrazinamide.

Follow-up with contacts of MDR-TB patients: unknown duration.

Two sites in South Africa routinely provide 3-drug therapy: fluoroguinolone + ethambutol + an additional medication.
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Data Collection and Variables

A semi-structured KAP questionnaire was adapted for MDR-TB
from a recent World Health Organization guide for tubercu-
losis KAP survey development [16]. The survey was pilot tested
among TB community health workers at one study site (India
site 2). Additional HHC information obtained included dem-
ographic, social, medical, and household characteristics. All
questionnaires were completed in-person by trained field staff
or clinicians prior to participant education or counseling by an-
yone affiliated with the study.

The primary outcome in this analysis was willingness to
take hypothetical, newly developed MDR TPT. Additionally,
HHC willingness to take this therapy even if it were to cause
mild temporary side effects was analyzed as a secondary out-
come. MDR TPT was not offered to any HHC participating in
the study, and no additional questions were asked about how
side effects would change interest in taking MDR TPT. Both
outcome variables, as well as HHC willingness to have a blood
test (ie, interferon-y release assay), to provide a sputum sample,
and to obtain a chest radiograph to determine if the HHC was
a good candidate for TPT were collected as categorical (yes, not
sure, no) and dichotomized as yes vs not sure or no for analysis.

TB knowledge was analyzed as a binary variable, where appro-
priate knowledge was defined as correctly identifying all of the
following: cough >3 weeks is a TB symptom; TB is a curable di-
sease; TB is transmitted via air when an infected person coughs or
sneezes, and MDR-TB cure is possible through directly observed
therapy [17]. “Incomplete” knowledge was defined as not correctly
identifying all 4 items above. Confidence in taking MDR TPT was
defined as HHCs feeling confident or very confident in being able
to perform all 5 of the following (5-point Likert scale): meeting
with study staff monthly to collect medications, coping with
difficulties TPT may cause, taking all doses, continuing to take
medications even if feeling healthy, and completing medications.
A review of systems was completed differently for HHCs <15 and
>15 years of age to identify the presence of TB-related symptoms
at the time of interview. For adolescents or children (<15 years),
TB-related symptoms included any of the following at the time of
interview: neck swelling, fever, night sweats, cough >10 days, poor
weight gain, less playful, convulsion, or decreased consciousness.
For adults (215 years), symptoms included any of the following in
the past month: cough 210 days, fever, night sweats, unintentional
weight loss, or enlarged lymph nodes.

Statistical Analysis

The primary objective of this analysis was to evaluate the associa-
tion between HHC-level KAP factors and willingness to take hy-
pothetical, newly developed MDR TPT. Among enrolled HHCs
with complete KAP data, aggregate and site-level exploratory data
analysis was conducted using summary statistics and scatterplots.
Simple (adjusting only for research site) and multivariable mar-
ginal logistic models for willingness to take MDR TPT were

fitted using generalized estimating equations with robust var-
iance estimates to account for household-level clustering as-
suming an exchangeable within-household correlation structure
[18]. Household contact age was rescaled by dividing the variable
by a constant (10 years) to improve interpretability. Fixed-effect
dummy variables for research sites were included to adjust for
variation between sites. Informed by a literature review and the
Health Belief Model (Supplementary Figure 1) [19], covariates
of interest were selected prior to analysis from a larger set of
variables available through the PHOENIXx Feasibility Study.

If any site reported 100% willingness to take MDR TPT, the
outcome status of one randomly selected HHC at the respective
site was set to “not willing” in order to allow for model fit. The
sensitivity of model parameter estimates to this random out-
come reassignment was examined. The potential confounding
of HHC-level associations by corresponding household-level ag-
gregate variables was also evaluated. Model diagnostics included
examining the influence of individual HHCs and research sites
on parameter estimates as well as residual plots [20]. All analyses
were conducted in Stata version 13.1 software (StataCorp, College
Station, Texas) except for the creation of stacked bar charts [21].

Human Research Ethics Approvals

Ethical approval was obtained from each research site’s local
institutional review board. Written informed consent was
obtained for all participating MDR-TB/RR-TB index cases and
household contacts prior to study interviews and procedures.

RESULTS

Study Recruitment

Across all sites, 328 adult pulmonary MDR-TB/RR-TB index
cases were screened during the recruitment period; 20 declined
screening or were ineligible. Three declined contact with HHCs,
and 27 had no eligible, enrolled HHCs who also completed the
KAP questionnaire. The final study sample included 278 index
cases and their HHCs.

