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SPECIAL COMMUNICATION

Opportunities and Challenges for HIV Care
in Overlapping HIV and TB Epidemics
Diane V. Havlir, MD
Haileyesus Getahun, MD, PhD, MPH
Ian Sanne, MBBCH, FCP(SA)
Paul Nunn, MD, FRCP

OF ALL THE COMPLICATIONS

associated with human
immunodeficiency virus
(HIV) disease, tuberculo-

sis (TB) represents the greatest chal-
lenge. Tuberculosis results in enor-
mous suffering and stigma, is a threat
throughout the course of HIV disease,
and is a leading cause of death.1,2

Tuberculosis is one of the few trans-
missible agents in the health care
setting that poses a risk not only
to patients seeking care but to the
health care workforce in resource-
limited settings, which is already
short staffed.3-5

There are now an estimated 10 000
health facilities providing antiretrovi-
ral therapy (ART), including 4200 in
Africa.6 As HIV care expands further,
there is both an opportunity and
necessity for incorporation of TB con-
trol activities into these programs.
Tuberculosis programs simply do not
have the capacity to provide ongoing
TB screening, prevention, and treat-
ment for millions of individuals
receiving HIV care. We review key
interactions between HIV and TB for
HIV care programs, a framework for
HIV programs to incorporate TB
activities, and global progress in
implementation.

HIV and TB Interactions
Risk of TB Among Individuals With
HIV Living in TB Endemic Areas in the
ART Era. Tuberculosis is an opportu-
nistic infection with an increasing risk
throughout the course of HIV disease,
including af ter ART ini t ia t ion
(FIGURE).7-13 This increased risk is de-
tectable as early as HIV seroconver-
sion.7 In a prospective cohort of 23 874
South African miners, TB incidence
doubled the first year after HIV sero-
conversion.7 Tuberculosis risk further
increases as CD4 cell levels decrease.
For example, in Cape Town, South
Africa, the incidence of TB was 17.5
cases per 100 person-years, 12.0 cases
per 100 person-years, and 3.6 cases
per 100 person-years for individuals
with CD4 cell counts of less than

200 cells/µL, 200 to 350 cells/µL, and
more than 350 cells/µL, respectively.8

ART significantly reduces the risk of
TB. Tuberculosis case rates decreased
shortly after the first introduction of
ART.14-16 Reductions in TB rates in
highly TB endemic settings associated
wi th ART have been dramat ic
(TABLE 1).8-11,17-21 In Cape Town, South
Africa, ART use was associated with an
81% risk reduction for TB.8 Several
studies8-10,17,19 reported a paradoxical in-
crease in TB diagnosis within the first

See also Patient Page.
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Tuberculosis (TB) and the emerging multidrug-resistant TB epidemic repre-
sent major challenges to human immunodeficiency virus (HIV) care and treat-
ment programs in resource-limited settings. Tuberculosis is a major cause
of mortality among patients with HIV and poses a risk throughout the course
of HIV disease, even after successful initiation of antiretroviral therapy (ART).
Progress in the implementation of activities directed at reducing TB burden
in the HIV population lags far behind global targets. HIV programs de-
signed for longitudinal care are ideally suited to implement TB control mea-
sures and have no option but to address TB vigorously to save patient lives,
to safeguard the massive investment in HIV treatment, and to curb the global
TB burden. We propose a framework of strategic actions for HIV care pro-
grams to optimally integrate TB into their services. The core activities of this
framework include intensified TB case finding, treatment of TB, isoniazid
preventive treatment, infection control, administration of ART, TB record-
ing and reporting, and joint efforts of HIV and TB programs at the national
and local levels.
JAMA. 2008;300(4):423-430 www.jama.com
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year of ART, mostly due to a combina-
tion of undiagnosed cases of TB, acti-
vation of latent TB infection, and new
TB infections.22

Rates of TB remain substantial and
above the background rates in HIV-
uninfected populations despite
ART use.10,20 An incomplete immune
restoration of TB-specific immune
responses to ART may explain this
observation.23-25 The extent to which
ART protective effects for TB are sus-
tained among individuals living in TB
endemic areas is unknown. Waning
ART adherence rates and treatment
interruptions have the potential to
reverse the protective effects of ART.26

Although treatment interruptions of
ART are not recommended, breaks in
ART supply will unfortunately con-
tinue to occur in resource-constrained
settings placing patients at increased
risk for TB. Tuberculosis risk in
patients receiving ART with subopti-
mal immunological responses or viro-
logic rebound also remains to be
determined.

Isoniazid preventive therapy (IPT)
also reduces risk of TB among patients
with HIV. Studies demonstrate an ap-
proximately 60% reduction in TB, with
lower rates among individuals with a
negative purified protein derivative (tu-
berculin) skin test.27,28 Protection can be
detected from 18 months to 4 years.29,30

The inability of IPT strategies to pro-
vide durable protection against TB may
be due to repeated infections of TB that
occur in persons with HIV, particu-
larly among patients with severe immu-
nosuppression living in TB-endemic re-
gions. IPT added to the preventive
benefit of ART in 1 retrospective study
in Brazil,9 although these data require
confirmation in prospective studies. The
role of isoniazid after TB treatment in the
ART era remains an important and un-
answered question.31,32

Emerging Epidemic of Multidrug-
Resistant and Extensively Drug-
Resistant TB. One of the utmost threats
at the intersection of HIV and TB is ex-
tensively drug-resistant TB. Exten-
sively drug-resistant TB is defined as TB

with resistance to at least isoniazid and
rifampin (multidrug resistant) plus re-
sistance to any fluoroquinolone, and to
a second-line injectable drug.33 The
study of multidrug-resistant and ex-
tensively drug-resistant TB from Tugela
Ferry, South Africa,3 came as no sur-
prise to those investigators working
with HIV and TB. Weakened TB con-
trol programs, absent infection control,
delayed access to diagnostic testing
for TB isolates in the setting of large
numbers of individuals with severe
immune suppression and HIV has led
to a recapitulation of epidemics of
multidrug-resistant TB observed in the
United States in the 1980s.34,35 Al-
though the extent of this epidemic in
Africa is unknown, multidrug-resistant
and extensively drug-resistant TB has
recently been reported in Botswana and
Namibia; it is also occurring at alarm-
ing rates among persons with HIV in
Eastern Europe.36

The high mortality rates of multi-
drug-resistant and extensively drug-
resistant TB have the potential to un-
dermine progress in the rollout of ART,
particularly in sub-Saharan Africa. In
a study of multidrug-resistant TB cases
among individuals with HIV occur-
ring before the Tugela Ferry outbreak,
mortality ranged between 72% and
98%.37 In Tugela Ferry, 52 of 53 pa-
tients died, with a median survival time
from collection of sputum to death of
16 days.3 Molecular fingerprinting stud-
ies confirmed multidrug-resistant and
extensively drug-resistant TB was being
transmitted in both the community and
health care facilities. In addition, some
of the cases acquired in the hospital
were individuals already under treat-
ment with a drug-sensitive TB strain
who were then reinfected with a drug-
resistant strain.38 This epidemic high-
lights the importance of rapid diagnostic
tests to screen for multidrug-resistant
and extensively drug-resistant TB and
the need for far more effective infec-
tion control measures.

