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The human immunodeficiency virus (HIV), causing the ac-
quired immunodeficiency syndrome (AIDS), was first re-
ported thirty years ago. The UNAIDS published the latest
statistics on the global HIV and AIDS epidemic in November
2010 and estimated that in 2009 there were 33.3 million
people living with HIV/AIDS worldwide (Worldwide HIV
and AIDS statistics, http://www.avert.org/worldstats.htm).
While the annual number of new HIV infections has steadily
declined, and the number of people receiving antiretroviral
therapy increased, the HIV pandemic has so far caused the
death of nearly 30 million people from AIDS-related causes.
The sub-Saharan African region carries the greatest burden
of this pandemic, with 22.5 million adults and children living
with HIV/AIDS in 2009. In South Africa alone, there are an
estimated 5.6 million HIV-infected people, more than in any
other country, with almost one in three women aged 25–29,
and over a quarter of men aged 30–34, living with HIV (HIV
and AIDS in South Africa, http://www.avert.org/aidssouth-
africa.htm).

Tuberculosis (TB) is an important public health problem
representing the most frequent opportunistic infection in
HIV infected persons globally. In 1993, the World Health
Organization (WHO) declared TB a global public health
emergency, when an estimated 7-8 million cases and 1.3–1.6
million deaths occurred each year. Today, TB remains a lead-
ing cause of death in low- and middle-income countries, and
the latest WHO report on global TB control indicates that
there were an estimated 8.8 million incident cases and 1.4
million deaths from TB in 2010 (http://www.who.int/tb/en/).

HIV infection is the greatest risk factor for acquiring
Mycobacterium tuberculosis (M.tb) infection and developing
TB. The devastating association between HIV and TB means
that up to 1.2 million (12–14%) of the new TB cases were
amongst HIV-infected people in 2010, and TB caused the
death of an estimated 0.35 million HIV-infected people. The
proportion of HIV-M.tb-coinfected persons is highest in
Africa, with the African Region accounting for overall 82%
of TB cases among people living with HIV.

The risk of TB is increased during all stages of HIV
infection from about 10% over a lifetime (in HIV-uninfected
individuals) to as high as 30% per annum in patients with
advanced HIV infection [1, 2]. These circumstances define
the analysis of the immune response to TB in the context
of HIV infection as a pressing research priority. This special
issue is therefore devoted to HIV-associated TB. It comprises
three review papers and six research papers.

The first paper is a general overview of HIV-associated
TB and focuses on the intersecting HIV and TB epidemics
in countries with a high burden of both infections. Among
the many challenges, the authors discuss the diagnosis of
TB in HIV-infected patients, difficulties posed by antiretro-
viral drug interactions when treating HIV-M.tb-coinfected
patients, and the WHO-recommended interventions collec-
tively known as collaborative TB/HIV activities, such as HIV
testing in TB patients, integration of HIV and TB services,
provision of isoniazid preventive therapy (IPT), infection
control, minimizing airborne transmission, and managing
recurrent TB.
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The crucial question of when to initiate combined an-
tiretroviral treatment (cART) in relation to TB treatment,
balancing the increased risk of immune reconstitution in-
flammatory syndrome (IRIS) associated with early cART
with the mortality associated with delaying HIV treatment,
is discussed in the second review paper. TB-associated IRIS
(TB-IRIS) is an important early complication of cART, re-
flecting the fact that the immune responses to TB may con-
tribute to both protection and pathology. Two forms of TB-
IRIS are recognized: (1) paradoxical, that occurs in patients
who are established on TB treatment before cART, and man-
ifest with recurrent or new symptoms and clinical features
of TB after initiation of cART; (2) unmasking TB-IRIS, that
has been defined in patients who are not receiving treatment
for TB when cART is started, but present with active TB
within 3 months of starting cART and show a heightened
intensity of clinical manifestations with a marked inflam-
matory component [3, 4]. The authors conclude that there
is compelling evidence that initiation of cART should not
be delayed in HIV/TB-coinfected individuals. The WHO
recommends the initiation of cART between 2 and 8 weeks
subsequent to the initiation of TB therapy in individuals
with CD4 counts <200/µL. Three publications (published
since this review paper) of clinical trials in patients with
HIV-associated TB [5–7] describe survival benefits and in-
creased AIDS-free survival resulting from early cART initi-
ation after the start of TB therapy, particularly in persons
with far-advanced immunosuppression (CD4 <50/µL), while
indicating that the risk of IRIS was higher with earlier than
with later cART initiation. This survival benefit of early cART
occurs despite the higher risk of IRIS in those started earlier
and in those with a CD4 count <50/µL, and despite the
fact that IRIS itself can be associated with mortality (case
fatality rate of 3.2% in a recent meta-analysis) [8]. Although
guidelines have been developed for resource-limited settings
(3), the need to detect and appropriately treat IRIS in a timely
fashion outside of a controlled clinical study environment
remains a major challenge and requires further exploration.

