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Abstract: The health needs of adolescents and young adults (AYAs) have been neglected in tuber-
culosis (TB) care, control, and research. AYAs, who are distinct from younger children and older
adults, undergo dynamic physical, psychological, emotional, cognitive, and social development.
Five domains of adolescent well-being are crucial to a successful transition between childhood and
adulthood: (1) Good health; (2) connectedness and contribution to society; (3) safety and a supportive
environment; (4) learning, competence, education, skills, and employability; and (5) agency and
resilience. This review summarizes the evidence of the impact of TB disease and treatment on these
five domains of AYA well-being.
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1. Introduction

An estimated 850,000 adolescents—defined by the World Health Organization (WHO)
as individuals between 10–19 years of age—and an additional 1 million young adults—
individuals between 20–24 years of age—become sick with tuberculosis (TB) disease each
year [1,2]. The period between the ages of 10 and 24 years represents a critical period
of biological growth and transitions in social roles [3]. During this period, individuals
acquire the physical, cognitive, emotional, social, and economic resources that serve as
the foundation for well-being for the rest of their lives. Five domains of well-being, as
defined by a committee of adolescent health experts led by David Ross, are crucial for a
successful transition from childhood to adulthood: (1) Good health; (2) connectedness and
contribution to society; (3) safety and a supportive environment; (4) learning, competence,
education, skills, and employability; and (5) agency and resilience (Table 1) [4]. TB disease
and treatment can negatively impact these domains of well-being and thereby derail the
growth and transitions that characterize this stage of life.

Given the large number of adolescents and young adults (AYAs, ages 10–24 years)
affected by TB and the importance of this developmental phase for acquiring the foundation
for a healthy, productive adulthood, it is critical for healthcare providers, community
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leaders, and policymakers to understand how TB disease and treatment impact AYAs’
well-being. This review aims to highlight the effects of TB on AYA well-being, with the
overarching goals of identifying urgent research gaps and informing policies and practices
to address the TB epidemic among this cohort.

Table 1. The five domains of adolescent well-being, as defined by Ross et al., and the ways in which they are impacted by
TB disease and treatment [4].

Domain of Well-Being Ways in Which TB Impacts Well-Being

Good health and optimum nutrition

• AYAs, especially those with HIV, are at high risk of progression from TB infection
to disease.

• Rifamycins decrease the efficacy of hormone-based contraception.
• Pregnant AYAs have an increased risk of progression from TB infection to disease

and may be more likely to experience obstetric and neonatal complications.
• Adverse treatment events, such as skin darkening due to clofazimine and hearing

loss from injectable agents, may be particularly traumatizing for AYAs.
• AYAs on TB treatment are at high risk of poor adherence, which may lead to

treatment failure, relapse, increased resistance, and continued community
transmission of M. tuberculosis.

• TB may adversely affect the long-term respiratory function of AYAs, whose lungs are
still developing.

• TB disease and treatment may place AYAs at greater risk for mental
health challenges.

Connectedness, positive values, and
contribution to society

• Prolonged home isolation or hospitalization for infection control purposes prevents
AYAs from attending school, work, and social encounters. Both the cessation of
normal day-to-day activities during these significant years, as well as long
separations from family and friends, may potentially lead to short- and long-term
social and emotional ramifications.

• TB-related stigma can negatively affect AYAs’ relationships with family, friends, and
romantic partners, as well as their self-esteem.

Safety and a supportive environment

• AYAs and their families may experience major expenses from TB treatment,
contributing to significant financial strain, which, in turn, impact AYAs’ ability not
only to successfully complete treatment, but also to meet their basic needs.

• Several aspects of TB care delivery interfere with AYAs’ right to privacy: for example,
having a separate clinic entrance and/or section for TB patients leads to inadvertent
disclosure of their health status.

• AYAs with TB may experience discrimination from health providers during their
diagnostic evaluation and treatment.

Learning, competence, education,
skills, and employability

• Daily, facility-based DOT and prolonged isolation for infection control purposes
interfere with AYAs’ education and vocational training.

• TB-related stigma can lead to experiences of discrimination at work and diminished
job prospects.

Agency and resilience

• Daily DOT for TB may hinder AYAs’ agency rather than strengthen it, as DOT can be
perceived as restrictive and controlling.

• Resilience is strongly associated with having rich social support networks, and
inversely associated with poor mental health and poor social support. Therefore, TB
may threaten AYAs’ resilience by interfering with their social networks and
negatively impacting their mental health.

2. Materials and Methods

We consulted three sources for this narrative review. First, we searched six databases—
PubMed, PsycInfo, CINAHL, Global Health, Web of Science, and Google Scholar—for
relevant studies using the following search terms (and variations): Adolescent, tuberculosis,
behavioral symptoms, social stigma, social isolation, and well-being. Second, we included
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other published and unpublished data known to the authors. Third, we conducted outreach
through the WHO’s Child and Adolescent TB Working Group to identify additional studies.

We incorporated data from unpublished or ongoing studies conducted in Lima, Peru
(principal investigator [PI]: Silvia S. Chiang) [5] and Harare, Zimbabwe (PI: Patricia Mosci-
brodzki) [6]. The methods of these studies are summarized in the Appendix A. Both studies
were approved by the appropriate ethics committees.

