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Abstract

Background

Child tuberculosis (TB) contact management is recommended for preventing TB in children
but its implementation is suboptimal in high TB/HIV-burden settings. The PREVENT Study
was a mixed-methods, clustered-randomized implementation study that evaluated the
effectiveness and acceptability of a community-based intervention (CBI) to improve child TB
contact management in Lesotho, a high TB burden country.

Methods

Ten health facilities were randomized to CBI or standard of care (SOC). CBI holistically
addressed the complex provider-, patient-, and caregiver-related barriers to prevention of
childhood TB. Routine TB program data were abstracted from TB registers and cards for all
adult TB patients aged >18 years registered during the study period, and their child contacts.
Primary outcome was yield (number) of child contacts identified and screened per adult TB
patient. Generalized linear mixed models tested for differences between study arms. CBI
acceptability was assessed via semi-structured in-depth interviews with a purposively
selected sample of 20 healthcare providers and 28 caregivers. Qualitative data were used
to explain and confirm quantitative results. We used thematic analysis to analyze the data.

Results

From 01/2017-06/2018, 973 adult TB patients were recorded, 490 at CBIl and 483 at SOC
health facilities; 64% male, 68% HIV-positive. At CBI and SOC health facilities, 216 and 164
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child contacts were identified, respectively (p = 0.16). Screening proportions (94% vs. 62%,
p = 0.13) were similar; contact yield per TB case (0.40 vs. 0.20, p = 0.08) was higher at CBI
than SOC health facilities, respectively. CBl was acceptable to caregivers and healthcare
providers.

Conclusion

Identification and screening for TB child contacts were similar across study arms but yield
was marginally higher at CBI compared with SOC health facilities. CBI scale-up may
enhance the ability to reach and engage child TB contacts, contributing to efforts to improve
TB prevention among children.

Introduction

The World Health Organization (WHO) estimates that 1.12 million children globally develop
tuberculosis (TB) annually, with approximately 200,000 TB deaths despite the availability of
effective TB prevention and treatment and universal vaccination at birth in high TB burden
countries [1, 2]. Following exposure to Mycobacterium tuberculosis (M.tb), children who are
young, malnourished or HIV-positive have a disproportionately high risk of developing dis-
seminated TB or death [3, 4]. Progression to TB typically occurs in the first 12 months follow-
ing M.tb infection, and the youngest children are at greatest risk; HIV-positive children are
highly vulnerable to development of TB, regardless of antiretroviral treatment status and age
[3]. Child TB contact management (CCM) is a highly efficient strategy to identify children
with and at-risk for TB [5, 6]. The CCM cascade includes identifying and screening child con-
tacts exposed to adults with TB and ensuring initiation and completion of TB preventive treat-
ment (TPT) or TB treatment, as appropriate. However, a recent review of CCM
implementation in high TB burden countries found substantial losses at each CCM cascade
step [7]. Innovative strategies are needed to strengthen identification and management of
child contacts in high TB burden areas.

Lesotho, a lower-middle income sub-Saharan African country with a population of 2.1 mil-
lion [8], has one of the world’s highest TB incidence rates (611 per 100,000 [2]) and second
highest HIV prevalence (25.6% [9]). Four percent of reported TB patients are children aged
<15 years [2], low compared to similar settings [10, 11], most likely due to underdiagnosis and
underreporting. In 2011, the Lesotho National TB Program adopted WHO’s CCM recommen-
dations [12]. However, implementation has been limited, with no evidence-based strategies
guiding practical CCM implementation [13, 14].

We conducted the PREVENT Study, a mixed-methods cluster-randomized implementa-
tion science study to evaluate the effectiveness and acceptability of a combination community-
based intervention (CBI) versus standard of care (SOC) to identify child contacts of adult TB
patients, screen them for TB, and provide eligible children with TPT. We report on CBI effec-
tiveness and acceptability in identifying and screening TB-exposed household child contacts.

Materials and methods

The PREVENT study protocol has been published elsewhere [15]. As this was a cluster-ran-
domized trial, assignment to study arm was done at the health facility level and not at the indi-
vidual participant level. Ten public health facilities (HFs; i.e., clusters) in Berea District,
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Lesotho, were randomized to deliver CBI or SOC, following stratification by facility type. The

remaining nine health facilities were excluded from the sampling frame because of low TB

patient case load (on average, <6 TB patients notified per quarter). Both hospitals (N = 2) and
health centers (N = 8) were included to enhance generalizability of study findings as TB ser-
vices are provided in both types of facilities in Lesotho (Fig 1). All patients at HFs assigned to

Health facilities in Berea
District, Lesotho (N=19)

Health facilities not eligible

Jfor randomization due to low
patient volume (n=9)

