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Perspective

Current Issues in the Diagnosis and Management of
Tuberculosis and HIV Coinfection in the United States
Approximately 10% of new cases of tuberculosis (TB) in the United States
occur in HIV-infected persons. HIV infection dramatically increases the risk of TB,
and this increased risk is present throughout the course of HIV infection. TB
and HIV coinfection complicates the course and treatment of both diseases.
Isoniazid preventive therapy and antiretroviral therapy both substantially
reduce the risk of developing active disease in persons with latent TB
infection. Antiretroviral therapy should be given during treatment for active
TB, as mortality was reduced by 56% with initiation of antiretroviral therapy
before the completion of TB therapy. In addition, for patients with low CD4+
cell counts (< 200/µL), starting antiretroviral therapy during the intensive
phase of TB treatment reduced mortality by 34% compared with delaying
antiretroviral therapy until 8 weeks after TB treatment initiation. This article
summarizes a presentation by Anne F. Luetkemeyer, MD, at the International
AIDS Society−USA continuing medical education program held in May 2010
in San Francisco.
In 2008, 1.37 million new cases of
tuberculosis (TB) occurred in HIV-infected persons worldwide, with an
estimated nearly half-million deaths
due to TB in HIV-infected individuals
(World Health Organization, 2009).
Prevalence rates of TB in HIV infection are highest (≥ 50%) in areas of
sub-Saharan Africa and are substantial
in many other locales worldwide (Figure 1). Globally, TB is one of the most
frequent causes of mortality in HIV disease, accounting for an estimated onethird of AIDS-related deaths in some
series. Extraordinarily high mortality
rates are associated with multidrug
resistant (MDR) and extensively drug
resistant (XDR) TB in HIV coinfection.
In the United States, an 11.4% decrease was reported in TB incidence in
2009 from 2008, although this figure
may represent underreporting (Centers for Disease Control and Prevention, MMWR, 2010). Approximately
50% of new TB cases occurred in California, New York, Florida, and Texas.
HIV coinfection is present in approximately 10% of new TB cases, and the

Dr Luetkemeyer is assistant professor of
medicine at the University of California San
Francisco.

rate of coinfection has plateaued over
the past several years after gradually
decreasing through the 1990s (Figure
2). One of the drivers of TB infection
is reactivation disease in foreign-born
individuals, which accounts for up to
77% of active infections (Cattamanchi
et al, Int J Tuberc Lung Dis, 2006). Nationwide, 60% of TB cases occurred in
foreign-born individuals, exceeding the
TB rate in individuals born in the United States. Since 2003, the TB rate in
US-born individuals has declined more
rapidly than the rate in the foreign-born
population (Figure 3). Effective diagnosis and treatment of latent TB infection
(LTBI) in at-risk individuals is key for
TB reduction in the United States. Ongoing challenges to implementation of
current US guidelines for diagnosis and
treatment of LTBI have limited effective
LTBI therapy (Walter et al, Clin Infect
Dis, 2008). These data suggest that TB
in the United States is here to stay and
will continue to be a concern for highrisk populations such as those infected
with HIV.

Bidirectional Effects of
Tuberculosis and HIV Coinfection
Coinfection with HIV may worsen the
course and complicate the diagnosis
143

and management of TB. The effects
of HIV infection on TB include altered
clinical presentation, such as increased
paucibacillary and disseminated TB,
which increases the challenge of making an accurate and timely diagnosis.
Throughout the course of HIV disease, there is an increased risk of acquisition of, reactivation of, and reinfection with TB, despite treatment with
antiretroviral drugs (Havlir et al, JAMA,
2008). Overall, HIV-infected patients
have an estimated 20- to 37-fold higher
risk of acquiring TB than do HIV-uninfected persons, and this risk remains
elevated throughout the course of HIV
disease. There is an estimated 2-fold
greater risk of TB acquisition at the
time of HIV seroconversion and a continuous increase in risk during CD4+
cell count decline. Patients with CD4+
cell counts less than 100/µL have a
nearly 10 times higher risk of acquiring TB than do patients with counts
greater than 500/µL, despite effective
antiretroviral therapy (Lawn, Myer et
al, AIDS, 2009). TB risk increases during the months immediately following
antiretroviral therapy initiation, likely
as the result of unmasking of unrecognized subclinical disease. Thereafter,
the risk of aquiring TB decreases during effective antiretroviral therapy but
never returns to the level of risk in HIVuninfected persons (Lawn, Myer et al,
AIDS, 2009; Lawn et al, AIDS, 2006).
The effects of TB on HIV infection
include an increase in HIV viral load
(reported in some but not all studies),
further suppression of CD4+ cell count,
increased risk of opportunistic infections, and increased mortality. High early mortality in TB and HIV coinfection,
particularly at low CD4+ cell counts,
has been observed despite antiretroviral therapy in resource-limited settings
(Lawn, Little, et al, AIDS, 2009). Further,
overlapping toxicities of drugs used to
treat TB and HIV infections complicate
delivery of effective therapy.
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Figure 1. Estimated prevalence of HIV infection in new tuberculosis (TB) cases worldwide in 2008. Adapted from World Health Organization, 2009.

