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Latent tuberculosis infection (LTBI) is a condition in which a person is infected with Mycobac-
terium tuberculosis, but does not currently have active tuberculosis disease. An estimated 10 to
15 million persons in the United States have LTBI. Because 5 to 10 percent of persons with LTBI
are at risk of progressing to active disease, identification and treatment of LTBI are essential
for the elimination of tuberculosis. Screening is recommended for high-risk persons, including
immigrants; residents and employees of congregate living facilities; and persons infected with
human immunodeficiency virus. Targeted tuberculin skin testing remains the most acceptable
method of LTBI screening. New tests are being developed, the most promising of which are
in vitro interferon-gamma release assays. All screened persons found to have LTBI should be
offered treatment, regardless of age. Before initiating treatment, active tuberculosis must be
ruled out by patient history, physical examination, and chest radiography. The treatment of
choice for LTBI is isoniazid for nine months. Hepatotoxicity is the most severe adverse effect.
Isoniazid should be discontinued if transaminase levels are greater than three times the upper
limit of normal in symptomatic patients or five times the upper limit of normal in asymptom-
atic patients. (Am Fam Physician. 2009;79(10):879-886. Copyright © 2009 American Academy

of Family Physicians.)

P See related editorial
on page 845.

» Patient information:
A handout on tuberculosis,
written by the authors of
this article, is available

at http://www.aafp.org/
afp/20090515/
879-s1.html.
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he World Health Organization
estimates that there are nearly
2 million deaths worldwide from
tuberculosis annually, with the
disease ranking second only to human
immunodeficiency virus (HIV) as an infec-
tious cause of death.! Nearly one third of the
world’s population is infected with Mycobac-
terium tuberculosis,* and the rate continues
to increase.’ In the United States, the HIV
epidemic, multidrug-resistant tuberculosis
(MDR-TB), and an increase in immigration
contributed to a tuberculosis resurgence in
the late 1980s. This has largely been man-
aged by improved infection control and
better rates of treatment completion using
directly observed therapy.* In 2006, there
were 13,779 cases of tuberculosis (4.6 per
100,000 persons) reported, the lowest since
1953, with more than one half of new cases
occurring among foreign-born persons.®
Latent tuberculosis infection (LTBI) is a
condition in which a person is infected with
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M. tuberculosis, but does not currently have
active tuberculosis disease. The 10 to 15 mil-
lion Americans with LTBI are asymptomatic
and not infectious, but are at risk of progres-
sion to active disease.” Because of this risk,
identification and treatment of LTBI are
essential for the elimination of tuberculosis.

Risk Factors for Infection and
Progression to Active Tuberculosis

Asthenumber of tuberculosis cases decreases,
primary care physicians become less aware
of high-risk patients and are less likely to
consider tuberculosis in their differential
diagnosis.® Groups at high risk of infection
include employees of long-term care facilities,
hospitals, clinics, and medical laboratories;
foreign-born persons from countries with a
high prevalence of tuberculosis; racial and
ethnic minorities; persons who have close
contact with someone known or suspected
to have active tuberculosis; and residents and
employees of congregate living facilities (e.g.,
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vaccination.
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prisons, homeless shelters).® The greatest risk of progres-
sion from LTBI to active tuberculosis occurs in the first
two years after infection, when about one half of the
5 to 10 percent lifetime risk occurs.” This risk is increased
in children younger than four years; persons with HIV
infection, diabetes, and other chronic conditions; those
using immunosuppressant medications; and those with
apical fibronodular changes on chest radiography. Newer
therapeutic agents that antagonize the effect of cytokine
tumor necrosis factor a (i.e., infliximab [Remicade],

etanercept [Enbrel], and adalimumab [Humira]) have
also been found to increase the risk of progression.*
Groups at high risk of infection and progression to active
disease are shown in Table 1.7

