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Review Article

The natural history of tuberculosis begins with the inhalation 
of Mycobacterium tuberculosis organisms; a period of bacterial replication and 
dissemination ensues, followed by immunologic containment of viable ba-

cilli. The result of this process is asymptomatic latent tuberculosis infection, which 
is defined as a state of persistent bacterial viability, immune control, and no evi-
dence of clinically manifested active tuberculosis.1 Currently, it is not possible to 
directly diagnose M. tuberculosis infection in humans; therefore, latent tuberculosis 
infection is diagnosed by response to in vivo or in vitro stimulation by M. tubercu-
losis antigens with the use of the tuberculin skin test or interferon-γ release assays 
(IGRAs). Studies suggest that active tuberculosis will develop in 5 to 15% of persons 
with latent infection during their lifetimes2 (and a higher percentage if the persons 
are immunocompromised); thus, persons with latent infection serve, according to 
Osler, as the “seedbeds” of tuberculosis in the community.3 This article will review 
the pathogenesis, epidemiology, diagnosis, and treatment of latent tuberculosis 
infection. It will address critical gaps in the understanding of this complex condi-
tion and propose the necessary research agenda.

Patho genesis

After inhalation of M. tuberculosis, innate immune responses involving alveolar 
macrophages and granulocytes begin to combat the infection; in some persons, 
the bacilli are cleared, whereas in others, infection is established.4 Replication of 
bacilli in macrophages and regional lymph nodes leads to both lymphatic and 
hematogenous dissemination, with seeding of multiple organs, which may eventu-
ally give rise to extrapulmonary disease. Containment of bacilli within macro-
phages and extracellularly within granulomas limits further replication and con-
trols tissue destruction, resulting in a dynamic balance between pathogen and 
host. The classic interpretation of this as a binary process with either truly latent 
M. tuberculosis infection or active tuberculosis disease has recently been challenged 
as an oversimplification. Instead, a spectrum of immunologic responses that are 
both protective and pathogenic and correlate with a range of bacterial activation 
has been suggested.4 This continuum encompasses a variety of host–microbe in-
teractions, which are characterized by clinical latency when host responses pre-
dominate and by disease when bacterial replication exceeds the threshold required 
to cause symptoms.5 Recent evidence suggests that host inflammatory responses, 
particularly with interleukin-1β, may actually enhance mycobacterial replication, 
which illustrates that the double-edged sword of immune responses seen in tuber-
culosis disease may also be present in latent infection.6 In addition, persisting extra-
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cellular bacilli may remain active in a biofilm-type 
of environment and thus evade host defenses; in 
such cases, the term persistent (rather than la-
tent) infection has been suggested to explain the 
complexity of the phenomenon.7

Animal models such as mice, guinea pigs, rab-
bits, macaques, and zebrafish have been used to 
study the pathogenesis and treatment of latent 
tuberculosis.4 A shortcoming of all models, how-
ever, is the lack of pathological, clinical, and thera-
peutic conformity with human infection and dis-
ease.8 Thus, each model may be used to elucidate 
some aspects of the human situation — mice, 
for example, recapitulate human treatment expe-
riences, whereas rabbits display histopathological 
features that are similar to those in humans — 
but no model can capture the full spectrum of in-
fection, disease, and treatment.

Epidemiol o gy a nd R isk Groups

Current tools are insufficient to measure the 
global prevalence of latent tuberculosis infection, 
but modeling carried out a decade ago estimated 
that approximately one third of the world popu-
lation (>2 billion people) is latently infected with 
M. tuberculosis.9 Currently, annual rates of infec-
tion range from 4.2% in South Africa10 and 1.7% 
in Vietnam11 to 0.03% in the United States.12 As 
tuberculosis treatment has expanded in the past 
15 years and living conditions have improved 
worldwide, the annual risk of infection may have 
declined in many places; the current global bur-
den of latent infection is therefore uncertain and 
needs to be reassessed.

Persons with untreated tuberculosis of the re-
spiratory tract are the source of transmission in 
essentially all new cases of tuberculosis infection, 
and up to one third of their household contacts 
become infected.2 Factors associated with an in-
creased risk of infection in a household contact 
include severe disease in the index patient, long 
periods of exposure to the index patient, and poor 
ventilation and poor exposure to ultraviolet light 
during proximity to the index patient. Reactivation 
of latent tuberculosis infection accounts for the 
majority of new tuberculosis cases, especially in 
countries in which the incidence of tuberculosis 
is low.13

The likelihood of progression of latent infection 
to active clinical tuberculosis disease is determined 

by bacterial, host, and environmental factors. It 
has been postulated that there are differences in 
the ability of various strains of M. tuberculosis to 
cause disease, but little clinical or epidemiologic 
data support this theory. The initial bacterial load, 
inferred by the severity of disease in an index case 
and the closeness of the contact, is directly associ-
ated with the risk of development of the disease. 
Disease develops at a higher rate among infants 
and very young children who have latent infection 
than among older children with latent infection; 
after a child reaches approximately 5 years of age, 
age appears to have little correlation with the risk 
of disease.2

Suppression of cellular immunity by human 
immunodeficiency virus (HIV) infection,14 tumor 
necrosis factor α inhibitors,15 glucocorticoids,16 
and organ17 or hematologic18 transplantation in-
creases the risk of progression of latent infection 
substantially. End-stage renal disease confers an 
increased likelihood of progression to active tuber-
culosis.19 Silicosis and exposure to silica dust are 
also associated with increased rates of progression, 
and the combination of HIV and silicosis in South 
African miners has contributed to an explosive 
epidemic of tuberculosis in this population.20 
Other risk groups that should be considered for 
management of latent tuberculosis infection on 
the basis of a high prevalence or an increased risk 
of active tuberculosis disease include prisoners,21 
illicit-drug users,22 homeless adults,23 recent im-
migrants from countries that have a high tuber-
culosis burden,24 the elderly,25 health care workers 
and medical students,26 patients with diabetes,27 
and persons with recent conversion of a negative 
tuberculin skin test to a positive test.26 Table 1 
presents the range of published data on the risk 
of active tuberculosis and the prevalence of latent 
infection in selected high-risk groups.