3. The Impact of TB on AYA Well-Being
3.1. Domain 1: Good Health

Good health encompasses both physical and mental health. TB not only affects
adolescents’ health during the illness period, but also may lead to long-term sequelae
for physical and mental health. Infection with HIV and/or a drug-resistant strain of M.
tuberculosis worsens these impacts. In this section, we examine how TB infection or disease
impacts adolescents’ physical and mental health.

3.1.1. Rise in TB Infection and Disease

During adolescence and young adulthood, the incidence of TB disease increases dra-
matically, as evidenced by notification (i.e., case reporting) rates across settings [7–10]. The
increase occurs earlier for females: In mid-adolescence (approximately ages 13–15 years),
females have a higher notification rate, but by late adolescence, males have a higher
notification rate.

Increased TB notification rates during adolescence and young adulthood likely stem
from a combination of factors. First, the force of TB infection rises during this period [2,11].
Second, the age-dependent risk of progression from TB infection to disease—which is high-
est within the first five years of life and then decreases during the primary school years—
increases in adolescence and peaks again between the ages of 20 and 29 years [12–16].
Cohort studies from the mid-20th century also demonstrated that this risk was highest for
adolescent girls around the time of menarche [17,18]. The reasons underlying this increased
risk of progression remain unclear, but likely stem from puberty-related changes in the
immune response to M. tuberculosis [19,20].

Among AYAs, the most important risk factor for progression from TB infection to
disease may be HIV co-infection. Globally, an estimated 1.7 million 10–19 year-olds and
3.4 million 15–24 year-olds are living with HIV [21]. Approximately one-third of new HIV
infections globally occur in AYAs.34 In Africa, nearly 50% of the population is under 18 [22],
and among 15–24 year-olds, women are more than twice as likely to have HIV infection
than men [23].

A study in South Africa demonstrated that despite viral suppression, adolescents
with perinatal HIV had a five-fold higher risk of TB disease compared to HIV-negative
adolescents [24]. Meanwhile, those without viral suppression had a ten-fold higher risk
of TB disease. Complex challenges for antiretroviral (ART) adherence during adolescence
and young adulthood further contribute to vulnerability to TB among AYAs living with
HIV [25].

Notably, despite AYAs’ increased risk of progression from TB infection to disease,
most national TB programs do not prioritize this age group for tuberculosis preventive
treatment (TPT), unless they are HIV-positive. Furthermore, even for HIV-positive AYAs,
the degree of TPT uptake has seldom been reported [26].

3.1.2. Clinical Presentation of TB

While pulmonary TB in pre-pubertal children mostly presents as intrathoracic lymph
node disease and its complications, post-pubertal AYAs tend to have adult-type pulmonary
TB, which leads to inflammation and destruction of the lung parenchyma (frequently
leading to lung cavitation) and is associated with more severe symptoms. Unlike intratho-
racic lymph node disease, which is usually paucibacillary and therefore rarely infectious,
adult-type pulmonary TB is generally highly infectious when untreated.
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Few data have been published on the frequency of extrapulmonary TB among AYAs.
In cohort studies conducted in diverse settings, between 12% and 19% of adolescents had
extrapulmonary TB only [27–29]. The most frequently reported types of extrapulmonary
disease were pleural TB, cervical lymphadenitis, and TB meningitis [27–29].

HIV co-infection impacts the clinical manifestations of TB. Among adolescents in
Ukraine, those with HIV co-infection had lower odds of lung cavitation compared to those
without HIV; this pattern has also been observed in adults [8,30–32]. Viral suppression due
to ART may shift the clinical presentation towards classic adult-type pulmonary TB [31]. In
the Ukraine cohort, independent risk factors for extrathoracic disease were age 10–14 years
(compared to age 15–19 years) and HIV co-infection [8].

3.1.3. Reproductive Health

The risk of progression from TB infection to disease increases during pregnancy and
the early post-partum period [33]. TB disease in pregnancy often presents with nonspecific
symptoms and frequently affects extrapulmonary sites, particularly if the individual is also
living with HIV. As a result, diagnosis and treatment may be delayed [34].

AYAs with TB disease may be sexually active, have limited access to sexual and re-
productive healthcare, and be at risk for pregnancy. Importantly, rifampicin and other
rifamycins used to treat TB infection and disease reduce the efficacy of hormonal con-
traception. As a result, alternative contraceptive approaches should be explored with
affected AYAs.

TB disease in pregnancy with or without HIV co-infection is associated with an
increased risk of obstetric complications, including preeclampsia and miscarriage [33,35].
Infants whose mothers had TB disease during pregnancy are more likely to have TB disease
in the first year of life, and may be at higher risk for low birthweight and death [33,35].
Given that adolescent pregnancy itself is associated with low birthweight, preterm delivery,
preeclampsia, miscarriage, and stillbirth, pregnant adolescents with TB disease likely face
an even higher risk of adverse outcomes [36]. To date, however, no published studies have
examined the intersection between adolescent pregnancy and TB disease.

3.1.4. Adverse Treatment Events

First-line antituberculosis medications, including in combination with antiretrovirals,
are generally well-tolerated in AYAs [37–40]. Elevated transaminases may be detected on
routine monitoring labs, but levels usually normalize without treatment disruption or with
the discontinuation of pyrazinamide [27–29]. Though rare, significant toxicities can occur,
such as hepatitis in AYAs with significant alcohol consumption [37].