Diagnosis and Treatment of TB in
the HIV Population. Tuberculosis di-
agnosis remains extremely challeng-
ing in the HIV-infected population.

Figure. Schematic of Risk of TB and Change in CD4 Cell Count From Onset of HIV
Seroconversion
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TB indicates tuberculosis; ART, antiretroviral therapy; HIV, human immunodeficiency virus. Schematic of risk
of TB and CD4 cell count decline from onset of HIV seroconversion until 6 years after ART initiation for an
individual living in a TB endemic area. This hypothetical individual presents to HIV care and starts ART when
the CD4 cell count is 100 cells/µL. Fold change risk of TB is relative to HIV-uninfected population. Schema is
based on data from published cohort studies.7-13
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Autopsy studies conducted in Africa
confirm that unsuspected TB is often
present among patients dying with
AIDS.39-42 Smear-negative pulmonary TB
is common in the HIV population, dis-
seminated disease is often smear-
negative with nonspecific symptoms,
and extrapulmonary disease is fre-
quent. Pulmonary TB clinical presen-
tation becomes increasingly atypical
in the setting of severe immune sup-
pression.43,44 With the exception of
smear-positive pulmonary TB, a diag-
nosis of TB may be thus often depen-
dent on clinical judgment alone. In ad-
dition, there is a subpopulation of
individuals with HIV with culture-
positive pulmonary TB who are com-
pletely asymptomatic.45,46

Patients with HIV have acceptable
cure rates with a standard TB treat-
ment course that includes a rifampicin-
containing continuation phase.47 High

mortality rates observed in patients with
HIV and TB are more likely attributed
to missed or delayed diagnosis of TB and
long delays in ART initiation.48 Despite
inherent challenges in treating TB in pa-
tients who require ART, it is extremely
encouraging that TB does not jeopar-
dize virologic responses to ART.10,49

Patient management is complicated
by drug interactions between ART and
rifampin. Rifampin reduces efavirenz,
nevirapine, and protease inhibitor
levels via induction of hepatic en-
zymes.50-52 In first-line ART, efavirenz
is recommended because reduction in
levels are less than those with nevira-
pine. When both are contraindicated,
such as in women of child-bearing po-
tential with high CD4 cell counts, cer-
tain triple nucleoside regimens are an
alternative.53 Patients with TB requir-
ing rifampin and protease inhibitors
must use either ritonavir-boosted,

saquinavir-boosted, or lopinavir-
boosted protease inhibitor regimens.
Higher than standard ritonavir doses
are needed, and hepatotoxicity may be
limiting.54 Wider availability and ac-
cess to rifabutin, a less potent inducer
of protease inhibitor metabolism than
rifampin, may improve this situa-
tion.50,55 Optimal timing of ART initia-
tion for patients with TB is currently
unknown. Pending results of ongoing
clinical trials, the World Health Or-
ganization (WHO) has issued interim
guidelines balancing risks of un-
treated HIV disease against those
of simultaneous treatment of both
diseases.54,56

Exaggerated inflammatory re-
sponses (paradoxical reactions) in per-
sons with TB are more common in pa-
tients with HIV who initiate ART
compared with patients uninfected with
HIV.57,58 Fortunately, these events are

Table 1. Tuberculosis Incidence Rates Among HIV-Infected Cohorts With and Without Antiretroviral Therapy in Resource-Limited Settings

Source Setting

No. of
Patients in
the Cohort

TB Incidence Rates per 100 Person-Years

Comment

With
Antiretroviral

Therapy

Without
Antiretroviral

Therapy

Seyler et al,17 2005 Abidjan, Côte d’Ivoire 129 4.8 NA TB incidence 11.3 per 100
person-years with prior TB;
3.0 per 100 person-years
with no prior TB

Badri et al,8 2002 Cape Town, South Africa 1034 2.4 9.7 Adjusted relative risk, 0.19;
95% CI, 0.09-0.38 for
antiretroviral therapy vs
no antiretroviral therapy

Brinkhof et al,18 2007 Africa
Latin America
Asia

4540 10.7 (1-3 mo)
7.5 (4-6 mo)
5.2 (7-12 mo)

NA

Lawn et al,11 2005 Cape Town, South Africa 346 3.35 (year 1)
1.56 (year 2)
1.36 (year 3)
0.90 (year 4)
1.01 (year 5)

NA

Bonnet et al,19 2006 Cambodia
Kenya
Malawi
Cameroon

3151 4.8-17.6 (pulmonary TB)
0-12.7 (extrapulmonary TB)

NA

Golub et al,9 2007 Rio de Janeiro, Brazil 11 026 1.90 4.01 Rates with isoniazid preventive
therapy plus antiretroviral
therapy, 0.80 per 100
person-years

Moore et al,20 2007 Tororo, Uganda 1044 3.9 NA

Lawn et al,10 2006 Gugulethu Community
Healthcenter, South Africa

1002 23.0 (1-3 mo)
10.7 (3-6 mo)
7.0 (6-12 mo)
3.7 (12-24 mo)
7.4 (�2 y)

NA 67% of patients with previous
or prevalent TB at start of
antiretroviral therapy

Walters et al,21 2008 Cape Town, South Africa 290 6.4 53.3 Pediatric cohort study
Abbreviations: CI, confidence interval; HIV, human immunodeficiency virus; NA, not available; TB, tuberculosis.
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rarely fatal, ART can be continued, and
prednisone can be used to control ex-
cessive inflammatory responses. How-
ever, excluding other causes for clini-
cal worsening is time-consuming and
difficult for clinicians, particularly when
diagnostic capabilities are limited. In a
recent study from South Africa,59 some
cases classified as having immune re-
constitution events among patients with
TB receiving TB treatment and ART
were actually due to a second infec-
tion with drug-resistant TB.

Thus, persons with HIV are at risk for
TB from onset of HIV disease, diagno-
sis is limited by inadequate TB diagnos-
tics and atypical presentations of TB, and
management is complicated by drug in-
teractions. Tuberculosis risk can be re-
duced through IPT and ART. How-
ever, even with these interventions, and
even among persons successfully treated
for an episode of TB, individuals with
HIV living in TB endemic areas remain
at increased risk for TB, including re-
peated TB episodes.60,61 Ongoing TB
transmission and repeated infections are
driving the TB epidemic, and the risk for

TB among patients with HIV may be fur-
ther amplified in resource-constrained
settings where health care facilities are
often cramped, with little ventilation,
and patients with infectious TB are nu-
merous. Multidrug-resistant and exten-
sively drug-resistant TB represent im-
mediate threats for both the HIV and TB
communities.