The third paper discusses the concept of “latent tubercu-
losis infection” in HIV-infected individuals. Immunological
tests, such as tuberculin skin test (TST) and interferon-
gamma release assays (IGRAs) provide evidence of M.tb sen-
sitization in one-third of the global population. Thus, more
than two billion individuals are estimated to be latently in-
fected with M.tb and show no clinical symptoms but live with
the risk of subsequent progression to overt clinical disease,
particularly in the context of coinfection with HIV. The tra-
ditional paradigm that distinguishes latent M.tb infection
from active TB as two distinct compartmentalized states ap-
pears to be too simplistic. Recently, it has been suggested that
clinically defined latent M.tb infection actually represents
one extreme on a spectrum (of immune responses, mycobac-
terial metabolic activity, and bacillary numbers) that runs
from elimination of live bacilli to subclinical and clinical
symptomatic disease [9, 10]. The authors of this paper
propose that the impact of HIV infection on this spectrum
might be better conceptualized as a shift from controlled
infection towards poor immune control, higher mycobac-
terial metabolic activity, and greater organism load, with

subsequently increased risk of progression to active disease
and discuss the evidence for such a model as well as the
implications for interventions to control the HIV-associated
TB epidemic.

The six research papers and clinical studies in this special
issue follow the reviews in thematic order. Thus, the fourth
paper describes HIV-associated TB mortality and predictors
of death and survival in a tertiary care center in Brazil; the
fifth and sixth describe the paradoxical consequences of dual
HIV and TB treatment (TB-IRIS) in Northern India and
Uganda and their predictors, followed by approaches to diag-
nosing M.tb infection and TB in HIV-infected people using
existing immunodiagnostic (IGRA) and proposed meth-
ods (antigen 85 reactivity). The final paper focuses on genetic
factors (HLA-B∗57) and gender influencing the incidence of
TB in HIV-infected persons in Bangalore, India.

This issue shows that progress is being made in unrav-
elling the spectrum of protective and pathological immune
mechanisms in HIV and M.tb-coinfected persons, and the
approaches and consequences of their treatment. Indeed,
WHO in its 2011 report presents encouraging trends of
globally declining TB incidence rates at a time of broadening
therapeutic options, TB vaccine candidates in phases II and
III trials, and the development of fast and precise PCR-based
diagnostic tools. However, major obstacles such as poverty
and its consequences and availability of and access to health
care impact the HIV and M.tb pandemics, while at the same
time new attention is also needed on diabetes, cigarette
smoking, and air pollution as risk factors in TB endemic
areas. Bold goals such as “Zero Deaths” [11], increased dis-
ease-specific funding for treatment programs, development
of new diagnostics, vaccines, and biomedical and clinical
progress as presented here will be needed to sustain accom-
plishments and further decrease the HIV and TB impact on
global public health.