In contrast to LTBI, which is asymptomatic, typical
symptoms of active pulmonary tuberculosis include
fever or night sweats, weight loss, cough, and chest pain.
The patient may appear well or chronically ill. Physical
examination may reveal rales, wheezes, rhonchi, or signs
of pleural effusion. In addition to the signs, symptoms,

Table 1. Groups at Increased Risk of LTBI and Progression to Active Tuberculosis

Increased risk of LTBI

Infants, children, and adolescents who
have close contact with high-risk adults

Employees of long-term care facilities,
hospitals, clinics, and medical
laboratories

Foreign-born persons from countries
with high prevalence of tuberculosis,
especially within five years of arrival in
the United States

High-risk racial and ethnic minorities, as
defined locally

Persons who have close contact with
someone known or suspected to have
active tuberculosis

Residents and employees of congregate
living facilities, including prisons and
jails, nursing homes, hospitals, and
homeless shelters

Some medically underserved, low-
income populations

Increased risk of progression from LTBI to active tuberculosis
Children younger than four years

Persons with human immunodeficiency virus infection

Persons infected with Mycobacterium tuberculosis within the past two years

Persons who inject illicit drugs or use other locally identified high-risk substances
(e.g., crack cocaine)

Persons who use tobacco or alcohol are probably at increased risk of infection and
active disease

Persons with a history of untreated or inadequately treated tuberculosis, including
those with chest radiography findings consistent with previous tuberculosis
(e.g., apical fibronodular changes)

Persons with the following clinical conditions or other immunocompromising
conditions:

Disorders requiring long-term use of corticosteroids or other immunosuppressant
medications (including tumor necrosis factor-alpha antagonists)

Body weight 10 percent or more below the ideal
Chronic renal failure and end-stage renal disease
Diabetes mellitus

Gastrectomy or intestinal bypass

Malignancy

Silicosis

LTBI = latent tuberculosis infection.

Information from references 7, 11, and 12.
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and risk factors for tuberculosis, pulmonary infiltrates
in the upper lobes on chest radiography, with or without
cavitation or miliary patterns, should raise the physi-
cian’s suspicion for active tuberculosis.”

Screening for LTBI

The decision to screen for tuberculosis is a decision to
treat.* LTBI screening is effective in two groups of per-
sons: those at risk of contracting M. tuberculosis and those
at risk of progressing from LTBI to active tuberculosis.”®
Routine screening outside these high-risk groups dissipates
resources and leads to high false-positive test rates.'>!

The targeted tuberculin skin test (TST), also called
the Mantoux test, is the most accepted method of LTBI
screening. A 0.1 mL (5 tuberculin units) intradermal
injection of purified protein derivative is placed on the
forearm, most commonly the volar surface. This raises
an initial wheal of 6 to 10 mm in diameter. Reaction size
is determined after 48 to 72 hours, although positive
reactions often remain for up to one week."* If a patient
returns after 72 hours, negative results are unreliable. The
patient should be retested, taking into account possible
boosting effects of the TST, which are discussed below.

When interpreting a TST result, the transverse diame-
ter of induration, not erythema, is measured in millime-
ters (Figure 1)." Physicians may palpate or use a ballpoint
pen to determine the margins of induration. The widest
diameter of the indurated area should be marked and
measured across the forearm, perpendicular to the long
axis."! The Centers for Disease Control and Prevention
(CDC) has published detailed protocols regarding the
placement and reading of the TST."

The TST induces a delayed hypersensitivity reaction
that is detectable two to 12 weeks after infection with
M. tuberculosis. Criteria for a positive reaction depend
on the patient’s health status and tuberculosis risk
(Table 2'*'*'¢). Patients in higher-risk groups require
smaller reaction wheals to increase test sensitivity."

