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Background. Children and adolescents with household exposure to multidrug- or rifampicin-resistant tuberculosis (MDR/RR- 
TB) are at high risk of developing TB disease. Tuberculosis preventive therapy (TPT) is recommended, but programmatic 
experience is limited, particularly for adolescents.

Methods. We conducted a prospective cohort study to describe MDR/RR-TB diagnosis and TPT provision for individuals aged 
<18 years with MDR/RR-TB exposure. Participants were assessed for TB either in homes or health facilities, with referral for chest 
x-ray or specimen collection at clinician discretion. The TPT regimens included levofloxacin, isoniazid, or delamanid monotherapy 
for 6 months, based on source patient drug-resistance profile.

Results. Between March 1, 2020 and July 31, 2021, 112 participants were enrolled; median age was 8.5 years, 57 (51%) were 
female, and 6 (5%) had human immunodeficiency virus. On screening, 11 (10%) were diagnosed with TB: 10 presumptive 
MDR/RR-TB and 1 drug-susceptible TB. Overall, 95 (94% of 101) participants started TPT: 79 with levofloxacin, 9 with 
isoniazid, and 7 with delamanid. Seventy-six (80%) completed TPT, 12 (13%) were lost to follow up, and 7 (7%) stopped TPT 
early due to adverse events. Potential adverse events were reported for 12 (13%) participants; none were serious. There were no 
further TB diagnoses (200 days median follow up).

Conclusions. Post-MDR/RR-TB exposure management for children and adolescents resulted in significant MDR/RR-TB 
detection and both high TPT initiation and completion. Tuberculosis preventive monotherapy was well tolerated and there 
were no further TB diagnoses after initial assessment. Key factors supporting these outcomes included use of pediatric 
formulations for young children, monotherapy, and community-based options for assessment and follow up.
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Each year there are approximately half a million people who de-
velop multidrug-resistant tuberculosis (resistance to at least ri-
fampicin and isoniazid) or rifampicin-resistant tuberculosis 
(MDR/RR-TB), many of whom are never diagnosed or started 
on treatment [1]. Although this is devastating for the individu-
als who are ill, it also means that persons in their households 
face prolonged exposure to MDR/RR-TB and risk developing 
both drug-resistant TB infection and disease. Such “exposed” 

individuals merit concerted efforts to assess their health and 
prevent them from becoming sick, a series of practices often re-
ferred to as “postexposure management” [2, 3]. Multidrug- or 
rifampicin-resistant TB postexposure management that in-
cludes both active TB diagnosis and the provision of appropri-
ate TB preventive therapy (TPT) for vulnerable individuals has 
been recommended by the World Health Organization (WHO) 
since 2020 [4]. However, there are few examples of MDR/ 
RR-TB postexposure management in high-burden settings 
[5–7].

Postexposure management is particularly important for chil-
dren and adolescents, a vulnerable group that has a worrisome 
MDR/RR-TB diagnostic and treatment initiation gap. 
Although approximately 30 000 children are estimated to de-
velop MDR/RR-TB each year [8], to date, only 15% of the tar-
geted 115 000 children with MDR/RR-TB to be treated between 
2018 and 2022 have received treatment [1]. This compares to 
46% of the adult target over the same time period. Uptake of 
TPT for MDR/RR-TB among children at high risk of progress-
ing to active disease is also likely to be very low, although data 
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are scarce [9, 10]. Some of the key challenges include the diffi-
culty in obtaining microbiological confirmation of active TB 
among children and therefore ruling out active TB before 
TPT, uncertainty in TPT regimen composition, and a lack of 
child friendly formulations [11].

South Africa has a high burden of MDR/RR-TB; among an 
estimated 21 000 individuals who developed MDR/RR-TB in 
2021, 7831 were diagnosed [1]. In 2019, the National 
Department of Health released updated guidelines, which in-
cluded a recommendation to provide TPT for selected high- 
risk close contacts of persons with MDR/RR-TB [12]. 
Building on previous experience [13], Médecins Sans 
Frontières ([MSF] Doctors without Borders), in collaboration 
with the Western Cape Provincial department of health and 
the City of Cape Town, implemented an MDR/RR-TB postex-
posure management program aimed at children and adoles-
cents with household MDR/RR-TB exposure in Khayelitsha, 
Cape Town.