Strategic Approaches to
Reduce TB Burden for HIV Care
and Treatment Programs
Finding and treating TB cases, admin-
istering ART and IPT, and infection
control are critical activities to incor-
porate into HIV care programs, the first
chronic care models to emerge in many
developing countries (TABLE 2). Be-
cause patients with HIV are at risk for
TB throughout life, activities should be
ongoing in pediatric and adult ART
clinics, pre-ART clinics (keeping rela-
tively healthy patients engaged in care),
and maternal health programs.

TB Intensified Case Finding. Find-
ing and treating TB promptly is the most
effective TB control measure. Intensi-

fied case finding includes both active
identification of TB among patients
with HIV in care and screening their
household members for active TB.
Simple questionnaires and diagnostic
algorithms to identify patients with TB
should be administered on clinic en-
try and at routine examinations; the
role of a screening chest radiograph in
asymptomatic patients is not clear.62-69

Facilities for expectorated or induced
sputum collection need to be safe, con-
venient, and set up so as not to expose
patients with HIV to infectious TB
cases. Fluorescence rather than con-
ventional microscopy should be used
to increase yield of TB identification.70

HIV programs should establish trans-
port operations to access laboratories
using the most rapid TB culture and
drug susceptibility methods. New mo-
lecular TB diagnostic and drug resis-
tance tools appear promising, and cost
savings may emerge from expanded
molecular diagnostic capabilities in HIV
laboratories.71

Extending active TB case finding to
household members identifies undiag-
nosed HIV and TB. These efforts can
also be extended to identify those in-
dividuals in need of IPT.72 In 64% of 596
culture-proven pediatric TB cases in
Cape Town, South Africa, there were
missed opportunities for IPT before
TB diagnosis.73 Whether intensified
case finding at the household level
should be under HIV programs or TB
control or a combination of the 2 is
not clear. What is clear is that this act-
ivity is feasible and that even in a se-
verely resource-constrained setting,
such as Malawi, the yield was high.74

Operational research is ongoing to de-
termine whether household contact in-
vestigation is most efficiently imple-
mented primarily at the home or the
clinic. Transportation, convenience,
and stigma all contribute to this equa-
tion. At present, identifying patients
with TB through some form of contact
tracing is the minimum that programs
should pursue—with appropriate safe-
guards to prevent TB transmission.

Treating Individuals With Active
TB. Patients with HIV and active TB

Table 2. HIV Programmatic Activities for Prevention and Treatment of TB in HIV Care and
Treatment Programs

Activity Purpose Frequency/Indication

Intensified case finding Early identification and
treatment of TB; rapid
identification of
multidrug-resistant
and extensively
drug-resistant TB

Entry to HIV care; routine
clinic visits; household
contacts of TB cases

Treatment of TB cases Successfully treat TB, deliver
antiretroviral therapy and
TB compatible regimens
as indicated, provide
cotrimoxazole and
manage immune
reconstitution events

For each TB episode

Isoniazid preventive treatment Prevent TB Isoniazid preventive therapy
for every patient after
excluding active TB

Antiretroviral therapy Prevent TB According to national
guidelines

Infection control Reduce TB transmission Continuous

TB reporting Contribute to national
and global TB
monitoring efforts

Report isoniazid preventive
therapy, TB cases, and
drug resistance to TB
control programs on
annual basis

Joint HIV/TB planning Coordinate HIV/TB action at
all levels

HIV/TB coordinating body
with at least bi-annual
meetings

Abbreviations: HIV, human immunodeficiency virus; TB, tuberculosis.
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may be most often treated in TB clin-
ics with subsequent referral to HIV care.
This model has evolved because TB can
be the presenting HIV condition, TB
clinics have the capacity and experi-
ence to diagnose and treat TB accord-
ing to national guidelines, and there are
10- to 50-fold more clinics providing
TB care vs those providing HIV treat-
ment in high HIV burden countries. The
downside of this arrangement is that
prolonged delays between TB diagno-
sis and ART initiation may result in ex-
traordinarily high rates of mortality in
severely immune-compromised pa-
tients.48,75 Reductions of such delays re-
quire either TB staff to initiate ART, co-
location of a government TB clinic and
HIV clinic to facilitate cross-referral and
convenience for the patient, or decen-
tralization of ART clinics with capac-
ity to treat TB.76

We propose expansion of a care
model whereby TB is treated by HIV
programs. HIV care staff are trained to
diagnose and treat a wide array of in-
fections associated with HIV disease.
Tuberculosis should be no excep-
tion.75 This arrangement requires that
HIV programs link to TB clinics to fa-
cilitate early referral of patients. HIV
caregivers must be familiar with TB
drug dosing, toxicities, and drug inter-
actions, and evaluation and manage-
ment of paradoxical reactions.

Empirical treatment for smear-
negative TB in patients who are seri-
ously ill should be prescribed accord-
ing to recently revised guidelines.77,78

Administration of cotrimoxazole, an in-
tervention demonstrating survival ben-
efits among patients with TB, should be
prescribed according to current guide-
lines.79-82 HIV clinic management must
ensure access to an uninterrupted sup-
ply of TB medications. Delivery of TB
therapy should occur through adapta-
tion of adherence activities already in
place for ART or through partnering
with government TB facilities imple-
menting the Stop TB Strategy.83

HIV programs are actively engaged
in developing tracking mechanisms for
patients who fail to appear for clinic.
As HIV programs address and imple-

ment TB treatment, they will need to
either develop the capacity or collabo-
rate with TB programs to ensure that
patients complete TB treatment and re-
port the outcome of each treated pa-
tient to national TB programs. In areas
with multidrug-resistant or exten-
sively drug-resistant TB, HIV care pro-
grams will need to work with public
health authorities and community ac-
tivist groups to advocate for access to
TB drug susceptibility testing and sec-
ond-line TB agents and to establish safe
and effective venues for treatment.84

Isoniazid Preventive Therapy. HIV
programs may need to work with coun-
try policymakers to permit IPT admin-
istration, which in some countries is
either against national policy or impos-
sible because of the stringent require-
ments for the exclusion of TB before IPT
initiation. Research into improved IPT
regimens and diagnostic screening al-
gorithms is ongoing and should not be
used as an excuse to delay IPT scale-
up. Tuberculosis screening is the start-
ing point for IPT. Based on the best
available data and the epidemiology of
the region, HIV programs need to sys-
tematically and routinely screen indi-
viduals and classify each one as hav-
ing either no evidence of active TB,
active TB, or as being indeterminate for
TB. Patients in the first group should
receive IPT and patients in the second
group should receive TB treatment. The
third group of patients merit further ob-
servation or diagnostic studies until ac-
tive TB can be ruled out with an ac-
ceptable level of confidence. Delivery
of IPT and ensuring adherence should
be incorporated into ongoing pro-
gram education, supporting and moni-
toring patients in adherence to cotri-
moxazole and ART.