Di agnosis

There are no perfect methods for the diagnosis of 
latent tuberculosis infection. The tuberculin skin 
test and the IGRAs indirectly measure tuberculo-
sis infection by detecting memory T-cell response, 
which reveals only the presence of host sensitiza-
tion to M. tuberculosis antigens.8 The tests are gener-
ally considered to be acceptable but imperfect.28

The tuberculin skin test is widely used and 
inexpensive, but it has poor specificity in popu-
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lations vaccinated with bacille Calmette–Guérin 
(BCG), is subject to cross-reactivity with environ-
mental nontuberculosis mycobacteria, and has 
poor sensitivity in immunocompromised persons.8 
There are also logistic drawbacks, including the 
need for a return visit in 2 to 5 days to read the 
amount of induration, since self-reading is associ-
ated with a high error rate.28 Furthermore, there 
is a worldwide shortage of tuberculin, attributed 
to market forces.

IGRAs (the QuantiFERON-TB Gold In-Tube as-
say [Cellestis] and the T-SPOT.TB assay [Oxford 
Immunotec]) measure in vitro responses of T cells 
or peripheral-blood mononuclear cells to M. tu-
berculosis antigens that are not found in BCG and 
most nontuberculous mycobacteria, and thus spec-
ificity for M. tuberculosis is higher than with the 

tuberculin skin test.28 However, recent studies 
involving serially tested health care workers in 
the United States have shown that false conver-
sions (from a negative to a false positive result) and 
reversions (from a positive to a false negative re-
sult) are more common with IGRAs than with 
tuberculin skin tests.26 In addition, IGRAs are 
more costly and require more work in the labo-
ratory.

The ability of tuberculin skin tests and IGRAs 
to identify persons at the highest risk of progress-
ing to active tuberculosis (i.e., the positive and 
negative predictive values) is poor. Neither test can 
reliably predict future disease among persons with 
positive tests, and strong positive tests do not 
suggest a higher risk. In one meta-analysis, the 
pooled positive predictive value for progression 

High-Risk Group
Incidence of Active 

Tuberculosis Prevalence of Latent Tuberculosis Infection†

QuantiFERON-TB 
Gold In-Tube T-SPOT.TB

Tuberculin 
Skin Test

median rate 
per 1000 population (range) median percentage (range)

Persons with HIV infection 16.2 (12.4–28.0) 14.5 (2.7–21.5) 11.3 (4.3–67.6) 19.2 (2.1–54.8)

Adult contacts of persons with tuberculosis 0.6‡ 21.1 (6.6–55.1) 48.0 (29.6–59.6) 26.3 (1.8–82.7)

Patients receiving tumor necrosis factor 
blockers

1.4‡§ 11.8 (4.0–22.3) 20.0 (12.9–25.0) 18.6 (11.3–68.2)

Patients undergoing hemodialysis 26.6 (1.3–52.0) 33.4 (17.4–44.2) 43.6 (23.3–58.2) 21.9 (2.6–42.1)

Patients undergoing organ transplantation 5.1‡ 21.9 (16.4–23.5) 29.5 (20.5–38.5) 7.7 (4.4–21.9)

Patients with silicosis 32.1‡ 46.6‡ 61.0‡ —

Prisoners 2.6 (0.03–9.8) — — 45.5 (23.1–87.6)

Health care workers 1.3 (0.4–4.1) 14.1 (0.9–76.7) 5.2 (3.5–28.7) 29.5 (1.4–97.6)

Immigrants from countries with a high 
tuberculosis burden

3.6 (1.3–41.2) 30.2 (9.8–53.8) 17.0 (9.0–24.9) 39.7 (17.8–55.4)

Homeless persons 2.2 (0.1–4.3) 53.8 (18.6–75.9) — 45.6 (20.5–79.8)

Illicit-drug users 6.0‡ 63.0 (1.4–66.4) 45.8 (34.1–57.5) 85.0 (0.3–86.7)

Elderly persons — 16.3‡ — 31.7‡

*	�Data are from studies in countries with a low incidence of tuberculosis (<1 per 1000 population). The search for the incidence of active tu-
berculosis covered the period from January 1, 2004, to August 30, 2014, and data were restricted to articles published in English. The search 
for the prevalence of latent tuberculosis covered the period from January 1, 2009, to August 30, 2014, and data were restricted to articles 
published in English, Spanish, or French. The list of included studies and specific values for each risk group are provided in Tables S1 and 
S2, respectively, in the Supplementary Appendix. Dashes denote no data.

†	�The QuantiFERON-TB Gold In-Tube assay (Cellestis) and the T-SPOT.TB assay (Oxford Immunotec) are interferon-γ release assays. In re-
sponse to the tuberculin skin test, indurations that measured at least 5 mm in diameter were used to compute prevalence.

‡	�Data are from a single study.
§	� Patients received treatment with infliximab.

