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HIV and tuberculosis (TB) often occur together with each exacerbating the other.
Improvements in vertical transmission prevention has reduced the number of HIV-infected
children being born and early antiretroviral therapy (ART) protects against tuberculosis.
However, with delayed HIV diagnosis, HIV-infected infants often present with tuberculosis
co-infection. The number of HIV exposed uninfected children has increased and these
infants have high exposure to TB and may be more immunologically vulnerable due
to HIV exposure in utero. Bacillus Calmette-Guérin (BCG) immunization shortly after
birth is essential for preventing severe TB in infancy. With early infant HIV diagnosis
and ART, disseminated BCG is no longer an issue. TB prevention therapy should be
implemented for contacts of a source case and for all HIV-infected individuals over a
year of age. Although infection can be identified through skin tests or interferon gamma
release assays, the non-availability of these tests should not preclude prevention therapy,
once active TB has been excluded. Therapeutic options have moved from isoniazid only
for 6-9 months to shorter regimens. Prevention therapy after exposure to a source case
with resistant TB should also be implemented, but should not prevent pivotal prevention
trials already under way. A microbiological diagnosis for TB remains the gold standard
because of increasing drug resistance. Antiretroviral therapy for rifampicin co-treatment
requires adaptation for those on lopinavir-ritonavir, which requires super-boosting with
additional ritonavir. For those with drug resistant TB, the main problems are identification
and overlapping toxicity between antiretroviral and anti-TB therapy. In spite of renewed
focus and improved interventions, infants are still vulnerable to TB.

Keywords: tuberculosis, HIV, childhood TB, TB/HIV co-infection, TB/HIV co-therapy

SUMMARY

Tuberculosis (TB) is a leading cause of morbidity and mortality in both adults and children across
the globe. The causative agent, Mycobacterium tuberculosis (M.tb), causes more deaths than any
other infectious agent. Human Immunodeficiency Virus (HIV) coinfection contributes greatly to
the global burden of TB, particularly in sub Saharan Africa, where the prevalence of both diseases
is high. The ambitious goal to eradicate TB, as set by the World Health Organization (WHO),
faces multiple challenges, particularly for childhood TB. In the HIV/TB co-infected child, the
risk of infection and disease is increased, diagnosis is challenging, and treatment involves high
medication burden and complex drug interactions. However, national TB programs highlighting
early identification of childhood case contacts, adequate and appropriate preventative therapy,
novel strategies, and advancements in TB diagnostics and drug therapy, and early initiation of
antiretroviral therapy are all positive steps toward achieving this goal.
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Box 1| Key data: 2017.

| TB(3) | HIV(10)
Global incident cases 10 million 1.8 million
~5,000 new
infections per
day
Incident cases in children <15 years 1 million 160,000
Number of new TB cases among HIV+ 900,000
people
Number of people living with HIV - 36.9 million
Number of children living with HIV - 2.1 million

Treatment coverage 64% 59%

Number of people who developed drug 558,000
resistant TB
Number of people estimated to have TB 1.7 billion -
infection (23% of the

world’s

population
Number of TB deaths among HIV negative 1.3 million -
people
Number of TB deaths among HIV + 370,000
people
Number of people who died from 940,000

HIV-related illnesses

INTRODUCTION

Since the identification of Mycobacterium tuberculosis (M.tb)
as the cause of tuberculosis (TB) in March 1882 (1), M.tb
remains one of most lethal human pathogens, causing more
deaths than any other infectious agent (2). In 2017, there
were an estimated 10 million incident TB cases globally, ~133
cases/100,000. Children below 15 years of age contributed
10% of cases, mostly in South East Asia (35.8%), Africa
(29%), and the Western Pacific Region (20.5%). In Africa
this coincided with the HIV pandemic (3). Key data shown
in Box 1.

In 1993 the World Health Organization (WHO) declared TB
a global emergency and in 2016 implemented a new END TB
strategy to eradicate TB by 2035, aligning with the sustainable
development goals (SDG) (3).

The acquired immunodeficiency syndrome (AIDS) was first
recognized in 1981 in adults and in infants in 1982 (4, 5). HIV
was identified as the cause of AIDS in 1983 (6). Shortly thereafter,
systematic studies establishing the enormous scale of AIDS and
the origin of HIV began in Africa (7).

TB DISEASE AND HIV

Chretién, recognizing that TB was more severe in
immunosuppressed HIV-infected (HIV+) adults than the
general population, introduced the term “the cursed duet”
in 1990 (8). HIV infection increases the progression of TB
infection to disease 30-fold and worsens disease severity
(9). Globally, 36.7 million people are HIV+, including 2.1
million children <15 year of age. Of the 1.8 million new HIV

infections in 2016, 160,000 were children (10). An estimated
10% of the 1 million incident TB cases and 22% of the 374,000
deaths due to TB occurred in the HIV+ population (2)
(Box 1). Thus, for TB eradication, TB/HIV co-infection must
be addressed.