Health facilities randomized

to CBI (n=5)

Health facilities delivering CB

(n=5)

All newly enrolled TB
patients (n=505)

Health facilities randomized
to SOC (n=5)

Health facilities delivering
SOC (n=5)

All newly enrolled TB
patients (n=512)

Excluded TB cases <18 years old

Excluded TB cases <18 years old
(n=15)

Health facilities delivering CBI
(n=5)

All newly enrolled adult TB
patients (n=490)

Participants excluded from
outcomes analyses -

(n=0)

(n=29)

Health facilities delivering
SOC (n=5)

All newly enrolled adult TB

patients (n=483)

Participants excluded from
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(n=0)

Participants in analyses of outcomes
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(n=490)

Participants in analyses of outcomes
All newly enrolled adult TB patients

(n=483)

Fig 1. CONSORT diagram.
https://doi.org/10.1371/journal.pone.0248516.9001
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the SOC arm received standard of care supported by the Lesotho MOH, whereas all patients at
HFs assigned to the CBI arm received the standard of care plus the combination CBI. Health-
care providers (HCPs), patients, caregivers, and study staff were not blinded to the assigned
study arm. CBI acceptability was assessed among healthcare providers and caregivers.

Standard of care (SOC) intervention

At SOC-assigned HFs (SOC sites), usual care for CCM was delivered, including contact trac-
ing, screening, and TPT provision. As per national guidelines, adult TB patients should be
asked to bring child contacts to the HF for TB screening, where they are entered into a contact
tracing register. Children with a positive symptom screen should be evaluated for TB; those
with a positive sputum smear, GeneXpert, or radiograph should be treated for TB, and those
with a negative screen or evaluation should be assessed for TPT eligibility. Village health work-
ers (VHWs) are recommended to visit homes of TB patients and encourage child contacts to
visit the HF for screening.

Community-based intervention (CBI). At CBI-assigned HFs (CBI sites), the interven-
tion was delivered to all adult TB patients and their child contacts and caregivers in addition to
SOC. CBI was designed to holistically address the complex provider-, patient-, and caregiver-
related barriers to prevention of childhood TB. It included the following components: (1)
mentoring of nurses and facility-based lead VHWs (LVHWSs) in CCM to enable them to
inform adult TB patients and caregivers about the benefits of TPT; (2) visits by VHW:S to all
households of adult TB patients, and referral and accompaniment of all HIV-negative children
<5 years and all HIV-positive children regardless of age to HFs; (3) intensive education on the
importance of TB prevention, TPT provision and adherence by nurses and LVHWs  to caregiv-
ers and children; (4) TPT adherence support via weekly calls and text messages and commu-
nity-based VHW support, including follow-up with caregivers of children who missed
appointments or reported nonadherence; and (5) monitoring and review of CCM data in
quarterly multidisciplinary team meetings.

Quarterly refresher trainings and weekly mentorship were provided to nurses and LVHWSs
on-site by a study nurse mentor; LVHWSs supervised and mentored VHWs. All nurses and
LVHWs from CBI sites met as a team quarterly to review data and intervention activities, iden-
tify challenges, and develop solutions.

A Stakeholder Advisory Group (SAG), which included community representatives, was
formed early and met regularly throughout the study to ensure community engagement.

Participants. All adult TB patients aged >18 years newly registered for TB treatment at
the 10 participating HFs during the study period and their child contacts were included in the
study. In addition, two groups of key informants from CBI sites were enrolled: (1) HCPs and
(2) caregivers. HCP eligibility criteria were: aged >18 years, nurse or VHW working at or affil-
iated with CBI site, English- or Sesotho-speaking, and capacity for informed consent. Caregiv-
ers’ eligibility criteria were: aged >15 years, caregiver of a child contact in a CBI site, English-
or Sesotho-speaking, and capacity for informed consent.

Data collection. All adult TB patients newly registered for TB treatment at participating
HFs between January 2017 and June 2018 and their child contacts were included in the effec-
tiveness analysis. Data were collected semiannually from TB registers, TB cards, and contact
tracing registers using a standardized data abstraction tool. Acceptability of the intervention
was assessed via semi-structured in-depth interviews with a purposively selected sample of
HCPs (small group) and caregivers (individual). We used a sequential explanatory design
phase [16], where quantitative data collection and analysis were followed by collection and
analysis of qualitative data in an effort to explain our quantitative results and explore CBI
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acceptability and utilization of intervention components. This comprehensive approach allows
for a greater understanding of how and why particular experiences and social realities of
healthcare providers, children, and caregivers influence their attitudes and perceptions about
TB prevention in child contacts. Questions relevant to this analysis addressed identification
and TB screening of child contacts. Interviews were audio-recorded, transcribed verbatim,
translated, anonymized and subjected to textual analysis.