METHODS

Study Design, Setting and Participants

This was a prospective cohort study describing an MDR/RR-TB 
postexposure management program enrolling participants be-
tween March 1, 2020 and July 31, 2021. Participants were chil-
dren and adolescents aged 0–18 years living in Khayelitsha, 
who had a recent (within 12 months) history of household ex-
posure to someone with MDR/RR-TB.

The proportion of children and adolescents diagnosed with 
MDR/RR-TB at baseline and within the follow-up period as 
well as completion, safety, and tolerability of the preventive 
therapy regimen used are described. The program was imple-
mented in the periurban township of Khayelitsha, Cape 
Town, South Africa. Khayelitsha has a population of approxi-
mately half a million and is characterized by low socioeconomic 
status and overcrowding. There are high burdens of human im-
munodeficiency virus (HIV), TB, and MDR/RR-TB; antenatal 
HIV prevalence is 31%, TB case notification is 920/100 000 
per year, and approximately 150–200 individuals are diagnosed 
with MDR/RR-TB annually [14, 15].

Screening and Diagnosis of Disease

Household contacts of individuals newly diagnosed with MDR/ 
RR-TB were identified from 10 primary care clinics providing 
MDR/RR-TB care [16]. These contacts were then assessed ei-
ther in their homes or at health facilities. Initially, most contacts 
were screened at healthcare facilities; however, the onset of the 
coronavirus disease 2019 (COVID-19) pandemic led to more 
screening in the home. This also made accessing care more con-
venient for households. Initial screening of contacts included 
the WHO symptom screen [17], with the inclusion of fatigue/ 
reduced playfulness, and a full physical examination, either at 

the home or at the facility by a medical doctor. Referral to 
the facility for chest radiography and the collection of speci-
mens for bacteriology were at the clinician’s discretion based 
on clinical presentation suggestive of disease.

All contacts were offered HIV testing. Tuberculosis disease 
could be diagnosed either clinically based on history, examina-
tion and/or radiography, or bacteriologically, if a submitted 
specimen was positive. A specimen could be either a gastric 
washing, induced/spontaneous sputum (sent for culture, drug 
sensitivity tests, and Xpert MTB/RIF Ultra), or stool sent for 
Xpert MTB/RIF Ultra only. Health education was provided 
in the local language, and in circumstances in which socioeco-
nomic concerns were identified, families/households were re-
ferred to social auxiliary services and provided with 
nutritional support.

Multidrug- or Rifampicin-Resistant Tuberculosis Preventive Treatment

For household contacts in whom TB disease was ruled out, TPT 
was offered based on the drug susceptibility pattern of the 
source patient where known, suspected duration of exposure 
and clinical presentation [12]. Following national guidelines, 
tests of TB infection were not routinely conducted. In instances 
in which the source patient was known to be diagnosed with ri-
fampicin monoresistant TB, defined as rifampicin resistance 
and isoniazid susceptibility, isoniazid preventive therapy with 
standard dosage was offered. For source patients with MDR/ 
RR-TB with susceptibility to fluoroquinolones, levofloxacin 
monotherapy was the preferred preventive regimen (dispersi-
ble or syrup formulation for younger children). In instances 
in which the source patient had MDR-TB with fluoroquinolone 
resistance, contacts were offered either (1) monotherapy with 
high-dose isoniazid or delamanid or (2) regular follow up with-
out TPT. For contacts of source patients with unknown or de-
layed drug susceptibility results, levofloxacin was the preferred 
therapy. All TPT was given daily for 6 months with the option 
of treatment extension by the clinician for known treatment 
interruptions.

Contacts in whom TB disease was ruled out were followed up 
at 1 month and every 2–3 months thereafter for 6 months and 
subsequently at either 12 months after TPT initiation or until 
March 31, 2022 when active follow up ceased. The majority 
of follow up was done by a professional nurse. All participants 
were screened for symptoms of TB and assessed for TB disease 
at follow up. Follow up was conducted via telephone when ar-
ranging in-person follow up was difficult, with additional fol-
low up via telephone for those requiring extra support with 
taking their medication. Participants receiving delamanid 
were followed up at the facility level as they received regular 
electrocardiographs. For participants receiving TPT, a follow- 
up form was adapted from the Sentinel Project guide to include 
questions around adherence and adverse events [18], and pos-
sible adverse events were recorded in the medical record as per 
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routine practice. Adverse events were graded as serious, mod-
erate, or mild, based on South African guidance [12].