Table 1. Incidence of Active Tuberculosis and Prevalence of Latent Tuberculosis Infection in Selected High-Risk Groups, According to 
Published Studies.*
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to active tuberculosis was 2.7% (95% confidence 
interval [CI], 2.3 to 3.2) for IGRAs and 1.5% 
(95% CI, 1.2 to 1.7) for the tuberculin skin test.29 
A meta-analysis of only longitudinal studies of 
IGRAs, with a median follow-up of 4 years, showed 
a moderate association between positive tests and 
subsequent tuberculosis (pooled, unadjusted in-
cidence ratio, 2.10 [95% CI, 1.42 to 3.08]).30 In a 
2-year prospective study in the United Kingdom 
involving adult contacts of persons with active 
tuberculosis, a positive IGRA was associated with 
a significantly higher risk of the development of 
tuberculosis except among contacts older than 
35 years of age.31 The comparative performance of 
the tuberculin skin test and IGRAs varies between 
high-incidence countries and low-incidence coun-
tries, possibly because of the effects of BCG vac-
cination and reinfection.28,30

Computed tomography might prove to be a 
promising complementary imaging method to 
chest radiography in distinguishing latent tuber-
culosis infection from active disease.32 Although 
currently no standard immunodiagnostic biomark-
ers have been identified to measure latent tuber-
culosis infection, there is a growing landscape 
of chemokines, tumor necrosis factor, interleukins, 
growth factors, and soluble receptors under devel-
opment that could improve diagnostic capacity.33

Tr e atmen t

The aim of the treatment of latent tuberculosis 
infection is the prevention of progression to ac-
tive clinical disease. Isoniazid administered daily 
for 6 to 12 months has been the mainstay of treat-
ment, with efficacy ranging from 60 to 90%.34,35 
Reanalysis and modeling of the U.S. Public 
Health Service isoniazid trials of the 1950s and 
1960s showed that the benefit of isoniazid in-
creases progressively when it is administered for 
up to 9 or 10 months and stabilizes thereafter.2,36 
As a consequence, in the absence of controlled, 
clinical trials comparing isoniazid with placebo, 
the 9-month isoniazid regimen has been recom-
mended as adequate treatment. However, a meta-
analysis of 11 isoniazid trials involving 73,375 
HIV-uninfected persons showed that, as com-
pared with placebo, the risk of progression to ac-
tive tuberculosis at 6 months (relative risk, 0.44; 
95% CI, 0.27 to 0.73) is similar to that at 12 months 
(relative risk, 0.38; 95% CI, 0.28 to 0.50).37

Isoniazid was associated with a reduction in 
the incidence of tuberculosis among persons with 
HIV who were receiving antiretroviral therapy, and 
one study showed the benefit of isoniazid in pa-
tients with negative tuberculin skin tests or IGRAs 
who were also receiving antiretroviral therapy.38 
A recent study from Uganda showed a high rate 
of conversion from a negative tuberculin skin test 
to a positive tuberculin skin test (30 cases per 100 
person-years) among persons with HIV during the 
first 6 months of antiretroviral therapy.39 In geo-
graphic areas known for a high rate of transmis-
sion of tuberculosis, the protective effect of iso-
niazid against tuberculosis among people with 
HIV wanes over time, and continuous protection 
is maintained through a lifetime duration of treat-
ment for tuberculosis.40 The World Health Orga-
nization recommends that HIV-infected persons 
in countries with high rates of transmission of 
tuberculosis receive at least 36 months of isonia-
zid as a proxy for lifelong treatment. In Brazil, a 
country with low rates of transmission of tuber-
culosis, isoniazid therapy for 6 months has been 
shown to have long-term protective benefits in 
HIV-infected adults.41

Other effective regimens are daily rifampin for 
3 or 4 months, daily isoniazid and rifampin for 
3 months, and isoniazid (900 mg) and rifapentine 
(900 mg) once weekly for 12 weeks.42 A regimen 
of rifampin and pyrazinamide that was initially 
shown to be effective in people with HIV infection 
was found to cause severe liver injury in HIV-
uninfected people43; thus, it is no longer recom-
mended. In a multicenter, randomized clinical tri-
al, a regimen of daily rifampin for 4 months was 
associated with fewer serious adverse events and 
better adherence and was more cost-effective than 
a 9-month regimen of isoniazid.44 Regimens con-
taining rifampin should be considered for persons 
who are likely to have been exposed to an isoniazid-
resistant strain of M. tuberculosis.

In one study, the efficacy of a once-weekly, 
directly observed isoniazid–rifapentine regimen 
for 3 months was similar to that of a 9-month, 
self-administered regimen of isoniazid alone 
and was associated with higher treatment-com-
pletion rates (82.1% vs. 69.0%) and less hepato-
toxicity (0.4% vs. 2.7%), although permanent dis-
continuation of the regimen due to side effects was 
more frequent with the isoniazid–rifapentine regi-
men (4.9% vs. 3.7%).45 Similar results were ob-
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served in a study involving 1058 children 2 to 17 
years of age; however, hepatotoxic effects attrib-
uted to treatment were not observed in either study 
group.46 A follow-up study involving 208 HIV-
infected persons showed that the 3-month iso-
niazid–rifapentine regimen was as effective as the 
9-month isoniazid regimen and was associated 
with a higher treatment-completion rate (89% vs. 
64%).47 The weekly isoniazid–rifapentine regimen 
was also evaluated in 1148 South African adults 
who had HIV infection and a positive tuberculin 
skin test and were not receiving antiretroviral 
therapy; the efficacy of that regimen was shown 
to be similar to a 6-month isoniazid regimen.48 
Recent studies of interactions between rifapentine, 
with or without isoniazid, and efavirenz showed 
that coadministration of efavirenz for the treat-
ment of HIV infection did not result in reduced 
efavirenz exposure that could jeopardize antiviral 
activity.49 A fixed-dose combination of rifapentine 
(300 mg) and isoniazid (300 mg) is expected to 
be marketed soon in tablet form, which will fa-
cilitate treatment. The 3-month isoniazid–rifapen-
tine regimen may be a cost-effective alternative to 
the 9-month isoniazid regimen, particularly if the 
cost of rifapentine decreases and the treatment is 
self-administered.50 Currently, the 3-month isonia-
zid–rifapentine regimen is not recommended for 
children younger than 2 years of age, persons with 
HIV infection who are receiving antiretroviral 
therapy, and women who are pregnant.

