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Tuberculosis (TB) has been a leading infectious cause of death worldwide for much of human history, with 1.6mil-
lion deaths estimated in 2017. The Department of Epidemiology at the Johns Hopkins Bloomberg School of Public
Health has played an important role in understanding and responding to TB, and it has made particularly substantial
contributions to prevention of TB with chemoprophylaxis. TB preventive therapy is highly efficacious in the prevention
of TB disease, yet it remains underutilized by TB programs worldwide despite strong evidence to support its use in
high-risk groups, such as people living with HIV and household contacts, including those under 5 years of age. We
review the evidence for TB preventive therapy and discuss the future of TB prevention.

prevention; TB preventive therapy (TPT); tuberculosis

Abbreviations: 1HP, 1 month of daily isoniazid and rifapentine; 3HP, 3 months of weekly isoniazid and rifapentine; AIDS, acquired
immune deficiency virus; ART, antiretroviral therapy; HIV, human immunodeficiency virus; IPT, isoniazid preventive therapy; LTBI,
latent tuberculosis infection; PLHIV, people living with human immunodeficiency virus; TB, tuberculosis; TPT, tuberculosis preventive
therapy; TST, tuberculin skin test.

The Department of Epidemiology at the Johns Hopkins
Bloomberg School of Public Health has made substantial con-
tributions to tuberculosis (TB) research and public health prac-
tice over the past century. Dr. Wade Hampton Frost, the first
chair of the Department and later dean of the School, used TB
mortality as a model to develop longitudinal cohort analysis,
a significant contribution to the field of epidemiology (1).
Dr. George Comstock conducted landmark studies of TB com-
munity dynamics, bacillus Calmette-Guérin vaccination, and
preventive therapy using isoniazid in Alaskan natives. As the
impact of the human immunodeficiency virus (HIV) epidemic
on TB incidence emerged as an important public health prob-
lem, faculty and students in the Department used data from
large cohort studies involving people living with HIV (PLHIV),
including the Multicenter AIDS Cohort Study (MACS), the
AIDS Linked to Intravenous Experience (ALIVE) study, and
the Women’s Interagency HIV Study (WIHS), to understand
how TB infection affects the natural history of HIV/acquired
immune deficiency syndrome (AIDS), to define tuberculin skin
test (TST) thresholds for TB infection in PLHIV, and to evalu-
ate the long-term effectiveness of TB preventive therapy (TPT)

in PLHIV (2–8). Dr. Richard Chaisson, at Johns Hopkins Cen-
ter for Tuberculosis Research, led the Consortium to Respond
Effectively to the AIDS/TB Epidemic, which evaluated strate-
gies to improve TB/HIV control in high-burden settings. This
group of clinical trials contributed to our understanding of TPT
efficacy in high-risk populations (9–11). More recently, the
Department of Epidemiology’s TB prevention research has
focused on modeling the impact (12) and economic evaluation
of TPT regimens (13–15), as well as defining strategies for
implementation among PLHLIV and young children (16–20).
Although the range of TB research topics carried out in the
Department is broad, we focus in this review on TB preven-
tion, an area where the contribution is considerable.

BACKGROUND

TB is the leading infectious cause of death in the world. An
estimated 1.7 billion people, or a quarter of the world’s popu-
lation, are currently infected withMycobacterium tuberculosis
and are at risk of developing this disease, which has scourged
society for thousands of years (21). In the modern era, TB
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disproportionately affects vulnerable populations, including
young children and PLHIV. Young children are particularly
vulnerable given their increased risk of progression to TB dis-
ease, including TB meningitis and miliary TB, but also due to
diagnostic challenges that contributed to the 1 million cases of
childhood TB and 230,000 child deaths in 2017 (22). TB is the
leading cause of death among PLHIV, who are 20 times more
likely to develop active TB disease than those without HIV
disease (23).