Data Collection, Definitions, and Analysis

Data on included individuals were collected prospectively from 
medical records and follow-up forms and entered into a 
RedCAP (version 9.6; www.project-redcap.org) database. 
Tuberculosis symptoms included cough, weight loss, fever, 
night sweats, and fatigue/reduced playfulness. Tuberculosis di-
agnosis was defined as either bacteriologically confirmed TB or 
unconfirmed TB based on clinician decision to initiate TB 
treatment. Except for cases in which a bacteriological specimen 
diagnosed drug-susceptible TB, MDR/RR-TB treatment was 
initiated based on the drug susceptibility of the presumed 
source patient. Initial loss to follow up (LTFU) for TPT was de-
fined as LTFU before a TPT regimen was started. Tuberculosis 
preventive therapy treatment completion was defined as com-
pleting at least 80% of the prescribed doses of the 6-month reg-
imen based on self-report and clinician assessment, with 
treatment duration up to 9 months [4]. Other outcomes were 
reported as LTFU (less than 80% of prescribed doses), treat-
ment stopped (due to adverse events or disease development), 
or death (any cause). Malnutrition was defined as a weight 
for age z-score <−2.0 using WHO child growth standards 
2006 [19].

Patient Consent Statement

Written informed consent was obtained from all guardians, 
and adolescents also provided assent. The study was approved 
by the University of Cape Town Human Research Ethics 
Committee (HREC 391/2017) and by the MSF Ethical Review 
Board (ERB 1735).

RESULTS

Participants

During the study period, 112 participants were enrolled (77% of 
146 eligible contacts). These individuals were contacts of 48 
source patients; each source patient had a median of 2 enrolled 
contacts (range, 1–6). Among source patients, 2 (4%) were di-
agnosed with MDR/RR-TB empirically (unconfirmed), 4 (8%) 
based on Xpert MTB/RIF alone (no further drug 
susceptibility tests available), 12 (25%) with rifampicin- 
monoresistant TB, 24 (50%) with fluoroquinolone-susceptible 
MDR-TB, and 6 (13%) with fluoroquinolone-resistant 
MDR-TB.

Participants were assessed and enrolled a median of 48 days 
(interquartile range [IQR], 23–180) after diagnosis of the 
source patient (defined as the date of the specimen from which 
MDR/RR-TB was diagnosed). Among enrolled participants, 
the median age was 8.5 years, 57 (51%) were female, and 6 
(5%) had HIV (Table 1). Nineteen participants were found to 

have TB symptoms at baseline, 1 had been previously treated 
for TB, and 9 reported previous TPT. Further characteristics 
of children and adolescents identified as household contacts 
are summarized in Table 1.

Tuberculosis Diagnosis

Overall, 74 (66%) participants had chest radiography as part of 
their assessment and 20 (18%) had at least 1 specimen taken for 
bacteriology (19 also had chest radiography). The remainder 
were assessed as growing well and asymptomatic and were 
therefore offered TPT directly. Among the 112 participants, 
11 (9.8%) were diagnosed with confirmed or presumed TB 
(median age 6.5 years), all resulting from the baseline assess-
ment. Among these 11 contacts, 10 were diagnosed with pre-
sumptive MDR/RR-TB and 1 with HIV was diagnosed with 
drug-susceptible TB (Figure 1). Only 2 TB diagnoses were bac-
teriologically confirmed (sputum); one was confirmed with 
rifampicin-susceptible TB and the other was indeterminate 
for rifampicin susceptibility (diagnosed with presumptive 
MDR/RR-TB). The remainder were diagnosed based on clini-
cal and radiographic presentation. Among the 11 participants 
with TB diagnosed, none were classified as malnourished, but 
2 were living with HIV.

Tuberculosis Preventive Therapy Provision and Outcomes

Among the 101 participants for whom TB was excluded, 95 
(94.0%) were initiated on TPT. Reasons for not starting TPT in-
cluded initial LTFU (n = 2), joint participant/clinician decision 
to opt for close follow up rather than TPT (n = 1), not currently 
a resident in Khayelitsha (n = 1), and enrolled in a clinical trial 
of TPT (n = 2).

