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Abstract: Adolescents and young adults (AYA, ages 10–24 years) comprise a uniquely important but
understudied population in global efforts to end tuberculosis (TB), the leading infectious cause of
death by a single agent worldwide prior to the COVID-19 pandemic. While TB prevention and care
strategies often overlook AYA by grouping them with either children or adults, AYA have particular
physiologic, developmental, and social characteristics that require dedicated approaches. This review
describes current evidence on the prevention and control of TB among AYA, including approaches
to TB screening, dynamics of TB transmission among AYA, and management challenges within the
context of unique developmental needs. Challenges are considered for vulnerable groups of AYA
such as migrants and refugees; AYA experiencing homelessness, incarceration, or substance use; and
AYA living with HIV. We outline areas for needed research and implementation strategies to address
TB among AYA globally.

Keywords: screening; transmission; schools; adherence; retention in care; youth-friendly services

1. Introduction

Tuberculosis (TB), the leading infectious cause of death globally by a single agent
before the emergence of SARS-CoV-2, continues to challenge prevention and care efforts
worldwide. Attention has long focused on TB cases among adults, and surveillance data
have not been disaggregated to allow for estimates of TB among adolescents. Consequently,
prevention and care policies typically overlook adolescents. A recent estimate calculated
that 1.8 million adolescents and young adults (AYA, ages 10–24 years) developed TB
disease in 2012, representing 17% of all new TB disease diagnoses globally [1]. Moreover,
adolescence encompasses a period of critical change that combines increasing susceptibility
to TB with unique developmental and social characteristics to create particular risks for
TB transmission, infection, and disease [2–4]. Successful strategies to end TB for all thus
require TB prevention and care approaches that meet adolescents’ needs.

This narrative review aims to summarize the current knowledge on TB transmission
dynamics among AYA, with a focus on needed strategies to address the TB epidemic among
AYA. To contextualize TB transmission, we distinguish between “TB infection” and “TB
disease”. TB infection (often called “latent TB infection”) indicates an asymptomatic or
transiently mildly symptomatic stage of immune sensitization to Mycobacterium tuberculo-
sis. Individuals with TB infection (without progression to active disease) are unlikely to
transmit TB to others. In adults with TB infection, 10% will progress from TB infection to
develop TB disease during their lifetime. The risk of developing TB disease is increased in
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adults with immune suppression and is also higher in children due to their developing
and not yet fully functional immune systems [2]. TB disease (often called “active TB”)
includes a range of clinical manifestations—which may be pulmonary, extrapulmonary,
or both—that develop once infection with M. tuberculosis progresses to invasive disease.
Individuals with pulmonary TB disease can potentially transmit M. tuberculosis to others
via exhaled airborne particles that are inhaled by others.

To consider the important components of physiologic, developmental, and social mat-
uration that extend into young adulthood, in this review, we include AYA aged 10–24 years.
We describe vulnerable groups of AYA who face increased risk for poor outcomes. We
examine major settings for TB transmission to and among AYA and discuss best screening
practices for identifying AYA with TB. Finally, we highlight priority areas to strengthen TB
prevention, case-finding, and care among AYA.

2. Methods

For this narrative review, we searched PubMed using the MeSH term “tuberculosis”
and key word “adolescent” to identify original research titles published in English between
2016 and April 2021. We examined abstracts and full text articles to identify relevant studies
that provided disaggregated data regarding individuals between 10 and 24 years of age
(inclusive of narrower age groups). Additional queries combining the MeSH term “tuber-
culosis” with other key words such as “school”, “migrant”, or “military” were performed
to maximize yield of relevant literature on settings of TB transmission among AYA. For key
populations with limited published TB data specific to AYA (e.g., migrant AYA), we also
included studies encompassing broader age groups to attempt to provide more insight into
specific vulnerabilities of AYA from these populations. We hand-searched the references of
all selected titles to identify additional relevant titles. Included studies were reviewed in
detail, with findings summarized and synthesized in this narrative review.

3. Epidemiology of Adolescent TB

The true burden of TB among AYA is unclear. Reporting classifications used by the
World Health Organization (WHO) have historically omitted the adolescent age group
by categorizing TB cases as “children” (0–14 years) or “adults” (15 years and older) [5].
Data on AYA with TB thus come largely from single-center or national studies, with
cases often disaggregated into varying age groups. A recent study estimated 1.8 million
(uncertainty interval 1.23–3.00 million) incident cases of TB disease among AYA globally
in 2012, representing approximately 17% of all new TB cases [1]. Despite challenges
quantifying the burden of TB among young people, adolescence has emerged as a distinct
period of risk.

3.1. Prevalence, Gender, and Risk Factors for AYA TB

In settings with high TB incidence, the prevalence of TB infection increases through-
out adolescence as individuals accumulate exposures to M. tuberculosis [6]. The risk of
progression to TB disease, which is lowest among children aged 5–9 years, also increases
throughout adolescence [2]. Before the availability of anti-TB chemotherapy and the emer-
gence of HIV, the likelihood of progression from TB infection to TB disease was estimated
to increase from 3.8% in children aged 5–9 years to 6.4% at ages 10–14 years and 10–13% at
ages 15–24 years, with most of these children and AYA developing TB disease within one
year of infection [7]. In the modern era, variable reporting methodologies have complicated
attempts to quantify the global incidence of TB infection and the risk of progression to TB
disease among AYA [1,2]. One model estimated that in 2014, at least 20% of young adults
in some regions developed TB infection [8]. Another recent global estimate calculated that
in 2012, TB disease developed in 192,000 young adolescents aged 10–14 years, 535,000 older
adolescents aged 15–19 years, and 1,049,000 young adults aged 20–24 years worldwide [1].

Age-related trends in immunologic susceptibility persist among AYA across
regions [2,9–11]. Puberty is associated with changes in immunity that may contribute
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to an increased risk of progression to TB disease among AYA [2,9–11]. Disease type shifts
during adolescence from the less transmissible paucibacillary disease characteristic of
younger children to highly transmissible forms of TB, including cavitary lung disease and
laryngeal TB, typically seen in adults [2,9–11].

Nuanced sex differences in susceptibility to TB appear during adolescence [2,10].
Though TB affects younger girls and boys equally, the TB risk for females increases around
the time of menarche, resulting in a higher TB incidence and a higher risk of disease
progression when compared to age-matched male adolescents [2,10]. Increased TB risk for
females relative to males appears to peak at mid-adolescence [2,10]. Sex differences are
also seen in TB-related mortality, which may intersect with higher vulnerability to HIV
among female AYA [2,10,12]. A study in Cape Town, South Africa, a region with high TB
and HIV prevalence, found that of adolescents aged 15–19 years with drug-susceptible TB,
female adolescents had more than twice the risk of mortality than male adolescents [12].
Among young adults and older individuals, the higher TB risk shifts to males [2,10].
Reasons for these shifting sex differences remain unclear but may reflect a combination
of factors [2,10,12]. Proposed influences include factors increasing susceptibility to TB
among female adolescents (due to physiologic changes at menarche, a higher incidence
of HIV infection among female AYA, TB risks associated with pregnancy, and/or other
drivers yet to be identified) or factors resulting in undiagnosed TB among male adolescents,
who might be less likely to access care to receive a TB diagnosis and/or may face higher
mortality from interpersonal violence or other noninfectious causes [2,10,12].