Few publications have reported the safety and tolerability of second-line TB medica-
tions for AYAs. In general, AYAs tolerate most second-line drugs better than older adults
do. As compared to first-line therapy, however, second-line medications are associated
with more frequent, diverse, and harmful adverse events. A few physical effects are partic-
ularly traumatizing for AYAs, as described in a qualitative study in Mumbai, India by Das
et al. [41]. First, adolescents experienced physical pain and hearing loss from injectable
agents. Second, study participants highlighted skin darkening due to clofazimine as one of
the most stressful adverse events for patients and caregivers. Third, some second-line TB
medications—cycloserine and, to a lesser extent, ethionamide—may have psychiatric ef-
fects. Infrequently, ethionamide, prothionamide, and para-amino salicylic acid (PAS) have
been associated with hypothyroidism, which can lead to depression [42,43]. While data
on adolescents with DR-TB and HIV co-infection are limited, a small study from Mumbai
demonstrated that adverse treatment events in AYAs receiving both ART and second-line
TB medications were frequent, with psychiatric events being particularly common [44].

3.1.5. TB Treatment Outcomes and Adherence

In most published reports, ≥80% of AYAs are treated successfully for drug-susceptible
TB. Most adolescents with unfavorable outcomes are lost to follow-up; <5% die [10,45]. An



Pathogens 2021, 10, 1591 5 of 17

analysis of drug-susceptible TB treatment outcomes between 2004 and 2016 in South Africa
demonstrated age-disaggregated case-fatality (CFRs) between 2.3 and 4.3 for adolescents;
notably, the CFR peaked for boys in mid-adolescence and for girls in late adolescence [45].
In the same South African cohort, children and adolescents (0–19 years old) with HIV
and TB had a CFR of 4.8 if they were receiving ART and 6.3 if they were not on ART; in
comparison, children and adolescents without HIV had a CFR of 1.0 from TB [45]. Few
studies have reported treatment outcomes for AYAs with drug-resistant (DR-TB), but the
risks of death and loss to follow-up are greater than for drug-susceptible TB [2].

AYAs receiving treatment for TB disease are at risk for poor adherence, which en-
compasses both missed medication doses and loss to follow-up [46–48]. A few stud-
ies have analyzed programmatic data to identify predictors of poor adherence to drug-
susceptible TB therapy [9,46,47,49–51]. Four risk factors—HIV coinfection [46,47,49,50], age
15–19 years [9,46,49], prior TB treatment [46,50], and male gender [46,51]—were observed
in more than one setting. Qualitative data on adolescent adherence to TB treatment remain
scarce but have been reported in a few studies. In multiple settings, family support is a
key facilitator of adherence. Common reasons for a lack of family support include poor
caregiver understanding about TB, severe poverty, family conflict or neglect, and older
AYAs moving away from home [52]. AYAs are particularly sensitive to stigma, which is
a central driver of adolescent disengagement from TB care [52,53]. Facility-based DOT
exacerbates this barrier to adherence, as AYAs fear neighbors will see them receiving TB
treatment. In addition, school and work schedule conflicts, travel, migration, side effects,
and pill fatigue—particularly when in combination with antiretrovirals for HIV—were
additionally mentioned barriers to adherence.

Chiang et al.’s work in Lima found that AYAs are at particularly high risk of poor
adherence during the continuation phase, when symptoms generally have resolved and pill
quantity and frequency decrease [5,51]. AYAs who were lost to follow-up cited symptom
resolution, which led to the belief that treatment was no longer important. Moreover,
at the end of the intensive phase (during which AYAs are instructed to isolate at home),
AYAs eagerly return to school, work, and other activities, both because they feel better and
because they no longer have to isolate at home. As a result, missed doses can occur because
of schedule conflicts, distractions, and de-prioritization of treatment.

3.1.6. Post-TB Sequelae

A substantial proportion of adults successfully treated for pulmonary TB live with
post-TB lung disease (PTLD), a group of heterogeneous chronic respiratory abnormalities
completely or partially attributable to previous TB [54]. Individuals with PTLD have
abnormal pulmonary function testing and reduced respiratory capacity. To date, the risk
of PTLD in adolescents has not been defined. Unlike adult lungs, adolescent lungs are
still growing in volume and developing gas exchange capability, which may affect their
vulnerability to PTLD [55].

AYAs tend to present late to care and have suboptimal treatment adherence; these
factors may affect the risk of PTLD. Given the high number of AYAs who fall ill with TB
each year, PTLD could be an important cause of chronic lung disease globally and could
have significant implications for their ability to study, work, develop healthy exercise
habits, and participate in sports and other leisure activities. Research is needed, however,
to evaluate this hypothesis.

Extrapulmonary TB may also lead to long-term sequelae in AYAs. Neurological
sequelae after TB meningitis include deficits in hearing, vision, language, speech, and
movement [56,57]. Osteoarticular TB may lead to permanent deformities and reduced
movement of the affected limb and/or joint.