Outcomes. The primary outcome for this analysis was yield of child contacts, defined as
number of child contacts identified and screened per adult TB patient diagnosed during the
study period. Secondary outcomes included: (1) number of child contacts identified per adult
TB patient diagnosed; (2) proportion of child contacts screened among those identified; and
(3) CBI acceptability defined as the perception among key stakeholders that CBI was satisfac-
tory for identification and screening of child contacts.

Design assumptions and data analysis. Quantitative. We estimated that CBI will increase
number of identified child contacts per adult TB patient from an average of 0.5 (based on the
Lesotho National TB Program estimates from 2011) to 2.0 for each adult TB patient. In 2011,
1,132 new TB patients were diagnosed in 21 HFs in Berea district, for an average of 54 new
patients per HF. Based on these assumptions and available data on number of TB cases, we cal-
culated that a sample size of 5 clusters per study arm with 75 children per cluster would achieve
91% power to detect a difference of 1.5 between group means (0.5 child contacts per adult TB
patient in SOC and 2.0 in CBI) using a two-sided t-test with significance level of 0.05 and a
standard deviation of 2.5 (PASS 2008, NCSS Statistic Software).

An intent-to-treat analysis was used for the effectiveness analyses. Generalized linear mixed
models were applied to test for differences in outcome between study arms. Models included
fixed effects for study arm and random effects for study site to adjust for potential non-inde-
pendence of observations.

Qualitative. We used thematic analyses [17] as the framework for data inquiry and CBI
acceptability analysis, which helped to reveal the complex, social pathways that impact TB pre-
vention efforts among child contacts. We used an iterative analytic process to facilitate a com-
prehensive understanding of participants’ perspectives. Two investigators independently
reviewed five transcripts to develop a preliminary coding scheme. We used a “negotiated agree-
ment approach” to ensure consistent interpretation and application of codes, which increases
coding reliability [18, 19]. Once consensus on codes was achieved, the final coding scheme was
applied to the full set of transcripts using Dedoose, a qualitative software program for systematic
data management and analysis [20]. Typical quotations are used to illustrate the themes.

Ethics. The protocol was approved by the Columbia University Irving Medical Center
Institutional Review Board (Ref AAAN7358) and the Lesotho National Health Research and
Ethics Committee (Ref ID78-2015). Both entities deemed the medical record review as eligible
for waiver of individual consent. In-depth interview participants provided written and
informed consent. The study was registered at ClinicalTrials.gov (NCT02662829).

Results
CBI effectiveness

During the study period, 1,017 new TB patients were registered at the 10 study sites, including
973 adults and 44 children. Among adult TB patients, mean age was 44+15 years, 64.0% were
male, and 68.0% were HIV-positive, with no differences between study arms. Of 973 adult TB
cases, 490 were recorded at CBI and 483 at SOC sites (Fig 2). At CBI sites, TB cards were
located for 99.0% (485/490) of TB patients and 98.8% (484/490) had a completed contact sec-
tion compared with SOC sites, where 90.9% (439/483) of TB cards were located and 65.0%
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Fig 2. Study flow.
https://doi.org/10.1371/journal.pone.0248516.9g002

(314/483) had a completed contact section. At CBI sites, 216 child contacts were reported by
490 adult TB patients and at SOC sites 164 child contacts were identified by 483 adult TB
patients (0.44 vs. 0.34 child contacts identified per adult TB patient, respectively, p = 0.13).

Almost all child contacts identified on adult TB cards at CBI sites were screened for TB
compared with less than two-thirds at SOC sites (94.4% vs. 61.6%, p = 0.13). Among child con-
tacts screened, 16.7% were aged <1, 29.0% aged 1-2, and 52.8% aged 3-<5 years, 51.6% were
male, and 2.6% were HIV-exposed or HIV-positive, with no differences between study arms.
The yield of child contacts who were identified and screened per adult TB patient was margin-
ally higher at CBI than SOC sites (0.40 vs. 0.20, p = 0.08).

CBI acceptability

Six in-depth group interviews with a total of 20 HCPs (14 nurses and 6 LVHWSs) and 28 care-
givers at five CBI sites were conducted between February 2017 and June 2018. The mean age
among HCPs was 38+12 years, 95% were female, and 35% had at least 7 years of TB-related
experience. Among caregivers, mean age was 41+17 years, 93% were female, 21% completed
high school, and 7% had a college degree.
Identification of child contacts. At CBI sites VHW:s visited households of TB patients to
ensure that all household contacts were investigated. In one CBI site VHW s were not active
during most of the study period as they were striking due to not getting paid; nurses therefore

had to rely exclusively on passive invitation.