AYA share many of the same risk factors for TB infection and progression to disease as
older adults (Table 1) [2,3,5]. Some predisposing comorbidities may occur less frequently
among AYA than among adults. For example, the global incidence of diabetes mellitus in
AYA is estimated to be less than half that seen in many older age groups [13]. However,
rates of obesity and youth-onset type 2 diabetes mellitus have surged among AYA in some
regions, and future increases are predicted among AYA worldwide [14,15]. Providers may
address many individual risk factors as part of routine TB care, though some providers
may hesitate to broach subjects such as drug and alcohol use with their AYA patients [16].

Table 1. Risk Factors for TB Infection and Progression to Disease in Adolescents and Young Adults.

Individual Factors Community Factors

• Malnutrition
• Immunosuppression (e.g., HIV infection, use of

immunomodulating biologic agents)
• Diabetes mellitus
• Obesity
• Smoking
• Harmful alcohol use

• Community prevalence of TB
• Overcrowded housing, schools, transit, and jails/prisons
• Air pollution

3.2. TB Preventive Treatment Regimens for AYA

For individuals with TB infection and those at high risk for TB disease, TB preventive
treatment (TPT) can stop progression to TB disease, thus reducing TB transmission [17].
Monotherapy with isoniazid (often called “isoniazid preventive therapy” or IPT) for at
least six months formed the basis of TPT for many years [18]. New, shorter rifamycin-based
medication regimens, which do not appear to increase adverse effects or decrease efficacy,
now offer alternatives for many individuals (Table 2) [18].

These shorter regimens may be more acceptable to AYA than isoniazid monotherapy,
thus supporting treatment adherence and completion [19–21]. Providers selecting a TPT
regimen should consider local TB resistance patterns and the potential for drug-drug
interactions between rifamycins and other medications, such as antiretroviral therapy (ART)
and hormonal contraceptives [18]. Anticipatory guidance for AYA, as for individuals of all
ages, should include counseling on alcohol avoidance while taking any TPT regimen [18].
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Table 2. TB Preventive Treatment Regimens Recommended by the World Health Organization for Adolescents and
Young Adults [18].

Medication (s) Dosing Interval Duration

For drug-susceptible TB:
Isoniazid monotherapy Daily 6 months (6H) or 9 months (9H)
Rifampicin monotherapy (4R) Daily 4 months
Rifampicin plus Isoniazid (3HR) Daily 3 months
Rifapentine plus Isoniazid Weekly (3HP) 3 months (12 doses)
Rifapentine plus Isoniazid Daily (1HP) * 1 month (28 doses)
For multidrug-resistant (MDR) TB:
Levofloxacin Daily 6 months

* This regimen is recommended only for ages 13 years and older, as daily dosing of rifapentine has not yet been established in children and
adolescents under age 13 years [18].

3.3. TB Disease Treatment for AYA

For AYA with TB disease, treatment requires prolonged adherence to multiple med-
ications. These treatment regimens, while identical to those used for adults with TB
disease, can create unique adherence challenges for AYA and should be provided as part
of comprehensive services tailored to AYA needs [3,22–24]. Approaches to treatment of
TB disease for AYA are beginning to be defined and are considered in detail elsewhere [3].
To date, global TB programs have not implemented adolescent-friendly TB services or
adolescent-specific strategies to support adolescents in the completion of TPT or treatment
of TB disease [22,23]. Research and dedicated implementation strategies for adolescent TB
treatment are urgently needed.

3.4. Outcomes for AYA

The complex treatment regimens necessary to treat TB infection and disease present
particular challenges for AYA. Adolescent development is characterized by drivers such
as identity formation, building peer relationships, and increasing independence from
caregivers, and includes important tasks for educational attainment and entering work
life [3,24]. Perceived TB stigma and social isolation—which disrupt AYA needs for educa-
tion, socialization, and occupations (at later ages)—add further challenges. Disruptions
may be especially acute for AYA with drug-resistant TB, who may undergo prolonged
enforced isolation or hospitalization [22,25,26]. As a result, AYA with TB infection and
disease experience higher rates of loss to follow-up (LTFU) than either younger children
or older adults [12,27–30]. A study in Botswana found that adolescents aged 10–19 years
were lost from TB care more often than young adults aged 20–24 years and at twice the
rate of older adults [27]. In two different communities in South Africa, LTFU occurred
more frequently among older AYA, with rates of LTFU highest among young adults aged
20–24 years [28,30]. Individuals of any age with incomplete TB treatment can develop drug
resistance and, if sputum smear-positive, may contribute to ongoing TB transmission [31].

3.5. Vulnerable AYA Populations

Certain groups of marginalized AYA may experience more pronounced TB risks,
resulting from increased likelihood of acquiring TB, complex barriers to accessing and
engaging in TB care, and/or immunologic susceptibility to TB. These vulnerable popula-
tions include migrant AYA; AYA living with HIV; and AYA experiencing homelessness,
substance abuse, or incarceration (Figure 1).
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3.5.1. Migrant AYA

Migrant AYA, including refugees and other displaced AYA, have heterogeneous expe-
riences that are poorly captured in surveillance data, complicating efforts to measure their
TB risk and outcomes [32–36]. However, displaced people of all ages often face a dispro-
portionately high risk for TB due to a combination of overcrowding, malnutrition, poverty,
psychological stressors, and healthcare system disruptions that lead to delayed diagnosis
and treatment [32,37,38]. Birth in a country with high TB prevalence consistently predicts
an increased risk for TB infection and disease [32,37]. Risk also increases for migrant AYA
who have longer transit times from their country of origin and who spend time in informal
settlements (e.g., camps, detention centers), which may act as bottlenecks that support TB
transmission [32,34–39]. AYA living in cross-border regions, such as Papua New Guinea
and the United States-Mexico border, experience additional systems challenges while navi-
gating semipermeable borders that can prevent equitable access to TB care and compound
their risk [40–42]. With numerous barriers to TB care, migrant AYA also experience higher
rates of LTFU and other unfavorable outcomes than resident AYA [34,37,40].

3.5.2. AYA Living with HIV

Though the incidence of new HIV infections in AYA has declined overall, progress
lags behind global targets and remains uneven, with AYA from key populations and in
some regions experiencing more limited progress [43]. In 2019, an estimated 3.4 million
people aged 15–24 years were living with HIV worldwide [43]. AYA living with HIV
(ALHIV) experience more complex barriers and remain more underserved in many areas
of HIV care compared to other age groups [44]. Data on TB in ALHIV remain limited, but
growing evidence demonstrates that ALHIV also experience excess TB risks [27,29,43–51].
Early initiation of ART reduces the risk of TB disease in ALHIV [45,46]. However, despite
improved access to ART, ALHIV continue to have higher rates of TB infection and disease
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than HIV-negative AYA in the same communities [47,48]. When compared to their HIV-
negative peers with TB, AYA with TB-HIV coinfection consistently experience higher rates
of LTFU and death [27,29,48–51].