Latent tuberculosis is an infection with M. tuberculosis or-
ganisms that are contained by host defenses but maintain the
capacity to replicate and cause disease in the future (24). TB
preventive therapy prevents reactivation of latent TB infection
(LTBI), thereby averting progression to TB disease. In low-
burden settings, TPT is recommended for treatment of LTBI
and recent TB exposure in high-risk groups. In high-burden
settings, TPT is recommended for populations with a high risk
of progression to TB disease, including PLHIV and young
children, independent of their TB infection status. Given the
immense size of the latent TB reservoir, treating and prevent-
ing reactivation of LTBI will be necessary to achieve the TB
elimination goals set forth by the END TB Strategy for 2035
and 2050 (21). However, treating almost 2 billion people is not
feasible. Thus, identification and treatment of those most at
risk of reactivation is needed.

Herein we describe the history of treatment for TB preven-
tion (Figure 1), naming the breakthroughs and champions of
these treatments and treatment strategies, the barriers that have
prevented widescale uptake of these effective treatments, and
future possibilities as these treatments have become shorter,
safer, and more effective.

Detecting latent TB infection

Both the TST and the interferon gamma release assays,
including the T-SPOT (Oxford Immunotec Ltd., Abingdon,
United Kingdom) andQuantiFERON-TBGold (Cellestis/a Qia-
gen company, Valencia, California), measure infection withM.
tuberculosis by detecting the memory T-cell response. Impor-
tantly, these tests do not detect infection directly—they infer the
presence of dormant bacteria. These tests suffer from imperfect
sensitivity and specificity due to the need for a functioning host
immune system (TST and interferon gamma release assays),
cross-reaction with bacillus Calmette-Guérin vaccination and
other environmental nontuberculous mycobacteria (TST), logis-
tical issues including tuberculin shortages (TST), and costly,
labor-intensive laboratory processing (interferon gamma release
assays). The search is ongoing for a biomarker that would not
only detect an immune response but also predict progression to
TB disease (25). This would allow a more feasible approach to
treating LTBI and ending the TB epidemic.

Risk groups

Risk factors for progression to TB disease include young
age (<5 years), HIV infection, close contact with an infectious
TB case, immunocompromising medications including corti-
costeroids and tumor necrosis factor–α inhibitors, tobacco ex-
posure, poorly controlled diabetes, and chronic renal failure.
Worldwide, the World Health Organization (WHO) has
focused on providing TPT to 2 groups with the highest risk of
TB disease: PLHIV and household child contacts under 5 years
of age. In 2018, the World Health Organization expanded its
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Figure 1. A history of tuberculosis preventive therapy (TPT). 18H, 12H, 9H, and 6H refer to 18, 12, 9, and 6months of daily isoniazid, respectively,
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focus to all household contacts and other high-risk groups,
including initiation of anti–tumor necrosis factor antibody ther-
apy, receipt of dialysis, preparation for solid organ or hemato-
logic transplant, and silicosis (26).

AHISTORYOF TB PREVENTIVE THERAPY

With the introduction of isoniazid as treatment for tuberculo-
sis in the 1950s, Dr. Edith Lincoln noted that the use of isoniazid
prevented common complications in young children, including
TB meningitis (27). This important observation led to the
hypothesis that isoniazid might be useful not only as treatment
but also as prevention for tuberculosis disease. The Public
Health Service initiated a controlled clinical trial of isoniazid for
treatment of primary TB disease in young children to prevent
TB meningitis and other complications (28, 29). Given this
trial’s success in preventing immediate extrapulmonary compli-
cations of the child’s TB disease, the Public Health Service, led
by Dr. Comstock, conducted several trials in the 1950s to assess
the efficacy of isoniazid for the prevention of TB in different
patient populations (30, 31). In the mid-1950s Dr. Comstock led
one of the first cluster-randomized trials of community-wide iso-
niazid prophylaxis in Bethel, Alaska, where 1% of the popula-
tion developed active TB disease each year. In the study’s first
year, a 69% reduction in TB incidence was observed; this pro-
tection lasted at least 5 years. At that time, Dr. Comstock and his
colleagues decided to treat all households with isoniazid to pro-
vide community-wide protection against TB. This decision was
particularly remarkable given that there were few ethical stan-
dards for activities following trial completion at that time. With
over 7,000 participants, the efficacy of isoniazid monotherapy
for TB prevention was established—and estimated to be >60%
over 2 years or longer, without a significant difference between
6 and 12months of therapy (32, 33).