“We make those patients aware after finding their history that those who have children who
are <5 years of age need to be included in the IPT program, the importance of those
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children to come to the center. . . So we ask patients, it was supposed to be the VHWs who
go to the villages but our area had a problem of VHWSs who refuse to follow-up those chil-
dren in the village because they said they have not been paid.” (Female nurse #1, site 4)

Caregivers sometimes expressed anger at TB patients for exposing their children to TB.

“When she arrived and told me [that my child was exposed to TB] I was not happy, and I
said, ‘T have left my place and came to help you like my sister, and look how my child is at
risk at the end. . .’ I was not happy.” (Female caregiver #2, site 4)

Home screening. Nurses noted that it is important to send VHWs to follow-up on identifi-
cation and screening in the home because TB patients do not always remember or are reluctant
to name all child contacts and VHWs can screen those children who do not present at the HF.

“...when you ask the patient, maybe they are overwhelmed by the sickness. . . they don’t
provide all the names of people they are living with-. . . So this one [form] given to the
VHWs that the workers should fill it at home and screen those people who do not come to
the center, I think it makes a great difference.” (Female nurse #1, site 9)

VHWSs conducted TB symptom screening of the children at home, though some caregivers
did not realize their children were being screened for TB and thought the VHW just said to
bring children to the HF.

”She [VHW] asked me whether the children are eating well and I said they are eating well,
and she asked whether they are coughing, and I said no they don’t cough.” (Female care-
giver #5, site 6)

“I was called to the health facility [by the LVHW] and told that I should come with the chil-
dren. The VHW also came to my home and asked to bring the children to the health facil-
ity.” (Female caregiver #4, site 3)

VHWSs and LVHWs also provided some health education in the home, which helped moti-
vate caregivers to bring their children for screening.

“...they did come, the VHWs . . . immediately after it was discovered that we live with TB
patient in the house, the explanation was so clear that I immediately had to go and fetch the
family members because I could not even understand how this one got infected with TB,
where, when and how. . . That gave me an understanding that we were all at risk of being
infected, so we all came.” (Female caregiver #5, site 1)

In some cases when the family was not home for the VHW visit, a message was relayed to
caregivers to bring children to the HF.

“I was at school at that time [when the VHW came to the house], but I was informed that
such people did arrive, informing them that people who live with TB patient must go to the
health facility to check, just in case the entire family is infected.” (Male caregiver #5, site 3)

Screening at the health facility. Most caregivers did not find TB screening at the HF bur-
densome because they had been informed about its importance. Some felt it was dangerous
not to screen for TB.
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“I like it because it helps us to feel free in the house in the presence of TB patient to an
extent that I immediately managed to bring all the family members here. . . I understood its
importance when it was explained to me.” (Female caregiver #5, site 1)

“Can you really imagine the situation where a small child suffers from TB? I am worried
about such a situation!!” (Male caregiver #6, site 3)

Caregivers reported that the benefit of providing TB services, including TB screening and
TPT, is that TB is prevented in the child whereas HCPs saw the benefit as two-fold, protecting
both the individual child and the community.

“I understand its [screening] importance because it is for the benefit of the future of the
child, so that the child cannot blame me, and that the child doesn’t get TB. .. it is for her
own life.” (Female caregiver #2, site 4)

“... they [child contacts] should not have TB and the community people should be pro-
tected.” (Female nurse #1, site 1)

HCPs were frustrated by caregivers who believed that if the TB exposure was limited, then
TB screening was not warranted.

“At times the patient will say that the child doesn’t have TB as her husband is working at
the mines and he normally comes after a week. And I always say ‘no, to be infected doesn’t
mean he comes after a certain period; the fact is children. . . have been exposed whether for
short period or not’ (Female LVHW #1, site 11)

Child removal from TB household. Sometimes caregivers were angered about the TB
exposure, especially if they themselves did not have TB. As a result, some caregivers removed
the child from the household before TB screening was conducted.

“This grandmother said, ‘T am going to bring the child’, at some point for consent sake she
told the mother and the father of the child that, T was diagnosed with TB so I am going to
take the child to the clinic, it was said the child needs protection.” The mother then took the
child and they [mother and child] were gone.” (Female nurse #1, site 4)

Stigma. Caregivers did not report that they were stigmatized because of screening at
home or at the health facility.