3.1.7. Effects of TB Illness and Treatment on Mental Health

TB and depression have been conceptualized as a syndemic: In adults, having TB dis-
ease is associated with depression, and depression increases the risk of TB reactivation and
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disease progression, as mediated through poverty, undernutrition, immunosuppression,
and/or negative coping behaviors [58]. AYAs living in difficult socioeconomic circum-
stances are at increased risk for both mental health challenges and TB disease. AYAs with
underlying or comorbid mental health conditions likely experience the negative impacts of
TB disease and treatment even more profoundly.

Few studies have explored the intersection between TB and mental health among
AYAs. Five of twenty-three (22%) adolescents with TB disease in Toronto, Canada demon-
strated symptoms of depressed mood during TB treatment and were referred for psychiatric
care [59]. In a study in Smolensk, Russia, 61% of adolescents on TB treatment experienced
anxiety based on Taylor’s Manifest Anxiety Scale, compared to 35% of healthy adolescents
without TB disease (p < 0.05) [60]. No published studies have measured the prevalence of
depression among adolescents with TB disease.

Independent of underlying mental health challenges, the negative impacts of TB often
lead to negative attitudes, depressive symptoms, behavioral changes, and psychosomatic
symptoms [41,60]. Psychological trauma may relate to prolonged treatment courses, such
as for DR-TB; pill burdens, particularly for DR-TB and/or HIV co-infection; pain from
injectable medications or procedures; coping with adverse effects of treatment; and anx-
iety about their health. AYAs may experience irritability and sadness surrounding TB
recurrences or treatment failure.

In interviews conducted by Chiang et al. in Lima, AYAs treated for drug-susceptible
TB and their caregivers predominantly described their mood throughout their illness
course as “down,” “little interest in things,” “depressed,” “bad,” and “sad” [5]. In a
qualitative study conducted in Mumbai, India, Das et al. similarly reported that AYAs
receiving treatment for DR-TB felt irritated and sad that they had TB, particularly if they
had previous TB episodes and now had more complicated disease [41]. AYAs and family
members interviewed by Das et al. felt traumatized, both physically and emotionally, by
the intense treatment regimen. In the Western Cape, South Africa, Zimri et al. conducted a
qualitative study using interviews and a body-mapping exercise to help AYAs articulate the
psychosocial effects of treatment for multidrug-resistant TB (MDR-TB) [61]. AYAs described
lying awake at night, worrying about the next day’s injections. Some drew needles on their
body maps and explained that they felt scared that the needles were being injected “into
[their] bones.” The authors concluded that these drawings reflected psychosocial effects—
including depression—of treatment for MDR-TB that may be overlooked or neglected
through routine clinical assessments and care.

The unmet psychosocial needs of AYAs with TB were discussed by TB care providers
in in-depth interviews conducted in Zimbabwe by Moscibrodzki et al. Many providers
highlighted that identifying mental health problems is insufficient to address the needs of
AYAs, as age-appropriate mental health services are lacking [6].

Prolonged home isolation or hospitalization during TB treatment also contribute to
mental health challenges for AYAs; these will be discussed in depth in Section 3.2.

3.2. Domain 2: Connectedness and Contribution to Society

Connectedness and contribution to society encompass opportunities to develop posi-
tive, meaningful relationships with others, including family and peers, and to be valued,
respected, and accepted as part of the community. AYAs in some settings are isolated, either
at home or in a hospital, for weeks or even months during TB therapy [62]. In this section,
we examine the impact of isolation, as well as the effects of stigma, on AYAs’ feelings of
connectedness and their mental health. We further examine the impact of TB—including
the downstream effects of isolation and stigma—on three types of relationships important
to AYAs’ experiences of connectedness, positive values, and contribution to society: Family,
peer, and romantic/sexual partner relationships.
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3.2.1. Prolonged Home Isolation or Hospitalization

In most countries, infection control is accomplished through home isolation. In some
settings, however, home isolation routinely lasts longer than the infectious period, which
usually ends within two weeks of starting effective treatment [63]. Chiang et al. report that
in Lima, AYAs routinely are instructed to isolate at home for a minimum of two months
in order to document two negative sputum smears, as sputum samples are obtained only
at the end of each treatment month [5]. Providers in many settings require two negative
sputum smears to clear TB patients from isolation, but the operationalization of this require-
ment in Lima is problematic since the resolution of infectiousness typically occurs much
sooner, and prolonged home isolation prevents AYAs from attending school, work, and
social encounters. In countries of the former Soviet Union, children and adolescents with
TB disease with any resistance pattern and of any anatomic site are routinely hospitalized
for the entire duration of TB treatment, ostensibly to improve patient outcomes and limit
TB transmission to the community. In other settings, such as in South Africa, children and
adolescents may be hospitalized during the intensive phase of MDR-TB therapy, based on
clinical judgement and an assessment of adherence feasibility in their home context.

Isolation and hospitalization may have more pronounced effects on AYAs than other
age-groups. AYAs are profoundly sensitive to social exclusion, and the effects of isolation,
stigma, and discrimination can have long-lasting consequences [2]. Chiang et al. observed
that the social isolation required by TB treatment consistently left AYAs in Lima feeling low,
sad, and depressed. Hospitalized AYAs with TB experience intense feelings of isolation,
negative emotions, and symptoms of depression [64–66].