A few small studies have explored treatment 
of latent tuberculosis infection in contacts (both 
children and adults) of persons with multidrug-
resistant tuberculosis on the basis of the results 
of drug-susceptibility testing of the source pa-
tient.51,52 However, evidence is lacking on the best 
treatment approach. Rather, strict observation and 
monitoring for at least 2 years for the development 
of active tuberculosis disease are the preferred 
clinical measures.

Clinic a l E va luation  
a nd Moni t or ing

The clinical management of latent tuberculosis 
infection starts with tuberculin skin testing, 
IGRAs, or both and careful clinical and radiologic 
evaluation to rule out active tuberculosis disease. 
Persons receiving treatment should be educated 
about the potential toxic effects of the medica-

tions and counseled to stop treatment and seek 
attention if signs or symptoms such as jaundice, 
abdominal pain, severe nausea, or fever develop. 
Hepatotoxicity and clinical hepatitis are serious 
adverse events associated with drugs that are cur-
rently used for the treatment of tuberculosis (Ta-
ble 2). Unfortunately, there is a paucity of data on 
the role of baseline tests and the reasonable fre-
quency of visits to monitor adverse events. The 
role of the tests and the frequency of visits 
should be defined on the basis of the clinical in-
dications and social profile of the person being 
treated, as well as the capacity of clinical services. 
Initial screening with liver-function tests and regu-
lar measurement of liver function afterward could 
facilitate clinical management. Persons with un-
derlying liver disease, those receiving antiretrovi-
ral therapy, women who are pregnant or post par-
tum, alcohol abusers, or persons who are receiving 
long-term treatment with potentially hepatotoxic 
medications should be given priority for regular 
liver-enzyme monitoring.

Clinical management of latent tuberculosis 
infection should also address such concomitant 
risk factors as illicit-drug use, alcohol abuse, and 
smoking through opioid-substitution treatment 
and counseling about alcohol and smoking ces-
sation, respectively. Table 2 summarizes the com-
mon drug interactions associated with latent tuber-
culosis infection treatment that warrant attention.

Acceptance of and adherence to the full course 
of latent tuberculosis treatment must be encour-
aged. In a study conducted in the United States and 
Canada, 17% of persons who were offered treat-
ment for latent infection refused it.53 Treatment 
completion varies widely (from 19% to 96%), and 
the reasons for noncompletion need to be fully as-
sessed.54 The use of various incentives to promote 
treatment initiation and adherence, depending 
on the specific need of the person being treated, 
should be considered. Peer education, counseling, 
people-friendly services, and properly trained ser-
vice providers boost confidence and may improve 
adherence to treatment.55

Guidelines a nd Pro gr a mm atic 
A pproach

The underlying epidemiology of tuberculosis in 
various risk groups, the availability of resources, 
and the cost-effectiveness of interventions should 
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guide the programmatic approach to latent tuber-
culosis infection. For example, in countries that 
are resource-constrained and have a high preva-
lence and transmission rate of tuberculosis, prior-
ity should be given to risk groups with the high-
est likelihood of active tuberculosis (e.g., persons 
with HIV and children younger than 5 years of 
age who are contacts of persons with active tuber-
culosis). Clinicians need to consult and follow 
international and national guidelines. However, 
recommendations contained in national guide-
lines from countries with a low incidence of tuber-
culosis differ in the selection of risk groups and 

tests as well as in treatment options (Table S3 in 
the Supplementary Appendix, available with the 
full text of this article at NEJM.org).

Simplified, evidence-based clinical algorithms56 
will be useful, as evidenced by the scaling-up of 
tuberculosis prophylaxis among persons with 
HIV.57 Recording and reporting tools with indi-
cators must constitute a monitoring system for 
any large-scale implementation program. It would 
also be crucial to monitor the development of 
clinical tuberculosis disease during and after the 
completion of treatment and evaluate the quality 
and effectiveness of such a program.

Table 2. Regimens for Latent Tuberculosis Treatment, According to Pooled Efficacy, Risk of Hepatotoxicity, Adverse Events, and Drug Interactions.

Drug Regimen Dosage
Efficacy vs. 
Placebo*

Efficacy vs.  
6 Mo of Isoniazid*

Hepatotoxicity vs.  
6 Mo of Isoniazid* Adverse Events

odds ratio (95% confidence interval)

Isoniazid alone  
for 6 mo or  
9 mo

Adults, 5 mg/kg; chil-
dren, 10 mg/kg  
(maximum, 300 mg)

6-mo regimen,  
0.61 (0.48–
0.77); 9-mo  
regimen, 0.39 
(0.19–0.83)

Not applicable for 
6-mo regimen,  
and not avail-
able for 9-mo 
regimen

Not applicable for 
6-mo regimen, 
and not avail-
able for 9-mo 
regimen

Drug-induced liver injury, 
nausea, vomiting, abdom
inal pain, rash, peripheral 
neuropathy, dizziness, 
drowsiness, and seizure