Levofloxacin was the most common drug used for TPT with 
79 (83.2%) participants treated with levofloxacin monotherapy 

Table 1. Characteristics of Children and Adolescents Identified as 
Household Contacts

Characteristics Number (% of Total)

Total 112

Female 57 (51%)

Median age, years (IQR) 8.5 (4.1–11.9)

Age

<5 30 (28%)

5–12 57 (50%)

13–18 25 (22%)

Known BCG vaccination 105 (93%)

People with HIV 6 (5%)

Previous TPT 9 (8%)

Previous TB Treatment 2 (1.8%)

Any TB symptom 18 (16%)

Malnutritiona 6 (5%)

Abbreviations: BCG, Bacillus Calmette-Guérin; HIV, human immunodeficiency virus; IQR, 
interquartile range; TB, tuberculosis; TPT, tuberculosis preventive therapy.  
aDefined as weight for age < −2.0.
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(Table 2). This was predominantly in tablet form, although all 
children aged <5 years, or who were unable to swallow tablets, 
were offered levofloxacin in pediatric formulations (dispersible 

or syrup). Nine participants received isoniazid (4 high dose) 
and 7 received delamanid (these were all contacts of source pa-
tients with fluoroquinolone-resistant MDR-TB).

Overall, 80% of participants completed TPT, and this did not 
differ by age group (Table 2) or sex. Loss to follow up was 13% 
overall (12/95) and 7% (7/95) stopped TPT due to adverse 
events (Figure 1). Loss to follow up did not differ between par-
ticipants aged ≤12 years and those aged 13–18 (P = .39). The 
median duration of TPT among participants who were LTFU 
was 82 days (IQR, 52–109).

Overall, 12 (12.6%) of the 95 participants who started TPT 
reported adverse events (Figure 2). The median time to report-
ed onset of adverse events was 22 days (IQR, 4–50). Among 7 
participants who had TPT stopped due to adverse events, 
none were deemed to be serious. Four were receiving delama-
nid and hallucinations were the reported adverse event. These 
were deemed to be of moderate severity by the treating clini-
cian, with a low threshold for stopping TPT given that these 
were otherwise healthy children. All 4 participants with hallu-
cinations were from the same household. The remaining 3 par-
ticipants who had treatment stopped due to adverse events 
were receiving levofloxacin, and all adverse events were gastro-
intestinal and deemed to be mild or moderate, with a similarly 
low threshold for stopping TPT.

Among the remaining 5 participants with adverse events, 3 
completed TPT; adverse events were recorded as nausea, vomiting, 
and constipation and resolved while continuing therapy. The re-
maining 2 participants were LTFU; one reported headache and 
the other reported nonspecific symptoms. There was no liver tox-
icity reported among those receiving isoniazid or overall (Figure 2).

Table 2. Diagnosis of TB, Provision of TPT, and TPT Outcomes

Cohort description
Age Age Age

Total<5 Years 5–12 Years 13–18 Years

N 30 57 25 112

TB Diagnosis

MDR/RR-TB (based on source patient diagnosis) 3 (10%) 6 (11%) 1 (4%) 10 (9%)

DS-TB (bacteriologically confirmed) 0 1 (2%) 0 1 (1%)

Total 3 (10%) 7 (13%) 1 (4%) 11 (10%)

No TPT 2 2 2 6

TPT Started (Monotherapy Regimen)

Levofloxacin (tablets) 0 32 18 50

Levofloxacin (dispersible/syrup) 24 4 0 29

Levofloxacin (any formulation) 24 (96%) 36 (75%) 19 (86%) 79 (83%)

Isoniazid 1 5 4 9

Delamanid 0 7 0 7

TPT Outcome

Completed 21 (84%) 37 (77%) 18 (82%) 76 (80%)

LTFU 2 (8%) 6 (13%) 4 (17%) 12 (13%)

Stopped due to AE 2 (8%) 5 (10%) 0 (0%) 7 (7%)

Total 25 48 22 95

Abbreviations: AE, adverse events; DS-TB, drug-susceptible tuberculosis; LTFU, loss to follow-up; MDR/RR-TB, multidrug- or rifampicin-resistant tuberculosis; TB, tuberculosis; TPT, TB 
preventive treatment.