Katalin A. Wilkinson
Stephan Schwander

M. Estee Torok
Graeme Meintjes
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The intersecting HIV and Tuberculosis epidemics in countries with a high disease burden of both infections pose many challenges
and opportunities. For patients infected with HIV in high TB burden countries, the diagnosis of TB, ARV drug choices in treating
HIV-TB coinfected patients, when to initiate ARV treatment in relation to TB treatment, managing immune reconstitution,
minimising risk of getting infected with TB and/or managing recurrent TB, minimizing airborne transmission, and infection
control are key issues. In addition, given the disproportionate burden of HIV in women in these settings, sexual reproductive
health issues and particular high mortality rates associated with TB during pregnancy are important. The scaleup and resource
allocation to access antiretroviral treatment in these high HIV and TB settings provide a unique opportunity to strengthen both
services and impact positively in meeting Millennium Development Goal 6.

1. Introduction

Infection with Mycobacterium tuberculosis (MTB) remains
one of the leading causes of morbidity and mortality globally
[1]. The growing burden of multidrug-resistant (MDR) and
extremely drug-resistant (XDR) cases of tuberculosis (TB)
poses additional challenges to TB case management. Of the
estimated 9.3 million new cases of TB that occurred in 2007,
1.37 million (15%) were co-infected with HIV. Sub-Saharan
Africa accounted for 79% of the burden of TB-HIV co-
infections, followed by South-East Asia (11%). In 2007, there
were 456,000 TB-related deaths among HIV-positive patients
accounting for 23% of the global HIV/AIDS mortality [2].
Globally, an estimated 33 million people are infected with
HIV. HIV-positive people are about 20 times more likely
than HIV-negative people to develop TB in countries with
a generalized HIV epidemic [2]. Although South Africa is
home to <1% of the global population, it accounts for 17%
of the global burden of HIV infection and approximately
one quarter of all HIV-TB co-infected patients [2, 3].

TB co-infection in HIV-infected pregnant women is
emerging as a major non-obstetric cause of maternal deaths

in sub-Saharan Africa [4]. According to data from two
studies at a major tertiary hospital in KwaZulu-Natal (the
epicenter of the pandemic), Khan et al. [5] in 2001 demon-
strated a 32-fold increased risk of death among TB-HIV co-
infected pregnant women compared to those without HIV-
infection, and Ramogale et al. [6] in 2007 reported that the
majority of deaths among HIV-infected pregnant women
were associated with TB co-infection. TB is also a major
cause of morbidity in HIV-infected children, with HIV-
infected children having a 20–25-fold higher incidence of TB
than HIV-uninfected children, with an overall TB incidence
in South African HIV-infected children of 9.2% (95% CI:
0.14–0.97) [7–9].

The intersection of the TB and HIV epidemics and the
challenges and opportunities they provide for addressing
both epidemics is the focus of this paper.

2. Diagnosing TB in HIV-Infected Patients

TB is the most common presenting opportunistic infection
among HIV-infected patients, who remain at high risk for TB
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throughout the course of their disease. HIV-infected patients
on HAART have a TB incidence rate of 4.6 cases/100 patient-
years, approximately 10-fold higher than TB incidence rates
in HIV-negative patients in the same community [10].
Early identification of TB suspects, with prompt triage
into TB diagnostic and treatment services, are beneficial in
improving overall clinical outcomes in co-infected patients,
as well as in reducing TB transmission from undiagnosed
and untreated patients. Additionally, HIV-infected patients
who screen negative for TB can be assessed for eligibility
for isoniazid (INH) preventive therapy. Notwithstanding
these benefits, HIV-TB co-infected patients have a higher
frequency of smear negative TB sputum tests [11] and are
four times more likely to have extra-pulmonary TB and
atypical as well as nonspecific radiologic features of TB.
Thus, clinical diagnosis of pulmonary tuberculosis (PTB) in
patients co-infected with HIV remains a challenge especially
in settings where there are limited clinicians and radiological
facilities to confirm a TB diagnosis [12–14]. Further, HIV-
TB co-infected patients have varied clinical presentation of
TB, ranging from the classic signs of TB infection of cough,
weight loss, fever, and drenching night sweats to nonspecific
signs and symptoms [15, 16]. Diagnosis of drug-resistant
TB remains a challenge in many high-burden TB settings,
largely as a result of a combination of poor laboratory
capacity and the absence of widespread programmatic drug
susceptibility testing. Mortality rates in excess of 80% have
been reported for patients with HIV and XDR-TB, in the
context of an XDR-TB outbreak, and have been attributed to
diagnostic delays and lags in instituting appropriate therapy
[17]. Recent years have seen an investment of research
effort into developing new assays with increased sensitivity
and specificity, shorter turn-around times, with greater
suitability for high burden resource-constrained settings, and
potential value in HIV-infected individuals (Table 1). A study
by Dheda et al. [18], showed urine-LAM positivity to be
significantly associated with HIV positivity (P = .007), with
sensitivity significantly higher in HIV-infected compared to
uninfected patients (P = .001), and in HIV-infected partici-
pants with a CD4 < 200 cells/mm3, compared to those with
CD4 counts above 200 (P = .003). In this particular study,
urine-LAM remained highly specific for TB both in HIV-
uninfected and in HIV-infected patients irrespective of CD4
counts. Twenty-five percent of smear-negative but culture-
positive HIV-infected patients with a CD4 < 200 cells/mm3