Antiretroviral Therapy. ART is one
of the most powerful weapons against
TB. HIV treatment programs have over-
come substantial barriers to provide
ART to millions of individuals, al-
though there remain huge unmet needs.
From the perspective of TB preven-
tion, the earlier that ART is initiated,
the less the risk for TB. Where multi-
drug-resistant TB strains are circulat-

ing, those individuals with compro-
mised immune systems starting ART
gain the added theoretical benefit of a
reduced risk for acquiring multidrug-
resistant TB. One of the most impres-
sive success stories of the preventive
effect of ART on TB is the Brazil expe-
rience. Tuberculosis rates among per-
sons with HIV were reduced by 81% af-
ter ART introduction.85

There is no controversy surround-
ing the implementation of ART accord-
ing to current WHO guidelines as a
measure among other measures to re-
duce TB. Concerns that ART will un-
leash a sizable epidemic of TB are ex-
aggerated, although it is theoretically
possible that as more individuals live
longer with HIV, and even with a re-
duced risk of TB, that TB burden could
increase. Should ART be initiated ear-
lier than current guidelines recom-
mend for solely the purpose of reduc-
ing TB? In a model addressing this
approach, high ART coverage and high
rates of adherence were required be-
fore a preventive benefit of ART was ob-
served.86 However, assumptions in this
model need to be updated with new
data, and ongoing research studies will
address this strategy in a randomized
trial.

TB Infection Control. Many of the
activities discussed above such as in-
tensified case finding and IPT reduce
TB transmission and thus are impor-
tant components of TB infection con-
trol. One of the most challenging areas
in TB infection control is the imple-
mentation of measures in both outpa-
tient and inpatient health care facili-
ties that will reduce the risk of TB
transmission and protect health care
workers. HIV care programs can no
longer afford to take a passive ap-
proach to this situation for the sake of
both their patients and their staff. As
HIV programs provide more TB care
and treatment, clinics must take mea-
sures to prevent HIV clinics from be-
coming a nidus for TB transmission.

Tuberculosis infection control guide-
lines exist but are rarely imple-
mented.87 Although infection control
was in the spotlight with extensively
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drug-resistant TB, transmission of drug-
sensitive TB in care facilities occurs at
a much greater magnitude. Effective res-
piratory infection control measures
should be introduced in HIV care ser-
vices. Patients with suspected TB should
be separated from other patients until
TB is excluded.88-92 Respirators such as
N-95 masks should be provided to
health care workers likely to be ex-
posed to infectious patients with TB. In-
fection control approaches that in-
clude patient separation and masks can
engender additional stigma for an al-
ready highly stigmatized population.

Thus, HIV programs will need to har-
ness community support and use edu-
cation as a tool to assist in implement-
ing measures designed to protect staff
and patients. These include advocacy
and communication to ensure the com-
munity is aware of the risks posed by
TB and the way it is transmitted, to-
gether with the hygienic measures that
should be taken by patients with cough
(handkerchief, cloth, or surgical mask
to absorb respiratory secretions and re-
duce aerosolization). Ensuring maxi-
mal natural ventilation in HIV clinics
is also important, does not generate
stigma, and should be a priority. Simple
measures such as opening windows and
doors maximize natural ventilation so
that the risk of airborne contagion is
much lower and is particularly suited
to tropical climates. In a recent study,93

a combination of approaches includ-
ing ventilation, drug resistance test-
ing, and isolation facilities would avert
48% of extensively drug-resistant TB
cases. Every facility should have an in-
fection control plan with an indi-
vidual responsible for enforcing it.

TB Recording and Reporting. Diag-
nosing and reporting TB is another cru-
cial activity for HIV services. National
TB control programs are responsible
within countries to collect TB data
within their country and to report these
data to the WHO. For these agencies
to effectively track the TB epidemic, it
is essential that HIV care programs ad-
here to TB reporting requirements.
Standardized recording and reporting
formats in accordance with national TB

and AIDS control guidelines should be
used.

Joint HIV/TB Planning. The success-
ful implementation of TB interven-
tions in HIV services requires effec-
tive communication, coordination, and
collaboration with TB control pro-
grams. Medium-term and long-term
plans that are jointly prepared with TB
control programs are crucial during the
initiation and scaling-up phases. Some
countries have demonstrated that ef-
fective HIV/TB coordinating bodies,
which are functional at all levels, were
instrumental in facilitating collabora-
tion and coordination between the HIV
and TB stakeholders.94 The joint plan
should define the roles and responsi-
bilities of each stakeholder for imple-
mentation and identify the best ways to
maximize existing opportunities, in-
cluding resource mobilization. Neces-
sary planning elements include staff re-
cruitment and training, financial
resources, and ensuring a sustainable
and effective commodity and supplies
mechanism. The expansion of labora-
tory facilities and implementation of in-
fection control require a joint and uni-
fied effort of the HIV and TB programs.
The power of community advocacy in
achieving these goals should not be un-
derestimated.84

Progress in Implementation
of Key HIV and TB Activities
The only current global monitoring sys-
tem to assess progress of HIV/TB ac-
tivities relies on information provided
by countries to the WHO. This system
is currently under revision to improve
and harmonize reporting of HIV/TB ac-
tivities to the WHO and other primary
funding agencies, such as President’s
Emergency Plan for AIDS Relief
(PEPFAR).95 Despite limitations of the
current monitoring systems, there is
evidence of some progress in HIV and
TB activities. The number of coun-
tries reporting a mechanism to coordi-
nate HIV and TB increased from 11 in
2002 to 102 in 2006.96 During this time,
countries with routine HIV testing for
patients with TB increased from 9 to
128. By the end of 2006, data from 202

countries showed 12% of all notified pa-
tients with TB were tested for HIV—
22% of patients with TB in Africa.96 Of
those patients with TB and known HIV,
78% were administered cotrimoxa-
zole and 41% started ART. Some se-
lect countries such as Rwanda, Brazil,
Thailand, and South Africa have made
admirable progress in the scale-up of
testing of known patients with TB for
HIV and starting these patients on
ART.96 Nigeria reported that 86 897 pa-
tients in HIV care were screened for TB
in 2007.97 India has spearheaded cross-
referral programs between HIV and TB
clinics leading to increased TB detec-
tion in the HIV population.98

Even with these advances, progress
in implementation of all HIV/TB activi-
ties is lagging far behind global tar-
gets. Tuberculosis screening and IPT
among persons with HIV remain abys-
mally low in the reported global data
with 314 394 individuals, and 27 000
individuals having received these ser-
vices, respectively, in 2006.96 ART was
provided to only a small fraction of pa-
tients with TB. Infection control pro-
grams are just being started and global
targets are under development.