Characteristics of MDR-TB/RR-TB Index Cases and Their Households
Among included index cases (n = 278), the median time be-
tween MDR-TB treatment initiation and study enrollment was
68 days (interquartile range [IQR], 29-125 days) with a majority
also reporting a history of prior TB (53%). The median number
of eligible, enumerated HHCs of all ages in these index case
households was 4 (IQR, 2-5) with 32% of households having
>1 adolescent HHC (13 to <18 years of age), 31% with >1 HHC
who was <5 years of age, and 6% with >1 pregnant HHC.

Characteristics of Enrolled HHCs of MDR-TB/RR-TB Index Cases

For the analysis of factors associated with willingness to take
MDR TPT, complete KAP data were available for 743 adult
and adolescent HHCs (99.7% of 745 enrolled, and 79% of 946
without active TB and eligible for the KAP study) from 278
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Indexcases

Potential index cases who were
approached for screening to
participate at 16 sites in 8 countries,
Oct 2015 — Mar 2016
n =328

Declined screening, n=7

- Did not want to participate in research, n = 2
- Fearof stigma,n=1

- Otherreason,n=1

- No reason provided, n=3

I - - - Agreed to screening but ineligible, n =13

- Did not have MDR TB,n=6

- Had not started treatment,n=3

- CBNAAT diagnosis, INH DST unknown, n =2
- No household members,n=1

- Interferingillness,n =1

Enrolled index cases
n =308

————— >‘ Declined contact with household contacts, n =3

A
Enrolled index cases who permitted
contact with household contacts
n =305

F-- —->| No eligible household contacts enrolled, n =21

A 4
Enrolled index cases with 21 eligible
household contact
n=284

No enrolled household contacts 213 years of
age who completed KAP questionnaire, n=6

A
Enrolled index cases with 21 enrolled
household contact 213 years of age
who completed KAP questionnaire
n=278

Figure 1.

Household contacts

Enumerated household contacts in
the households of 305 enrolled index
cases
n=1324

Did not meet exposure criteria, n = 39

Eligible but not enrolled, n = 266

- Too busy, not enough time, n =67

- Does not want to participate in research, n = 59
- Not willing to participate, no reason, n =40

- Unable to contact household member, n = 34

- Out of station/ living elsewhere, n =20

- No IRB approval to enroll <18y, n = 12 (2 sites)
- No parental consent, n = 19

- Fearof stigma,n=1

- Otherreasons, n =14

Diagnosed with active TB before enrollment, n=2

y

Eligible and enrolled household
contacts
n=1017

Less than 13 years of age, n =264
- ---- Diagnosed with active TB after enrollment ,n=8
Enrolled but no data collected, n= 2

Enrolled household contacts 213
years of age who completed KAP
questionnaire
n=743

Eligibility, enrollment, and participation of 743 adult and adolescent household contacts from 278 multidrug-resistant tuberculosis (TB)/rifampicin-resistant TB

index case households participating in the Protecting Households on Exposure to Newly Diagnosed Index Multidrug-resistant Tuberculosis Patients (PHOENIx) feasibility TB
knowledge, attitudes, and practices study. Abbreviations: CBNAAT, cartridge-based nucleic acid amplification test; DST, drug susceptibility testing; INH, isoniazid; IRB, insti-
tutional review board; KAP. knowledge, attitudes, and practices; MDR-TB, multidrug-resistant tuberculosis; TB, tuberculosis.

MDR-TB/RR-TB index case households (median, 2 enrolled
HHCs with complete KAP data per HH [IQR, 1-3]) (Figure
1). The median number of MDR-TB/RR-TB index cases and
HHCs enrolled per site and included in this analysis was 14
(IQR, 10-25) and 39 (IQR, 22-70), respectively.

Among HHCs participating in the KAP study, the median
age was 33 years (IQR, 22-49 years), 62% were women, 58% had
secondary school education or higher, and 46% were currently

employed or in school. Overall, 10% of HHCs reported prior
TB treatment and 21% current tobacco use. For alcohol use, 58
HHCs (9%) reported daily or almost daily use in the last year,
and 8 (1%) refused to answer the question. Similarly, 57 (8%)
reported illegal drug use in the last year and 3 (0.4%) refused to
answer (Table 2). Participation in the KAP study was not asso-
ciated with age, but females were more likely to participate than
males (83% vs 72%, P < .001).
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MDR-TB/RR-TB HHCs and Their TB-related Knowledge and Attitudes

Appropriate  MDR-TB  knowledge was demonstrated by
66% of enrolled HHCs, with substantial site-level variation
(Supplementary Figure 2), notably low knowledge at India site
1 (5%). A majority of HHCs (64%) were concerned about being
infected with MDR-TB from their diagnosed household member,
and 84% believed that someone could die from MDR-TB without
proper treatment. Regarding perceived stigma, 28% of HHCs re-
ported that a person with TB is usually rejected by their com-
munity, and 34% stated that they would be uncomfortable telling
family members or friends they were taking MDR TPT (Table 2).