Similarities between HIV and TB are outlined in Table 1.
Both conditions are immunosuppressive and cause a decline in
CD4+ T-cell count (11). This decline of specific CD4+ T cells
in both peripheral and pulmonary TB may facilitate progression
from latent to active disease (12). Additionally, HIV impairs
apoptosis of alveolar macrophages, a vital component of the
innate response to M.tb (9).

Both culture-positive and -negative TB are common in HIV+
children (13-15). In a South African study from the late 1990’
that predated availability of antiretroviral therapy (ART), nearly
half (48.9%) of children hospitalized with pulmonary TB were
HIV+. They had more cavitation and miliary disease than
uninfected children (13). In a similar Nigerian study, 30% of
children with TB were also HIV+ (14).

In 2012, Wiseman et al proposed a classification of childhood
TB based on disease severity within an organ (mainly the lung),
degree of dissemination beyond one organ or anatomical site and
the extent of host control prior to introducing anti-TB therapy
(16). Using this classification in culture-positive children below
12 months of age, severe disease occurred in 71% of the cohort,
with similar rates in HIV+ and uninfected infants (16).

THE IMPACT OF IMPROVED VERTICAL HIV
TRANSMISSION PREVENTION

Since implementing and subsequently improving programs to
prevent mother to child transmission of HIV, fewer HIV+ infants
are being born. The large-scale ART rollout, which began in
2002, and the implementation of the WHO’s Option B (ART
in pregnancy and during breast feeding) program in 2013 (17),
upscaling to Option B+ (uninterrupted ART during pregnancy
and thereafter) in 2016, has decreased the early South African
perinatal HIV transmission rate to 0.9% (18). However, by
18 months of age the cumulative transmission rate was 4.4%,
most likely due to breast-feeding. As these data preceded wide
scale implementation of Option B/B+ (19), the cumulative
transmission rate has likely decreased. Another factor may be
insufficiently sensitive diagnostic tests related to very low HIV
reservoirs from increased ART exposure (20, 21). Regardless
of cause, delays in diagnosing HIV in infants will increase
symptomatic HIV and TB.

THE HIV-EXPOSED UNINFECTED CHILD

Due to progress in prevention mother to child HIV transmission,
there are now more HIV exposed uninfected (HEU) children
(18). This population still has higher rates of morbidity
and mortality, particularly from infectious diseases than HIV
unexposed infants (22, 23). Impaired immunity and increased
maternal or household TB and ART exposure are potential
contributory factors to this elevated risk. HEU infants have
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TABLE 1 | TB and HIV—commonalities.

Factor For HIV and TB Comments

HIV: vertical transmission
main route for HIV, begins in
utero and extends through
breast feeding

TB: vertical transmission
less common, peri- and
post-natal transmission
through close contact

Both can be transmitted
vertically

Transmission

Detection and treatment in
mothers can prevent
transmission

Prevention

Post-exposure prophylaxis

effective
Epidemiology Associated with poverty,
overcrowding and poor
access to health care
Both occur within families
and households
Presenting symptoms  Failure to thrive common in
and signs both
Respiratory symptoms
common
Chronic lung disease
including bronchiectasis and
cavities common
Gastrointestinal disease
occurs
Chest radiology often
abnormal
More rapid progression in
children. Youngest infants
are most vulnerable
CD4+ depletion
Organism load correlates
with disease severity
Combination therapy with at
least 3 drugs
Adherence monitoring
essential for successful
therapy
Immune reconstitution
inflammatory syndrome
(IRIS) can occur when
commencing treatment for
each
Currently inadequate
protection by specific
vaccines

Disease course

Immunology
Correlates of severe
disease

Treatment

TB and BCG IRIS common
in HIV + children
commencing ART

Vaccines BCG prevents disseminated
TB and TB meningitis in

infants

altered cell-mediated immunity, including impaired T-cell
maturation, and hypo- and hyper-responsive T-cell activation
(22). These immune changes may be mediated by fetal HIV
exposure as they are absent in mothers established on ART at
conception (24).

In Uganda, TB infection, measured by interferon gamma
release assay (IGRA), was higher in HIV4 than uninfected
mothers (59 vs. 42% p < 0.001) with the odds of TB infection
21 times higher in HEU than HIV unexposed children <5 years
(OR: 21.2, P = 0.008) (25). In South African neonates, 27 of

41 (66%) babies born to mothers on TB therapy were also
HIV exposed (26), highlighting the concern of dual exposure
in high prevalence settings. Neonates with maternal TB +/-
HIV exposure should be examined and evaluated soon after
birth (Figure 1).