Conclusions
HIV care programs must take a bold ap-
proach to TB prevention, diagnosis, and
treatment to successfully address the
catastrophic and intersecting epidem-
ics of HIV and TB. HIV programs need
to take advantage of new earmarked
funds for HIV/TB activities from agen-
cies such as PEPFAR and the Global
Fund to Fight HIV, TB, and Malaria.
They must push for access for rapid TB
diagnostic tests, conduct operational re-
search, and launch educational efforts
in partnership with the community to
reduce TB transmission. Shortages in the
health care workforce and laboratory ca-
pabilities clearly represent the greatest
obstacles. However, the possibility for
progress has never been greater with the
global commitment to health care in-
frastructure strengthening geared to-
ward consolidating the momentum
through disease-specific efforts such as
those involving HIV and TB.

TUBERCULOSIS AND HIV TREATMENT PROGRAMS

428 JAMA, July 23/30, 2008—Vol 300, No. 4 (Reprinted) ©2008 American Medical Association. All rights reserved.

 by Christopher Buttery on July 22, 2008 www.jama.comDownloaded from 

http://jama.ama-assn.org


Author Contributions: Dr Havlir had full access to all
of the data in the study and takes responsibility for
the integrity of the data and the accuracy of the data
analysis.
Study concept and design: Havlir, Getahun, Sanne,
Nunn.
Acquisition of data: Getahun, Nunn.
Drafting of the manuscript: Havlir.
Critical revision of the manuscript for important in-
tellectual content: Havlir, Getahun, Sanne, Nunn.
Administrative, technical, or material support:
Getahun, Sanne, Nunn.
Study supervision: Havlir.
Financial Disclosures: None reported.
Funding/Support: This work was supported by grant
A151982 from the National Institute of Allergy and
Infectious Diseases.
Role of the Sponsor: The National Institute of Allergy
and Infectious Diseases had no role in the prepara-
tion, review, or approval of the manuscript.
Disclaimer: Drs Getahun and Nunn are staff mem-
bers of the World Health Organization. They alone
are responsible for the views expressed in this article
and do not necessarily represent the decisions or poli-
cies of the World Health Organization.

REFERENCES

1. Corbett EL, Watt CJ, Walker N, et al. The growing
burden of tuberculosis: global trends and interac-
tions with the HIV epidemic. Arch Intern Med. 2003;
163(9):1009-1021.
2. Harries AD, Hargreaves NJ, Kemp J, et al. Deaths
from tuberculosis in sub-Saharan African countries with
a high prevalence of HIV-1. Lancet. 2001;357
(9267):1519-1523.
3. Gandhi NR, Moll A, Sturm AW, et al. Extensively
drug-resistant tuberculosis as a cause of death in pa-
tients co-infected with tuberculosis and HIV in a rural
area of South Africa. Lancet. 2006;368(9547):
1575-1580.
4. Samb B, Celletti F, Holloway J, Van Damme W, De
Cock KM, Dybul M. Rapid expansion of the
health workforce in response to the HIV epidemic.
N Engl J Med. 2007;357(24):2510-2514.
5. Harries AD, Zachariah R, Bergstrom K, Blanc L,
Salaniponi FM, Elzinga G. Human resources for con-
trol of tuberculosis and HIV-associated tuberculosis.
Int J Tuberc Lung Dis. 2005;9(2):128-137.
6. World Health Organization. Towards universal ac-
cess: scaling up priority HIV/AIDS interventions in the
health sector: progress report June 2008. http://www
.who.int/hiv/mediacentre/2008progressreport/en
/print.html. Accessed June 30, 2008.
7. Sonnenberg P, Glynn JR, Fielding K, Murray J,
Godfrey-Faussett P, Shearer S. How soon after infec-
tion with HIV does the risk of tuberculosis start to in-
crease? a retrospective cohort study in South African
gold miners. J Infect Dis. 2005;191(2):150-158.
8. Badri M, Wilson D, Wood R. Effect of highly ac-
tive antiretroviral therapy on incidence of tuberculo-
sis in South Africa: a cohort study. Lancet. 2002;
359(9323):2059-2064.
9. Golub JE, Saraceni V, Cavalcante SC, et al. The im-
pact of antiretroviral therapy and isoniazid preven-
tive therapy on tuberculosis incidence in HIV-
infected patients in Rio de Janeiro, Brazil. AIDS. 2007;
21(11):1441-1448.
10. Lawn SD, Myer L, Bekker LG, Wood R. Burden
of tuberculosis in an antiretroviral treatment pro-
gramme in sub-Saharan Africa: impact on treatment
outcomes and implications for tuberculosis control.
AIDS. 2006;20(12):1605-1612.
11. Lawn SD, Badri M, Wood R. Tuberculosis among
HIV-infected patients receiving HAART: long term in-
cidence and risk factors in a South African cohort. AIDS.
2005;19(18):2109-2116.
12. Holmes CB, Wood R, Badri M, et al. CD4 decline