Preventive Therapy in Latent
Tuberculosis Infection
LTBI is the disease state that practitioners in the United States are most often challenged to diagnose and treat.
Considerable rationale for screening
for LTBI in HIV-infected persons comes
from estimates that the risk of active
TB is 3% to 10% per year for HIV-infected patients with a positive tuberculin
skin test (TST) result (Whalen et al,
AIDS, 1997; Selwyn et al, JAMA, 1992;
Selwyn et al, N Engl J Med, 1989). This
risk compares with a 5% to 10% lifetime risk in TST-positive persons without HIV infection (Horsburgh, N Engl J
Med, 2004). Overall, the estimated lifetime risk of active TB in HIV-infected
persons is approximately 20% (Horsburgh, N Engl J Med, 2004).
Isoniazid preventive therapy (IPT)
and antiretroviral therapy are effective in preventing active TB in patients
with LTBI. For example, a retrospective
study in an observational cohort in
Brazil (total of >17,000 person-years)
demonstrated that risk of TB in HIVinfected patients was reduced by 52%
with antiretroviral therapy alone, 68%
with IPT alone, and 80% with both
(Golub et al, AIDS, 2007). In the Haitian CIPRA (Comprehensive Interna-

tional Program of Research on AIDS)
HT001 trial, antiretroviral therapy initiation was associated with a 50% reduction in TB incidence (Severe et al, N
Engl J Med, 2010). A systematic review
reported a 32% risk reduction for TB
with isoniazid in HIV coinfection (Akolo et al, Cochrane Database Syst Rev,
2010). Isoniazid has been associated
with reduced mortality when added
to antiretroviral therapy in some epidemiologic settings; data from a South
African cohort showed a further 53%
reduction in mortality when isoniazid
was added to antiretroviral therapy
compared with antiretroviral therapy
alone (Innes, CROI, 2010). Also, IPT
has not been convincingly associated
with the emergence of isoniazid resistance (Balcells et al, Emerg Infect Dis,
2006). Isoniazid treatment is generally
safe and well tolerated, although monitoring is recommended particularly for
patients with hepatic dysfunction.

Diagnosis of Latent Tuberculosis
Infection
Tuberculin skin testing with purified
protein derivative (PPD), the historical standard for diagnosing LTBI, has
many limitations. These include a de144