IMPACT OF ART ON TB DISEASE

TB treatment without ART results in suboptimal outcomes.
In a South African study of ART naive HIV/TB co infected
children, 21% died during TB therapy with most deaths
associated with advanced HIV disease (27). Of the 16
children who required a second course of TB therapy due
to worsening or non-resolving TB disease, 43% (6/14) were
persistently culture positive, emphasizing the importance of
an immune response to cure TB (27). A study conducted
pre- and post- the national ART rollout demonstrated a
dramatic reduction in incident TB from 53/100-person
years preceding the rollout to 6/100-person years thereafter,
despite a persistently high rate of HIV/TB co-infection (28).
Further, mortality was highest in those with TB prior to
commencing ART (28). Similarly, a multicentre retrospective
study reported a 70% reduction of incident TB after starting
ART (29).

In the Children with HIV Early antiRetroviral (CHER) trial,
TB was diagnosed less commonly in infants randomized to
early ART commenced at a median age of 7.4 weeks than
in the deferred arm where ART began at a median age of 6
months (8.3 vs. 20.2%: P = 0.014, Fisher’s exact two-tail test,
post-hoc analysis), in the first year of the trial. Infants were
asymptomatic with CD4+ T-cell percentages >25% at study
entry (30).

BCG

Bacillus Calmette-Guérin (BCG) is currently the only available
anti-TB vaccine. In use since 1921, the M. bovis-derived live
attenuated vaccine is most effective in those with no prior
exposure to mycobacteria (31). An observational study assessing
BCG efficacy documented protection for up to 10 years when
given in infancy and up to 20 years when first vaccinated at
10-15 years of age (32). Revaccination of school-aged children
after infant vaccination shows little protection against TB
disease (33). However, a recent study using interferon gamma
release assays (IGRA) in adolescents, showed that BCG was
effective in resolving TB infection (34). BCG is ineffective
in HIV4, immune suppressed children who are at risk for
disseminated BCG disease (35). Thus, the WHO recommends
that in HIV+ infants, BCG should be administered only once
ART has been initiated and the infant/child is immune competent
(CD4% >25% in <5 years or CD4 count >200 in those >5
years) (35).

This recommendation implies early HIV testing and
delaying BCG administration in HEU infants. After the
adoption of early ART in infants from 6 weeks of age,
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FIGURE 1 | Algorithm for the evaluation and treatment of a newborn infant with TB +/- HIV exposure. (1) Early identification of HIV exposure (if not ascertained in the
antenatal period) with maternal testing. Confirmation of transmission with PCR testing of the infant at 4-6 weeks. However, birth testing may be beneficial to early
identification and treatment of perinatally infected infants. (2) Identify the risk of TB in the mother: thorough history, contact exposure, symptom screening, clinical
examination, chest x-ray, sputum microscopy, culture and sensitivity and GeneXpert, if risk of miliary TB or TB meningitis is suspected: lumbar puncture, as necessary,
initiate appropriate TB therapy in the mother. If the mother is diagnosed with TB, the placenta should be evaluated with histologic staining (including acid-fast bacilli)
and tissue culture. Consider whether mother could have resistant TB. (3) If the newborn is HIV exposed, initiate prevention of mother to child prophylaxis: twice daily
Zidovudine with added daily Nevirapine or Nevirapine + Lamivudine if there is a high risk of transmission. (4) The TB exposed newborn may present with symptoms or

Initiate ART consisting of: Zidovudine, Lamivudine and Nevirapine or Raltegravir.

be asymptomatic. Clinical observation and examination for symptoms and signs forms part of the diagnostic process. Other investigations: chest radiograph,
abdominal ultrasound, Tuberculin skin testing, specimens for TB culture and GeneXpert. (5) TB therapy for drug susceptible TB in the neonate: 4 months of daily:
Rifampicin 15 mg/kg, Isoniazid 10 mg/kg, Pyrazinamide 35 mg/kg, Ethambutol 20 mg/kg, followed by 2 months of daily doses: Rifampicin 15 mg/kg, Isoniazid 10
mg/kg. (6) Initiate ART consisting of: Zidovudine, Lamivudine and Nevirapine or Raltegravir. (7) If confirmed or suspected drug sensitive TB disease is excluded,
Isoniazid prophylaxis at 10 mg/kg should commence and continue for 6 months. Close monitoring and follow-up is required to identify TB symptoms and signs. (8)

disseminated BCG was no longer seen (Personal observation—
MF Cotton). However, HIV+ infants not identified in
infancy are at high risk for disseminated BCG. In South
Africa, BCG induced immune responses at 52 weeks of
age did not differ in HEU infants receiving the vaccine at
birth compared to 14 weeks of age (36). A similar study is
currently underway in Uganda (NCT02606526). With the
worldwide acceptance of early infant HIV diagnosis at birth and
immediate ART, BCG should continue to be given at birth as
commonly practiced.