Isoniazid Preventive Therapy: 18 to 9 Months’Duration

The first official recommendation for isoniazid preventive
therapy (IPT) came in 1965 when the American Thoracic Soci-
ety recommended 12–18 months of isoniazid for TST-positive
patients (Figure 2) (34). Based on Dr. Comstock’s and others’
work, 12 months of IPT became the recommended treatment
duration in 1967, followed by scale-up of IPT for all TST-
positive persons. From long-term follow-up of the Public
Health Service trials and the subsequent scale-up of IPT, sev-
eral important findings were noted. First, the protection of iso-
niazid in the prevention of TB appeared durable. Second,
adherence waned over time, with a rising number of early dis-
continuations. Data from these early discontinuations in Com-
stock’s community-wide prophylaxis trial in Bethel led him to
hypothesize that as little as 6 months of therapy might be suffi-
cient to prevent progression to TB disease. Third, isoniazid
resistance was infrequent and not considered to be relevant, a
finding that was verified in subsequent trials (35).

Despite the rarity of hepatitis among participants in the Pub-
lic Health Service trials, clinically significant hepatitis occurred
in nearly 1% of patients, with 2 associated deaths, during its
widespread use in Washington DC in 1970 (36). More case
reports followed, weakening the enthusiasm for widespread
use of isoniazid as TB prevention. The US Public Health

Service began a surveillance study of nearly 14,000 persons in
21 health departments from 1971 to 1972. The study was
stopped in 1972 due to 8 hepatotoxicity-related deaths among
study participants, 7 of which occurred in Baltimore city.
These findings led to the recommendation for routine monitor-
ing in high-risk populations, including people over age 35 and
those who drink alcohol daily (37, 38). Dr. Comstock later
noted a simultaneous increase in deaths attributed to cirrhotic
liver disease in Baltimore city, suggesting a separate etiology
for surveillance study deaths (39, 40). Subsequent studies
showed that serious liver disease could be avoided with
careful monitoring and early isoniazid discontinuation
(40).

To improve adherence, completion rates, and safety, re-
searchers began to study the optimal duration of IPT. In 1982,
the International Union Against Tuberculosis Committee on
Prophylaxis published a placebo-controlled clinical trial com-
paring 12, 24, or 52 weeks of isoniazid for the prevention of
TB disease. In the intention-to-treat analysis, the 24-week and
52-week regimens were similarly efficacious (65% vs 75%)
(41). The per-protocol analysis, including only those who re-
ported good adherence and completed therapy, showed 52
weeks was more effective than 24 weeks of IPT (93% vs 69%)
in preventing progression to TB disease (42). Dr. Comstock
used these data and data from the Bethel trial to argue that the
optimal duration of IPT to maximize efficacy and support
adherence is 9 months (42). Ultimately this led to the 2000
American Thoracic Society and Center for Disease Con-
trol’s recommendation for 9 months of isoniazid as the pre-
ferred regimen (43).

Short-course TB preventive therapy

In the 1990s, trials began to evaluate the efficacy and safety
of shorter TB prevention regimens, including 3months of daily
rifampin and pyrazinamide, 3 months of daily rifampin, and 3
months of daily isoniazid and rifampin (44–48). While highly
effective, 3 cases of severe hepatotoxicity, with 2 deaths, were
observed with 3 months of daily rifampin/pyrazinamide, lead-
ing to diminished interest in this regimen (49). A Hong Kong
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Study in men with silicosis compared 3 months of daily rifam-
pin, 3 months of daily rifampin and isoniazid, and 6 months of
isoniazid. Interestingly, 3 months of daily rifampin was super-
ior to 6 months of isoniazid while 3 months of daily isoniazid
and rifampin was not, suggesting possible antagonism by iso-
niazid. These data contributed to a recommendation in the
United States in 2003 of 4 months of rifampin as an alternative
to 9 months of isoniazid (50). Neither 3 months of daily isonia-
zid and rifampin nor 3 months of daily rifampin/pyrazinamide
were recommended.