Willingness to Take Hypothetical, Newly Developed MDR TPT Among
HHCs of MDR-TB/RR-TB Index Cases

HHC willingness to take hypothetical, newly developed MDR
TPT was high overall (79%) with observed site-level variation
(site-level median, 90% [IQR, 84%-95%]; Figure 2). At India site
1, only 7% of HHCs reported willingness (29% not willing, 64%
not sure). Willingness to take MDR TPT with potential mild tem-
porary side effects was somewhat lower across sites (70% overall;
site-level median, 80% [IQR, 66%-91%]). Reported HHC will-
ingness to complete prerequisite steps to determine MDR TPT
eligibility was high at all sites except one: blood test (96% [IQR,
88%-98%]), provide sputum sample (97% [IQR, 95%-100%]),
and obtain chest radiograph (100% [IQR, 97%-100%]).

In the multivariable model for the primary outcome (Table
2), increased willingness to take MDR TPT was significantly
associated with the following HHC characteristics: currently
employed or in school (adjusted odds ratio [aOR], 1.83 [95%

confidence interval {CI}, 1.07-3.13]), appropriate TB-related
knowledge (aOR, 2.22 [95% CI, 1.23-3.99]), confidence in
taking MDR TPT (aOR, 7.16 [95% CI, 3.33-15.42]), being
comfortable telling family or friends about taking MDR TPT
(aOR, 2.29 [95% CI, 1.29-4.06]). Increased willingness was
also marginally associated with knowledge that one can die of
MDR-TB without treatment (aOR, 2.48 [95% CI, 1.00-6.13]).
In a multivariable model including the same set of covariates,
the secondary outcome of willingness to take MDR TPT with
side effects was significantly associated with increased HHC-
level concern about being infected from the index case (aOR,
2.01 [95% CI, 1.30-3.09]) and confidence in taking MDR TPT
(aOR, 7.86 [95% CI, 4.41-14.01]).

Site-level variation was observed in the unadjusted
associations between willingness to take MDR TPT and
covariates of interest (Supplementary Table 2); however, the
direction of these associations was highly consistent for the
most significant covariates identified through the multivariable
model: appropriate TB-related knowledge, comfort telling
family or friends about taking MDR TPT, and confidence in
taking MDR TPT. After adjustment for all covariates included
in the multivariable model, predicted willingness of HHCs at
India site 1 remained significantly lower than all other sites on
pairwise comparisons with Bonferroni correction. Potential
confounding of observed HHC-level associations by between-
household effects was examined by creating household-level
summary means for all HHC-level covariates [22]. Including
all aggregate household-level variables in the final multivariable
model did not qualitatively change any HHC-level association

Thailand 0%

South Africa: Site #4 3%
South Africa: Site #3 5%
South Africa: Site #1 5%
Botswana 5%

South Africa: Site #2 6%
South Africa: Site #5 6%

Kenya 8%
South Africa: Site #6 11%
Haiti | 12%

South Africa: Site #7 | 15%
India: Site #2 | 16%

Brazil | 18%

Peru: Site #2 | 18%

Peru: Site #1 28%

India: Site #1 | 93%

100%,
97%
95%
95%
95%
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88%
85%
84%
82%
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Response . No . Not sure

50 100 0 25 50 75

Yes . Completed

Figure 2. Willingness of multidrug-resistant tuberculosis (MDR-TB)/rifampicin-resistant tuberculosis (RR-TB) household contacts to take newly developed MDR-TB preven-
tive therapy, stratified by clinical research site (left panel). Number of enrolled MDR-TB/RR-TB household contacts at each clinical research site (right panel).
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except HHC education, which was not significant in either
model. In sensitivity analyses, the direction and magnitude of
HHC-level variable associations with willingness to take MDR
TPT was robust to exclusion of India site 1 and primary out-
come reassignment of each of the 25 individual HHCs at the
Thailand research site, at which all HHCs reported willingness
(Supplementary Figures 3 and 4).