New TB vaccines for treatment, preventative pre-exposure
prevention and post-treatment relapse prevention are under
study (37). For HIV, given earlier ART initiation, these vaccines
may have a role.

TB INFECTION IN THE HIV+ OR EXPOSED
CHILD

“Latent TB infection” (LTBI) (i.e., M.tb infection without
disease), usually indicated by a positive tuberculin skin test (T'ST)
or IGRA is common in children. In the era preceding anti-TB
therapy, 30-40% of infants with proof of infection and under
a year of age developed pulmonary TB and 10-20% developed
either miliary TB or TB meningitis (38). HIV infection and
exposure without infection may increase this risk of progression
to disease (Box2). This could either be due to more TB in
pregnancy or as a result of specific immune defects from HIV

Box 2 | Key facts.

e HIV infection increases the risk of developing TB disease.

e Antiretroviral therapy dramatically reduces TB related mortality and
morbidity in HIV/TB co-infection.

¢ |dentification, screening, and early preventative therapy of pediatric
household contacts is key in preventing progression of infection to disease.

e New child friendly TB and HIV drug formulations may improve tolerability,
adherence, and treatment outcomes.

¢ Despite good outcomes, drug resistance remains a concern in childhood
TB, particularly those with TB/HIV co-infection. Therefore, accessing drug
sensitivity information from source cases and microbiological diagnosis are
essential.

exposure in utero (39). Therefore, we consider the term “latent”
a misnomer as it implies inactivity rather than preclinical disease
with a strong likelihood of progression to disease.

After TB infection, there is an immune response preceding
clinical disease. Identification and management during this phase
prevents childhood disease and its consequences (Box 2). The
WHO includes infants and children <5 years of age exposed to
a bacteriologically confirmed pulmonary TB household source
case and HIV+ people as high risk populations for treating
and preventing TB (2). Additionally, in 2018, updated guidelines
recommend testing and prevention treatment those >5 years
of age in high incidence countries, where a bacteriologically
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HIV + child < Syears with TB contact!
Thorough history? Clinical examination?
[ //
Clinical evaluation*
Symptomatic Asymptomatic
///
Investigations®
TB therapy® TB prophylaxis’

alternative is 12 weekly doses of Isoniazid and Rifapentine.

FIGURE 2 | Algorithm for the evaluation and treatment of a child exposed to a TB source case. (1) Health promotion of testing all children in contact with an adult TB
source case is important. Children <5 years of age are at high risk for TB disease. (2) History includes that of the source case: drug susceptible or drug resistant TB,
compliance on TB treatment, first or second episode of TB. History of the child includes weight loss, loss of playfulness, coughing, fever, drenching night sweats. (3)
Anthropometry is important in the clinical examination of all children. Respiratory signs may be non-specific and other HIV related respiratory conditions should be
considered e.g., non-TB bacterial pneumonia, lymphocytic interstitial pneumonitis. (4) Children with a history of a TB contact may be asymptomatic, or present with
non-specific symptoms for example, growth faltering. (5) These include a tuberculin skin test, chest radiograph and IGRA. In the symptomatic child, respiratory or
other sampling for GeneXpert and microscopy (including acid-fast bacilli), culture and sensitivity, serum culture. Consider lumbar puncture and neuro imaging if
suspicion of military TB or TB meningitis. Specialized tests indicated if extra pulmonary TB is suspected e.g., abdominal ultrasound, cardiac echo etc. (6)
Uncomplicated TB: 4 months of daily Rifampicin 15 mg/kg, Isoniazid 10 mg/kg, Pyrazinamide 35 mg/kg followed by 2 months of daily Rifampicin 15 mg/kg, Isoniazid
10 mg/kg. In HIV+ children or complicated TB: 4 months of daily Rifampicin 15 mg/kg, Isoniazid 10 mg/kg, Pyrazinamide 35 mg/kg, Ethambutol 20 mg/kg, followed
by 2 months of daily doses: Rifampicin 15 mg/kg, Isoniazid 10 mg/kg. (7) If TB has been clinically excluded, 6 months of Isoniazid prophylaxis is recommended. An

confirmed PTB household source case was present (40). Immune
based TB infection tests and preventative therapy are key
components to manage TB infection prior to overt clinical disease
(Figure 2).