A decade later, in 2011, a 12-dose, once-weekly regimen of
rifapentine and isoniazid (3HP) was shown to be noninferior to
9 months of daily isoniazid (51). This regimen had superior
completion rates and rare adverse events, including hepato-
toxicity. In 2015 and 2016, similar results were reported for
PLHIV and children aged 2 years or older (52, 53). In 2018, it
was shown that 4 months of daily rifampin was noninferior to
9 months of daily isoniazid, again with lower hepatotoxicity
and higher completion rates in both adults and children (54,
55). In 2019, the Brief Rifapentine-Isoniazid Evaluation for
TB Prevention (BRIEF-TB) trial showed 1 month of daily rifa-
pentine and isoniazid (1HP) to be noninferior to 9 months of iso-
niazid for TB prevention in PLHIVwho had either LTBI or were
living in a high-burden setting (56). This study also showed rare
adverse events, minimal hepatotoxicity, and superior completion
rates.While this regimen requires further study in HIV-uninfected
persons with LTBI, children, and pregnant women, it shows tre-
mendous promise to shorten therapy fromwhat was originally 18
months to 4weeks (56).

TB PREVENTIONANDHIV

Interest in TB prevention was renewed in the 1980s with
the emergence of HIV-related TB. Among PLHIV, TB was
quickly identified as a common opportunistic infection and has
remained a leading cause of death for the last 30 years. As early
as 1993, studies began to show TPT’s efficacy in preventing
TB and delayingmortality in PLHIV in high-TB-incidence set-
tings (45, 57). Continued concerns with toxicity, the durability
of protection, drug resistance, and adherence prevented the
widespread uptake of TPT despite the first World Health Orga-
nization recommendation supporting IPT in PLHIV in 1993
(58). With the introduction of combination antiretroviral ther-
apy (ART) in 1990s and its subsequent scale-up, observational
studies began to demonstrate a reduced TB incidence; how-
ever, unlike many other opportunistic infections, TB incidence
remained high (59–62). In Rio de Janeiro, ecological studies
found no difference in the incidence of TB before and after
ART (62). The role of IPT in reducing TB incidence among
PLHIV who were both ART-eligible and ART-ineligible
became the focus of both observational studies and clinical
trials. Using medical records and a retrospective cohort design,
researchers at Johns Hopkins showed that the combination of
IPT and ART in PLHIV significantly reduced TB incidence
compared with patients taking ART alone, IPT alone, or
neither ART or IPT (63). Importantly, this was independent
of CD4 count; those with early and advanced HIV disease
benefited from IPT. A similar analysis found a 90% reduction
in TB incidence among PLHIV receiving both ART and IPT

in South Africa (64), suggesting that IPT might assist with TB
control in high-burden settings.

In higher burden settings, observational studies suggested
IPT’s benefit might last only 6–18 months (65, 66). It remains
unclear whether this poor durability was due to reinfection
with M. tuberculosis or inadequate duration of IPT among
immunocompromised individuals. Questions remained about
the optimal timing of IPT, the appropriate treatment duration,
and whether evidence of TB infection should be required for
treatment, given its toxicity and duration.

A randomized controlled trial of 36 versus 6 months of iso-
niazid was conducted in Botswana and showed a 43% reduc-
tion in TB incidence with 36 versus 6 months of IPT (67).
ART, which was not randomized, also reduced TB incidence
by 50% and had an additive effect with IPT. The benefit of IPT
was pronounced among those participants who had evidence
of TB infection. Durability became a concern because TB inci-
dence started to rise 200 days after completing IPT. The
authors attributed this rise in TB disease to reinfection and not
poor durability of IPT, citing prior work and known clustering
and reinfection rates in Botswana at the time (68–70).