pendence on the operator for correct
administration and interpretation of
the test, an association with false-positive results stemming from cross-reactivity with nontuberculous mycobacteria, and the requirement for a return
patient visit within a specified time
window for results to be read. In many
US urban clinics, the return visit rate
for TST interpretation may be as low as
35% (Chaisson et al, J Acquir Immune
Defic Syndr Hum Retrovirol, 1996).
Interferon gamma (IFN-g) release
assays (IGRAs) are alternative tests for
LTBI diagnosis. IGRAs measure levels
of IFN-g released after incubation with
mycobacterial antigens that are more
specific to Mycobacterium tuberculosis
than those used in the TST. Two IGRAs
are approved by the US Food and Drug
Administration for commercial use in
the United States; one assay measures
free IFN-g and the other, an enzymelinked immunosorbent spot (EliSPOT)–
based assay, measures IFN-g-releasing
cells. Unlike for the TST, IGRAs do not
currently have different cutoff values
based on TB risk categories, including
HIV infection. Therefore, results are
given simply as positive, negative, or
indeterminate. Some false-positive results have been observed in M kansasii
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Figure 3. Number and rate of tuberculosis (TB) cases in US-born and foreign-born persons in
the United States from the National TB Surveillance System. Data from 2009 are provisional.
Adapted from Centers for Disease Control and Prevention, MMWR, 2010.
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similar to those in HIV-seronegative
patients (ie, granuloma with or without caseation), and extrapulmonary
involvement, when present, usually is
nodal or pleural (Burman and Jones,
Semin Respir Infect, 2003). In advanced
HIV infection, pulmonary involvement
is still the most common TB presentation; however, extrapulmonary involvement is observed in approximately 70% of patients with CD4+ cell
counts less than 100/µL, and up to 50%
of those with CD4+ cell counts greater
than 50/µL will have positive TB blood
cultures. Histopathologic examination
reveals poorly formed or absent granuloma. On radiography, classic findings
such as cavities are less common with
CD4+ cell counts less than 350/µL, and
up to 21% of patients have a chest x-ray
that appears normal despite sputum
that is TB culture–positive (Chamie et
al, Int J Tuberc Lung Dis, 2010; Burman
and Jones, Semin Respir Infect, 2003).
With regard to testing, negative TST
or IGRA results cannot rule out active
TB. IGRA testing, for example, has a
sensitivity for active disease that ranges from 80% to as low as 60% in some
studies. Negative results from sputum
smears also do not rule out TB, particularly in HIV infection; 50% to 62% of
HIV-infected patients with positive results from pulmonary TB culture have
negative acid-fast bacillus (AFB) smear
results (Monkongdee et al, Am J Respir
Crit Care Med, 2009; Getahun et al, Lancet, 2007). Although associated with
a lower TB burden, untreated smearnegative pulmonary TB is a well-documented source of TB transmission
(Tostmann et al, Clin Infect Dis, 2008;
Hernández-Garduño et al, Thorax, 2004;
Behr et al, Lancet, 1999). Even the gold
standard of culture for TB can be imperfect; culture-negative clinical TB is
a well-recognized entity. Thus, clinical
suspicion for TB is essential in appropriately diagnosing and excluding TB
in HIV infection.
Rapid TB diagnostic tests have been
developed, including nucleic acid–
based tests that can detect both TB
and rifampin resistance with results
available in less than 1 day; these will
be extremely useful for HIV patients,
in whom AFB smear is particularly
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unreliable. One promising rapid polymerase chain reaction (PCR)–based TB
diagnostic test has been shown to have
a sensitivity of 99% to 100% in AFBpositive samples and 71% to 90% in
AFB-negative samples (Boehme et al,
N Engl J Med, 2010; Helb et al, J Clin
Microbiol, 2010). However, these tests
are not yet commercially available in
the United States.

Issues in the Treatment of
Tuberculosis and HIV Coinfection
Recommendations for treatment of
drug-susceptible TB in HIV-infected patients are essentially the same as for
HIV-uninfected patients, with a standard 6-month rifamycin-based regimen that is extended to 9 months in
cases of delayed clinical or microbiologic response (as indicated by positive culture or continued symptoms
at 2 months). Patients with CD4+ cell
counts less than 200/µL should receive daily therapy (Burman, Clin Chest
Med, 2005).
Recent data have helped clarify the
optimal timing for initiating antiretroviral therapy in patients being treated
for TB. The SAPIT (Starting Antiretroviral Therapy at Three Points in Tuberculosis Therapy) trial in South Africa demonstrated that antiretroviral
therapy should not be deferred until
TB treatment is completed. Virologic
response was not compromised and
mortality was reduced by 56% when
antiretroviral therapy was initiated before completion of TB therapy (Abdool
Karim et al, N Engl J Med, 2010). The
mortality benefit was observed for patients with CD4+ cell counts less than
200/µL as well as for patients with
counts greater than 200/µL, although
few deaths occurred in the latter group.
The recently reported CAMELIA
(Cambodian Early Versus Late Introduction of Antiretrovirals) study found—in
AFB-smear-positive, HIV-infected patients with CD4+ cell counts less than
200/µL—a mortality benefit in starting
antiretroviral therapy 2 weeks after
TB treatment initiation versus waiting
8 weeks to start. The CAMELIA study
population had very low CD4+ cell
counts, with a median of 25/µL, and