TSTs are cost effective, easy to administer and are commonly
used in risk stratification. The Mantoux TST is the preferred
testing method in resource limited settings (41). However, a
significant limitation is that sensitivity decreases with immune
compromise and malnutrition, often prevalent co-morbidities in
TB endemic areas, while specificity is reduced by cross reactivity
with non-tuberculous mycobacteria (NTM) and BCG (42). In
addition, apart from stock-outs, TST requires a cold chain.
Despite having a low sensitivity in HIV+ children not on ART,
it is still useful as a positive test confirms TB (43).

IGRAs induce a measurable M.tb specific T-cell immune
response, overcoming cross reactivity with BCG and NTMs.
Commonly used IGRAs include the QuantiFERON-TB gold
In-Tube (QFT-IT, Qiagen Venlo, Netherlands)—a whole
blood assay and the T-SPOT.TB (Oxford Immunotec, Oxford,
United Kingdom), an enzyme-linked immunospot assay. These
perform better than the TST in detecting M.tb infection (44).
The WHO now recommends IGRA use in high burden settings
if affordable, however the TST is adequate (41).

In a high burden TB and HIV setting, the QuantiFERON TB
Gold in-Tube test performed better than the T-SPOT.TB test
in detecting recent M.tb infection, regardless of HIV status in
children. Both IGRAs performed better than TST (45).

Access to TB prevention therapy is dependent on stable
national programs, trained staff and adequate resources. While
testing for M.tb infection is highly recommended in HIV+

people and all children <5 years of age with a bacteriologically
confirmed household contact, TB preventive therapy should be
initiated even in the absence of TST or IGRA testing, once active
TB has been excluded (40).

All HIV+ adults and children above 12 months of age
require TB prevention therapy. Globally, the number of HIV+
adults accessing TB preventative treatment plateaued in 2014,
while the number of children <5 years of age initiating this
therapy continues to climb (3). In 2017, 67 countries initiated
TB preventive treatment in more than 958,000 HIV+ patients,
with two thirds also initiating ART. South Africa, the largest
contributor, initiated ~370,000 HIV4+ on TB preventative
therapy, of whom 53% began ART. Additionally ~292,000
children <5 years of age accessed TB preventive therapy, a 3-fold
rise from the ~87,000 in 2015 (3).

In otherwise healthy children, lengthy preventive therapy
courses foster poor adherence (46). Daily isoniazid for 6 months
is now only one of multiple options, allowing a tailored approach.
New recommendations include either daily rifampicin and
isoniazid or weekly isoniazid and rifapentine for 3 months (40).
A large clinical trial in children aged 2-17 years reported that 12
weekly doses, of isoniazid + rifapentine was safe and non-inferior
to isoniazid for 9 months; the completion rates being better with
the shorter regimen (88 vs. 80% respectively, p = 0.003) (47).
In HIV+ adults, the shorter regimen was safe, effective, better
tolerated and with higher rates of treatment completion (48). To
further facilitate adherence a pharmacokinetic study of a child
friendly isoniazid/rifapentine fixed dose combination is planned
for young HIV+ and HIV uninfected children below 12 years of
age through the TB Trial Consortium.
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TB DIAGNOSIS

Diagnosing childhood TB remains challenging. In TB/HIV
endemic regions, the diagnostic conundrum is complicated by
the overlapping, non-specific nature of clinical presentation of
both diseases (Table 1).

In resource limited settings, a TB confirmed household
contact, clinical symptoms and a suggestive chest radiograph
all aid the decision to treat. In HIV+ children however,
immune deficiency may alter the clinical presentation of TB
disease and influences interpretation of x-rays due to non-
TB, HIV-associated lung disorders such as lymphoid interstitial
pneumonitis and bronchiectasis.

In a Cape Town study exploring the reliability of clinical signs
and symptoms as a diagnostic tool, symptoms and risk were
stratified. High risk was defined as <3 years of age or HIV+.
Fatigue was the most sensitive presenting symptom in the low
risk category (94.2%) and non-remitting cough in the high risk
category (8.9% in <3 years, 100% in HIV +) (43). Combining
presenting symptoms with objective weight loss is diagnostically
accurate in low-risk children, [sensitivities of 82.3 and 51.8% (<3
years), 56.2 % (HIV+), respectively]. A high index of suspicion,
positive contact history, obtaining the appropriate samples, and
regular follow-up are the most important components for TB
diagnosis in HIV+ children and very relevant regardless of
HIV status.

Chest radiographs are useful for TB diagnosis. However,
interpretation is challenging in the setting of TB/HIV co-
infection. In a recent study of diagnostic accuracy of chest
radiographs, sensitivity ranged from 61 to 94% and specificity
from 20 to 48% in assessments by pediatric radiologists
and pulmonologists (49). While the introduction of a chest
radiograph reading and recording system showed minimal value
(50), the use of digital chest radiographs with computer aided
diagnosis may improve its diagnostic value, particularly in the
asymptomatic contact and eliminating the need for specialist
interpretation (51).