3.5.3. AYA Experiencing Homelessness, Substance Use, or Incarceration

Adults who experience homelessness, harmful alcohol or drug use, or incarceration
have documented excess risks for acquiring TB and for unfavorable TB outcomes, but very
little is known about AYA with the same vulnerabilities [52–55]. The same immunologic,
socioeconomic, and health systems factors that impair the health of these adults likely also
give vulnerable AYA excess TB risks.

Limited data show that these vulnerable AYA develop TB infection and disease at
higher rates than other AYA. AYA who experience homelessness or incarceration likely
have a higher risk for acquiring TB because they live in congregate settings that support
TB transmission [55–57]. Data on TB incidence in AYA who use tobacco are minimal. Small
studies conducted with school-aged children in Brazil and Mongolia suggest that AYA who
smoke have a higher risk of developing TB infection and of progressing from TB infection
to disease than their non-smoking peers [58,59]. AYA exposed to secondhand tobacco
smoke also have an increased risk for TB infection and disease that, while smaller than the
risk seen in younger children, likely exceeds that seen in older adults [60]. The incidence of
TB among AYA who abuse alcohol or illicit drugs has not been defined but is likely high.

For these AYA, vulnerabilities likely also contribute an increased risk for unfavorable
TB outcomes. One study of HIV-negative AYA with TB in Brazil found that AYA who had
at least one vulnerability—including homelessness, incarceration, tobacco use, illicit drug
use, or alcohol abuse—experienced unfavorable outcomes at a rate three times higher than
their peers [51]. Excessive use of stimulants such as khat may also increase the risk for
unfavorable outcomes [61].

4. Settings of Adolescent TB Transmission

AYA are highly mobile, with more social contacts each day than either young children
or older adults [62,63]. While a new TB diagnosis in a child under age 5 years generally
signals recent TB transmission within the household, the complex social networks of AYA,
and the potentially longer interval between TB infection and onset of TB disease, complicate
identification of the exact settings for TB transmission to AYA [2].

4.1. Household Exposures

For AYA, as for people of all ages, contact with a household member who has pul-
monary TB disease increases the risk of TB infection and subsequent progression to disease.
Household exposures contribute to ongoing community TB transmission to an unclear
extent, particularly in regions with high TB prevalence [64,65]. However, the relative
impact of household exposures appears smaller for AYA than for younger children, and
this impact may decline throughout adolescence. An international meta-analysis of the risk
of TB infection in children aged 0–14 years demonstrated that household contact conferred
less additional risk of infection for children aged 10–14 years compared with children aged
0–4 years [66]. In Peru, a prospective study of household and community exposures found
that the excess risk of exposure to smear-positive, culture-positive household members led
to 58% of TB infections in children aged younger than 1 year, decreasing to 48% in children
aged 10 years and 44% in children aged 15 years [67]. Studies in Uganda and South Africa
found no significant association between household contact and risk of TB infection among
older AYA [68,69]. In India, adolescents aged 15–18 years and people aged 19–45 years had
a similar risk of TB infection after household exposure [70]. These findings highlight that
for AYA, increasing mobility provides increasing opportunities for cumulative exposures
outside the home.
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4.2. School Exposures

Outside their homes, AYA tend to spend the majority of their time in school settings.
Schools gather groups of AYA in repeat, prolonged close contact in buildings that may have
poor ventilation, all conditions that favor TB transmission [63,71]. In communities with
high TB prevalence, schools thus become significant sites of TB transmission. A modelling
study in high-prevalence communities in Cape Town, South Africa, mapped adolescents’
exhaled CO2 levels during their typical daily activities at home and in the community [72].
Findings estimated that for adolescents aged 15–19 years, half of TB transmission occurred
in schools [72]. With crowding, TB may become more prevalent in schools than in the larger
community, as demonstrated by surveillance studies in Ethiopian universities [73,74]. Because
AYA with pulmonary TB disease often have highly transmissible disease, schools also remain
important sites of potential TB transmission in communities with low TB prevalence [75,76].

Outbreaks of TB occur in schools worldwide but, likely due to health resource con-
straints in high-prevalence settings, most reports of school-based contact investigations
paradoxically come from low-prevalence communities [77,78]. Unsurprisingly, the risk of
TB transmission among AYA in schools increases with increasing proximity and duration
of exposure. Contact investigations that recorded classroom seating charts found that
students who were routinely seated next to a student with TB had the highest incidence
of TB infection [26,79,80]. School building designs that reduce shared air may conversely
limit transmission, as with one outbreak that affected only a single classroom that opened
directly to the outdoors and did not share a corridor with other classrooms [80]. Other
investigations that noted the duration of time spent in contact with a student with TB
have demonstrated that cumulative in-school contact for at least 8 h per week significantly
increased other students’ risk of infection [81,82]. School-based transmission from an adult
teacher to an adolescent student with fewer than 10 h of contact has also been reported [83].
Delayed discovery of active TB cases and delayed contact investigations feature in many
school outbreaks, leading to extensive spread of infection [26,78–80,82–85].

Boarding school settings present an even greater risk for TB transmission than day
school settings, likely due to increased opportunities for transmission in classrooms and
dormitories. A case-control study of AYA with TB at over 200 boarding schools in China
found that students who were both roommates and classmates of a student with pulmonary
TB disease had a relative risk of TB infection more than three times higher than students
who were only classmates [86]. Shared dormitory spaces have also been linked to a higher
risk of developing of TB disease. In one genotypically linked outbreak at a boarding
school in China, roommates of the index student had a significantly higher incidence of
TB disease than the student’s other close contacts [85]. Similarly, active case finding at
11 boarding and day schools for Tibetan refugees in India identified higher incidence of
both TB infection and disease in boarding schools and dormitories, compared with day
schools and classrooms [87].

Schools that enroll students from broad catchment areas may face additional chal-
lenges in TB prevention. In one community in Uganda, TB infection was more prevalent
among AYA who attended distant boarding schools than among AYA who attended com-
munity schools [69]. This additional risk may reflect exposures within the boarding schools
as well as other exposures encountered during travel. Contact investigations in these
schools may also necessitate close cross-jurisdictional communication between TB pro-
grams. One outbreak of extensively drug-resistant TB at a university in Romania affected
students from five countries and required extensive international collaboration [88].

Attention to school-based transmission should not ignore factors that influence the
risk of TB transmission in the surrounding community. Phylogenetic analysis of isolates
from a school-based outbreak among AYA in Macau identified three separate clusters and
several unrelated strains of TB, indicating a larger community source [89]. In South Africa,
a prevalence survey at 8 high schools found that the risk of TB transmission at each school
served as a marker of its students’ socioeconomic status [90]. Even in boarding school
settings, TB enters from the community. A large case-control study of AYA at boarding
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schools in China found that index students had a history of significant household exposure
but not prior classroom exposure [91]. Community surveillance studies in Uganda and
Kenya also identified a higher prevalence of TB infection among AYA who had left school
compared with school-going AYA, though only a small proportion of AYA in each study
had left school [69,92–94].

4.3. Exposures on Public Transit

Public transit has emerged as an important contributor to TB transmission, particularly
in urban high-prevalence communities. A case-cohort study conducted in Lima, Peru,
found that commuting via minibus was an independent risk factor for TB disease [95]. The
same modelling study that explored school-based transmission in Cape Town, South Africa,
demonstrated that exposures on public transit held similar importance for TB transmission
to AYA [72]. As with school-based exposures, the degree of exposure on transit appears to
affect the risk of TB transmission, with prolonged close contact associated with higher risk
of TB infection than more brief contact [96]. One CO2 monitoring study in Dar es Salaam,
Tanzania, calculated that transit drivers had an annual TB infection risk 10 times that of
transit riders, a result of longer time spent on poorly ventilated buses [97].