“It does not bring stigma mostly because it prevents TB so yah I didn’t mind at all.” (Female
caregiver #1, site 4)

“This issue is important, mostly because it is not pleasant for a young child to contract TB,
and yet the services are there in the hospital. I find this issue to be important and no shame
at all in attending such services” (Female caregiver #1, site 1)

Discussion

Despite a decade-long recommendation by WHO to conduct CCM in high TB burden coun-
tries, most child TB contacts in these settings are neither identified, nor screened and evaluated
for TB, and therefore do not receive appropriate management for treatment or prevention of
TB [7]. Identifying at-risk children is a critical step in the CCM cascade; however, it must be
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followed by screening them for TB and managing them appropriately thereafter. This study
integrated quantitative and qualitative methods, capitalizing on each method’s strengths, to
garner important contextual data alongside quantitative results and assist in interpreting study
findings. We evaluated a combination CBI for CCM and found that while CBI was acceptable
to caregivers and HCPs, the yield of child contacts identified and screened for TB was margin-
ally higher at CBI compared with SOC sites.

Despite historically poor record keeping reported in low resource settings [7], we were able
to locate a high percentage of TB cards (95%). At CBI sites where strong mentoring on the
importance of CCM as well as monthly multidisciplinary meetings to discuss data were inte-
gral components of the intervention, our data showed documentation of child contacts was
better, with almost all TB cards having a completed contact section. However, at SOC sites
where usual care was provided, less than two-thirds of TB cards had a completed contact sec-
tion. This difference demonstrates a missed opportunity for identifying and screening TB-
exposed children.

Educating TB patients about TB transmission and asking about their child contacts at the
HF is crucial [7]. It is also important to conduct follow-up at TB patients’ homes as they may
not name all child contacts. The home visit also provides an opportunity to screen child con-
tacts and inform all household members about TB transmission. Health education provided at
the home may motivate caregivers to bring their children for further evaluation at the HF and
eventually TPT provision, if eligible.

Both HCPs and caregivers in our study reported extensive child movement between house-
holds, which made finding and screening children challenging. Caregivers sometimes removed
the child from the household where TB contact occurred not realizing that the exposure had
already taken place, and that removal of the child from the home did not mitigate the possible
need for TB treatment or TPT. This represents an important missed opportunity which may
be remedied with further education about TB exposure and risks.

The fertility rate in Lesotho at the time of the study was 3.3 children [21], and therefore we
expected a higher number of child contacts identified per adult TB patient. However, the num-
ber of child contacts identified was low overall in our study, with 4 children per 10 adults iden-
tified. This is in contrast to findings from a South African study, where 7 child contacts per 10
adult TB case were identified [22]. It has been shown that many at-risk children are not identi-
fied and documented due to misperceptions regarding the meaning of household composition
and children’s TB exposure risk, e.g., duration of exposure, proximity and infectiousness of the
adult source patient [23]. Most programs use passive contact tracing—i.e., asking adult TB
patients to bring their children to the HF for assessment. HCPs in most high TB burden coun-
tries lack tools or guidance on how to define a household and assess TB exposure risk. This
leads to confusion on who constitutes a child contact. Furthermore, children may be exposed
to and spend substantial amounts of time with adults with TB who do not live in their house-
hold (e.g., caregivers). Thus, there is a need for broadening the definition of household as well
as a diligent and detailed risk assessment beyond household exposure.

Pervasive stigma was reported as a barrier to identifying and screening TB-exposed chil-
dren in prior studies [7]. In our study, caregivers in CBI sites did not report stigma associated
with screening in the home or HF, which may be due to selection bias as interviews were only
conducted with caregivers who brought their children for screening despite attempts to speak
with caregivers of children who were not screened. Lack of reported stigma may also be attrib-
utable to extensive education provided both in the community and HFs. Studies from high
TB/HIV burden countries indicate that caregivers believed child contact investigation could
lead to unwanted disclosure of TB and/or HIV status of adult TB patients to family members,
friends, and neighbors [7, 23-27]. Fear of stigma can prevent adult TB patients from informing
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the caregiver of a child contact about the exposure, and thus failing to report the contact to
HCPs. Even if a child’s caregiver is made aware, they may not seek follow-up due to stigma.
Continued sensitization of HCPs and communities through broad-based health education/TB
campaigns would likely increase knowledge, reduce stigma, and change attitudes and percep-
tions regarding CCM so at-risk children will be identified, screened and evaluated for TB in a
timely manner.

Our study had some limitations. As the study was conducted in a real-world setting, we
relied on routinely collected programmatic data for our study outcomes, which often were
incomplete. However, we were able to locate 95% of TB cards. In addition, we observed a Haw-
thorne effect, with SOC sites dramatically improving their record-keeping over the study
period in conjunction with the HCPs’ observation of study staff collecting CCM data. Further-
more, the number of child contacts identified was lower than assumed in sample size calcula-
tions, which limited our power to detect differences between study arms. Nevertheless, we
detected a marginally significant and programmatically meaningful difference in yield of TB
child contacts between study arms. We did not conduct qualitative interviews at SOC sites;
however, as we were assessing CBI acceptability it wasn’t feasible.