Concurrently, researchers at Johns Hopkins conducted a
clinical trial to compare efficacy, safety, and durability of 3HP,
3months of daily isoniazid and rifampin, and continuous isoni-
azid to 6 months of isoniazid for TB prevention among PLHIV
not yet ART-eligible in South Africa, with high rates of both
HIV and TB transmission (71). All 3 regimens had comparable
efficacy. The only clinically significant safety concern included
nonfatal hepatotoxicity with continuous isoniazid. Failure to
demonstrate superiority of continuous isoniazid, as was seen in
the Botswana study, might have been due to poor long-term
adherence due to adverse events. Importantly, shorter rifamycin-
based regimens, including both 3HP and 3months of daily isonia-
zid and rifampin, had improved completion rateswithout evidence
for selection of drug-resistant strains.

In the early 2000s, the Gates Foundation provided $80 mil-
lion to the Johns Hopkins Center for TB Research for the Con-
sortium to Respond Effectively to the AIDS/TB Epidemic
(CREATE) to determine the impact of new interventions to
control the TB and HIV co-epidemics. The TB/HIV in Rio
(THRio) study was a pragmatic cluster-randomized trial to
evaluate the effectiveness of a TB prevention package includ-
ing both TST and IPT (9). Despite real-world barriers to imple-
mentation, including poor adherence to HIV care, IPT was
shown to significantly reduce the incidence of TB and death by
24% among PLHIV who also had TB infection in Brazil. The
Thibela study measured the effect of mass screening and treat-
ment among South African gold miners on cluster-level TB
incidence 12 months after the intervention (10). They found
substantial reductions in TB incidence when participants were
receiving preventive therapy; however, this protection was rap-
idly reduced once preventive therapy was complete. In this
high-burden setting, the durability of IPT’s benefit was limited.
This might have been due to poor population-level ART cover-
age, leaving a substantial portion of the population at risk of
TB disease, reinfection given extraordinarily high rates of TB
transmission in South African mines, or poor durability.

The independent effect of IPT on TB incidence among
PLHIV who were on ART remained unclear. In 2014, investi-
gators at the University of Cape Town demonstrated a 37%
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reduced TB incidence among PLHIV on ART among those
with and without evidence of TB infection during a placebo-
controlled randomized trial of 12 months of IPT (72). They
also showed that the number needed to harm was 4 times that
of the number needed to treat, indicating a favorable risk-to-
benefit ratio. There was an increase in TB incidence after dis-
continuation of IPT, attributed to reinfection in this high-TB-
incidence setting, ultimately leading to a recommendation sup-
porting long-term use of IPT in all PLHIV in moderate- or
high-incidence settings.

The TEMPRANO study was planned with a 2-by-2 factorial
design to better understand the separate effects of early ART
and IPT (73). Because most of the studies discussed above
were conducted in an era when ART was provided only to
those who were severely immunocompromised, the added
benefit of IPT in the treat-all era was questioned. This study
clearly established a survival benefit of IPT that was indepen-
dent of ART, known TB infection, and CD4 count. Impor-
tantly, this benefit lasted over 5 years without signs of waning,
demonstrating strong durability of IPT. Independent of early
ART, IPT lowered the incidence of severe illness or death by
35% (73) andmortality in PLHIV by 37% (74).