Further, in countries of the former Soviet Union, isolation wards for MDR-TB patients
have been shown to worsen the effects of hospitalization on AYAs’ mental health. Patients
in isolation wards are prohibited from leaving their rooms, whereas patients in general
wards may interact with each other and receive visitors. In Karayeva et al.’s qualitative
study in Kyiv City, Ukraine, AYAs cited feelings of loneliness, sadness, frustration, and dis-
appointment while living in isolation wards, but described feeling better when transferred
to general wards [65].

Both the cessation of normal day-to-day activities during these significant years,
as well as long separations from family and friends, may potentially lead to short- and
long-term social and emotional ramifications.

3.2.2. Experiences of TB Stigma

AYAs may experience feelings of “being outcast” due to TB stigma in their commu-
nities. This stigma can be experienced in three ways: (1) The anticipation that someone
will enact stigma toward oneself; (2) the experience of another person treating oneself
differently and/or discriminating against them; and (3) a loss of self-esteem, fear, and/or
shame. TB stigma associated with fear of TB transmission also often extends well beyond
the infectious period and is intertwined with the stigma associated with other conditions,
such as HIV infection, illicit drug use, migration, and poverty [41,52,65–67].

Below, we present several examples of stigma experienced by AYAs with TB [5,41,65,66]:

“My neighbors knew I had TB, so they used to tell everyone that they should stay away
from me, else I will spread the disease to them. I was asked not to sit outside home; they
used to scold me that don’t come outside.”

—15-year-old female, Mumbai, India

“Wealthy people were there [at a tennis court in front of the hospital]. they disliked our
company because we were poor. They humiliated us said unpleasant things.”

—19-year-old female, Kyiv City, Ukraine

“[The children in the neighborhood] call me names and they hit me and stuff like that.
[They say] ‘TB thing, just go away.’ They think I’m going to infect them.”

—12-year-old adolescent, Cape Town, South Africa
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“When I had tuberculosis, I felt that, as if no one wanted to get close to me, because they
found out that I had the disease and they thought I was going to infect them. I felt like, as
if I was something from another world, no one wants to get close to me.”

—11-year-old female, Lima, Peru

3.2.3. Impact of TB on Family Relationships

Stigma surrounds TB transmission, including within immediate and extended fami-
lies [5,41]. Attribution or ‘responsibility’ for TB transmission may be a source of tension or
reason for breakdown of family relationships. In Lima, many AYAs and their caregivers
interviewed by Chiang et al. described the blame that permeated their family dynamics:
For example, one side of the family blaming the other for TB [5]. Some AYAs also noted
the burden of worrying about giving TB to a family member. In turn, AYAs and affected
caregivers also internalized stigma, leading to intense feelings of shame or guilt [41].

Chiang et al. observed that when AYAs with TB disease received ambulatory treatment,
avoiding transmission by the adolescent to other family members sometimes led to changes
in the family’s domestic arrangements (e.g., who sleeps in which room in the home), and
these changes, in turn, put a strain on family relationships. TB disease was also sometimes
a source of shame within the family (e.g., a parent feeling ashamed that their child has
TB), which sometimes caused extended family members to avoid or break contact with
the TB-affected person [5]. One 17-year-old participant shared that he and his mother
were forced out of his grandmother’s home, despite having completed three months of TB
treatment. Another 15-year-old girl reported that her grandmother and maternal relatives
gave her “la espalda”, or turned their back on her, prohibiting her from entering their house
and serving her food on a plastic, disposable plate when they did begin to see her again.

The negative impacts of TB disease on family relationships were substantially mag-
nified by hospitalization. Work by Karayeva et al. in Kyiv City shows that even when
family members were allowed to visit, they were not able due to costs of transportation,
among other barriers [65]. Given that many families could not afford the costs of tele-
phonic or web-based call services, communication with family became limited. Family
relationships were therefore interrupted, and post-hospitalization, these relationships often
remained strained.

Of note, AYAs’ distance from family members can be particularly challenging for
their mental health. Throughout the literature, it was clear that AYAs rely on family
members for comfort when feeling down and reassurance that they will make it through
their treatment. However, for many AYAs, this emotional support system is negatively
impacted by hospitalization.

3.2.4. Impact of TB on Peer Relationships

Upon diagnosis, AYAs across settings expressed concerns about what their peers
would think. Most often they anticipated negative reactions and avoided disclosure. Some
AYAs who did disclose their TB status to their peers shared that this anticipation of rejection
was well-founded since they lost friends.

Not all AYAs who told their friends about their TB experienced rejection, however; on
the contrary, some friends were supportive and non-judgmental. Even when isolated at
home, several AYAs in Lima mentioned using social media platforms, such as Facebook
and WhatsApp, to stay connected with friends [5]. AYAs hospitalized in Kyiv City also
stayed in contact with their friends online [65].

Peer relationships can suffer not only from disclosure and rejection, but also from
nondisclosure and the resulting isolation [5,64]. Some AYAs stopped participating in
extracurricular activities with friends, particularly sports, because they were told by health-
care providers that it would worsen their illness, even after the intensive phase and isolation
period [5]. One 17-year-old boy in Lima recalled the doctor who told him that he could no
longer skate because he could “rupture” his lung if he fell. This warning frightened him,
and he stopped skating for many months.
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Remarkably, we found that in diverse settings, AYAs who were hospitalized for TB
treatment formed strong, supportive relationships with each other. Karayeva et al. observed
that among AYAs in Kyiv City who experienced prolonged hospitalizations for TB, being
among other AYAs with TB afforded them peer support, education about TB, and even a
respite from the pervasive stigma they felt in the community [65]. Relationships with other
patients their own age led to more positive illness experiences overall. These conclusions
were also supported in Franck’s finding in a study on TB stigma in Cape Town that hospital
admission was sometimes cited as a positive social experience for children and young
adolescents [66]. Likewise, in Tomsk, Russia, Zvonareva et al. report that hospitalized
AYAs easily formed friendships with each other [64]. These strong, meaningful friendships
often persisted beyond hospitalization.