Rifampin alone  
for 3 to 4 mo

Adults, 10 mg/kg;  
children, 10 mg/kg 
(maximum if <45 kg, 
450 mg; maximum if 
≥45 kg, 600 mg)

0.48 (0.26–0.87) 0.78 (0.41–1.46) 0.03 (0.00–0.48) Influenza-like syndrome, 
rash, drug-induced liver 
injury, anorexia, nausea, 
abdominal pain, neutro-
penia, thrombocytopenia, 
and renal reactions (e.g., 
acute tubular necrosis 
and interstitial nephritis)

Isoniazid plus  
rifampin for  
3 to 4 mo

Adults, 10 mg/kg;  
children, 10 mg/kg 
(maximum if <45 kg, 
450 mg; maximum if 
≥45 kg, 600 mg)

0.52 (0.33–0.84) 0.89 (0.65–1.23) 0.89 (0.52–1.55) Influenza-like syndrome, 
rash, drug-induced liver 
injury, anorexia, nausea, 
abdominal pain, neutro-
penia, thrombocytopenia, 
and renal reactions (e.g., 
acute tubular necrosis 
and interstitial nephritis)

Weekly rifapentine 
plus isoniazid 
for 3 mo

Adults and children: 
rifapentine, 15–30 
mg/kg (maximum, 
900 mg)‡; isoniazid, 
15 mg/kg (maximum, 
900 mg)

Not available 0.44 (0.18–1.07)§ 0.16 (0.10–0.27)§ Hypersensitivity reactions, 
petechial rash, drug-in-
duced liver injury, an-
orexia, nausea, abdomi-
nal pain, and hypoten-
sive reactions 
 

*	�Data on efficacy and hepatotoxicity are from Stagg et al.42

†	�The Food and Drug Administration recommends increasing the daily dose of efavirenz to 800 mg when it is coadministered with rifampin, 
but clinical outcomes and patient pharmacokinetic data do not support this recommendation.

‡	�The following incremental adjustments are required for persons weighing less than 50 kg: 10.0 to 14.0 kg, 300 mg; 14.1 to 25.0 kg, 450 mg; 
25.1 to 32.0 kg, 600 mg; and 32.1 to 49.9 kg, 750 mg.

§	� The comparison is with 9 months of isoniazid.

The New England Journal of Medicine 
Downloaded from nejm.org at VIRGINIA COMMONWEALTH UNIV on May 28, 2015. For personal use only. No other uses without permission. 

 Copyright © 2015 Massachusetts Medical Society. All rights reserved. 



n engl j med 372;22  nejm.org  May 28, 2015 2133

Latent Mycobacterium tuberculosis Infection

R ese a rch Pr ior i ties

Better understanding of the pathogenesis of la-
tent tuberculosis infection is a critical research 
priority, as is the development of biomarkers and 
diagnostic tests with improved performance and 
predictive values. Reliable animal models that 
simulate pathogenesis and treatment response 
in humans will facilitate the development of bio-
markers, new treatments, and potentially thera-
peutic vaccines. The availability of new drugs and 
regimens that can be administered for a shorter 
duration and with fewer adverse events is impera-
tive to allow larger-scale implementation. Trials 

should be performed to define the benefits and 
harms of treatment for latent tuberculosis infec-
tion in patients with diabetes, in alcohol abusers 
and tobacco smokers, and in contacts of persons 
with multidrug-resistant tuberculosis. Innovative 
research synergies between public and private 
funders are required to overcome market short-
comings. The development of better diagnostic 
tests, preventive therapies, and vaccines for tu-
berculosis will confer enormous public benefit.

The diagnosis and treatment of latent tuber-
culosis infection are crucial when tuberculosis 
control — in particular, elimination — is being 
pursued. Modeling shows that if 8% of persons 

 
Common Drugs That Could Interact with the Regimen

Antiretroviral Agents Opioids and Immunosuppressants Other

Efavirenz (efavirenz levels may increase  
in slow metabolizers of both drugs)

None Carbamazepine, benzodiazepines metabolized by  
oxidation (e.g., triazolam), acetaminophen, val
proate, serotonergic antidepressants, disulfiram, 
warfarin, and theophylline 

Efavirenz†; dolutegravir (dolutegravir dose 
should be increased to 50 mg every 12 hr);  
rifampin should not be administered with  
any protease inhibitor (regardless of rito-
navir boosting), rilpivirine, elvitegravir, or 
maraviroc

Methadone (methadone dosage 
may need to be increased 50%);  
cyclosporine; glucocorticoids

Mefloquine, azole antifungal agents, clarithromycin, 
erythromycin, doxycycline, atovaquone, chloram-
phenicol, hormone-replacement therapy, warfarin, 
cyclosporine, glucocorticoids, anticonvulsant drugs, 
cardiovascular agents (e.g., digoxin), theophylline, 
sulfonylurea hypoglycemic agents, hypolipidemic 
agents, nortriptyline, haloperidol, quetiapine, ben-
zodiazepines, zolpidem, and buspirone

Efavirenz†; dolutegravir (dolutegravir dose 
should be increased to 50 mg every 12 hr);  
isoniazid plus rifampin should not be ad-
ministered with any protease inhibitor (re-
gardless of ritonavir boosting), rilpivirine, 
elvitegravir, or maraviroc

Methadone (methadone dosage 
may need to be increased 50%);  
cyclosporine; glucocorticoids