the majority of subjects had counts
less than 50/µL (Blanc et al, IAC,
2010). As expected, earlier initiation
of antiretroviral therapy was associated with more than twice the rate of
TB immune reconstitution syndrome
(IRIS; incidence per 100 person-months,
4.03 vs 1.44; P < .001). Given these
data, initiation of antiretroviral therapy shortly after the start of TB treatment appears safe and efficacious and
may decrease mortality, particularly in
those with advanced HIV disease, despite the association with an increased
risk of IRIS. Ongoing trials such as
ACTG (AIDS Clinical Trials Group) 5221
and the immediate– versus early–antiretroviral therapy initiation groups of
SAPIT may help further clarify optimal
timing for antiretroviral therapy initiation (eg, whether concomitantly with
TB therapy or after the intensive phase
of 4-drug TB therapy has been completed) for patients with less severely
depressed CD4+ cell counts.
Rifamycins (eg, rifampin, rifabutin)
are key to effective TB therapy, but use
of these drugs is complicated by HIV
coinfection. HIV-infected patients may
be more prone to the emergence of
rifamycin resistance than HIV-seronegative persons, particularly if dosing
is inadequate or intermittent (Swaminathan et al, Clin Infect Dis, 2010). In
addition, rifamycins have important
drug interactions with many antiretroviral drugs. For example, in terms of
interactions with nonnucleoside analogue reverse transcriptase inhibitors
(NNRTIs), rifampin reduces the area
under the concentration-time curve
(AUC) to 78% of normal for efavirenz
and 69% of normal for nevirapine. Efavirenz may be preferable for use with
rifampin because of the somewhat
greater effect of rifampin on nevirapine drug levels and concern over subtherapeutic exposure to nevirapine in
patients already receiving rifampin.
In a South African study, efavirenzbased antiretroviral therapy (at standard 600-mg dosing) for non–TBinfected patients was associated with
virologic outcomes that were similar
to those observed for rifampin-treated TB patients, whereas nevirapine
treatment was associated with infe146

rior virologic suppression when coadministered with rifampin (Boulle
et al, JAMA, 2008). Although some
investigators recommend an increase
of efavirenz to 800 mg when coadministered with rifampin, several studies
have demonstrated that the 600-mg
dosage allows for adequate levels of
efavirenz in the majority of patients
and provides HIV virologic suppression
equivalent to that in non–TB-infected
patients. Rifabutin is an alternative to
rifampin but must be administered at
higher doses, which may lead to increased adverse effects.
If NNRTIs cannot be used (eg, because of drug resistance, pregnancy,
or HIV-2 infection), protease inhibitors (PIs) are an option. Rifampin, however, dramatically reduces PI AUC and
trough concentrations. Attempts to overcome this effect by increasing ritonavir or other PI dosage have resulted in
considerable toxicity including hepatitis. Thus, use of rifampin with PIs is
not currently recommended if other
options are available.
In contrast, rifabutin results in modest increases in AUC and trough values (10% to 20%) of the PIs. Thus, the
current recommendation for patients
receiving ritonavir-boosted PIs is to reduce the rifabutin dose from 300 mg
daily to 150 mg 3 times per week,
keeping in mind that this dose of rifabutin is inadequate if PI therapy is
discontinued. However, accumulating
reports describe well-documented, acquired rifamycin resistance when rifabutin has been administered at 150 mg
every other day in conjunction with
ritonavir-boosted PIs (Boulanger et al,
Clin Infect Dis, 2009; Jenny-Avital and
Joseph, Clin Infect Dis, 2009). Thus,
higher doses of rifabutin may be indicated for patients receiving ritonavirboosted PIs. Many clinics are now using
rifabutin 150 mg daily for such patients
while the ideal rifabutin dosing for coadministration with PIs is reexamined.
Raltegravir may be an option for antiretroviral treatment during TB therapy. As rifampin reduces the AUC and
trough values of raltegravir (Wenning
et al, Antimicrob Agents Chemother,
2009), the current recommendation is to
increase raltegravir dosage to 800 mg
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twice daily. It is unclear if this dose
adjustment is clinically necessary, and
studies evaluating drug-drug interactions between raltegravir and rifampin
are currently under way. Regarding
nucleoside analogue reverse transcriptase inhibitors (nRTIs), these drugs do
not have substantial drug-drug interactions with rifamycins.
New drugs are in development that
may eventually offer the option of shortening TB therapy and increasing its effectiveness. The investigative adenosine triphosphate synthetase inhibitor
TMC-207 has shown a 2-month culture
conversion rate for MDR-TB of 48%
compared with 9% for optimized background therapy (Diacon et al, N Engl
J Med, 2009), and a number of novel
TB drugs are in development (including
PA-824, OPC-67683, and SQ109).