In summary, in this mixed-methods cluster-randomized implementation science study, we
found that delivery of a multifaceted CBI improved the yield of child TB contacts, a population
at risk for developing TB, with potential severe sequalae. Further standardization of child con-
tact identification, including a clear and more inclusive definition of household contacts,
expansion of education regarding TB exposure and associated risks and stigma-reduction
interventions are required to increase the yield of CCM and prevent TB in this vulnerable
population.

Supporting information

S1 Checklist.
(DOCX)

S1 File.
(PDF)

Acknowledgments

We are grateful to the study participants for partaking in the study. We appreciate the invalu-
able support for this study from staff at the study sites, village health workers in the surround-
ing communities, the Berea District Health Management Team, and the Lesotho Ministry of
Health.

Author Contributions

Conceptualization: Yael Hirsch-Moverman, Andrea A. Howard, Joanne E. Mantell, Koen
Frederix, Anneke C. Hesseling, Sharon Nachman, Llang B. Maama, Wafaa M. El-Sadr.

Data curation: Yael Hirsch-Moverman, Limakatso Lebelo.

Formal analysis: Yael Hirsch-Moverman, Limakatso Lebelo, Aprielle Wills.
Funding acquisition: Yael Hirsch-Moverman.

Investigation: Yael Hirsch-Moverman.

Methodology: Yael Hirsch-Moverman, Andrea A. Howard, Joanne E. Mantell, Koen Frederix,
Anneke C. Hesseling, Sharon Nachman, Llang B. Maama, Wafaa M. El-Sadr.

PLOS ONE | https://doi.org/10.1371/journal.pone.0248516 May 20, 2021 10/12


http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0248516.s001
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0248516.s002
https://doi.org/10.1371/journal.pone.0248516

PLOS ONE

Improving child TB contact identification and screening in Lesotho

Supervision: Koen Frederix.

Writing - original draft: Yael Hirsch-Moverman.

Writing - review & editing: Yael Hirsch-Moverman, Andrea A. Howard, Joanne E. Mantell,

Limakatso Lebelo, Koen Frederix, Aprielle Wills, Anneke C. Hesseling, Sharon Nachman,
Llang B. Maama, Wafaa M. El-Sadr.

References

1.

10.

11.

12

13.

14.

15.

Jenkins HE. Global Burden of Childhood Tuberculosis. Pneumonia (Nathan). 2016; 8. Epub 2016/12/
23. https://doi.org/10.1186/s41479-016-0018-6 PMID: 28003956; PubMed Central PMCID:
PMC5166554.

World Health Organization. Global tuberculosis control: WHO report 2019. Geneva, Switzerland World
Health Organization; 2019. Accessed Nov 8, 2019.

Marais BJ, Gie RP, Schaaf HS, Hesseling AC, Obihara CC, Starke JJ, et al. The natural history of child-
hood intra-thoracic tuberculosis: a critical review of literature from the pre-chemotherapy era. Int J
Tuberc Lung Dis. 2004; 8(4):392—-402. Epub 2004/05/15. PMID: 15141729.

Zar HJ, Pai M. Childhood tuberculosis—a new era. Paediatr Respir Rev. 2011; 12(1):1-2. Epub 2010/
12/22. $1526-0542(10)00072-2 [pii] https://doi.org/10.1016/}.prrv.2010.09.004 PMID: 21172667.

Fox GJ, Barry SE, Britton WJ, Marks GB. Contact investigation for tuberculosis: a systematic review
and meta-analysis. Eur Respir J. 2013; 41(1):140-56. https://doi.org/10.1183/09031936.00070812
PMID: 22936710; PubMed Central PMCID:PMC3533588.

Morrison J, Pai M, Hopewell PC. Tuberculosis and latent tuberculosis infection in close contacts of peo-
ple with pulmonary tuberculosis in low-income and middle-income countries: a systematic review and
meta-analysis. Lancet Infectious Diseases. 2008; 8(6):359-68. https://doi.org/10.1016/S1473-3099(08)
70071-9 WOS:000256334100026. PMID: 18450516

Szkwarko D, Hirsch-Moverman Y, Du Plessis L, Du Preez K, Carr C, Mandalakas AM. Child contact
management in high tuberculosis burden countries: A mixed-methods systematic review. PLoS One.
2017; 12(8):e0182185. https://doi.org/10.1371/journal.pone.0182185 PMID: 28763500; PubMed Cen-
tral PMCID:PMC5538653.

The World Bank. Mobile cellular subscriptions (per 100 people). Available from: https://data.worldbank.
org/indicator/IT.CEL.SETS.P2. Accessed November 27, 2017.