4.4. Other Community Exposures

Identifying other community settings of TB transmission has proved challenging
for all age groups. Studies in high-prevalence areas have found varying degrees of TB
transmission at indoor gathering sites such as markets and places of worship, highlight-
ing the heterogeneity of these settings and the duration of time individuals spend in
them [62,63,97]. However, reported outbreaks associated with social gathering sites illus-
trate the need to consider AYA social networks in a broad sense. One phylogenetically
linked outbreak that affected people aged 19–28 years in Singapore spread at local area
network gaming centers [98]. Another genotypically linked cluster that affected children,
AYA, and older adults in the United Kingdom involved multiple venues including an
internet café, barbershop, and football club [99].

4.5. Military Exposures

Given that most military recruits worldwide are AYA, TB transmission in military
settings deserves specific mention. The prevalence of TB disease among military personnel
is generally lower than among the corresponding general population, as demonstrated by
surveillance of service members in India and the United States [100,101]. This is attributed
to the “healthy warrior effect”, in which strict induction standards that exclude recruits
with certain underlying immunocompromising conditions create a population with overall
better health status [102]. However, outbreaks of TB continue to occur in military settings,
with particular impact on AYA [100,103].

AYA in the military develop TB disease through either reactivation of preexisting
TB infection or infection acquired after military enrollment. In countries with low TB
prevalence, most military personnel with TB have TB infection at the time of their en-
rollment [100,104]. Circumstances of military service may place AYA at increased risk of
acquiring TB, though this association has proved challenging to study [105]. Proposed
reasons for an increased risk during training and deployment include residence in crowded
communal settings (e.g., barracks, naval ships, submarines); exposures during military
or humanitarian operations in high-prevalence communities, where conflict may have
disrupted local TB programs; and stress-driven decreases in immune function that may
increase both infectivity and susceptibility [102,106].

5. Identifying AYA with TB

Halting TB transmission among AYA hinges in large part on prompt diagnosis and
treatment for individuals with TB infection and disease. Approaches vary widely around
the world. However, regardless of local TB prevalence, most TB programs rely on passive
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case-finding—that is, identifying TB cases among AYA who either present to a healthcare
facility with symptoms or are found in contact investigations—rather than active measures.

Broader use of active case-finding in high-prevalence settings can reduce TB transmis-
sion by facilitating prompt diagnosis and treatment for AYA. In the Russian Federation,
for example, TB prevalence has fallen across all age groups with the implementation of
numerous programmatic efforts including, since 2014, annual testing for TB infection for
all children and adolescents under age 18 years [107]. More extensive use of TPT among
AYA can also reduce TB transmission by preventing progression to TB disease. Ongo-
ing efforts aim to identify the AYA at highest risk for TB through the development and
validation of individualized risk scores that incorporate epidemiologic and personal risk
factors [108]. Opportunities to support AYA receiving treatment for TB disease, which have
been described elsewhere, also need urgent attention [22,23].

Here, we describe opportunities to expand case-finding and provision of TPT among
AYA at both the community and individual levels (Figure 2). For the greatest efficacy,
case-finding and prevention strategies should carefully consider the specific needs of local
AYA and incorporate adolescent-friendly practices.
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5.1. Setting-Specific Opportunities in Case-Finding and Prevention

Attention to the different settings of transmission among AYA can help guide targeted
expansions of active case-finding and prevention approaches.

5.1.1. Households

Systematic contact investigations should be performed in the households of all in-
dividuals diagnosed with TB disease. In these households, the WHO End TB Strategy
recommends providing TPT to all asymptomatic children under age 5 years to stop progres-
sion to TB disease [18]. This high-impact approach has unfortunately proved challenging
to implement and is widely underutilized [109]. AYA with household exposures were not
included in early TB preventive therapy recommendations. One model of global household
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contact management implementation demonstrated that providing TPT to all children
under age 5 years and all older household contacts with TB infection would prevent nearly
160,000 cases of TB disease and 110,000 deaths in children under age 15 years, with the
largest effects seen in children under age 5 years [110]. In 2020, amid growing evidence of
the increased risk to household-exposed AYA and older adults, the WHO issued updated
guidance that suggests expanding TPT to all household contacts, regardless of age [18].
The implementation and impacts of this change are not yet known. Further studies are
warranted to explore the best implementation strategies for and impact of expanding TPT
strategies to all household-exposed AYA.

5.1.2. Schools

School-based active case-finding and provision of TPT can reduce TB transmission
among AYA in both low-prevalence and high-prevalence regions [87,111–113]. In low-
prevalence areas, to limit the harms of false-positive tests for TB infection and apply
resources wisely, approaches should focus on AYA at increased risk for TB [114,115]. In high-
prevalence areas, universal approaches, such as a single school-entry TB screen or annual
TB screening, may be warranted. Universal evaluation for TB infection and disease at the
time of school enrollment significantly shortened the time to TB diagnosis and decreased
the TB prevalence among AYA students in Dalian, China [113]. At schools for Tibetan
refugees in India, evaluating all students also led to decreased TB prevalence [87,116]. By
contrast, a more limited approach that used symptom-based screening for school contacts
in Swaziland did not identify any additional AYA with TB disease [117].

School-based programs have limitations that begin foremost with the need for ap-
propriate resources. Such programs may not reach all AYA, particularly in communities
with lower levels of school enrollment [118]. Nevertheless, school-based programs can
make TB care accessible to AYA at convenient times and locations, which are important
features of adolescent-friendly services [4]. Investigators of an outbreak that occurred
at a school in China just before national examinations noted that students’ reluctance to
interrupt their studies to seek care allowed infections to spread further [85]. Similarly, AYA
with TB disease in Botswana expressed unwillingness to leave school or work in order to
receive treatment [23]. Access to earlier active case-finding and TPT might prevent such
disruptions related to TB disease management, and school-based options for the provision
of both TPT and TB treatment should be evaluated further. One school-based pilot program
targeting AYA at increased risk for TB in Texas, USA, successfully provided risk screening,
risk-based testing for TB infection, and school-administered directly-observed TPT [19].
Students in both low-prevalence and high-prevalence regions have viewed school-based
TB screening and treatment programs favorably [112,119,120].

5.1.3. Other Settings

Optimal approaches to case finding and prevention in other community settings need
further study. Screening all AYA before they enter a setting with high transmission risk,
such as a congregate residence, may provide benefit in some situations. Any universal
approach, however, should respond to changes in local TB epidemiology. Universal screening
successfully identified many AYA with untreated TB infection or disease who enrolled in the
United States military, for example, but still missed some AYA and was discontinued when
declining TB incidence made false-positive results more likely [102,121]. Using social media
to better understand AYA social networks may also aid case-finding [122].