3.2.5. Impact of TB on Romantic/Sexual Partner Relationships

As with peer relationships, AYAs anticipated negative responses from romantic/sexual
partners when disclosing TB disease. Most often, however, AYAs expressed that disclosure
to partners was inevitable. While some AYAs reported that their partners were supportive,
others experienced rejection [5]. In South Asia, a history of TB may harm one’s marriage
prospects. In a qualitative study conducted in Nepal, Pakistan, and Bangladesh, Hatherall
et al. reported that current or previous TB negatively impacts young people’s marriage
prospects, particularly for women [68].

3.3. Domain 3: Safety and a Supportive Environment

AYA health and well-being are dependent on safety and supportive environments,
which are inextricably linked with human rights [4]. Basic rights such as physical and
emotional safety; food, water, hygiene, and shelter; and non-discrimination and equitable
treatment are all necessary components of safe and supportive environments [4]. AYAs
with TB are at risk of not having these rights fulfilled, as TB burdens are greatest in settings
of poverty, inequality, and marginalization [69]. Being sick with TB further jeopardizes
human rights.

3.3.1. Income to Meet Basic Needs

AYAs and their families may experience major expenses from TB treatment, con-
tributing to significant financial strain, which, in turn, impact AYAs’ ability not only to
successfully complete treatment, but also to meet their basic needs [5,6,41,55,70]. Economic
challenges associated with TB treatment can include travel costs to the hospital or facility
and lost income when caregivers or other earners in the household are themselves ill with
TB or need to attend to an ill AYA. Further, given the high energy expenditures of TB
disease and the need for nutritious food, there can be added food expenses and related
food insecurity [52,66].

Studies of AYAs with TB demonstrate that social and economic vulnerabilities further
place AYAs at risk for poorer treatment outcomes, including loss to follow-up from treat-
ment, treatment failure, and TB mortality [5,52,70–72]. Economic realities directly impact
AYAs, who in some cases may leave treatment due to the need to work and earn income
for their families [5,52]. Other AYAs skip doses because they do not have enough food to
eat and do not tolerate the medicines on an empty stomach [6].

There is an urgent need to mitigate the economic impacts of TB on AYAs and families
in order not only to preserve their human rights and access to basic needs, but also to
facilitate successful treatment outcomes.

3.3.2. Right to Privacy

Several aspects of TB care delivery interfere with AYAs’ right to privacy. For instance,
having a separate clinic entrance and/or section for TB patients leads to inadvertent
disclosure of their health status. In Lima, fear of being seen going through the TB entrance
or in the TB section is a reason some AYAs disengage from treatment, particularly when



Pathogens 2021, 10, 1591 10 of 17

they must visit the health center daily for DOT [5]. In Harare, AYAs fear that people will
see them receiving pills at the health center and perceive that they are being treated for
HIV [6].

Clofazimine-associated skin discoloration also may signal that an AYA is being treated
for DR-TB [6,41]. This known adverse effect causes significant distress for AYAs and their
families, who often are not aware that skin discoloration reverses soon after clofazimine
is discontinued. In Das et al.’s study in Mumbai, parents expressed concern that their
daughters’ skin discoloration from clofazimine will signal to the community that she has
DR-TB, thus jeopardizing her marriage prospects [41].

3.3.3. Right to the Highest Attainable Standard of Health

In qualitative studies, AYAs with TB and their family members describe experiences
of discrimination in healthcare settings. Some AYAs recount poor treatment by clinic staff,
which can discourage them from returning to the clinic and engaging in treatment [5,6].
Among AYAs who had undergone hospitalization, some describe disturbing effects of
stigmatization and negative experiences with healthcare staff [65].

AYAs younger than 18 years of age are often excluded from TB treatment trials.
Reasons for exclusion include the additional administrative burden of enrolling minors in
research protocols and a lack of comfort engaging with this age group. As a result, younger
AYAs may not be able to benefit from better treatments, such as shorter, injectable-free
regimens for MDR-TB.

3.4. Domain 4: Learning, Competence, Education, Skills, and Employability

TB can impact the life and career trajectories of AYAs by disrupting education and
employment [6]. Several factors—including the intensity and duration of TB treatment,
the requirement in some settings to present to the health center for daily medication doses,
and TB-associated stigma and discrimination—inhibit the ability of AYAs to continue
schooling, including post-secondary education or vocational training, without disruption.
The inverse also may be true: Educational and job commitments may pose barriers to TB
treatment adherence.

3.4.1. Absence from School or Vocational Training

Data on educational disruption in AYAs with TB are limited and, thus far, only
qualitative in nature. Literature on other chronic diseases, however, has reported serious
disruptions in schooling for AYAs [73–78].