Rates of false-negative TST results are as high as 10 to
20 percent in patients with proven M. tuberculosis infec-
tion and no apparent immunocompromising condi-
tions.'>"> Anergy testing is not recommended for persons
with HIV infection because of variations in response
over time, or for other patients because of insufficient
evidence to support such testing.”” There are many con-
founders that lead to false-negative and false-positive
results (Table 3).%Y Bacille Calmette-Guérin (BCG)
vaccination, used in highly endemic areas throughout
the world to prevent disseminated forms of tuberculosis
in infants and young children, is a noteworthy cause of
false-positive results."! TST reactivity caused by the BCG
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Figure 1. Tuberculin skin test (TST) result. When interpret-
ing a TST result, the transverse diameter of induration,
not erythema, is measured in millimeters. The induration
should be measured across the forearm, perpendicular to
the long axis. The result in this figure should be recorded
as 16 mm. The 0 mm ruler line is inside the edge of the
left dot.

Reprinted from Jensen PA, Lambert LA, lademarco MF, Ridzon R, for the
Centers for Disease Control and Prevention. Guidelines for preventing the
transmission of Mycobacterium tuberculosis in health-care settings, 2005.
MMWR Recomm Rep. 2005,54(RR-17).46.

vaccine wanes with time, but serial testing may boost the
immune response. There is no reliable skin test to distin-
guish a positive TST reaction caused by BCG vaccination
versus natural mycobacterial infection.” Therefore, BCG
vaccination history should not influence interpretation
of TST results."

Similarly, TST reactivity may also wane after natural
mycobacterial infection. A patient’s first TST may pro-
duce no induration, but the immune system is “boosted”
and the next administration of TST causes a reaction.
For health care workers and other persons tested annu-
ally, follow-up annual TST will be interpreted as posi-
tive, wrongly indicating recent tuberculosis infection.
To establish accurate baseline skin testing, these persons
should undergo sequential two-step testing, in which a
second TST is performed within one to three weeks of a
negative initial test result.' This establishes whether dis-
tant infection has occurred." However, there is no place
for such two-step testing in contact investigations where
ongoing tuberculosis transmission may be occurring."

New tests are being developed for LTBI screening, the
most promising of which are in vitro interferon-gamma
release assays (IGRAs). These in vitro blood tests evalu-
ate T-lymphocyte responses to M. tuberculosis—specific
antigens, such as early secretory antigenic target-6 and
culture filtrate protein-10. These proteins are absent from
the BCG vaccine strains and from commonly encoun-
tered nontuberculous mycobacteria. Although there is no
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Table 2. Criteria for a Positive Tuberculin Skin Test by Risk Group

Reaction = 5 mm induration

Fibrotic changes on chest radiography consistent with previous
tuberculosis

Persons with human immunodeficiency virus infection

Persons with organ transplants, or who are otherwise
immunocompromised (including those who receive 15 mg or more
per day of prednisone or the equivalent for one month or longer, or
who receive other immunosuppressant medications)

Recent contacts of persons with active tuberculosis

Reaction = 10 mm induration

Children younger than four years or infants, children, and
adolescents exposed to high-risk adults

High-risk racial and ethnic minorities, as defined locally

Immigrants who have arrived within the past five years from
high-prevalence countries*

Persons who inject illicit drugs or use other locally identified
high-risk substances (e.g., crack cocaine)

Mycobacteriology laboratory personnel

Reaction = 10 mm induration (continued)
Persons with the following clinical conditions:
Body weight 10 percent or more below the ideal
Chronic renal failure and end-stage renal disease
Diabetes mellitus
Gastrectomy or intestinal bypass
Malignancy
Silicosis
Residents and employees of the following high-risk
congregate living facilities:
Prisons and jails

Nursing homes for older patients or patients with
acquired immunodeficiency syndrome

Hospitals
Homeless shelters
Some medically underserved, low-income populations

Reaction = 15 mm induration
Persons with no risk factors for tuberculosis

*—All developing countries.

Adapted from Screening for tuberculosis and tuberculosis infection in high-risk populations. Recommendations of the Advisory Council for the Elimi-
nation of Tuberculosis. MMWR Recomm Rep. 1995,44(RR-11):24, with additional information from references 12 and 14.