5.2. Opportunities in Case-Finding and Prevention for AYA at Increased Risk

Opportunities for improving TB case-finding and prevention among AYA begin with
identifying AYA at increased risk for TB. Healthcare providers must recognize the risk
factors for TB acquisition and the symptoms of TB disease in their AYA patients. Formal
guidance exists for active screening in some groups of at-risk AYA, such as AYA living with
HIV and those starting certain immunomodulating medication regimens [18,114]. For other
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at-risk groups, such as migrants and those experiencing homelessness or other vulnerabili-
ties, screening guidance is limited, variable, and often not targeted to AYA [34,35,55,123].
Case-finding strategies should incorporate the unique needs of vulnerable AYA.

TB preventive therapy is important for AYA with immunocompromising conditions.
Isoniazid preventive therapy (IPT) reduces the risk of TB disease among adults living
with HIV and has been included in the WHO’s guidelines for global HIV care since
2011 [18]. For AYA living with HIV, the benefits of IPT are not well-known given limited
data [124,125]. Barriers to the uptake of IPT, such as concerns about medication side effects
and limited access to medications, also influence AYA living with HIV and their healthcare
providers [126–128]. For AYA with altered immunity due to immunomodulating biologic
agents (e.g., TNF-alpha inhibitors) or other reasons, no data on the use of IPT exist.

Adolescent-friendly TB services incorporating characteristics of quality adolescent-
friendly health services are urgently needed to support optimal TB outcomes for AYA [4].
The WHO defines these adolescent-friendly characteristics within a framework of equitable,
accessible, acceptable, appropriate, and effective elements of care to guide the development
of approaches that meet all aspects of AYA needs [4]. Such approaches may include
integration of peer support and of additional modes of TB education and counseling,
such as via mobile apps or social media. Given the impacts of TB and its treatment
on social isolation and disruption of education, optimal care for all AYA should also
include close attention to their mental health needs [4]. Intentional overdose of isoniazid
occurs among AYA receiving treatment for TB infection, and marginalized AYA may be at
increased risk [129,130].

Educational measures should also strive to improve TB awareness among AYA and
decrease the perceived stigma still attached to TB [131,132]. Even brief educational inter-
ventions may have great impact. Researchers who conducted a one-time school-based
educational intervention with AYA at increased risk for TB in Texas, USA, noted that 78%
of AYA reported sharing their new TB knowledge with others, thus supporting greater
community-wide TB awareness [119].

6. Conclusions

Strategies to better prevent and treat TB among AYA are critical to halting TB trans-
mission within communities. As we write, the pandemic caused by a novel respiratory
pathogen, SARS-CoV-2, continues worldwide, with a disproportionate impact on regions
with high TB prevalence. Estimates predict that disruptions triggered by the COVID-19
pandemic could cause an additional 1 million people to develop TB each year through
2025 [5]. The pandemic has further exposed numerous health systems gaps that also remain
critical areas in the prevention and care of TB among AYA, from lack of equitable access
to rapid diagnostics and efficient contact-tracing, to inadequate ventilation in schools and
other indoor areas, to harmful effects of social isolation on AYA development. With TB
cases projected to increase over the coming years, it will be critical to both increase efforts
and develop more effective approaches to identify, treat, and prevent TB among AYA.
Next steps should include implementing adapted and novel strategies in case-finding and
treatment that recognize the specific TB risks and developmental, clinical, and mental
health needs of AYA.
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75. Steppacher, A.; Scheer, I.; Relly, C.; Začek, B.; Turk, A.; Altpeter, E.; Berger, C.; Nadal, D. Unrecognized Pediatric Adult-Type

Tuberculosis Puts School Contacts at Risk. Pediatr. Infect. Dis. J. 2014, 33, 325–328. [CrossRef]
76. Piccini, P.; Venturini, E.; Bianchi, L.; Baretti, S.; Filidei, P.; Paliaga, L.; Mazzoli, F.; Chiappini, E.; de Martino, M.; Galli, L. The Risk

of Mycobacterium Tuberculosis Transmission from Pediatric Index Cases to School Pupils. Pediatr. Infect. Dis. J. 2017, 36, 525–528.
[CrossRef]

77. Schepisi, M.S.; Motta, I.; Dore, S.; Costa, C.; Sotgiu, G.; Girardi, E. Tuberculosis Transmission among Children and Adolescents in
Schools and Other Congregate Settings: A Systematic Review. New Microbiol. 2019, 41, 282–290.

78. World Health Organization. Tuberculosis Outbreaks in Schools: Experiences from the Western Pacific Region; WHO Regional Office for
the Western Pacific: Manila, Philippines, 2021.

79. You, N.N.; Zhu, L.M.; Li, G.L.; Martinez, L.; Lu, W.; Liu, Q.; Yang, H.T. A Tuberculosis School Outbreak in China, 2018: Reaching
an Often Overlooked Adolescent Population. Epidemiol. Infect. 2019, 147, e303. [CrossRef]

80. Hou, J.; Pang, Y.; Yang, X.; Chen, T.; Yang, H.; Yang, R.; Chen, L.; Xu, L. Outbreak of Mycobacterium Tuberculosis Beijing Strain in
a High School in Yunnan, China. Am. J. Trop. Med. Hyg. 2020, 102, 728–730. [CrossRef]

81. Anaraki, S.; Bell, A.J.; Perkins, S.; Murphy, S.; Dart, S.; Anderson, C. Expected Background Rates of Latent TB Infection in London
Inner City Schools: Lessons from a TB Contact Investigation Exercise in a Secondary School. Epidemiol. Infect. 2018, 146, 2102–2106.
[CrossRef]

82. Stosic, M.B.; Plavsa, D.; Mavroeidi, N.; Jovanovic, D.; Vucinic, V.; Stevanovic, G.; Sagic, L.; Spahic, S.; Rakic, U.; Grgurevic, A.
Tuberculosis Outbreak among High School Students in Novi Pazar, Serbia 2016: A Retrospective-Cohort Study. J. Infect. Dev.
Ctries 2019, 13, 101–110. [CrossRef]

83. Tasaka, M.; Shimamura, T.; Iwata, M.; Toyozawa, T.; Ota, M. A Tuberculosis Contact Investigation Involving a Large Number
of Contacts Tested with Interferon-Gamma Release Assay at a Nursing School: Kanagawa, Japan, 2012. Western Pac. Surveill
Response J. 2018, 9, 4–8. [CrossRef]

84. Kim, Y.; Kim, B.K.; Choi, H.J.; Ryu, S.W.; Kim, E.S.; Chang, Y.S.; Kim, H.J.; Cha, J.H.; Kim, J.H.; Shin, C.; et al. Lessons Learned
from Continued TB Outbreaks in a High School. PLoS ONE 2017, 12, e0188076. [CrossRef]

85. Wu, X.; Pang, Y.; Song, Y.; Dong, W.; Zhang, T.; Wen, S.; Huang, H.; Gao, M. Implications of a School Outbreak of Multidrug-
Resistant Tuberculosis in Northern China. Epidemiol. Infect. 2018, 146, 584–588. [CrossRef]

86. Pan, D.; Lan, R.; Graviss, E.A.; Lin, D.; Liang, D.; McNeil, E.; Lin, M.; Chongsuvivatwong, V. Adolescent Tuberculosis Associated
with Tuberculosis Exposure in Classrooms and Dorm Rooms in Guangxi, China. Int. J. Infect. Dis. 2019, 78, 8–14. [CrossRef]