Point of care (PoC) tests improve case detection with rapid
turn-around time. The WHO endorsed GeneXpert MTB/RIF®
(Cepheid Inc., Sunnyvale, CA, United States) and recently the
more sensitive GeneXpert MTB/RIF Ultra®. These automated
cartridge-based nucleic acid amplification tests can detect M.tb
and rifampicin resistance within 2h (52). In South Africa, due
to the need for regular device maintenance and good transport
infrastructure, the GeneXpert test is usually performed in central
laboratories. In a study of banked specimens from children,
standard GeneXpert® detected 63.2%, Ultra® 73.7% with
culture detecting 82.9% of childhood TB cases (53). Therefore,
mycobacterial culture remains the “gold standard.” On the
horizon is an Xpert panel to detect isoniazid, fluoroquinolone
and aminoglycosides resistance in M.tb (54).

Microbiological diagnosis remains a key issue. Although
induced sputum has better yields than gastric aspirates, it
requires infrastructure and strict adherence to infection control
to protect medical personnel. Nasopharyngeal aspirates, although
easy to perform, also require respiratory precautions. Logistical
issues with gastric aspirates include overnight fasting and skilled

personnel to undertake the procedure (55). Obtaining multiple
gastric aspirate specimens on a single day appears as good as daily
specimens over 3 days (56).

Increasing attention is being given to stool collection.
Although M.tb stool culture does not work well-due to
contamination (57) GeneXpert shows promise but is less
sensitive than for respiratory or gastric specimens (58, 59). The
concordance of stool GeneXpert with bacteriologic confirmation
was 31.9% but this test is extremely useful for severe TB,
especially with cavitation on chest radiography (59).

Progress has been made on identifying immuno-metabolic
signatures in children and adults for M.tb infection and TB
disease irrespective of HIV status (60).

The advantages and disadvantages of TB diagnostic tools and
the impact of HIV coinfection are summarized in Table 2 (61).

CHILDHOOD TB THERAPY AND
TB/HIV CO-THERAPY

TB cure in children is multi-faceted. Treatment success is
dependent on establishing therapeutic drug levels while avoiding
adverse effects, maintaining good adherence, and preventing
drug resistance. In the HIV/TB co-infected children, overcoming
drug-drug interactions adds complexity to both TB cure and
HIV suppression.

Development of child specific HIV and TB therapeutics often
lags behind that in adults. Historically, extrapolating childhood
anti-TB drug dosing from adult data has yielded sub-therapeutic
serum drug levels (62). Children absorb and metabolize drugs
differently to adults and require age-specific dosage adjustments.

For example, glucuronidation is reduced in neonates and
expression of Cytochrome P450 enzymes changes with age (63).
Additionally, liver clearance is more active in children than
adults, thus children require higher dosages per kg (64). Higher
mg/kg doses of first line drug susceptible TB treatment were
recommended for children in 2010, approximately 40 years
after their introduction (Table 3) (65). Despite demonstrating
that these higher doses achieved adequate therapeutic serum
drug levels (66), delivery involved either the adaption of the
adult fixed dose combinations or combining the individual
drugs. However, child-friendly fixed dose combinations (FDCs)
containing rifampicin, isoniazid and pyrazinamide for children
up to 25kg have now been developed (67). To improve
adherence, these FDCs are dispersible, palatable and dosage is by
weight band (68). Soon, individual dispersible ethambutol and
isoniazid tablets will also be introduced (68). A recent systematic
review concluded that HIV infection may reduce exposure to first
line anti-TB drugs and contribute to poorer treatment responses
(69). However, because of much heterogeneity, firm conclusions
could not be made. The authors recommended a consistent
and homogeneous approach to studies and a uniform quality
assessment tool for PK studies (69).

While shortening treatment duration may improve
adherence, adult studies show an unacceptable risk of relapse
(70). Thus, the standard 6 month therapy regimen (2 months
intensive phase and 4 months continuation phase) is currently
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TABLE 2 | Advantages and disadvantages of TB diagnostic modalities and the impact of HIV co-infection.