Immune Reconstitution
Inflammatory Syndrome
TB IRIS appears to comprise 2 distinct
syndromes. Paradoxical IRIS, consists
of a worsening of TB despite effective
TB treatment and often is observed in
the context of initiation of antiretroviral therapy. The other form is called
unmasking IRIS, which consists of a
new presentation of TB (or other opportunistic infection) after antiretroviral therapy initiation, often with an
atypical or exaggerated presentation
(Meinjtes et al, Lancet Infect Dis, 2008).
The risk of IRIS increases the lower the
CD4+ cell count and the shorter the
time between the initiation of TB therapy and the initiation of antiretroviral
therapy (Lawn et al, AIDS, 2007).
As there is no definitive test for IRIS,
it is crucial to ensure that the development of another opportunistic infection or the emergence of drug-resistant
TB is not mistaken for the syndrome.
IRIS is usually not life-threatening and
in most cases can be treated symptomatically. However, IRIS occurring in
central nervous system (CNS) or meningeal TB can be severe and in some
cases lethal; initiation of antiretroviral
therapy in CNS TB therefore merits a
heightened level of caution and close
monitoring for development of IRIS.
Nonsteroidal antiinflammatory drugs

are often used in mild to moderate TB
IRIS, but efficacy has not been convincingly demonstrated. Prednisone may be
indicated for severe IRIS (1 mg/kg for
4−6 weeks, although longer treatment
may be required). A 4-week course
of prednisone reduces hospitalization
and the need for outpatient procedures in cases of TB IRIS but may increase the risk of additional infections
(Meintjes et al, AIDS, 2010). Interruption of antiretroviral therapy should be
avoided if at all possible. The potential
for IRIS as a possible complication
should be discussed with TB patients
at the start of antiretroviral therapy, as
IRIS is a frequent complication during
treatment of mycobacterial infections.
Presented by Dr Luetkemeyer in May 2010.
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Financial Disclosure: Dr Luetkemeyer has
received research grants from Gilead Sciences, Inc, Bristol-Myers Squibb, Pfizer Inc, and
Merck & Co, Inc.

Suggested Reading
Abdool Karim SS, Naidoo K, Grobler A, et
al. Timing of initiation of antiretroviral drugs
during tuberculosis therapy. N Engl J Med.
2010;362:697-706.
Akolo C, Adetifa I, Shepperd S, Volmink J.
Treatment of latent tuberculosis infection in
HIV infected persons. Cochrane Database Syst
Rev. 2010;CD000171.
Balcells ME, Thomas SL, Godfrey-Faussett P,
Grant AD. Isoniazid preventive therapy and
risk for resistant tuberculosis. Emerg Infect
Dis. 2006;12:744-751.
Behr MA, Warren SA, Salamon H, et al. Transmission of Mycobacterium tuberculosis from
patients smear-negative for acid-fast bacilli.
Lancet. 1999;353:444-449.
Blanc FX, Sok T, Laureillard D, et al. Significant enhancement in survival with early (2
weeks) vs. late (8 weeks) initiation of highly
active antiretroviral treatment (HAART) in
severely immunosuppressed HIV-infected
adults with newly diagnosed tuberculosis.
[Abstract THLBB106.] 18th International
AIDS Conference (IAC). July 18-23, 2010; Vienna, Austria.
Boehme CC, Nabeta P, Hillemann D, et
al. Rapid molecular detection of tubercu-