87. Dorjee, K.; Topgyal, S.; Dorjee, C.; Tsundue, T.; Namdol, T.; Tsewang, T.; Nangsel, T.; Lhadon, D.; Choetso, T.; Dawa, T.; et al.
High Prevalence of Active and Latent Tuberculosis in Children and Adolescents in Tibetan Schools in India: The Zero TB Kids
Initiative in Tibetan Refugee Children. Clin. Infect. Dis. 2019, 69, 760–768. [CrossRef]

88. Popovici, O.; Monk, P.; Chemtob, D.; Chiotan, D.; Freidlin, P.J.; Groenheit, R.; Haanperä, M.; Homorodean, D.; Mansjö, M.;
Robinson, E.; et al. Cross-Border Outbreak of Extensively Drug-Resistant Tuberculosis Linked to a University in Romania.
Epidemiol. Infect. 2018, 146, 824–831. [CrossRef]

89. Chou, K.H.; Kam, K.M.; Ieong, S.K.; Yip, C.W.; Ip, P.K.; Yew, W.W.; Leung, C.C.; Wong, N.S.; Lau, S.M.; Lee, S.S. Concurrent
Outbreaks of Tuberculosis in a School and the Wider Community in Macau. J. Pediatric Infect. Dis. Soc. 2015, 4, 359–362. [CrossRef]

90. Bunyasi, E.W.; Geldenhuys, H.; Mulenga, H.; Shenje, J.; Luabeya, A.K.K.; Tameris, M.; Nemes, E.; Mahomed, H.; Rozot, V.; Wood,
R.; et al. Temporal Trends in the Prevalence of Mycobacterium Tuberculosis Infection in South African Adolescents. Int. J. Tuberc.
Lung Dis. 2019, 23, 571–578. [CrossRef]

91. Pan, D.; Lin, M.; Lan, R.; Graviss, E.A.; Lin, D.; Liang, D.; Long, X.; Qin, H.; Huang, L.; Huang, M.; et al. Tuberculosis Transmission
in Households and Classrooms of Adolescent Cases Compared to the Community in China. Int. J. Environ. Res. Public Health
2018, 15, 2803. [CrossRef]

92. Waako, J.; Verver, S.; Wajja, A.; Ssengooba, W.; Joloba, M.L.; Colebunders, R.; Musoke, P.; Mayanja-Kizza, H. Burden of
Tuberculosis Disease among Adolescents in a Rural Cohort in Eastern Uganda. BMC Infect. Dis. 2013, 13, 349. [CrossRef]

93. Mumpe-Mwanja, D.; Verver, S.; Yeka, A.; Etwom, A.; Waako, J.; Ssengooba, W.; Matovu, J.K.; Wanyenze, R.K.; Musoke, P.;
Mayanja-Kizza, H. Prevalence and Risk Factors of Latent Tuberculosis among Adolescents in Rural Eastern Uganda. Afr. Health
Sci. 2015, 15, 851–860. [CrossRef]

http://doi.org/10.1093/trstmh/trz049
http://doi.org/10.1371/journal.pone.0096334
http://doi.org/10.1093/infdis/jiu138
http://doi.org/10.1186/s12889-015-1378-1
http://doi.org/10.1097/INF.0000000000000091
http://doi.org/10.1097/INF.0000000000001492
http://doi.org/10.1017/S0950268819001882
http://doi.org/10.4269/ajtmh.19-0533
http://doi.org/10.1017/S0950268818002327
http://doi.org/10.3855/jidc.10952
http://doi.org/10.5365/wpsar.2018.9.1.001
http://doi.org/10.1371/journal.pone.0188076
http://doi.org/10.1017/S0950268817003120
http://doi.org/10.1016/j.ijid.2018.09.019
http://doi.org/10.1093/cid/ciy987
http://doi.org/10.1017/S095026881800047X
http://doi.org/10.1093/jpids/piu031
http://doi.org/10.5588/ijtld.18.0283
http://doi.org/10.3390/ijerph15122803
http://doi.org/10.1186/1471-2334-13-349
http://doi.org/10.4314/ahs.v15i3.20


Trop. Med. Infect. Dis. 2021, 6, 148 16 of 17

94. Nduba, V.; Van’t Hoog, A.H.; de Bruijn, A.; Mitchell, E.M.H.; Laserson, K.; Borgdorff, M. Estimating the Annual Risk of Infection
with Mycobacterium Tuberculosis among Adolescents in Western Kenya in Preparation for TB Vaccine Trials. BMC Infect. Dis.
2019, 19, 682. [CrossRef]

95. Zamudio, C.; Krapp, F.; Choi, H.W.; Shah, L.; Ciampi, A.; Gotuzzo, E.; Heymann, J.; Seas, C.; Brewer, T.F. Public Transportation
and Tuberculosis Transmission in a High Incidence Setting. PLoS ONE 2015, 10, e0115230. [CrossRef]

96. Edelson, P.J.; Phypers, M. TB Transmission on Public Transportation: A Review of Published Studies and Recommendations for
Contact Tracing. Travel. Med. Infect. Dis. 2011, 9, 27–31. [CrossRef]

97. Hella, J.; Morrow, C.; Mhimbira, F.; Ginsberg, S.; Chitnis, N.; Gagneux, S.; Mutayoba, B.; Wood, R.; Fenner, L. Tuberculo-
sis Transmission in Public Locations in Tanzania: A Novel Approach to Studying Airborne Disease Transmission. J. Infect.
2017, 75, 191–197. [CrossRef]

98. Chee, C.B.E.; Gan, S.-H.; Ong, R.T.; Sng, L.-H.; Wong, C.W.; Cutter, J.; Gong, M.; Seah, H.-M.; Hsu, L.Y.; Solhan, S.; et al.
Multidrug-Resistant Tuberculosis Outbreak in Gaming Centers, Singapore, 2012. Emerg. Infect. Dis. 2015, 21, 179–180. [CrossRef]

99. Black, A.T.; Hamblion, E.L.; Buttivant, H.; Anderson, S.R.; Stone, M.; Casali, N.; Drobniewski, F.; Nwoguh, F.; Marshall,
B.G.; Booth, L. Tracking and Responding to an Outbreak of Tuberculosis Using MIRU-VNTR Genotyping and Whole Genome
Sequencing as Epidemiological Tools. J. Public Health 2018, 40, e66–e73. [CrossRef]

100. Mancuso, J.D.; Aaron, C.L. Tuberculosis Trends in the U.S. Armed Forces, Active Component, 1998–2012. MSMR 2013, 20, 4–8.
101. Kumar, H.K.V.S.; Patnaik, S.K. Incidence of Mycobacterial Disorders in Indian Adult Male Service Population Followed for over

Two Decades. J. Infect. Public Health 2018, 11, 581–583. [CrossRef]
102. Mancuso, J.D. Tuberculosis Screening and Control in the US Military in War and Peace. Am. J. Public Health 2017, 107, 60–67.