DISCUSSION

In this large multicountry study of HHCs of MDR-TB/RR-TB
index cases residing in diverse high-TB-burden regions, will-
ingness to take a hypothetical, newly developed MDR TPT was
high (79%), along with willingness to complete prerequisite
steps to determine eligibility for treatment. In the context of
multiple ongoing clinical trials to identify effective MDR TPT
regimens [11], our study provides evidence from diverse geo-
graphic settings for the potential high uptake of these therapies
when implemented in the high-risk population of household
contacts. The identification of factors associated with increased
willingness to take TPT can inform counseling efforts, generate
hypotheses for more contextualized local studies of KAP factors,
and identify populations where implementation of MDR TPT
may be particularly effective or challenging.

These findings are similar to prior observational studies
and case series from limited settings that documented high
levels of MDR TPT initiation among contacts. In studies
identified through recent systematic reviews on MDR TPT
[4, 9, 23], treatment initiation data have been reported for 8
generally small cohorts (median, 30 contacts [IQR, 22-36])
(Supplementary Table 1). For these studies, treatment ini-
tiation, defined as taking any MDR TPT for >2 weeks, was
reported to be high overall (median, 85.6% [IQR, 71.2%-
93.4%]); however, data were not available on factors associated
with uptake [24-30]. Considerably more evidence exists for
drug-susceptible TPT. In a recent meta-analysis of 25 cohorts,
88% of individuals were estimated to have started TPT if it
was recommended; factors associated with initiation included
younger age, high perceived risk of TB, and no prior treatment
for TB infection [31].

We found that appropriate TB-related knowledge, being
comfortable speaking with family and friends about taking
MDR TPT, and, most notably, confidence in properly taking
TPT were all associated with increased willingness to start
treatment. The marginal association between current HHC to-
bacco smoking, and increased willingness to take MDR TPT
suggests a possible opportunity for increased TPT uptake and
tobacco cessation services among a population at higher risk of
both TB infection and active disease [32]. Many of these factors
have been previously identified to be associated with drug-
susceptible TPT initiation or completion [31, 33, 34]. Factors in-
cluded in the present study’s KAP questionnaire were primarily

patient-level, social, and lifestyle [34]; however, health system
factors (eg, clinic wait times, provider opinions on TPT) and
therapy characteristics (eg, duration, side effects) have also been
demonstrated to be important predictors of treatment initiation
and completion [31, 33-36]. Observed associations may fur-
thermore be confounded by unmeasured HHC- or household-
level variables.

The decreased willingness of HHCs to take MDR TPT with
mild side effects is also consistent with prior research, which
has identified side effects as a primary reason for treatment dis-
continuation [26, 30]. Although some studies have documented
high TPT completion rates among initiators [25, 27, 28], com-
pletion has been demonstrated to be one of the main gaps in the
TPT cascade of care [31]. Furthermore, self-reported willingness
to initiate treatment may not be a strong proxy for HHC treat-
ment completion or even future initiation due to social desira-
bility bias and prohibitive treatment costs as well as changes in
beliefs, attitudes, or circumstances over time [37, 38]. Selection
bias may also have been introduced if HHCs of eligible index
cases who had initiated TB treatment differed from HHCs of
ineligible index cases who had not initiated treatment. An addi-
tional limitation of this research was variable site-level sample
sizes due to a constrained period of enrollment after the overall
target of 300 index cases was met. As a result, the study sample
was weighted toward sites starting enrollment earlier and with
faster rates of recruitment (Figure 2) as well as households with
greater numbers of HHCs. Across research sites, unadjusted
associations for key risk factors were highly consistent; however,
there was insufficient power to detect within-site differences in
associations between measured HHC factors and willingness to
take MDR TPT. Last, the generalizability of these findings may
be limited by a lack of data from some high-burden countries
as well as potential future implementation challenges, including
patient-level costs.

In conclusion, the high percentage of HHCs of MDR-TB/
RR-TB index cases willing to take hypothetical, newly devel-
oped MDR TPT provides important evidence for the potential
uptake of effective TPT when implemented. Identified HHC-
level variables associated with decreased willingness to take
MDR TPT may inform education and counseling efforts to in-
crease HHC confidence in and uptake of MDR TPT. Possible
interventions to improve uptake include collaborations with pa-
tient advocacy groups, community sensitization workshops, and
the provision of educational tools and training to TB healthcare
workers. Data on caregiver willingness to provide preventive
therapy to children were also collected through this study and
are currently being analyzed. While this study focused on will-
ingness to take MDR TPT at the HHC level, further research
examining the site-specific context of TB-related KAP through
qualitative or mixed-methods studies offers promise in guiding
the rollout of MDR TPT to reduce the burden of TB in these
high-risk populations.
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