Figure 1. Flow diagram showing tuberculosis (TB) diagnoses, tuberculosis pre-
ventive therapy (TPT) provision, and TPT outcomes. AE, adverse event; DS-TB, drug- 
susceptible TB; LTFU, loss to follow up.
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Participant Follow up

The median time from assessment to last follow up for the 101 
participants not diagnosed with TB at assessment was 200 days 
(IQR, 183–543). Among the 76 participants who completed 
TPT, 33 had at least 1 month of follow up after TPT comple-
tion; the median follow up after TPT completion among these 
33 participants was 426 days (IQR, 135–510). There were no 
participants identified with TB across follow up, regardless of 
TPT outcome.

DISCUSSION

These data demonstrate that routine postexposure manage-
ment for children and adolescents exposed to MDR/RR-TB is 
feasible in a high-burden setting and results in significant 
MDR/RR-TB case detection among this vulnerable population 
group. Overall, 10% of participants with household MDR/ 
RR-TB exposure were diagnosed with drug-susceptible or 
MDR/RR-TB and received appropriate treatment. This is com-
parable to the significant yield from contact investigation in 
previous studies [20], and it reinforces recommendations for 
timely, systematic screening for children with TB exposure 
[21]. The majority of TB diagnoses were unconfirmed, high-
lighting the difficulties in bacteriological confirmation in these 
age groups and therefore the importance of contact investiga-
tion to diagnose and initiate appropriate MDR/RR-TB treat-
ment. Overall, TPT with monotherapy was well tolerated, 

and there were high levels of completion of TPT across all 
age groups.

The WHO now suggests that high-risk household contacts of 
MDR/RR-TB patients may be offered TPT [4]. In addition, re-
cent analyses suggest that household contact management for 
children exposed to MDR/RR-TB could avert a substantial pro-
portion of the global MDR/RR-TB burden in children [9]. 
Children and adolescents are particularly vulnerable to active 
TB after household TB exposure [22, 23], and data suggest 
that contacts of MDR/RR-TB source patients are at elevated 
risk compared with contacts of drug-susceptible TB patients 
[24, 25]. However, there is a lack of evidence regarding appro-
priate preventive treatment options and models of TPT provi-
sion, across all age groups, but particularly for adolescents. 
Although randomized clinical trials that include children and 
adolescents are currently ongoing [26–28], available data 
from a limited number of small observational studies, predom-
inantly among young children, suggest that TPT for MDR/ 
RR-TB is effective [29, 30]. Most studies have used 
fluoroquinolone-based regimens, commonly in combination 
with other drugs, with varying tolerability and completion. In 
several studies, adverse events contributed significantly to stop-
ping TPT early, with these attributed primarily to other drugs 
given in combination with the fluoroquinolone (pyrazinamide, 
ethionamide, or ethambutol) [29, 30], although there was no 
association between adverse events and loss to follow up in a 
more recent study [31].

Figure 2. Adverse events (AE) among participants receiving different tuberculosis preventive therapy (TPT) regimens and TPT outcomes. AE, adverse event; LTFU, loss to 
follow up.

MDR/RR-TB Prevention for Children • OFID • 5



Overall, 80% of participants completed TPT, whereas 13% 
were lost to follow up. This level of completion is similar to oth-
er reports of MDR/RR-TB TPT completion (ranging from 70% 
to 90%) [5, 6, 30, 32]. High treatment completion was likely fa-
cilitated by the provision of community-based options for clin-
ical assessment and follow up. This minimized interruptions 
for children attending school and working parents. 
Additional contributors may include the use of monotherapy 
and the provision of pediatric formulations. Loss to follow up 
was somewhat higher in the older age group; however, this 
did not reach significance. Although there were only 22 partic-
ipants in the 13- to 18-year-old age group, 18 participants suc-
cessfully completed TPT. Although adherence to therapy 
among adolescents has been reported to be poorer than for 
adults or younger children [33], high treatment completion 
was maintained with close support and follow up. These data 
suggest that the risk of poor adherence among adolescents 
should not be a reason for not offering TPT to this neglected 
age group [34]. Overall, these data confirm the willingness of 
caregivers to provide TPT for children with household MDR/ 
RR-TB exposure [35].