Mefloquine, azole antifungal agents, clarithromycin, 
erythromycin, doxycycline, atovaquone, chloram-
phenicol, hormone-replacement therapy, warfarin, 
cyclosporine, glucocorticoids, anticonvulsant drugs, 
cardiovascular agents (e.g., digoxin), theophylline, 
sulfonylurea hypoglycemic agents, hypolipidemic 
agents, nortriptyline, haloperidol, quetiapine, ben-
zodiazepines, zolpidem, and buspirone

Rifapentine plus isoniazid should not be ad-
ministered with any protease inhibitors, 
any integrase inhibitors, or maraviroc; ear-
ly studies show nonsignificant interactions 
with dolutegravir, emtricitabine, and teno-
fovir

Methadone (methadone dosage 
may need to be increased 50%);  
cyclosporine; glucocorticoids

Mefloquine, azole antifungal agents, clarithromycin, 
erythromycin, doxycycline, atovaquone, chloram-
phenicol, hormone-replacement therapy, warfarin, 
cyclosporine, glucocorticoids, anticonvulsant drugs, 
cardiovascular agents (e.g., digoxin), theophylline, 
sulfonylurea hypoglycemic agents, hypolipidemic 
agents, nortriptyline, haloperidol, quetiapine, ben-
zodiazepines, zolpidem, and buspirone
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T h e  n e w  e ngl a nd  j o u r na l  o f  m e dic i n e

with latent tuberculosis could be permanently 
protected each year, the global incidence in 2050 
would be 14 times as low as the incidence in 2013, 
with no other intervention needed.58 The incom-
plete understanding of the pathogenesis of latent 
tuberculosis infection and the lack of an ideal test 
and treatment regimen require intensified research 
efforts and cooperation across disciplines. The 
market potential for a new test or treatment for 
this public health problem, which could affect one 

third of the world population, should motivate the 
corporate sector to invest in research. Reassess-
ment of the global burden and better understand-
ing of the magnitude of latent tuberculosis in-
fection should inform both clinical and public 
health measures.

Dr. Chaisson reports receiving consulting fees from Merck. 
No other potential conflict of interest relevant to this article was 
reported.

Disclosure forms provided by the authors are available with 
the full text of this article at NEJM.org.

References
1.	 Mack U, Migliori GB, Sester M, et al. 
LTBI: latent tuberculosis infection or last-
ing immune responses to M. tuberculo-
sis? A TBNET consensus statement. Eur 
Respir J 2009;​33:​956-73.
2.	 Comstock GW, Livesay VT, Woolpert 
SF. The prognosis of a positive tuberculin 
reaction in childhood and adolescence. 
Am J Epidemiol 1974;​99:​131-8.
3.	 Parfitt CD. Osler’s influence in the 
war against tuberculosis (The Fifth Osler 
Oration). Can Med Assoc J 1942;​47:​293-
304.
4.	 Modlin RL, Bloom BR. TB or not TB: 
that is no longer the question. Sci Transl 
Med 2013;​5:​213sr6.
5.	 Achkar JM, Jenny-Avital ER. Incipient 
and subclinical tuberculosis: defining 
early disease states in the context of host 
immune response. J Infect Dis 2011;​204:​
Suppl 4:​S1179-S1186.
6.	 Zhang G, Zhou B, Li S, et al. Allele-
specific induction of IL-1β expression by 
C/EBPβ and PU.1 contributes to increased 
tuberculosis susceptibility. PLoS Pathog 
2014;​10(10):​e1004426.
7.	 Orme IM. A new unifying theory of 
the pathogenesis of tuberculosis. Tuber-
culosis (Edinb) 2014;​94:​8-14.
8.	 O’Garra A, Redford PS, McNab FW, 
Bloom CI, Wilkinson RJ, Berry MP. The 
immune response in tuberculosis. Annu 
Rev Immunol 2013;​31:​475-527.
9.	 Corbett EL, Watt CJ, Walker N, et al. 
The growing burden of tuberculosis: 
global trends and interactions with the 
HIV epidemic. Arch Intern Med 2003;​163:​
1009-21.
10.	 Shanaube K, Sismanidis C, Ayles H, et 
al. Annual risk of tuberculous infection 
using different methods in communities 
with a high prevalence of TB and HIV in 
Zambia and South Africa. PLoS One 2009;​
4(11):​e7749.
11.	 Hoa NB, Cobelens FG, Sy DN, Nhung 
NV, Borgdorff MW, Tiemersma EW. First 
national tuberculin survey in Viet Nam: 
characteristics and association with tu-
berculosis prevalence. Int J Tuberc Lung 
Dis 2013;​17:​738-44.
12.	Daniel TM, Debanne SM. Estimation 
of the annual risk of tuberculosis infec-