and incidence of opportunistic infections in Cape Town,
South Africa: implications for prophylaxis and
treatment. J Acquir Immune Defic Syndr. 2006;
42(4):464-469.
13. Mermin J, Were W, Ekwaru JP, et al. Mortality in
HIV-infected Ugandan adults receiving antiretroviral
treatment and survival of their HIV-uninfected chil-
dren: a prospective cohort study. Lancet. 2008;
371(9614):752-759.
14. Girardi E, Sabin CA, d’Arminio Monforte A, et al.
Incidence of tuberculosis among HIV-infected pa-
tients receiving highly active antiretroviral therapy in
Europe and North America. Clin Infect Dis. 2005;
41(12):1772-1782.
15. Jones JL, Hanson DL, Dworkin MS, DeCock KM.
HIV-associated tuberculosis in the era of highly ac-
tive antiretroviral therapy: the Adult/Adolescent Spec-
trum of HIV Disease Group. Int J Tuberc Lung Dis.
2000;4(11):1026-1031.
16. Kirk O, Gatell JM, Mocroft A, et al. Infections with
Mycobacterium tuberculosis and Mycobacterium avium
among HIV-infected patients after the introduction of
highly active antiretroviral therapy: EuroSIDA Study
Group JD. Am J Respir Crit Care Med. 2000;162
(3 pt 1):865-872.
17. Seyler C, Toure S, Messou E, Bonard D, Gabillard
D, Anglaret X. Risk factors for active tuberculosis af-
ter antiretroviral treatment initiation in Abidjan. Am J
Respir Crit Care Med. 2005;172(1):123-127.
18. Brinkhof MW, Egger M, Boulle A, et al. Tuber-
culosis after initiation of antiretroviral therapy in low-
income and high-income countries. Clin Infect Dis.
2007;45(11):1518-1521.
19. Bonnet MM, Pinoges LL, Varaine FF, et al. Tu-
berculosis after HAART initiation in HIV-positive pa-
tients from five countries with a high tuberculosis
burden. AIDS. 2006;20(9):1275-1279.
20. Moore D, Liechty C, Ekwaru P, et al. Prevalence,
incidence and mortality associated with tuberculosis
in HIV-infected patients initiating antiretroviral therapy
in rural Uganda. AIDS. 2007;21(6):713-719.
21. Walters E, Cotton MF, Rabie H, Schaaf HS, Walters
LO, Marais BJ. Clinical presentation and outcome of
tuberculosis in human immunodeficiency virus in-
fected children on anti-retroviral therapy. BMC Pediatr.
2008;8(1):1.
22. Lawn SD, Wilkinson RJ, Lipman MC, Wood R. Im-
mune reconstitution and “unmasking” of tuberculo-
sis during antiretroviral therapy. Am J Respir Crit Care
Med. 2008;177(7):680-685.
23. Lawn SD, Bekker LG, Wood R. How effectively
does HAART restore immune responses to Mycobac-
terium tuberculosis? implications for tuberculosis
control. AIDS. 2005;19(11):1113-1124.
24. Schluger NW, Perez D, Liu YM. Reconstitution of
immune responses to tuberculosis in patients with HIV
infection who receive antiretroviral therapy. Chest.
2002;122(2):597-602.
25. Sutherland R, Yang H, Scriba TJ, et al. Impaired
IFN-gamma-secreting capacity in mycobacterial an-
tigen-specific CD4 T cells during chronic HIV-1 infec-
tion despite long-term HAART. AIDS. 2006;20
(6):821-829.
26. DART Trial Team. Fixed duration interruptions are
inferior to continuous treatment in African adults start-
ing therapy with CD4 cell counts �200 cells/microl.
AIDS. 2008;22(2):237-247.
27. Bucher HC, Griffith LE, Guyatt GH, et al. Isonia-
zid prophylaxis for tuberculosis in HIV infection: a meta-
analysis of randomized controlled trials. AIDS. 1999;
13(4):501-507.
28. Woldehanna S, Volmink J. Treatment of latent tu-
berculosis infection in HIV infected persons. Coch-
rane Database Syst Rev. 2004;1(1):CD000171.
29. Johnson JL, Okwera A, Hom DL, et al. Duration
of efficacy of treatment of latent tuberculosis infec-
tion in HIV-infected adults. AIDS. 2001;15(16):
2137-2147.

30. Quigley MA, Mwinga A, Hosp M, et al. Long-
term effect of preventive therapy for tuberculosis in
a cohort of HIV-infected Zambian adults. AIDS. 2001;
15(2):215-222.
31. Churchyard GJ, Fielding K, Charalambous S, et al.
Efficacy of secondary isoniazid preventive therapy
among HIV-infected Southern Africans: time to change
policy? AIDS. 2003;17(14):2063-2070.
32. Fitzgerald DW, Desvarieux M, Severe P, Joseph
P, Johnson WD Jr, Pape JW. Effect of post-treatment
isoniazid on prevention of recurrent tuberculosis in HIV-
1-infected individuals: a randomised trial. Lancet. 2000;
356(9240):1470-1474.
33. World Health Organization. Antituberculosis Drug
Resistance in the World. Report No. 4. Geneva, Swit-
zerland: World Health Organization; 2008.
34. Daley CL, Small PM, Schecter GF, et al. An out-
break of tuberculosis with accelerated progression
among persons infected with the human immunode-
ficiency virus: an analysis using restriction-fragment-
length polymorphisms. N Engl J Med. 1992;326
(4):231-235.
35. Fischl MA, Daikos GL, Uttamchandani RB, et al.
Clinical presentation and outcome of patients with HIV
infection and tuberculosis caused by multiple-drug-
resistant bacilli. Ann Intern Med. 1992;117(3):
184-190.
36. Dubrovina I, Miskinis K, Lyepshina S, et al. Drug-
resistant tuberculosis and HIV in Ukraine: a threaten-
ing convergence of two epidemics? Int J Tuberc Lung
Dis. 2008;12(7):756-762.
37. Wells CD, Cegielski JP, Nelson LJ, et al. HIV in-
fection and multidrug-resistant tuberculosis: the per-
fect storm. J Infect Dis. 2007;196(suppl 1):S86-
S107.
38. Andrews J, Gandhi N, Moodley P, et al. Exog-
enous re-infection with multidrug- and extensively
drug-resistant TB among TB/HIV co-infected pa-
tients in rural South Africa. Presented at: 15th Con-
ference on Retroviruses and Opportunistic Infec-
tions; February 6, 2008; Boston, MA. Abstract 143.
39. Lucas SB, Hounnou A, Peacock C, et al. The mor-
tality and pathology of HIV infection in a west Afri-
can city. AIDS. 1993;7(12):1569-1579.
40. Rana FS, Hawken MP, Mwachari C, et al. Au-
topsy study of HIV-1-positive and HIV-1-negative adult
medical patients in Nairobi, Kenya. J Acquir Immune
Defic Syndr. 2000;24(1):23-29.
41. Ansari NA, Kombe AH, Kenyon TA, et al. Pathol-
ogy and causes of death in a group of 128 predomi-
nantly HIV-positive patients in Botswana, 1997-1998.
Int J Tuberc Lung Dis. 2002;6(1):55-63.
42. Martinson NA, Karstaedt A, Venter WD, et al.
Causes of death in hospitalized adults with a premor-
tem diagnosis of tuberculosis: an autopsy study. AIDS.
2007;21(15):2043-2050.
43. Gilks CF, Brindle RJ, Otieno LS, et al. Extra-
pulmonary and disseminated tuberculosis in
HIV-1-seropositive patients presenting to the acute
medical services in Nairobi. AIDS. 1990;4(10):981-
985.
44. Elliott AM, Halwiindi B, Hayes RJ, et al. The im-
pact of human immunodeficiency virus on presenta-
tion and diagnosis of tuberculosis in a cohort study in
Zambia. J Trop Med Hyg. 1993;96(1):1-11.
45. Mtei L, Matee M, Herfort O, et al. High rates of
clinical and subclinical tuberculosis among HIV-
infected ambulatory subjects in Tanzania. Clin Infect
Dis. 2005;40(10):1500-1507.
46. Bakari M, Arbeit RD, Mtei L, et al. Basis for treat-
ment of tuberculosis among HIV-infected patients in
Tanzania: the role of chest x-ray and sputum culture.
BMC Infect Dis. 2008;8:32.
47. Jindani A, Nunn AJ, Enarson DA. Two 8-month
regimens of chemotherapy for treatment of newly di-
agnosed pulmonary tuberculosis: international mul-
ticentre randomised trial. Lancet. 2004;364(9441):
1244-1251.