[CrossRef] [PubMed]
103. Sanchez, J.L.; Sanchez, J.L.; Cooper, M.J.; Hiser, M.J.; Mancuso, J.D. Tuberculosis as a Force Health Protection Threat to the United

States Military. Mil. Med. 2015, 180, 276–284. [CrossRef] [PubMed]
104. German, V.; Giannakos, G.; Kopterides, P.; Falagas, M.E. Prevalence and Predictors of Tuberculin Skin Positivity in Hellenic Army

Recruits. BMC Infect. Dis. 2006, 6, 102. [CrossRef]
105. Mancuso, J.D.; Geurts, M. Challenges in Obtaining Estimates of the Risk of Tuberculosis Infection During Overseas Deployment.

Am. J. Trop. Med. Hyg. 2015, 93, 1172–1178. [CrossRef] [PubMed]
106. O’Shea, M.K.; Wilson, D. Tuberculosis and the Military. J. R Army Med. Corps 2013, 159, 190–199. [CrossRef]
107. Aksenova, V.A.; Vasilyeva, I.A.; Kasaeva, T.C.; Samoilova, A.G.; Pshenichnaya, N.Y.; Tyulkova, T.E. Latent Tuberculosis Infection

in Children and Adolescents in Russia. Int. J. Infect. Dis. 2020, 92S, S26–S30. [CrossRef]
108. Gupta, R.K.; Calderwood, C.J.; Yavlinsky, A.; Krutikov, M.; Quartagno, M.; Aichelburg, M.C.; Altet, N.; Diel, R.; Dobler, C.C.;

Dominguez, J.; et al. Discovery and Validation of a Personalized Risk Predictor for Incident Tuberculosis in Low Transmission
Settings. Nat. Med. 2020, 26, 1941–1949. [CrossRef] [PubMed]

109. Hamada, Y.; Glaziou, P.; Sismanidis, C.; Getahun, H. Prevention of Tuberculosis in Household Members: Estimates of Children
Eligible for Treatment. Bull. World Health Organ. 2019, 97, 534D–547D. [CrossRef] [PubMed]

110. Dodd, P.J.; Yuen, C.M.; Becerra, M.C.; Revill, P.; Jenkins, H.E.; Seddon, J.A. Potential Effect of Household Contact Management on
Childhood Tuberculosis: A Mathematical Modelling Study. Lancet Glob. Health 2018, 6, e1329–e1338. [CrossRef]

111. Usdin, M.; Dedicoat, M.; Gajraj, R.; Harrison, P.; Kaur, H.; Duffield, K.; Walker, C.-L.; Akram, Y.; Aiyedun, V.; Mohamed, H.; et al.
Latent Tuberculous Screening of Recent Migrants Attending Language Classes: A Cohort Study and Cost Analysis. Int. J. Tuberc.
Lung Dis. 2017, 21, 175–180. [CrossRef]

112. Walker, C.-L.; Duffield, K.; Kaur, H.; Dedicoat, M.; Gajraj, R. Acceptability of Latent Tuberculosis Testing of Migrants in a College
Environment in England. Public Health 2018, 158, 55–60. [CrossRef] [PubMed]

113. Wang, X.; Jiang, H.; Wang, X.; Liu, H.; Zhou, L.; Lu, X. ESMPE: A Combined Strategy for School Tuberculosis Prevention and
Control Proposed by Dalian, China. PLoS ONE 2017, 12, e0185646. [CrossRef]

114. Lewinsohn, D.M.; Leonard, M.K.; LoBue, P.A.; Cohn, D.L.; Daley, C.L.; Desmond, E.; Keane, J.; Lewinsohn, D.A.; Loeffler, A.M.;
Mazurek, G.H.; et al. Official American Thoracic Society/Infectious Diseases Society of America/Centers for Disease Control and
Prevention Clinical Practice Guidelines: Diagnosis of Tuberculosis in Adults and Children. Clin. Infect. Dis. 2017, 64, 111–115.
[CrossRef]

115. Faust, L.; McCarthy, A.; Schreiber, Y. Recommendations for the Screening of Paediatric Latent Tuberculosis Infection in Indigenous
Communities: A Systematic Review of Screening Strategies among High-Risk Groups in Low-Incidence Countries. BMC Public
Health 2018, 18, 979. [CrossRef]

116. Dorjee, K.; Topgyal, S.; Tsewang, T.; Tsundue, T.; Namdon, T.; Bonomo, E.; Kensler, C.; Lhadon, D.; Choetso, T.; Nangsel, T.; et al.
Risk of Developing Active Tuberculosis Following Tuberculosis Screening and Preventive Therapy for Tibetan Refugee Children
and Adolescents in India: An Impact Assessment. PLoS Med. 2021, 18, e1003502. [CrossRef]

117. Ustero, P.A.; Kay, A.W.; Ngo, K.; Golin, R.; Tsabedze, B.; Mzileni, B.; Glickman, J.; Wisile Xaba, M.; Mavimbela, G.; Mandalakas,
A.M. School and Household Tuberculosis Contact Investigations in Swaziland: Active TB Case Finding in a High HIV/TB Burden
Setting. PLoS ONE 2017, 12, e0178873. [CrossRef]

118. Nduba, V.; Hoog, A.H.V.; Mitchell, E.; Onyango, P.; Laserson, K.; Borgdorff, M. Prevalence of Tuberculosis in Adolescents,
Western Kenya: Implications for Control Programs. Int. J. Infect. Dis. 2015, 35, 11–17. [CrossRef] [PubMed]

http://doi.org/10.1186/s12879-019-4314-7
http://doi.org/10.1371/journal.pone.0115230
http://doi.org/10.1016/j.tmaid.2010.11.001
http://doi.org/10.1016/j.jinf.2017.06.009
http://doi.org/10.3201/eid2101.141159
http://doi.org/10.1093/pubmed/fdx075
http://doi.org/10.1016/j.jiph.2017.12.009
http://doi.org/10.2105/AJPH.2016.303502
http://www.ncbi.nlm.nih.gov/pubmed/27854533
http://doi.org/10.7205/MILMED-D-14-00433
http://www.ncbi.nlm.nih.gov/pubmed/25735017
http://doi.org/10.1186/1471-2334-6-102
http://doi.org/10.4269/ajtmh.15-0539
http://www.ncbi.nlm.nih.gov/pubmed/26416114
http://doi.org/10.1136/jramc-2013-000115
http://doi.org/10.1016/j.ijid.2020.02.038
http://doi.org/10.1038/s41591-020-1076-0
http://www.ncbi.nlm.nih.gov/pubmed/33077958
http://doi.org/10.2471/BLT.18.218651
http://www.ncbi.nlm.nih.gov/pubmed/31384072
http://doi.org/10.1016/S2214-109X(18)30401-7
http://doi.org/10.5588/ijtld.16.0398
http://doi.org/10.1016/j.puhe.2018.02.004
http://www.ncbi.nlm.nih.gov/pubmed/29567507
http://doi.org/10.1371/journal.pone.0185646
http://doi.org/10.1093/cid/ciw778
http://doi.org/10.1186/s12889-018-5886-7
http://doi.org/10.1371/journal.pmed.1003502
http://doi.org/10.1371/journal.pone.0178873
http://doi.org/10.1016/j.ijid.2015.03.008
http://www.ncbi.nlm.nih.gov/pubmed/25770911