TPT durability

The durability of preventive therapy has long been a concern.
The early US Public Health Service’s initial trials showed strong
durability of IPT, with protection lasting decades (30, 75). This
durability came into question when studying TPT in PLHIV in
high-burden settings where the force of infection likely contri-
butes to observed TB cases shortly after TPT completion due
to exogenous reinfection (10, 67). In lower-burden settings,
including the United States and Brazil, where reinfection was
less likely, durability has been shown to be robust (11). In
South Africa, continuous isoniazid was as effective at prevent-
ing TB as shorter regimens but was poorly tolerated (71).
Modeling studies suggested that rifamycin-based regimens,
while shorter, might be more curative of latent infection,
providing hope that 3HP or 1HP could provide more durable
protection (76). The Evaluation of the Effect of 3HP ver-
sus Periodic 3HP versus 6H in HIV-Positive Individuals
(WHIP3TB; ClinicalTrials.gov: NCT02980016) is comparing
periodic 3HP with a single round of 3HP to assess the need for
repeat courses of TPT for high-risk populations in areas of
high transmission and likely reinfection.

Global implementation of TPT among PLHIV and
household contacts less than 5 years old

Despite decades of recommendation, TPT remains poorly
implemented worldwide. The World Health Organization esti-
mates that only 23% of household, child TB contacts under 5
years of age received TPT in 2017 (22). Coverage for PLHIV
was similarly poor, ranging from 1% to 53% in high-burden
countries among newly diagnosed PLHIV (22). For both chil-
dren and adults, losses early in the cascade of care were the
most significant, although every step in the care cascade needs
intervention and improvement to reach theWorldHealthOrga-
nization goal of initiating TPT among 90% of eligible candi-
dates (22, 77, 78). Health-system, health-care worker, and

patient-related barriers contribute to poor implementation
(79, 80). Despite strong evidence to the contrary, continued
questions about survival benefits, fear of enabling drug resis-
tance, apprehension regarding hepatotoxicity, and concerns
about poor durability of protection continue to hinder TPT
implementation and have resulted in millions of deaths world-
wide (81). Innovative, cost-effective models of care including
community-based and integrated facility-based models of care,
alongside improved strategies for active case finding, are needed
to address this complex set of barriers to ensure successful
implementation of TPT and ultimately reduce TB incidence
(12, 82).

PREVENTIONOFDRUG-RESISTANT TB

The emergence of drug-resistant TB has become a challenge
for TB prevention. In 2017, there were over 500,000 drug-
resistant TB cases worldwide. Multidrug-resistant TB, defined as
TB resistant to both rifampin and isoniazid, leaves no currently
recommended preventive regimens likely to be efficacious among
contacts of these cases. The Protecting Households on Exposure
toNewlyDiagnosed IndexMultidrug-Resistant Tuberculosis Pa-
tients (PHOENIxMDR-TB; ClinicalTrials.gov: NCT03568383)
trial will compare 6 months of delaminid, a new nitro-dihydro-
imidazooxazole anti-tuberculosis agent, with 6 months of isonia-
zid for household contacts ofmultidrug-resistant TB patients.

THE FUTUREOF TBPREVENTION

Despite the summary of evidence presented above andWorld
Health Organization recommendations for IPT in PLHIV since
1993, implementation of IPT for PLHIV has remained extremely
poor in high-burden countries. New, short-course regimens
might improve uptake and completion, but these regimens
must be coupled with innovative, well-funded implementation
approaches to ensure coverage of high-risk populations. Who
receives treatment for latent TB has been questioned since iso-
niazid’s preventive effects were first noted in the 1950s. Cur-
rently, we target epidemiologically at-risk populations, but this
approach needs further specificity. Biomarkers that predict pro-
gression to TB disease might be one answer, and research in
this direction is growing. 1HP shows tremendous promise for
TB prevention in PLHIV in high-burden settings, but addi-
tional research is needed to demonstrate this regimen’s efficacy
in HIV-uninfected populations, children, and pregnant women
(56). In addition to 1HP and 3HP, mouse studies have shown
promise for a 1-time intramuscular injection of bedaquiline for
preventing both drug-sensitive and drug-resistant TB (83).
Until biomarkers help identify most at-risk populations and
1-timemedications are available, we need to continue to target
populations epidemiologically and develop innovative strat-
egies to find and treat them.
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