tion for white men in the United States. J 
Infect Dis 1997;​175:​1535-7.
13.	 Shea KM, Kammerer JS, Winston CA, 
Navin TR, Horsburgh CR Jr. Estimated 
rate of reactivation of latent tuberculosis 
infection in the United States, overall and 
by population subgroup. Am J Epidemiol 
2014;​179:​216-25.
14.	 Selwyn PA, Hartel D, Lewis VA, et al. 
A prospective study of the risk of tubercu-
losis among intravenous drug users with 
human immunodeficiency virus infec-
tion. N Engl J Med 1989;​320:​545-50.
15.	 Keane J, Bresnihan B. Tuberculosis 
reactivation during immunosuppressive 
therapy in rheumatic diseases: diagnostic 
and therapeutic strategies. Curr Opin 
Rheumatol 2008;​20:​443-9.
16.	 Jick SS, Lieberman ES, Rahman MU, 
Choi HK. Glucocorticoid use, other asso-
ciated factors, and the risk of tuberculo-
sis. Arthritis Rheum 2006;​55:​19-26.
17.	 Sidhu A, Verma G, Humar A, Kumar 
D. Outcome of latent tuberculosis infec-
tion in solid organ transplant recipients 
over a 10-year period. Transplantation 
2014;​98:​671-5.
18.	Al-Anazi KA, Al-Jasser AM, Alsaleh K. 
Infections caused by Mycobacterium tu-
berculosis in recipients of hematopoietic 
stem cell transplantation. Front Oncol 
2014;​4:​231.
19.	 Christopoulos AI, Diamantopoulos 
AA, Dimopoulos PA, Goumenos DS, 
Barbalias GA. Risk factors for tuberculo-
sis in dialysis patients: a prospective 
multi-center clinical trial. BMC Nephrol 
2009;​10:​36.
20.	 Corbett EL, Churchyard GJ, Clayton TC, 
et al. HIV infection and silicosis: the impact 
of two potent risk factors on the incidence 
of mycobacterial disease in South African 
miners. AIDS 2000;​14:​2759-68.
21.	 Baussano I, Williams BG, Nunn P, 
Beggiato M, Fedeli U, Scano F. Tuberculo-
sis incidence in prisons: a systematic re-
view. PLoS Med 2010;​7(12):​e1000381.
22.	Selwyn PA, Schoenbaum EE, Davenny 
K, et al. Prospective study of human im-
munodeficiency virus infection and preg-
nancy outcomes in intravenous drug us-
ers. JAMA 1989;​261:​1289-94.

23.	Moss AR, Hahn JA, Tulsky JP, Daley 
CL, Small PM, Hopewell PC. Tuberculosis 
in the homeless: a prospective study. Am J 
Respir Crit Care Med 2000;​162:​460-4.
24.	 Banfield S, Pascoe E, Thambiran A, 
Siafarikas A, Burgner D. Factors associ-
ated with the performance of a blood-
based interferon-γ release assay in diag-
nosing tuberculosis. PLoS One 2012;​7(6):​
e38556.
25.	 Katsenos S, Nikolopoulou M, Gartz-
onika C, et al. Use of interferon-gamma 
release assay for latent tuberculosis infec-
tion screening in older adults exposed to 
tuberculosis in a nursing home. J Am 
Geriatr Soc 2011;​59:​858-62.
26.	Dorman SE, Belknap R, Graviss EA, et 
al. Interferon-γ release assays and tuber-
culin skin testing for diagnosis of latent 
tuberculosis infection in healthcare work-
ers in the United States. Am J Respir Crit 
Care Med 2014;​189:​77-87.
27.	 Jeon CY, Murray MB. Diabetes melli-
tus increases the risk of active tuberculo-
sis: a systematic review of 13 observation-
al studies. PLoS Med 2008;​5(7):​e152.
28.	Pai M, Denkinger CM, Kik SV, et al. 
Gamma interferon release assays for de-
tection of Mycobacterium tuberculosis in-
fection. Clin Microbiol Rev 2014;​27:​3-20.
29.	 Diel R, Loddenkemper R, Nienhaus A. 
Predictive value of interferon-γ release as-
says and tuberculin skin testing for pro-
gression from latent TB infection to dis-
ease state: a meta-analysis. Chest 2012;​
142:​63-75.
30.	 Rangaka MX, Wilkinson KA, Glynn 
JR, et al. Predictive value of interferon-γ 
release assays for incident active tubercu-
losis: a systematic review and meta-analy-
sis. Lancet Infect Dis 2012;​12:​45-55.
31.	 Haldar P, Thuraisingam H, Patel H, et 
al. Single-step QuantiFERON screening of 
adult contacts: a prospective cohort study 
of tuberculosis risk. Thorax 2013;​68:​240-
6.
32.	 Piccazzo R, Paparo F, Garlaschi G. 
Diagnostic accuracy of chest radiography 
for the diagnosis of tuberculosis (TB) and 
its role in the detection of latent TB infec-
tion: a systematic review. J Rheumatol 
Suppl 2014;​91:​32-40.

The New England Journal of Medicine 
Downloaded from nejm.org at VIRGINIA COMMONWEALTH UNIV on May 28, 2015. For personal use only. No other uses without permission. 

 Copyright © 2015 Massachusetts Medical Society. All rights reserved. 



n engl j med 372;22  nejm.org  May 28, 2015 2135

Latent Mycobacterium tuberculosis Infection

33.	 Chegou NN, Heyckendorf J, Walzl G, 
Lange C, Ruhwald M. Beyond the IFN-γ 
horizon: biomarkers for immunodiagno-
sis of infection with Mycobacterium tu-
berculosis. Eur Respir J 2014;​43:​1472-86.
34.	Horsburgh CR Jr, Rubin EJ. Latent tu-
berculosis infection in the United States. 
N Engl J Med 2011;​364:​1441-8.
35.	 Akolo C, Adetifa I, Shepperd S, Vol-
mink J. Treatment of latent tuberculosis 
infection in HIV infected persons. Co-
chrane Database Syst Rev 2010;​1:​
CD000171.
36.	Comstock GW. How much isoniazid 
is needed for prevention of tuberculosis 
among immunocompetent adults? Int J 
Tuberc Lung Dis 1999;​3:​847-50.
37.	 Smieja MJ, Marchetti CA, Cook DJ, 
Smaill FM. Isoniazid for preventing tu-
berculosis in non-HIV infected persons. 
Cochrane Database Syst Rev 2000;​2:​
CD001363.
38.	Rangaka MX, Wilkinson RJ, Boulle A, 
et al. Isoniazid plus antiretroviral therapy 
to prevent tuberculosis: a randomised 
double-blind, placebo-controlled trial. 
Lancet 2014;​384:​682-90.
39.	 Kirenga BJ, Worodria W, Massinga-
Loembe M, et al. Tuberculin skin test con-
version among HIV patients on antiretro-
viral therapy in Uganda. Int J Tuberc Lung 
Dis 2013;​17:​336-41.
40.	Churchyard GJ, Fielding KL, Grant 
AD. A trial of mass isoniazid preventive 
therapy for tuberculosis control. N Engl J 
Med 2014;​370:​1662-3.
41.	 Golub JE, Cohn S, Saraceni V, et al. 
Long-term protection from isoniazid pre-
ventive therapy for tuberculosis in HIV-
infected patients in a medium-burden tu-
berculosis setting: the TB/HIV in Rio 
(THRio) study. Clin Infect Dis 2015;​60:​
639-45.
42.	 Stagg HR, Zenner D, Harris RJ, Mu-
ñoz L, Lipman MC, Abubakar I. Treat-