Trop. Med. Infect. Dis. 2021, 6, 148 17 of 17

119. Hatzenbuehler, L.A.; Starke, J.R.; Smith, E.O.; Turner, T.L.; Balmer, D.F.; Arif, Z.; Guzman, F.; Cruz, A.T. Increased Ado-
lescent Knowledge and Behavior Following a One-Time Educational Intervention about Tuberculosis. Patient Educ. Couns.
2017, 100, 950–956. [CrossRef] [PubMed]

120. Li, Y.; Zheng, Y.H.; Lu, L.P.; Yang, M.X.; Zhou, C.M.; Yuan, Z.A.; Hu, Y.; Xu, B. Acceptance of Chemo-Prophylaxis for Latent
Tuberculosis Infection among High School/College Student Contacts of Tuberculosis Patients in Shanghai, China. Biomed. Environ.
Sci. 2018, 31, 317–321. [CrossRef]

121. Freier, G.; Wright, A.; Nelson, G.; Brenner, E.; Mase, S.; Tasker, S.; Matthews, K.L.; Bohnker, B.K. Multidrug-Resistant Tuberculosis
in Military Recruits. Emerg. Infect. Dis. 2006, 12, 760–762. [CrossRef] [PubMed]

122. Thomas, T.A.; Heysell, S.K.; Houpt, E.R.; Moore, J.L.; Keller, S.J. Outbreak of Pyrazinamide-Monoresistant Tuberculosis Identified
Using Genotype Cluster and Social Media Analysis. Int. J. Tuberc. Lung Dis. 2014, 18, 552–558. [CrossRef]

123. Pareek, M.; Greenaway, C.; Noori, T.; Munoz, J.; Zenner, D. The Impact of Migration on Tuberculosis Epidemiology and Control
in High-Income Countries: A Review. BMC Med. 2016, 14, 48. [CrossRef]

124. Charan, J.; Goyal, J.P.; Reljic, T.; Emmanuel, P.; Patel, A.; Kumar, A. Isoniazid for the Prevention of Tuberculosis in HIV-Infected
Children: A Systematic Review and Meta-Analysis. Pediatr. Infect. Dis. J. 2018, 37, 773–780. [CrossRef] [PubMed]

125. Jerene, D.; Abebe, W.; Taye, K.; Suarez, P.G.; Feleke, Y.; Hallström, I.; Ruff, A.J. Tuberculosis along the Continuum of HIV Care in
a Cohort of Adolescents Living with HIV in Ethiopia. Int. J. Tuberc. Lung Dis. 2017, 21, 32–37. [CrossRef] [PubMed]

126. Mudzviti, T.; Shamu, T.; Chimbetete, C.; Munengerwa, T.; Bote, S.; Pascoe, M. Tolerability of Isoniazid Preventive Therapy in
an HIV-Infected Cohort of Paediatric and Adolescent Patients on Antiretroviral Therapy from a Resource-Limited Setting: A
Retrospective Cohort Study. Drugs Real. World Outcomes 2019, 6, 37–42. [CrossRef]

127. Hunter, O.F.; Kyesi, F.; Ahluwalia, A.K.; Daffé, Z.N.; Munseri, P.; von Reyn, C.F.; Adams, L.V. Successful Implementation of
Isoniazid Preventive Therapy at a Pediatric HIV Clinic in Tanzania. BMC Infect. Dis. 2020, 20, 738. [CrossRef]

128. Kay, A.W.; Thivalapill, N.; Skinner, D.; Dube, G.S.; Dlamini, N.; Mzileni, B.; Fuentes, P.; Ustero, P.; Adams, L.V.; Mandalakas, A.M.
Predictors of Suboptimal Adherence to Isoniazid Preventive Therapy among Adolescents and Children Living with HIV. PLoS
ONE 2020, 15, e0243713. [CrossRef] [PubMed]

129. Glatstein, M.; Carbell, G.; Scolnik, D.; Rimon, A.; Banerji, S.; Hoyte, C. Pyridoxine for the Treatment of Isoniazid-Induced Seizures
in Intentional Ingestions: The Experience of a National Poison Center. Am. J. Emerg. Med. 2018, 36, 1775–1778. [CrossRef]
[PubMed]

130. Bennet, R.; Eriksson, M. Tuberculosis Infection and Disease in the 2015 Cohort of Unaccompanied Minors Seeking Asylum in
Northern Stockholm, Sweden. Infect. Dis. 2017, 49, 501–506. [CrossRef]

131. Mekonnen, A.; Collins, J.M.; Klinkenberg, E.; Assefa, D.; Aseffa, A.; Ameni, G.; Petros, B. Tuberculosis Knowledge and Attitude
among Non-Health Science University Students Needs Attention: A Cross-Sectional Study in Three Ethiopian Universities. BMC
Public Health 2020, 20, 631. [CrossRef] [PubMed]

132. Idris, N.A.; Zakaria, R.; Muhamad, R.; Nik Husain, N.R.; Ishak, A.; Wan Mohammad, W.M.Z. The Effectiveness of Tuberculosis
Education Programme in Kelantan, Malaysia on Knowledge, Attitude, Practice and Stigma Towards Tuberculosis among
Adolescents. Malays. J. Med. Sci. 2020, 27, 102–114. [CrossRef]

http://doi.org/10.1016/j.pec.2016.11.020
http://www.ncbi.nlm.nih.gov/pubmed/27923675
http://doi.org/10.3967/bes2018.041
http://doi.org/10.3201/eid1205.050708
http://www.ncbi.nlm.nih.gov/pubmed/16704832
http://doi.org/10.5588/ijtld.13.0663
http://doi.org/10.1186/s12916-016-0595-5
http://doi.org/10.1097/INF.0000000000001879
http://www.ncbi.nlm.nih.gov/pubmed/29280783
http://doi.org/10.5588/ijtld.16.0105
http://www.ncbi.nlm.nih.gov/pubmed/28157462
http://doi.org/10.1007/s40801-019-0147-3
http://doi.org/10.1186/s12879-020-05471-z
http://doi.org/10.1371/journal.pone.0243713
http://www.ncbi.nlm.nih.gov/pubmed/33332462
http://doi.org/10.1016/j.ajem.2018.01.085
http://www.ncbi.nlm.nih.gov/pubmed/29397257
http://doi.org/10.1080/23744235.2017.1292540
http://doi.org/10.1186/s12889-020-08788-1
http://www.ncbi.nlm.nih.gov/pubmed/32375716
http://doi.org/10.21315/mjms2020.27.6.10

	Introduction 
	Methods 
	Epidemiology of Adolescent TB 
	Prevalence, Gender, and Risk Factors for AYA TB 
	TB Preventive Treatment Regimens for AYA 
	TB Disease Treatment for AYA 
	Outcomes for AYA 
	Vulnerable AYA Populations 
	Migrant AYA 
	AYA Living with HIV 
	AYA Experiencing Homelessness, Substance Use, or Incarceration 


	Settings of Adolescent TB Transmission 
	Household Exposures 
	School Exposures 
	Exposures on Public Transit 
	Other Community Exposures 
	Military Exposures 

	Identifying AYA with TB 
	Setting-Specific Opportunities in Case-Finding and Prevention 
	Households 
	Schools 
	Other Settings 

	Opportunities in Case-Finding and Prevention for AYA at Increased Risk 

	Conclusions 
	References