Table 3. Causes of False-Negative and False-Positive
Tuberculin Skin Test Results

diagnostic standard, IGRAs are comparable
to TST in detecting LTBI."
The QuantiFeron-TB Gold test is the only

IGRA that is approved by the U.S Food and

Causes of false-negatives

Acquired immunodeficiency
syndrome

Alcoholism
Gastrectomy or intestinal bypass

Hematologic or lymphoreticular
disorders

Inaccurate reading of induration

Live virus vaccines (measles,
mumps, and rubella; poliovirus)*

Malnutrition

Patient age older than 45 years
Renal failure

Sarcoidosis

Causes of false-negatives
(continued)

Systemic viral, bacterial, and
fungal infections

Use of corticosteroids or other
immunosuppressant medications

Zinc deficiency

Causes of false-positives
Boosting phenomenonf

Cross-reaction with nontuberculous
mycobacterial antigens

Error in administering the test

Previous bacille Calmette-Guérin
vaccination

*—When live virus vaccines are administered with the tuberculin skin test, the result
is not affected, if these vaccines are given before the tuberculin skin test, results may

be false negatives for up to two months.

‘t—Institutions may use a two-step approach (test at baseline and again in one to three
weeks) to detect boosting reactors and avoid misclassifying them as converters.

Information from references 16 and 17.
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Drug Administration and commercially
available in the United States. The CDC
released guidelines in 2005 stating that the
QuantiFeron-TB Gold test may be used
wherever TST is currently used.” The test is
commercially available to tuberculosis con-
trol programs and institutions. Individual
physicians should consult their local labora-
tory for availability and cost of the test. If it
is not available, TST should be continued.
IGRAs avoid the subjective nature of
placing and interpreting TSTs and are less
affected by previous BCG vaccinations.'®*
They also differentiate nontuberculosis
reactions and obviate two-step tuberculin
testing associated with boosting effects.'®*
IGRAs are labor intensive, however, and
there is a 12-hour time limit from blood
draw to receipt in a qualified laboratory and
incubation with the test antigens. Still, the
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Screening and Treatment for LTBI

Patient with risk factors for LTBI or progression to active tuberculosis (see Table 1)

lNo lYes

Positive

@ Chest radiography and clinical evaluation

Abnormal chest radiograph findings or
symptoms (e.g., cough, fever, weight loss)

' '

Evaluate for active tuberculosis

No TST TST*
Negative
Contact with person who has active tuberculosis
No Yes l

Treatment for LTBI Repeat TST* 12 weeks Nor.mal ches.t _

is not indicated after contact has endedf radiograph findings
Treat for LTBI
(see Table 4)

Negative Positive

|
l l Golto (A

Treatment for LTBI Treatment is continued
is not indicated for high-risk personsi

*—QuantiFeron-TB Gold test should be used in place of TST if available.

+—During this period, the following persons should receive treatment for LTBI after active tuberculosis has been ruled out: children younger than four
years and persons with HIV infection or who are otherwise immunocompromised.

—Treatment is continued for a full course in persons who are immunocompromised, including persons with HIV infection.

Figure 2. Screening and treatment algorithm for LTBI. (HIV =

infection; TST = tuberculin skin test.)

human immunodeficiency virus; LTBI = latent tuberculosis

Adapted with permission from Jasmer RM, Nahid P, Hopewell PC. Clinical practice. Latent tuberculosis infection. N Engl J Med. 2002,347(23):1863, with

additional information from references 8, 14, and 19.

cost-to-benefit ratio favors IGRA over TST in health care
settings, correctional facilities, and homeless shelters."”

The limiting factor for IGRA use is that epidemiologic
determination of sensitivity and specificity has not been
completed, especially for high-risk tuberculosis groups,
such as children, immunocompromised persons, and
persons who were recently exposed to active tuberculo-
sis.!” Risk-stratified cutoffs to determine a positive test
result and clinical trials to evaluate patient-oriented
effectiveness are also lacking. Negative results require
careful clinical assessment and, like TST, cannot by
themselves exclude M. tuberculosis infection. Indetermi-
nate results require follow-up testing using IGRA or TST
only if the patient is at increased risk of infection."”