TUBERCULOSIS AND HIV TREATMENT PROGRAMS

©2008 American Medical Association. All rights reserved. (Reprinted) JAMA, July 23/30, 2008—Vol 300, No. 4 429

 by Christopher Buttery on July 22, 2008 www.jama.comDownloaded from 

http://jama.ama-assn.org


48. Lawn SD, Myer L, Orrell C, Bekker LG, Wood R.
Early mortality among adults accessing a community-
based antiretroviral service in South Africa: implica-
tions for programme design. AIDS. 2005;19(18):
2141-2148.
49. Breen RA, Miller RF, Gorsuch T, et al. Virological
response to highly active antiretroviral therapy is un-
affected by antituberculosis therapy. J Infect Dis. 2006;
193(10):1437-1440.
50. McIlleron H, Meintjes G, Burman WJ, Maartens
G. Complications of antiretroviral therapy in patients
with tuberculosis: drug interactions, toxicity, and im-
mune reconstitution inflammatory syndrome. J In-
fect Dis. 2007;196(suppl 1):S63-S75.
51. la Porte CJ, Colbers EP, Bertz R, et al. Pharma-
cokinetics of adjusted-dose lopinavir-ritonavir com-
bined with rifampin in healthy volunteers. Antimi-
crob Agents Chemother. 2004;48(5):1553-1560.
52. Gray A, Abdool Karim SS, Gengiah TN. Ritonavir
/saquinavir safety concerns curtail antiretroviral therapy
options for tuberculosis-HIV-co-infected patients in
resource-constrained settings. AIDS. 2006;20(2):
302-303.
53. Srikantiah P, Walusimbi MN, Kayanja HK, et al.
Early virological response of zidovudine/lamivudine
/abacavir for patients co-infected with HIV and tu-
berculosis in Uganda. AIDS. 2007;21(14):1972-
1974.
54. World Health Organization. Antiretroviral Therapy
for HIV Infection in Adults and Adolescents: Recom-
mendations for a Public Health Approach. Geneva,
Switzerland: World Health Organization; 2006.
55. Moreno S, Hernandez B, Dronda F. Antiretrovi-
ral therapy in AIDS patients with tuberculosis. AIDS
Rev. 2006;8(3):115-124.
56. Blanc FX, Havlir DV, Onyebujoh PC, Thim S,
Goldfeld AE, Delfraissy JF. Treatment strategies for HIV-
infected patients with tuberculosis: ongoing and
planned clinical trials. J Infect Dis. 2007;196(suppl 1):
S46-S51.
57. Serra FC, Hadad D, Orofino RL, et al. Immune re-
constitution syndrome in patients treated for HIV and
tuberculosis in Rio de Janeiro. Braz J Infect Dis. 2007;
11(5):462-465.
58. Lawn SD, Bekker LG, Miller RF. Immune reconsti-
tution disease associated with mycobacterial infec-
tions in HIV-infected individuals receiving antiretrovirals.
Lancet Infect Dis. 2005;5(6):361-373.
59. Meintjes G, Rebe K, Rangaka M, et al. High rates
of drug-resistant TB among patients with suspected
tuberculosis immune reconstitution inflammatory syn-
drome in South Africa. Presented at: 15th Confer-
ence on Retroviruses and Opportunistic Infections; Feb-
ruary 5, 2008; Boston, MA. Abstract 1009.
60. Glynn JR, Crampin AC, Yates MD, et al. The im-
portance of recent infection with Mycobacterium tu-
berculosis in an area with high HIV prevalence: a long-
term molecular epidemiological study in Northern
Malawi. J Infect Dis. 2005;192(3):480-487.
61. Sonnenberg P, Murray J, Glynn JR, Shearer S,
Kambashi B, Godfrey-Faussett P. HIV-1 and recur-
rence, relapse, and reinfection of tuberculosis after cure:
a cohort study in South African mineworkers. Lancet.
2001;358(9294):1687-1693.
62. Corbett EL, Bandason T, Cheung YB, et al. Epi-
demiology of tuberculosis in a high HIV prevalence
population provided with enhanced diagnosis of symp-
tomatic disease. PLoS Med. 2007;4(1):e22.
63. Day JH, Charalambous S, Fielding KL, Hayes RJ,
Churchyard GJ, Grant AD. Screening for tuberculosis
prior to isoniazid preventive therapy among HIV-
infected gold miners in South Africa. Int J Tuberc Lung
Dis. 2006;10(5):523-529.
64. Mohammed A, Ehrlich R, Wood R, Cilliers F,
Maartens G. Screening for tuberculosis in adults with
advanced HIV infection prior to preventive therapy.
Int J Tuberc Lung Dis. 2004;8(6):792-795.