ment of latent tuberculosis infection: a 
network meta-analysis. Ann Intern Med 
2014;​161:​419-28.
43.	 McElroy PD, Ijaz K, Lambert LA, et al. 
National survey to measure rates of liver 
injury, hospitalization, and death associ-
ated with rifampin and pyrazinamide for 
latent tuberculosis infection. Clin Infect 
Dis 2005;​41:​1125-33.
44.	Menzies D, Long R, Trajman A, et al. 
Adverse events with 4 months of rifampin 
therapy or 9 months of isoniazid therapy 
for latent tuberculosis infection: a ran-
domized trial. Ann Intern Med 2008;​149:​
689-97.
45.	 Sterling TR, Villarino ME, Borisov AS, 
et al. Three months of rifapentine and 
isoniazid for latent tuberculosis infec-
tion. N Engl J Med 2011;​365:​2155-66.
46.	Villarino ME, Scott NA, Weis SE, et al. 
Treatment for preventing tuberculosis in 
children and adolescents: a randomized 
clinical trial of a 3-month, 12-dose regi-
men of a combination of rifapentine and 
isoniazid. JAMA Pediatr 2015;​169:​247-55.
47.	 Sterling TR, Benson CA, Scott N, et al. 
Three months of weekly rifapentine + 
INH for M. tuberculosis infection in HIV-
infected persons. Presented at the 21st 
Conference on Retroviruses and Opportu-
nistic Infections (CROI 2014), Boston, 
March 3–6, 2014 (poster).
48.	Martinson NA, Barnes GL, Moulton 
LH, et al. New regimens to prevent tuber-
culosis in adults with HIV infection. N 
Engl J Med 2011;​365:​11-20.
49.	 Podany A, Bao Y, Chaisson RE, et al. 
Efavirenz pharmacokinetics in HIV+ per-
sons receiving rifapentine and isoniazid 
for TB prevention. Presented at the 21st 
Conference on Retroviruses and Opportu-
nistic Infections (CROI 2014), Boston, 
March 3–6, 2014 (poster).
50.	 Shepardson D, Marks SM, Chesson H, 
et al. Cost-effectiveness of a 12-dose regi-

men for treating latent tuberculous infec-
tion in the United States. Int J Tuberc 
Lung Dis 2013;​17:​1531-7.
51.	 Seddon JA, Hesseling AC, Finlayson 
H, et al. Preventive therapy for child con-
tacts of multidrug-resistant tuberculosis: 
a prospective cohort study. Clin Infect Dis 
2013;​57:​1676-84.
52.	Bamrah S, Brostrom R, Dorina F, et 
al. Treatment for LTBI in contacts of 
MDR-TB patients, federated states of Mi-
cronesia, 2009-2012. Int J Tuberc Lung 
Dis 2014;​18:​912-8.
53.	 Horsburgh CR Jr, Goldberg S, Bethel 
J, et al. Latent TB infection treatment ac-
ceptance and completion in the United 
States and Canada. Chest 2010;​137:​401-9.
54.	Hirsch-Moverman Y, Daftary A, 
Franks J, Colson PW. Adherence to treat-
ment for latent tuberculosis infection: 
systematic review of studies in the US and 
Canada. Int J Tuberc Lung Dis 2008;​12:​
1235-54.
55.	 Hirsch-Moverman Y, Shrestha-Kuwa-
hara R, Bethel J, et al. Latent tuberculous 
infection in the United States and Cana-
da: who completes treatment and why? Int 
J Tuberc Lung Dis 2015;​19:​31-8.
56.	Guidelines on the management of la-
tent tuberculosis infection. Geneva:​ 
World Health Organization, 2015 (http://
apps​.who​.int/​medicinedocs/​documents/​
s21682en/​s21682en​.pdf).
57.	 Getahun H, Kittikraisak W, Heilig 
CM, et al. Development of a standardized 
screening rule for tuberculosis in people 
living with HIV in resource-constrained 
settings: individual participant data me-
ta-analysis of observational studies. PLoS 
Med 2011;​8(1):​e1000391.
58.	Dye C, Glaziou P, Floyd K, Raviglione 
M. Prospects for tuberculosis elimina-
tion. Annu Rev Public Health 2013;​34:​
271-86.
Copyright © 2015 Massachusetts Medical Society.

The New England Journal of Medicine 
Downloaded from nejm.org at VIRGINIA COMMONWEALTH UNIV on May 28, 2015. For personal use only. No other uses without permission. 

 Copyright © 2015 Massachusetts Medical Society. All rights reserved. 