Treatment

All screened persons found to have LTBI should be
offered treatment, regardless of age and BCG vaccination
status. Before initiating treatment, active tuberculosis

must be ruled out by patient history, physical examina-
tion, and chest radiography. Figure 2 provides a screen-
ing and treatment algorithm for LTBL®!*!>1

If a patient has had recent close contact with a person
with active tuberculosis but is still in the 12-week window
where TST may be negative, immediate LTBI treatment
should be considered if the patient is at high risk of pro-
gression to active tuberculosis or has increased suscep-
tibility to disease. A repeat TST should be performed
12 weeks after contact has ended, and treatment should
be continued if the TST result is positive, or discontinued
if the result is negative. The exception to this recommen-
dation is that persons who are immunocompromised,
including those with HIV infection, who had contact
with individuals with active tuberculosis should continue
treatment for LTBI, even if repeat TST is negative.

Isoniazid (INH) is the treatment of choice for LTBI.
For adults, the recommended duration of treatment is
at least six, and preferably nine, months."*?"?* Children
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younger than 18 years and persons with HIV infection
should be treated for nine months.* In pregnant women,
a six- to nine-month course of INH may be delayed
until after delivery, unless there is increased risk of pla-
cental infection or progression to active tuberculosis
(e.g.,immunocompromising conditions, recent M. tuber-
culosis infection). In this case, treatment should be initi-
ated during pregnancy, with close monitoring for INH
toxicity." Table 4 lists treatment regimens for LTBL."*

Peripheral neuropathy is a common adverse effect of
INH therapy because INH interferes with pyridoxine
metabolism. In symptomatic patients, pregnant women,
persons with seizure disorders, and persons with condi-
tions where neuropathy is common (e.g., diabetes, mal-
nutrition, alcoholism, HIV), pyridoxine supplementation
at a dose of 10 to 50 mg daily is advised. Routine use of
pyridoxine in children taking INH is not recommended,
except if the child is symptomatic, breastfeeding, or con-
suming a diet likely to be deficient in pyridoxine.**

The most severe adverse effect of INH is hepatotox-
icity, which has an incidence of approximately one in
1,000.” Toxicity increases with age and with alcohol
use, so abstinence from alcohol should be advised for all
patients taking INH. INH is contraindicated in patients
with active hepatitis or end-stage liver disease. Monthly
clinical monitoring is recommended for all patients on
INH therapy.* At each visit, patients should be asked

about adherence to therapy and symptoms of peripheral
neuropathy and hepatitis (e.g., nausea, vomiting, dark
urine, jaundice, abdominal pain). A brief physical exam-
ination should be performed to detect signs of hepatitis.
Patients with these signs or symptoms should be further
evaluated with liver function studies.

Pretreatment aspartate transaminase, alanine trans-
aminase, and bilirubin levels are recommended only in
patients who are at high risk of hepatotoxicity, includ-
ing those with viral or alcoholic hepatitis, cirrhosis, HIV
infection, or regular alcohol use, and in pregnant women
up to three months postpartum. Repeat laboratory evalu-
ation during the treatment course is indicated in patients
with abnormal baseline liver function tests, conditions
associated with an increased risk of hepatic disease, or
signs or symptoms of hepatotoxicity. Asymptomatic
elevation of liver enzymes occurs in 10 to 20 percent of
patients taking INH. Most experts recommend discon-
tinuing INH if transaminase levels are greater than three
times the upper limit of normal in symptomatic patients
or five times the upper limit of normal in asymptomatic
patients." INH can also interact with phenytoin (Dilan-
tin), increasing serum concentrations of both drugs.
Therefore, serum levels of phenytoin should be moni-
tored in patients taking these medications."