147

losis and rifampin resistance. N Engl J Med.
2010;363:1005-1015.
Boulanger C, Hollender E, Farrell K, et al.
Pharmacokinetic evaluation of rifabutin in
combination with lopinavir-ritonavir in patients with HIV infection and active tuberculosis. Clin Infect Dis. 2009;49:1305-1311.
Boulle A, Van Cutsem G, Cohen K, et al. Outcomes of nevirapine- and efavirenz-based
antiretroviral therapy when coadministered
with rifampicin-based antitubercular therapy.
JAMA. 2008;300:530-539.
Burman WJ. Issues in the management of
HIV-related tuberculosis. Clin Chest Med.
2005;26:283-294.
Burman WJ, Jones BE. Clinical and radiographic features of HIV-related tuberculosis.
Semin Respir Infect. 2003;18:263-271.
Cattamanchi A, Hopewell PC, Gonzalez LC,
et al. A 13-year molecular epidemiological
analysis of tuberculosis in San Francisco. Int J
Tuberc Lung Dis. 2006;10:297-304.
Centers for Disease Control and Prevention.
Decrease in reported tuberculosis cases-United States, 2009. MMWR. 2010;59:289-294.
http://www.cdc.gov/mmwr/pdf/wk/mm5910.
pdf. Accessed November 3, 2010.
Centers for Disease Control and Prevention. Reported tuberculosis in the United
States, 2008, p 109. Atlanta, GA: US Department of Health and Human Services, September 2009. http://www.cdc.gov/tb/statistics/
reports/2008/pdf/2008report.pdf. Accessed
November 18, 2010.
Chaisson RE, Keruly JC, McAvinue S, Gallant
JE, Moore RD. Effects of an incentive and
education program on return rates for PPD
test reading in patients with HIV infection.
J Acquir Immune Defic Syndr Hum Retrovirol.
1996;11:455-459.
Chamie G, Luetkemeyer A, WalumsimbiNanteza M, et al. Significant variation in presentation of pulmonary tuberculosis across a
high resolution of CD4 strata. Int J Tuberc Lung
Dis. 2010;14:1295-1302.
Chapman AL, Munkanta M, Wilkinson KA, et
al. Rapid detection of active and latent tuberculosis infection in HIV-positive individuals by
enumeration of Mycobacterium tuberculosisspecific T cells. AIDS. 2002;16:2285-2293.
Diacon AH, Pym A, Grobusch M, et al. The diarylquinoline TMC207 for multidrug-resistant tuberculosis. N Engl J Med. 2009;360:2397-2405.
Getahun H, Harrington M, O’Brien R, Nunn
P. Diagnosis of smear-negative pulmonary
tuberculosis in people with HIV infection
or AIDS in resource-constrained settings:
informing urgent policy changes. Lancet.
2007;369:2042-2049.

International AIDS Society–USA

Topics in HIV Medicine

Golub JE, Saraceni V, Cavalcante SC, et al.
The impact of antiretroviral therapy and isoniazid preventive therapy on tuberculosis
incidence in HIV-infected patients in Rio de
Janeiro, Brazil. AIDS. 2007;21:1441-1448.
Havlir DV, Getahun H, Sanne I, Nunn P. Opportunities and challenges for HIV care in
overlapping HIV and TB epidemics. JAMA.
2008;300:423-430.
Helb D, Jones M, Story E, et al. Rapid detection of Mycobacterium tuberculosis and
rifampin resistance by use of on-demand,
near-patient technology. J Clin Microbiol.
2010;48:229-237.
Hernández-Garduño E, Cook V, Kunimoto D,
Elwood RK, Black WA, FitzGerald JM. Transmission of tuberculosis from smear negative
patients: a molecular epidemiology study.
Thorax. 2004;59:286-290.
Hoffmann M, Ravn P. The use of interferongamma release assays in HIV-positive individuals. Eur Infect Dis. 2010;4:23-29.
Horsburgh CR, Jr. Priorities for the treatment
of latent tuberculosis infection in the United
States. N Engl J Med. 2004;350:2060-2067.
Jenny-Avital ER, Joseph K. Rifamycin-resistant Mycobacterium tuberculosis in the highly
active antiretroviral therapy era: a report of
3 relapses with acquired rifampin resistance
following alternate-day rifabutin and boosted
protease inhibitor therapy. Clin Infect Dis.
2009;48:1471-1474.
Innes C. Effectiveness of isoniazid preventive
therapy in reducing mortality in patients on ART.
17th Conference on Retroviruses and Opportunistic Infections (CROI). [Abstract 102.] February
16-19, 2010; San Francisco, California.
Lawn SD, Little F, Bekker LG, et al. Changing mortality risk associated with CD4 cell
response to antiretroviral therapy in South
Africa. AIDS. 2009;23:335-342.
Lawn SD, Myer L, Bekker LG, Wood R. Burden
of tuberculosis in an antiretroviral treatment
programme in sub-Saharan Africa: impact on
treatment outcomes and implications for tuberculosis control. AIDS. 2006;20:1605-1612.
Lawn SD, Myer L, Bekker LG, Wood R. Tuberculosis-associated immune reconstitution
disease: incidence, risk factors and impact in

an antiretroviral treatment service in South
Africa. AIDS. 2007;21:335-341.

tuberculosis in HIV-infected drug users with cutaneous anergy. JAMA. 1992;268:504-509.