Barriers to balancing TB treatment with schooling are myriad, and vary depending
on age, developmental stage, disease status, and local context [5,6,65,66]. Clinic operating
hours and long waiting times at overburdened health centers create a barrier to accessing
care for AYAs, whose availability is dictated by class schedules. The cost of transportation
to health centers may necessitate financial tradeoffs for older AYAs on a restrictive budget,
as well as for family members accompanying younger AYAs to appointments. For AYAs
with HIV-TB, separate clinics specializing in each condition create an added transportation
and logistical burden to manage on top of educational responsibilities. AYAs may find it
difficult to adjust their routines according to treatment schedules.

Prolonged home isolation or hospitalization exacerbates the problem of school ab-
sences during TB treatment. In Lima, several healthcare workers did not think that pro-
longed home isolation was problematic for AYAs’ education, since schools were required to
provide educational support while students remained at home [5]. AYAs and their families,
however, reported that this support never materialized. In settings where hospitalization
for TB treatment is routine, TB hospitals may offer classes or tutoring for children and
adolescents. Most AYAs in both Kyiv City and Cape Town, however, reported that these
lessons were not as rigorous as normal schooling, while some AYAs hospitalized for treat-
ment cited continued support from their community-based teachers as a critical factor in
facilitating their return to the classroom [65,66].
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3.4.2. Educational Consequences of School Absences

AYAs with TB often need to repeat an academic semester or year due to school
absences [5,6]. Students returning to school after a long absence face challenges in the
classroom, such as skill regression and a difficult transition back to long school days [6]. In
Kyiv City, students shared that skipping school for treatment made them do “terribly” and
receive poor grades [65]. AYAs may also face the added challenge of physical and cognitive
side effects from TB therapy that negatively affect school performance [41,60].

3.4.3. Social Consequences of School Absences

As discussed in Section 3.2.2, AYAs with TB face stigma related to their disease
status. Interviews conducted in Lima and Kyiv City found that many classmates and
administrators were supportive of the AYAs with TB [5,65]. Yet, instances of discrimination
and bullying still occur [5,65,66].

AYAs in Kyiv City and Cape Town reported difficulty reintegrating into a new cohort
of classmates when required to repeat a grade due to TB-related absences. This led to
added social difficulty that contributed to stigma in the school setting [65,66].

3.4.4. Impact of TB on AYAs’ Career Trajectory and Future Earning Potential

Few studies have examined the impact of TB-related educational disruptions on AYAs’
future career trajectories. Of the 34 adolescents interviewed by Chiang et al. in Lima,
28 had been in secondary, post-secondary, or vocational school or military training at the
time of their TB diagnosis [5]. Of those 28 adolescents, six dropped out of their program
and, nearly a year later, still had not re-matriculated. Adolescents interviewed by Das et al.
reported similar disruptions with schooling [41].

For older AYAs already in the workforce, the symptoms of TB, side effects of treatment,
and the need to remain close to a TB treatment facility, have been reported to impact their
ability to work. In Chiang et al.’s study in Lima, one 19-year-old female was forced to stop
working because her job required her to climb stairs, which she was unable to do because
of the weakness and fatigue she experienced from TB disease and treatment [5].

TB-related stigma also may impact AYAs’ future career trajectories. In a nationwide
survey assessing the perceived impact of TB disease in Pakistan, 38% of adults interviewed
felt that a diagnosis of TB would have a negative impact on one’s employability [79]. In
Kyiv City, Karayeva et al. interviewed two AYAs who shifted their future plans because
they were told their TB history would preclude them from pursuing their original career
goals [65].

Further investigation is needed to better understand the impact of having TB disease
on AYAs’ educational attainment, career trajectory, and future earning potential.

3.5. Domain 5: Agency and Resilience

TB may impact AYAs’ future trajectories by shaping their agency and resilience.
“Agency” can be conceptualized as the ability to make sense of the environment, initiate
change, make choices, and resist demands, while “resilience” refers to the potential for indi-
viduals to develop positively when exposed to adversity and stress [80,81]. We were unable
to find data on the direct associations between TB and agency and resilience. However,
mental health, TB-related stigma, relationships with peers and family members, and the
ability to engage in school and work all have potential impacts on agency and resilience.

3.5.1. Agency

Self-esteem is a key component of agency, and having TB is associated with low-self-
esteem. Research in Lusaka, Zambia by Cremers et al. showed that 81.9% of TB patients,
both children and adults, experienced any form of stigma, and 50.4% endorsed internalized
stigma, which is associated with low self-esteem, shame, and feelings of inferiority [82].
Das et al.’s work in Mumbai further suggests that AYAs, more so than children, have
long-lasting internalized stigma after DR-TB treatment [41]. Moreover, Moscibrodzki et al.
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reported that DOT for TB may hinder AYAs’ agency rather than strengthen it, as DOT can
be perceived as restrictive and controlling [6].

3.5.2. Resilience

Resilience is strongly associated with having rich social support networks and in-
versely associated with poor mental health and poor social support [83,84]. Therefore, TB
may threaten AYAs’ resilience by interfering with their social networks and negatively
impacting their mental health, as already discussed.