After initial investigation, no further TB diagnoses were 
made in the cohort, either among those receiving TPT or those 
with only close follow up. Although the follow-up period was 
relatively short overall and the sample size was small, a notable 
proportion had more than 1 year of follow up after TPT com-
pletion. In addition, given that most children who develop ac-
tive TB do so within 90 days of initial assessment [22], it is likely 
that TPT was largely effective in this cohort, although this was 
not the primary aim of this study. However, it is possible that 
there was lengthy exposure to source patients before assess-
ment, which contributed to the high disease prevalence at base-
line, and low risk of incident TB during TPT and follow up. 
Nonetheless, these data suggest that the risk of providing inad-
vertent monotherapy for children with undiagnosed TB disease 
and the development of fluoroquinolone-resistant MDR/ 
RR-TB was low.

Although 7% of participants stopped TPT due to adverse 
events, these adverse events were not deemed to be severe or se-
rious by the treating clinician, similar to previous reports [31]. 
Given that the participants receiving TPT were healthy individ-
uals without TB disease, there was a low threshold for stopping 
TPT, even if adverse events were mild. Delamanid was used as 
TPT monotherapy for 7 participants with limited TPT options 
(exposure to fluoroquinolone-resistant MDR with evidence of 
ethionamide and high-level isoniazid resistance). Four of these 
participants had therapy stopped due to reported hallucina-
tions; all 4 were from the same family, and given the first occur-
rence of hallucination, there was a high degree of vigilance and 
a low threshold for the remaining participants and the caregiver 
to report further hallucinations. None of the participants re-
ported any other psychiatric symptoms, and hallucinations 

did not reoccur after stopping delamanid. Data from 
PHOENIx, an ongoing randomized controlled trial, will be 
key to a better understanding of the safety profile of delamanid 
for preventive therapy [26]. In the meantime, delamanid re-
mains a potential option for individuals with limited other 
TPT options, under close monitoring. Similarly, isoniazid 
TPT also remains an option, given recent data suggesting the 
benefits for child/adolescent contacts with MDR/RR-TB expo-
sure [36]. Reported adverse events for participants receiving 
levofloxacin were primarily gastrointestinal and commonly 
short-lived. Although the treating clinician deemed that the 
majority of these were likely not related to TPT, therapy was 
stopped early for 3 of the 79 participants receiving levofloxacin. 
Overall, isoniazid was well tolerated, even among those receiv-
ing high-dose regimens.

Coronavirus disease 2019 provided the unplanned opportu-
nity for conducting more household visits. These were found to 
be important in this program, to identify all close contacts, pro-
vide health education and counseling, and overcome the diffi-
culties in getting apparently well children and adolescents to 
attend clinic visits. These visits were also important to establish 
a strong patient-provider relationship, both for the source pa-
tient and their close contacts. However, initial and follow-up 
household visits are resource intensive, suggesting that dedicat-
ed human resources are required for such programs. This has 
been reinforced by studies suggesting that community-based 
interventions for TB contact management are effective for im-
proving completion, despite the requirement for additional re-
sources [37].

CONCLUSIONS

The diagnosis of TB among children and adolescents has been 
disproportionately neglected in the global TB response, partic-
ularly for those effected by MDR/RR-TB [11]. In particular, im-
plementation of new tools and approaches for this age group 
into programs has lagged behind that for adults [34]. These 
data demonstrate that postexposure management for both chil-
dren and adolescents with MDR/RR-TB exposure is feasible 
under programmatic conditions. Key components from this 
experience include the option of providing remote/home-based 
care for assessment and follow up and the use of simple TPT 
regimens that include monotherapy and pediatric formula-
tions. This study demonstrates that there may be substantial 
benefits with the use of fluoroquinolone monotherapy, both 
on TPT tolerability and adherence. In addition, the provision 
of pediatric formulations may have also reduced LTFU in those 
aged less than 5 years, and it shows the importance of conve-
nient and easy-to-administer TPT regimens, findings that 
could also be extrapolated for older children and adolescents 
[38]. Overall, MDR/RR-TB postexposure management is an es-
sential step to both closing the MDR/RR-TB diagnostic gap for 
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children and adolescents through increased case detection as 
well as a key step in ending TB through preventing the develop-
ment of disease.
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