Rifampin (Rifadin) for four months is an acceptable
alternative to INH for LTBI treatment.'*** It can be used

Table 4. Regimens for the Treatment of Latent Tuberculosis Infection

Oral dose (maximal dose)

Dosing
Drug interval Duration Adults Children Cost*
Isoniazid Daily+ Nine months 5 mg per kg 10to 20 mg perkg  $19 to 56
(270 doses within 12 months) (300 mg) (300 mg)
Twice weekly:  Nine months 15 mg per kg 20 to 40 mg per kg 16 to 47
(76 doses within 12 months) (900 mg) (900 mg)
Daily Six months 5 mg per kg 10 to 20 mg per kg 12 to 35
(180 doses within nine months) (300 mg) (300 mg)
Twice weekly:  Six months 15 mg per kg 20 to 40 mg per kg 11 to 32
(52 doses within nine months) (900 mg) (900 mg)
Rifampin Daily Four months 10 mg perkg 10to 20 mg per kg 377 to 453 (generic);
(Rifadin)§ (120 doses within six months) (600 mg) (600 mg) 684 (brand)

*— Estimated cost to the pharmacist based on average wholesale prices (rounded to the nearest dollar) in Red Book. Montvale, N.J.: Medical Econom-
ics Data; 2008. Cost to the patient will be higher, depending on prescription filling fee.

‘t—~Preferred regimen; the others are all acceptable alternatives.
t—Directly observed therapy must be used with twice-weekly dosing.

§—Rifampin is generally contraindicated in patients with human immunodeficiency virus infection taking protease inhibitors or nonnucleoside reverse
transcriptase inhibitors. Rifabutin (Mycobutin) can be considered as an alternative.

Information from reference 14.
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in children if INH is not tolerated or if the child was in
contact with an INH-resistant, rifampin-susceptible
organism. However, no clinical trials have been con-
ducted in this population." Gastrointestinal upset is
the most common adverse reaction, whereas skin rash
and thrombocytopenia occur less often. Patients should
be cautioned that rifampin causes orange coloration of
urine, tears, sweat, and other body fluids, and can per-
manently discolor contactlenses. Rifampin also increases
metabolism of hepatically cleared drugs, including oral
contraceptives, thus interfering with their effectiveness.
Because rifampin interacts with protease inhibitors and
nonnucleoside reverse transcriptase inhibitors, it is gen-
erally contraindicated in patients with HIV infection
taking these medications. Rifabutin (Mycobutin) can
be considered as an alternative. Treatment decisions for
these complicated patients should be made in consulta-
tion with an infectious disease specialist.

Shorter treatment regimens have been investigated
because they could increase therapy completion rates.
Three months of rifampin plus INH compared with
six to 12 months of INH resulted in no differences in
development of active tuberculosis, mortality, or severe
adverse effects.” The shorter regimen is not included
in older American Thoracic Society (ATS) and CDC
guidelines.

In previous guidelines, a combination of rifampin
and pyrazinamide for two months was recommended
as an alternative to INH. However, case reports of
associated liver injury causing hospitalization or death
prompted the ATS and CDC to revise their guidelines.*
A meta-analysis also found that although the rifampin/
pyrazinamide regimen was equivalent to INH in terms
of effectiveness and mortality, it increased the risk of
severe adverse effects in persons without HIV infec-
tion.” The new guidelines state that this regimen should
not be offered to anyone with LTBL.*

Completion of LTBI treatment is based on total num-
ber of doses administered, not on duration alone, to
allow for minor interruptions in treatment." If treatment
is interrupted, the physician may decide to continue the
prescribed regimen until the recommended number
of doses is completed or to renew the entire regimen if
the interruption is prolonged. In either situation, if the
interruption is greater than two months, examination to
rule out active tuberculosis is recommended.**

Finally, the emergence and spread of MDR-TB poses a
worldwide threat to tuberculosis control. No randomized
controlled trials have assessed the effectiveness of LTBI
treatment in patients exposed to MDR-TB, so the bal-
ance of risks and benefits of treatment remains unclear.
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