Thin K, Frederix K, McCracken S, Low A, Patel H, Ahmed N, et al. Progress toward 90-90-90: 2016
Lesotho population-based HIV impact assessment results. Conference on Retroviruses and Opportu-
nistic Infections March 4—7, 2018; Boston. Abstract 91. Available at http://www.croiconference.org/
sessions/progress-toward-90-90-90-2016-lesotho-population-based-hiv-impact-assessment-results.

Marais BJ, Hesseling AC, Gie RP, Schaaf HS, Beyers N. The burden of childhood tuberculosis and the
accuracy of community-based surveillance data. Int J Tuberc Lung Dis. 2006; 10(3):259—63. PMID:
16562704.

Dodd PJ, Gardiner E, Coghlan R, Seddon JA. Burden of childhood tuberculosis in 22 high-burden coun-
tries: a mathematical modelling study. Lancet Glob Health. 2014; 2(8):e453-9. https://doi.org/10.1016/
S2214-109X(14)70245-1 PMID: 25103518.

World Health Organization. Guidance for national tuberculosis programmes on the management of
tuberculosis in children second edition. 2014. Available at http://apps.who.int/medicinedocs/
documents/s21535en/s21535en.pdf. Accessed Dec 3, 2016.

Van Wyk SS, Hamade H, Hesseling AC, Beyers N, Enarson DA, Mandalakas AM. Recording isoniazid
preventive therapy delivery to children: operational challenges. Int J Tuberc Lung Dis. 2010; 14(5):650—
3. Epub 2010/04/16. PMID: 20392361.

van Wyk SS, Reid AJ, Mandalakas AM, Enarson DA, Beyers N, Morrison J, et al. Operational chal-
lenges in managing Isoniazid Preventive Therapy in child contacts: a high-burden setting perspective.
BMC Public Health. 2011; 11:544. https://doi.org/10.1186/1471-2458-11-544 PMID: 21740580;
PubMed Central PMCID:3150266.

Hirsch-Moverman Y, Howard AA, Frederix K, Lebelo L, Hesseling A, Nachman S, et al. The PREVENT
study to evaluate the effectiveness and acceptability of a community-based intervention to prevent
childhood tuberculosis in Lesotho: study protocol for a cluster randomized controlled trial. Trials. 2017;
18(1):552. https://doi.org/10.1186/s13063-017-2184-0 PMID: 29157275.

PLOS ONE | https://doi.org/10.1371/journal.pone.0248516 May 20, 2021 11/12


https://doi.org/10.1186/s41479-016-0018-6
http://www.ncbi.nlm.nih.gov/pubmed/28003956
http://www.ncbi.nlm.nih.gov/pubmed/15141729
https://doi.org/10.1016/j.prrv.2010.09.004
http://www.ncbi.nlm.nih.gov/pubmed/21172667
https://doi.org/10.1183/09031936.00070812
http://www.ncbi.nlm.nih.gov/pubmed/22936710
https://doi.org/10.1016/S1473-3099%2808%2970071-9
https://doi.org/10.1016/S1473-3099%2808%2970071-9
http://www.ncbi.nlm.nih.gov/pubmed/18450516
https://doi.org/10.1371/journal.pone.0182185
http://www.ncbi.nlm.nih.gov/pubmed/28763500
https://data.worldbank.org/indicator/IT.CEL.SETS.P2
https://data.worldbank.org/indicator/IT.CEL.SETS.P2
http://www.croiconference.org/sessions/progress-toward-90-90-90-2016-lesotho-population-based-hiv-impact-assessment-results
http://www.croiconference.org/sessions/progress-toward-90-90-90-2016-lesotho-population-based-hiv-impact-assessment-results
http://www.ncbi.nlm.nih.gov/pubmed/16562704
https://doi.org/10.1016/S2214-109X%2814%2970245-1
https://doi.org/10.1016/S2214-109X%2814%2970245-1
http://www.ncbi.nlm.nih.gov/pubmed/25103518
http://apps.who.int/medicinedocs/documents/s21535en/s21535en.pdf
http://apps.who.int/medicinedocs/documents/s21535en/s21535en.pdf
http://www.ncbi.nlm.nih.gov/pubmed/20392361
https://doi.org/10.1186/1471-2458-11-544
http://www.ncbi.nlm.nih.gov/pubmed/21740580
https://doi.org/10.1186/s13063-017-2184-0
http://www.ncbi.nlm.nih.gov/pubmed/29157275
https://doi.org/10.1371/journal.pone.0248516

PLOS ONE

Improving child TB contact identification and screening in Lesotho

16.

17.

18.

19.

20.

21.

22,

23.

24,

25.

26.

27.