Advantages

Disadvantages

Impact of HIV co-infection

Improved diagnostic ability

Clinical signs and symptoms  Easy to identify and elicit, useful

Chest radiograph

Tuberculin skin testing

Immune based testing

for screening

Available in resource limited
settings, non-invasive
investigation

Easy to administer, point of care,
confirms TB

Improved specificity and
sensitivity over the TST

Non-specific, may be
asymptomatic

Radiation exposure (though
minimal), inter-reader variability

Patient must return for reading
and interpretation, does not
distinguish between infection
and disease

Laboratory based, does not
distinguish between infection
and disease

Microscopy Direct observation confirms Paucity of disease impacts
diagnosis negatively on specificity
Culture Gold standard of diagnosis Lengthy process, laboratory

GeneXpert MTB/RIF

Point of care, rapid diagnosis,
identifies rifampicin resistance

based
Respiratory sampling is difficult

Overlapping signs and
symptoms

Distinguishing TB from HIV
related pulmonary disease may
be challenging

size of induration as a positive
parameter differs Reduced
sensitivity

Decreased sensitivity in HIV
coinfection

Used with risk stratification, and
the presence of a household
contact

The use of computer aided
diagnosis

New generation interferon
gamma release assay:
QuantiFERON-TB Plus has novel
CD8* T-cell stimulating peptides
to increase sensitivity when
reduced immunity is present.
More data is essential (61)

Use of alternative sampling i.e.,
stool

The GeneXpert Ultra improves
sensitivity in paucibacilliary
disease and HIV coinfection
Increased resistance profile

TABLE 3 | Dosing, side effects and interaction for drug susceptible TB treatment.

Name of Dose Available as fixed dose combination Common side effects Drug-drug interactions

medication

Rifampicin 15 mg/kg (10-20 mg/kg) Yes Gastrointestinal symptoms, ARV’s, esp. PI's, contraceptives,
hepatotoxicity, phenytoin, antifungals,
thrombocytopaenia, CNS fluoroquinolones
disturbances

Isoniazid 10 mg/kg (7-15 mg/kg) Yes Neurotoxicity, peripheral neuritis, Antiepileptics, benzodiazapines,
raised liver enzymes, anemia, theophylline, warfarin
thrombocytopaenia

Pyrazinamide 35 mg/kg (30-40 mg/kg) Yes Hepatotoxicity, arthralgia, Probenecid, allopurinol,
myalgia, hypersensitivity colchicine, cyclosporine, may
reactions cause false urine ketone results

Ethambutol 20 mg/kg (15-25 mg/kg) No Optic neuritis, peripheral neuritis, Aluminum hydroxide (antacids)

raised liver enzymes,
hypersensitivity

recommended for drug susceptible TB (71) (Figure 2). In India,
a standard thrice weekly TB treatment regimen administered
to HIV+ and uninfected children had a high rate of sub-
therapeutic plasma rifampicin concentrations in both arms and
poorer clinical outcomes (72). However, as many children have
paucibacillary TB, mainly confined to intrathoracic lymph nodes
and no cavities, shorter daily treatment may be possible and is
currently being studied (73).

One of the challenges of treating TB/HIV co-infected children
is overcoming drug-drug interactions of the rifamycins, with

either non-nucleoside reverse transcriptase inhibitors (NNRTT’s)
or protease inhibitors (PIs) (Table 3). Rifampicin, an integral
component in drug susceptible TB therapy, is a strong inducer
of cytochrome P450 enzymes, in particular, CYP3A, increases
breakdown of the NNRTI nevirapine (NVP) and the PI,
ritonavir-boosted lopinavir (LPV/r). Rifampicin increases p-
glycoprotein expression, promoting drug efflux from cells
(74, 75).

Rifampicin can be used concomitantly with efavirenz, a
commonly used NNRTI, in adults and children above 3 years
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of age and weight above 10kg. Children require screening for
G516T, the slow metabolism CYP 2B6 variant, common in Africa,
which increases toxicity (76).

In the early years of the ART rollout, NVP was used commonly
in much of Africa, co-formulated into a FDC with lamivudine
and stavudine (77). Rifampicin significantly reduces the plasma
concentrations and bioavailability of NVP in children (78-80).
However, in adults increasing the dose of NVP from 200 to
300 mg produced adequate levels (81).

Ritonavir (RTV) co-formulated with LPV in a 1:4 ratio,
inhibits CYP3A sufficiently to allow good LPV exposure.
Lopinavir/ritonavir (LPV/r) is in first line ART in children <3
years of age (82). However, this protection is insufficient to
overcome rifampicin-induced CYP3A induction. To overcome
this effect, RTV is “super-boosted” to a 1:1 ratio with LPV.
This strategy was first used in a small study of older children
(74) and later confirmed in a larger study which included many
infants under a year of age (83). However, barriers to super-
boosting include a short shelf life of and need to refrigerate RTV
solution. In addition, RTV has an unpleasant taste, which may
jeopardize adherence.

A taste-masked solid formulation of LPV/r, lamivudine and
abacavir is in development (84) and should improve tolerability
remove barriers to storage. In addition, a solid formulation of
ritonavir with a long shelf life will soon be available.