Nonetheless, some AYAs do demonstrate resilience in the face of their TB disease
and treatment. In Kyiv City, Karayeva et al. asked TB survivors how their TB illness had
changed their health and psychological outlook [65]. The responses were overwhelmingly
positive—though it bears mentioning that this group of participants is highly self-selective,
as half of the eligible AYAs identified for this study declined to participate, and some cited
a desire to avoid revisiting their TB experience. A few AYAs interviewed by Karayeva et al.
spoke about how their illness and hospitalization helped them develop healthier habits.
Other AYAs in Kyiv City spoke about their diagnosis as a clarifying moment, helping them
see what was important in life.

4. Conclusions

TB and its treatment have negative impacts across the domains of adolescent well-
being defined by Ross et al. Further research is needed to better define and understand the
challenges faced by AYAs with TB. Routine disaggregation of programmatic TB data for
AYAs, stratified by five-year age bands, are also needed to identify the gaps and needs in
TB care for this age group.

The primary limitation of this review is the dearth of published studies that explore
the experiences and perspectives of AYAs affected by TB, despite the growing recognition of
the risks and challenges faced by this group. For this reason, we have included unpublished
data. The dataset from Chiang et al. also provides more insight into Latin America, a region
that is underrepresented in the published literature [5]. Unfortunately, we were unable to
identify any data, published or unpublished, from the Western Pacific and Southeast Asia,
with the exception of the Indian subcontinent. Therefore, these high-TB burden areas are
not represented in this review.

Despite the need for more data, there is evidence to support some immediate re-
forms to lessen the negative impacts of TB on AYAs. Because AYAs have an increased
risk for progression from TB infection to disease, this age group should be prioritized
in active case finding, contact tracing, and TPT. Additionally, because prolonged isola-
tion and hospitalization particularly impact AYA mental health and disrupt education,
work, and social relationships, such prolonged isolation measures should be minimized in
consideration of the evidence for cessation of infectivity soon after initiation of effective
treatment. For instance, some infection control guidelines recommend that patients be
considered non-infectious once they have received adequate chemotherapy for two weeks,
show clinical improvement, and have a negligible risk of MDR-TB [85]. For NTPs that
prefer to document testing with two negative sputum smears, these samples could be
obtained within the first two weeks of treatment, rather than waiting until the end of each
treatment month, which would better balance the need for infection control and early
release from isolation. Further, daily facility-based DOT disrupts schooling and contributes
to stigma; alternative home-based TB treatment delivery approaches, which prioritize the
needs of the patients and their families, should be developed, evaluated, and implemented
for AYAs. NTPs should incorporate the WHO standards for adolescent-friendly services in
order to provide quality care and optimize engagement and successful treatment of AYAs
with TB. Finally, AYAs younger than 18 years of age should be included in TB treatment
trials so that they can benefit from new advances in TB therapeutics. These and other
reforms to provide AYA-friendly TB services are urgently needed, as the consequences
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of TB and its treatment can greatly impact AYA health outcomes, future livelihoods, and
interpersonal relationships.
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Appendix A. Methodology of Unpublished Qualitative Studies

Lima, Peru

Chiang et al. conducted a qualitative study in Lima primarily to identify barriers
and facilitators to adolescent adherence to TB treatment, and secondarily to explore the
challenges faced by adolescents as a result of their TB disease and treatment [5]. Chiang
et al. recruited three types of participants from public health centers run by the Ministry
of Health: Adolescents aged 10–19 years who completed or were lost to follow-up from
treatment for drug-susceptible pulmonary TB in the preceding 12 months, each adoles-
cent’s primary caregiver, and health providers. The investigators enrolled 14 adolescents
with good adherence, defined as treatment completion with <20% missed doses; 11 with
suboptimal adherence, defined as treatment completion with ≥20% missed doses; and nine
with loss to follow-up, defined as missing two or more consecutive months of treatment.
The primary caregiver was the family member whom the adolescent identified as being
the adult who provided the most support during TB treatment. Purposive sampling was
used to maximize representation among adolescents with respect to adherence status and
age. The healthcare provider group was a convenience sample of 15 nurses and nurse
technicians with at least six months’ experience supervising TB treatment at a public
health center.

Semi-structured, individual, in-depth interviews were conducted between July 2018
and June 2019 in Spanish by three trained Peruvian study workers. All interviews were con-
ducted in private rooms, audio-recorded, and transcribed. The investigators conducted an
applied thematic analysis of the interviews. Three investigators developed codes indepen-
dently and finalized the codebooks through consensus. Five investigators independently
coded all interviews. Eight (9.6%) interviews were double-coded to evaluate interrater
agreement, which was ≥90% for all codes. Finally, three investigators reviewed the codes to
identify emerging themes and select illustrative quotes, which were translated into English.

Harare, Zimbabwe

In Harare, Moscibrodzki et al. are conducting a qualitative study to explore the impact
of TB on adolescents at the individual and societal levels to inform effective, adolescent-
friendly care [6]. The first part of this study uses qualitative methods to explore the impact
of TB diagnosis and treatment on the emotional and social welfare of patients in this age
group. Semi-structured interviews—which began in April 2021—are being conducted
with adolescents who are registered at seven primary health clinics in Harare; healthcare
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professionals, mostly TB nurses at the clinics; and policy stakeholders at the national
and global levels. Interviews and workshops with adolescents are ongoing; and data
analysis has not commenced, but raw transcripts were provided for inclusion within this
literature review.
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