Creswell JW, Plano-Clark VL. Designing and conducting mixed methods research. 3rd ed. Thousand
Oaks, CA: Sage Publications; 2011.

Braun V, Clarke V. Thematic analysis. In: Cooper PMC H., Long D. L., Panter A. T., Rindskopf D., &
Sher K. J., editor. APA handbook of research methods in psychology, Vol 2. Research designs: Quanti-
tative, qualitative, neuropsychological, and biological. Washington, DC: American Psychological Asso-
ciation. http://dx.doi.org/10.1037/13620-004; 2012. p. 57-71.

Campbell JL, Quincy C, Osserman J, Pedersen OK. Coding In-depth Semistructured Interviews: Prob-
lems of Unitization and Intercoder Reliability and Agreement. Sociol Method Res. 2013; 42(3):294—-320.
https://doi.org/10.1177/0049124113500475 WOS:000324743900003.

Garrison DR, Cleveland-Innes M, Koole M, Kappelman J. Revisiting methodological issues in transcript
analysis: Negotiated coding and reliability. The Internet and Higher Education. 2006; 9:1-8. https://doi.
org/10.1016/j.iheduc.2005.11.001

Dedoose Version 6.2.17, web application for managing, analyzing, and presenting qualitative and
mixed method research data. Available from: www.dedoose.com. [Internet]. 2015

World Data Atlas. Available at https://knoema.com/atlas/Lesotho/Fertility-rate. Accessed Nov 3, 2017:
Knoema

Osman M, Hesseling AC, Beyers N, Enarson DA, Rusen ID, Lombard C, et al. Routine programmatic
delivery of isoniazid preventive therapy to children in Cape Town, South Africa. Public Health Action.
2013; 3(3):199-203. https://doi.org/10.5588/pha.13.0034 PMID: 26393029; PubMed Central PMCID:
PMC4463134.

Van Wyk SS, Mandalakas AM, Enarson DA, Gie RP, Beyers N, Hesseling AC. Tuberculosis contact
investigation in a high-burden setting: house or household? Int J Tuberc Lung Dis. 2012; 16(2):157-62.
Epub 2012/01/13. https://doi.org/10.5588/ijtld.11.0393 PMID: 22236914,

Arscott-Mills T, Masole L, Ncube R, Steenhoff AP. Survey of health care worker knowledge about child-
hood tuberculosis in high-burden centers in Botswana. Int J Tuberc Lung Dis. 2017; 21(5):586-91.
https://doi.org/10.5588/ijtld.16.0668 PMID: 28399975.

Skinner D, Hesseling AC, Francis C, Mandalakas AM. It's hard work, but it's worth it: the task of keeping
children adherent to isoniazid preventive therapy. Public Health Action. 2013; 3(3):191-8. https://doi.
org/10.5588/pha.13.0010 PMID: 26393028; PubMed Central PMCID:PMC4463130.

Skinner D, Mandalakas AM. Pasting together the preventive therapy puzzle. Int J Tuberc Lung Dis.
2013; 17(2):175-7. https://doi.org/10.5588/ijtld.12.0230 PMID: 23211672.

van Soelen N, du Preez K, van Wyk SS, Mandalakas AM, Enarson DA, Reid AJ, et al. Does an isoniazid
prophylaxis register improve tuberculosis contact management in South African children? PLoS One.
2013; 8(12):€80803. https://doi.org/10.1371/journal.pone.0080803 PMID: 24339884; PubMed Central
PMCID:PMC3858233.

PLOS ONE | https://doi.org/10.1371/journal.pone.0248516 May 20, 2021 12/12


http://dx.doi.org/10.1037/13620-004
https://doi.org/10.1177/0049124113500475
https://doi.org/10.1016/j.iheduc.2005.11.001
https://doi.org/10.1016/j.iheduc.2005.11.001
http://www.dedoose.com
https://knoema.com/atlas/Lesotho/Fertility-rate
https://doi.org/10.5588/pha.13.0034
http://www.ncbi.nlm.nih.gov/pubmed/26393029
https://doi.org/10.5588/ijtld.11.0393
http://www.ncbi.nlm.nih.gov/pubmed/22236914
https://doi.org/10.5588/ijtld.16.0668
http://www.ncbi.nlm.nih.gov/pubmed/28399975
https://doi.org/10.5588/pha.13.0010
https://doi.org/10.5588/pha.13.0010
http://www.ncbi.nlm.nih.gov/pubmed/26393028
https://doi.org/10.5588/ijtld.12.0230
http://www.ncbi.nlm.nih.gov/pubmed/23211672
https://doi.org/10.1371/journal.pone.0080803
http://www.ncbi.nlm.nih.gov/pubmed/24339884
https://doi.org/10.1371/journal.pone.0248516