While “double dosing” of LPV/r gives adequate lopinavir
exposure in adults (85), this strategy yields suboptimal levels in
children (86). Pre-dose lopinavir concentrations were reduced
by >80% in children on rifampicin (median 0.7 mg/l) compared
with controls (4.2 mg/l; P < 0.001) and were below the minimum
recommended concentration of 1 mg/l in 60 % (12/20) children
with TB compared to 8% (2/24) of controls (p <0.001) (87).

While rifapentine, a long-acting rifamycin, suitable for weekly
administration, is not yet approved for children, its potential for
drug-drug interaction is almost that of rifampicin but can be used
with EFV (88-90).

Integrase strand transfer inhibitors, both raltegravir (RGV)
and dolutegravir (DTG) have been successfully used in adults
requiring rifampicin, which potentially increases elimination
through UDP-glucuronosyltransferase upregulation (91). For
adults, although a single study suggests that dosage alteration is
unnecessary (92), others recommend doubling the dose (93). For
raltegravir, the twice daily dose is doubled and for dolutegravir,
the daily dose is given twice daily (94). In children, preliminary
RGV data supports doubling the twice daily dosage (95) and
for DTG, studies of doubling the dose while on rifampicin are
under way.

DRUG RESISTANT TB AND HIV

Drug resistant TB is a major concern with an estimated 2 million
children infected with multi-drug resistant (MDR) TB (Box 2)
(96). In 2017, only 25% of the 558,000 MDR cases received
appropriate therapy. In addition, in both incident cases and
MDR TB in retreatment cases, primary transmission of the drug
resistant strain is more likely than new resistance occurring

on treatment (97). Exposure to a MDR TB source case has
a higher risk of infection (aOR 2.05) but less risk of disease
(aOR 0.43) than exposure drug susceptible M.tb, suggesting
lower virulence for MDR M.tb (98). While similar results were
found in Peru (99) and in India (100) confounders in these
studies included population group ethnicities, differences in
socio-economic status and length of exposure to the adult source
case prior to enrolment (98). It is clear however, that both drug
sensitive and resistant TB can cause severe disease and death.

The treatment of childhood MDR TB yields good outcomes in
both HIV+ and uninfected children (101, 102). However, poor
nutritional status and severity of disease contribute significantly
to mortality and treatment failure (103). As with drug sensitive
TB, ART is essential for MDR TB in HIV+ children (104).
A standardized, shorter duration of treatment is successful for
MDR TB in adults (105, 106), and the 9-12 month regimen
is now recommended for those without prior exposure to
second-line treatment agents or resistance to fluoroquinolones or
second line injectables (107). While studies of shorter treatment
regimens in children are lacking, the recommendation extends to
all children.

As rifampicin is not used in MDR TB treatment, the
main issues for ART are overlapping toxicity of anti-TB
medications and emerging safety profiles of new anti-TB
medications such as delaminid and bedaquiline which cause
QT abnormalities. As LPV/r can cause conduction disturbances,
heightened awareness is important. Most second-line anti-
TB drugs, including the fluoroquinolones, have no clinically
significant drug-drug interactions with ARVs and there is no
evidence that HIV+ children have a higher risk of adverse events
from MDR-TB infection treatment. However, ARVs and anti-TB
medications have similar side effects.

Ethionamide, pyrazinamide, terizidone and NVP cause
hepatotoxicity. As many TB regimens for drug resistance include
4-5 medications, adherence to both ART and anti-TB treatment
may be difficult (108).

THE IMMUNE RECONSTITUTION
INFLAMMATORY SYNDROME

The immune reconstitution inflammatory syndrome (IRIS)
is well-described in HIV+ patients shortly after starting
ART. It occurs most commonly in those with advanced
disease.<underline >IRIS can occur with unnmasking of
an infection or disease process not previously suspected or
paradoxical if new inflammation of a known disease appears
on ART (109). In children where neonatal<underline >bacille
Calmette-Guerin (BCG) immunization is routine and TB is
common, the most common forms of IRIS in children are due
to BCG and TB (110). Both unmasking and paradoxical TB
IRIS are described in children (111, 112). In the CHER trial,
early ART was associated with a significant reduction in BCG
IRIS adenitis provided that CD4 depletion had not yet occurred
(113). Screening for TB pre-ART is important and includes a
contact history for TB, chest X-ray, and mycobacterial culture
if clinically suspected or if chest radiology is abnormal. Despite
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these investigations, unmasking TB IRIS can still occur. If there
is no active TB disease and the child is over a year of age, isoniazid
should be given for 6 months (40).

CONCLUSION

TB/HIV co-infection poses a great threat to the WHO END TB
strategy. The increased risk of TB infection in HIV+ individuals
requires the early identification and treatment of both diseases
effectively and to remove barriers to care. A high index of
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