65. Cain K. Developing a clinical algorithm to diag-
nose TB in HIV-infected persons in SE Asia. Paper pre-
sented at: 38th World Lung Health Conference, Sym-
posium on Intensified Case Finding; November 10,
2007; Cape Town, South Africa.
66. Demissie M. Testing different TB screening strat-
egies: intensified TB case finding among HIV-
infected personnel at a voluntary counselling and test-
ing centre, Addis Ababa, Ethiopia. Paper presented at:
38th World Lung Health Conference, Symposium on
Intensified Case Finding; November 10, 2007; Cape
Town, South Africa.
67. Kimmerling M. Active TB case finding within a con-
tinuum of care package: linking TB and HIV services
through voluntary counselling and testing centres in
Battambang province, Cambodia. Paper presented at:
38th World Lung Health Conference, Symposium on
Intensified Case Finding; November 10, 2007; Cape
Town, South Africa.
68. Chintu C, Mwaba P. Is there a role for chest ra-
diography in identification of asymptomatic tubercu-
losis in HIV-infected people? Lancet. 2003;362
(9395):1516.
69. Mosimaneotsile B, Talbot EA, Moeti TL, et al. Value
of chest radiography in a tuberculosis prevention pro-
gramme for HIV-infected people, Botswana. Lancet.
2003;362(9395):1551-1552.
70. Kivihya-Ndugga LE, van Cleeff MR, Githui WA,
et al. A comprehensive comparison of Ziehl-Neelsen
and fluorescence microscopy for the diagnosis of tu-
berculosis in a resource-poor urban setting. Int J Tu-
berc Lung Dis. 2003;7(12):1163-1171.
71. Barnard M, Albert H, Coetzee G, O’Brien R,
Bosman ME. Rapid molecular screening for multidrug-
resistant tuberculosis in a high-volume public health
laboratory in South Africa. Am J Respir Crit Care Med.
2008;177(7):787-792.
72. Wood R, Middelkoop K, Myer L, et al. Undiag-
nosed tuberculosis in a community with high HIV
prevalence: implications for tuberculosis control. Am
J Respir Crit Care Med. 2007;175(1):87-93.
73. Schaaf HS, Marais BJ, Whitelaw A, et al. Culture-
confirmed childhood tuberculosis in Cape Town, South
Africa: a review of 596 cases. BMC Infect Dis. 2007;
7:140.
74. Zachariah R, Spielmann MP, Harries AD, et al. Pas-
sive versus active tuberculosis case finding and iso-
niazid preventive therapy among household con-
tacts in a rural district of Malawi. Int J Tuberc Lung
Dis. 2003;7(11):1033-1039.
75. Manosuthi W, Chottanapand S, Thongyen S,
Chaovavanich A, Sungkanuparph S. Survival rate and
risk factors of mortality among HIV/tuberculosis-
coinfected patients with and without antiretroviral
therapy. J Acquir Immune Defic Syndr. 2006;43
(1):42-46.
76. Zachariah R, Teck R, Ascurra O, et al. Can we get
more HIV-positive tuberculosis patients on antiretro-
viral treatment in a rural district of Malawi? Int J Tu-
berc Lung Dis. 2005;9(3):238-247.
77. 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(9578):2042-2049.
78. World Health Organization. Improving the
Diagnosis and Treatment of Smear-Negative
Pulmonary and Extrapulmonary Tuberculosis
Among Adults and Adolescents: Recommendations for
HIV-Prevalent and Resource-Constrained Settings.
Geneva, Switzerland: World Health Organization;
2007.
79. World Health Organization. Guidelines on Co-
trimoxazole Prophylaxis for HIV-related Infections
Among Children, Adolescents and Adults: Recom-
mendations for a Public Health Approach. Geneva,
Switzerland: World Health Organization; 2006.

80. Grimwade K, Sturm AW, Nunn AJ, Mbatha D,
Zungu D, Gilks CF. Effectiveness of cotrimoxazole pro-
phylaxis on mortality in adults with tuberculosis in ru-
ral South Africa. AIDS. 2005;19(2):163-168.
81. Wiktor SZ, Sassan-Morokro M, Grant AD, et al.
Efficacy of trimethoprim-sulphamethoxazole prophy-
laxis to decrease morbidity and mortality in
HIV-1-infected patients with tuberculosis in Abidjan,
Cote d’Ivoire: a randomised controlled trial. Lancet.
1999;353(9163):1469-1475.
82. Godfrey-Faussett P. Policy Statement on Preven-
tive Therapy Against Tuberculosis in People Living With
HIV. Geneva, Switzerland: World Health Organiza-
tion, Global Tuberculosis Programme, and UNAIDS;
1998.
83. World Health Organization. The STOP TB Strat-
egy: building on and enhancing DOTS to meet the TB-
related Millennium Development Goals. http://www
.who.int/tb/strategy/en/index.html. Accessed June 30,
2008.
84. Achmat Z. Science and social justice: the lessons
of HIV/AIDS activism in the struggle to eradicate
tuberculosis. Int J Tuberc Lung Dis. 2006;10(12):
1312-1317.
85. Miranda A, Morgan M, Jamal L, et al. Impact of
antiretroviral therapy on the incidence of tuberculo-
sis: the Brazilian experience, 1995-2001. PLoS ONE.
2007;2(9):e826.
86. Williams BG, Dye C. Antiretroviral drugs for tu-
berculosis control in the era of HIV/AIDS. Science.
2003;301(5639):1535-1537.
87. Harries AD, Hargreaves NJ, Gausi F, Kwanjana
JH, Salaniponi FM. Preventing tuberculosis among
health workers in Malawi. Bull World Health Organ.
2002;80(7):526-531.
88. Behr MA, Warren SA, Salamon H, et al. Trans-
mission of Mycobacterium tuberculosis from pa-
tients smear-negative for acid-fast bacilli. Lancet. 1999;
353(9151):444-449.
89. Frampton MW. An outbreak of tuberculosis among
hospital personnel caring for a patient with a skin ulcer.
Ann Intern Med. 1992;117(4):312-313.
90. Hutton MD, Stead WW, Cauthen GM, Bloch AB,
Ewing WM. Nosocomial transmission of tuberculosis
associated with a draining abscess. J Infect Dis. 1990;
161(2):286-295.
91. Joshi R, Reingold AL, Menzies D, Pai M. Tuber-
culosis among health-care workers in low- and middle-
income countries: a systematic review. PLoS Med.
2006;3(12):e494.
92. Sepkowitz KA, Raffalli J, Riley L, Kiehn TE,
Armstrong D. Tuberculosis in the AIDS era. Clin Mi-
crobiol Rev. 1995;8(2):180-199.
93. Basu S, Andrews JR, Poolman EM, et al. Preven-
tion of nosocomial transmission of extensively drug-
resistant tuberculosis in rural South African district hos-
pitals: an epidemiological modelling study. Lancet.
2007;370(9597):1500-1507.
94. Ramon-Pardo P, Jacquet V, Armengol R, Montero
C, Echegaray E, Del Granado MV. Scaling up collabo-
rative TB-HIV activities in Latin America. Int J Tuberc
Lung Dis. 2008;12(3)(suppl 1):51-53.
95. Gunneberg C, Reid A, Williams BG, Floyd K, Nunn
P. Global monitoring of collaborative TB-HIV activities.
Int J Tuberc Lung Dis. 2008;12(3)(suppl 1):2-7.
96. World Health Organization. Global tuberculosis
control: surveillance, planning, financing. http://www
.who.int/tb/publications/global_report/en/. Ac-
cessed June 25, 2008.
97. Federal Ministry of Health, Department of
Public Health. Report of the 2007 TB/HIV Collabo-
rative Activities in Nigeria. National TB/HIV Working
Group.
98. Chauhan LS. Implementation of TB/HIV Collabo-
rative Activities. 13th TB/HIV Core Group Meeting;
2008. http://www.stoptb.org/wg/tb_hiv/cgdl.asp. Ac-
cessed June 25, 2008.

TUBERCULOSIS AND HIV TREATMENT PROGRAMS

430 JAMA, July 23/30, 2008—Vol 300, No. 4 (Reprinted) ©2008 American Medical Association. All rights reserved.

 by Christopher Buttery on July 22, 2008 www.jama.comDownloaded from 

http://jama.ama-assn.org