Lawn SD, Myer L, Edwards D, Bekker LG,
Wood R. Short-term and long-term risk of tuberculosis associated with CD4 cell recovery
during antiretroviral therapy in South Africa.
AIDS. 2009;23:1717-1725.

Severe P, Juste MA, Ambroise A, et al. Early
versus standard antiretroviral therapy for
HIV-infected adults in Haiti. N Engl J Med.
2010;363:257-265.

Meintjes G, Lawn SD, Scano F, et al. Tuberculosis-associated immune reconstitution inflammatory syndrome: case definitions for
use in resource-limited settings. Lancet Infect
Dis. 2008;8:516-523.
Meintjes G, Wilkinson RJ, Morroni C, et al.
Randomized placebo-controlled trial of prednisone for paradoxical tuberculosis-associated immune reconstitution inflammatory syndrome. AIDS. 2010;24:2381-2390.
Monkongdee P, McCarthy KD, Cain KP, et al.
Yield of acid-fast smear and mycobacterial
culture for tuberculosis diagnosis in people
with human immunodeficiency virus. Am J
Respir Crit Care Med. 2009;180:903-908.
Mori S, Yamasaki M, Maruyama Y, et al.
Crystallographic studies of Mycobacterium tuberculosis polyphosphate/ATP-NAD kinase complexed with NAD. J Biosci Bioeng.
2004;98:391-393.
Pai M, Zwerling A, Menzies D. Systematic review: T-cell-based assays for the diagnosis of
latent tuberculosis infection: an update. Ann
Intern Med. 2008;149:177-184.
Pathan AA, Wilkinson KA, Klenerman P, et al.
Direct ex vivo analysis of antigen-specific IFNgamma-secreting CD4 T cells in Mycobacterium tuberculosis-infected individuals: associations with clinical disease state and effect of
treatment. J Immunol. 2001;167:5217-5225.

Swaminathan S, Padmapriyadarsini C, Narendran G. HIV-associated tuberculosis: clinical
update. Clin Infect Dis. 2010;50:1377-1386.
Tostmann A, Kik SV, Kalisvaart NA, et al.
Tuberculosis transmission by patients with
smear-negative pulmonary tuberculosis in a
large cohort in the Netherlands. Clin Infect
Dis. 2008;47:1135-1142.
Walter ND, Jasmer RM, Grinsdale J, Kawamura LM, Hopewell PC, Nahid P. Reaching the
limits of tuberculosis prevention among
foreign-born individuals: a tuberculosiscontrol program perspective. Clin Infect Dis.
2008;46:103-106.
Whalen C, Horsburgh CR, Jr., Hom D, Lahart C,
Simberkoff M, Ellner J. Site of disease and opportunistic infection predict survival in HIV-associated tuberculosis. AIDS. 1997;11:455-460.
Wenning LA, Hanley WD, Brainard DM, et al.
Effect of rifampin, a potent inducer of drugmetabolizing enzymes, on the pharmacokinetics of raltegravir. Antimicrob Agents Chemother. 2009;53:2852-2856.
World Health Organization. Global tuberculosis control: a short update to the 2009
report. http://www.who.int/tb/publications/
global_report/2009/update/en/index.html.
Accessed November 3, 2010.

Ravn P, Munk ME, Andersen AB, et al. Prospective evaluation of a whole-blood test using Mycobacterium tuberculosis-specific antigens ESAT-6
and CFP-10 for diagnosis of active tuberculosis.
Clin Diagn Lab Immunol. 2005;12:491-496.
Selwyn PA, Hartel D, Lewis VA, et al. A prospective study of the risk of tuberculosis
among intravenous drug users with human
immunodeficiency virus infection. N Engl J
Med. 1989;320:545-550.
Selwyn PA, Sckell BM, Alcabes P, Friedland GH,
Klein RS, Schoenbaum EE. High risk of active

148

Top HIV Med. 2010;18(4):143-148
©2010, International AIDS Society–USA