were positive for urine-LAM [18]. It is important to note
that T-cell-based assays such as the interferon gamma release
assays, which include the T-Spot-TB and QFT Gold-in-tube,
are not useful in the diagnosis of active TB because these tests
do not distinguish between latent and active TB.

3. Enhancing TB Diagnosis in HIV-Infected
Patients and Knowledge of HIV Status in TB
Patients and Prophylactic Use of Isoniazid

To overcome diagnostic infrastructure and human resource
constraints, a TB symptom screening questionnaire is
increasingly being utilised to more effectively and efficiently

screen for TB [26]. Data from nine ICAP ARV treatment
initiation sites in the Eastern Cape, where infrastructure
and human resource capacity are extremely limited have
provided compelling evidence for the utility of this screening
tool. ARV treatment sites can utilise this screening tool to
maximise opportunities for TB screening in HIV-infected
patients and TB services can include provider-initiated
counselling and testing (PIT) services to increase knowledge
of HIV status in TB patients, linked to CD4 testing and/or
clinical staging of HIV disease in patients testing HIV
positive, and potentially provide earlier access into AIDS care
and treatment services [27]. The World Health Organization
(WHO) currently recommends PIT as a standard of care for
all patients with signs and symptoms of TB [28]. South Africa
has, since the 1st April 2010, taken this a step further and
now emphasises HIV counselling and Testing (HCT) as part
of opportunistic health promotion [29]. Given that South
Africa has an HIV TB co-infection rate that exceeds 69%,
this is a significant policy shift for enhancing HIV survival
and impacting the TB epidemic in this setting [30].

4. Integration of HIV, TB, and MDR-TB Services

Though intertwined, HIV and TB are treated in separate
programs and facilities. TB clinics have been slow to imple-
ment HIV care and the introduction of antiretroviral therapy
(ART), which has resulted in the establishment of separate
HIV clinics, that often do not focus on TB co-infection
[31, 32]. In countries with dual HIV-TB epidemics, the
provision of HIV testing to TB patients and the provision of
CD4+ count assays to those who test HIV-positive are a cost-
efficient approach in identifying co-infected patients in need
of ART [31]. One strategy to improve outcomes for HIV-TB
patients is to utilize existing TB-care facilities and combine
HIV care with TB care. TB clinics already have an established
infrastructure, drug, and patient management systems.
Treatment of both diseases requires addressing adherence
to therapy and monitoring for side effects, toxicities, and
treatment failure. Up until early 2010, uncertainty existed as
to the best time to initiate HAART in HIV TB co-infected
patients. Issues of high mortality rates in co-infected patients
not initiated on ART were offset by concerns of concomitant
treatment of both diseases including increased frequency
of immune reconstitution inflammatory syndrome (IRIS);
potential interaction between rifampicin and NNRTI and PI
drugs; pill burden, adherence, and overlapping toxicity. Data
from the Starting Antiretroviral Therapy at Three Points in
Tuberculosis (SAPiT) trial provided empiric evidence for
integration of HIV and TB care, with a reduction in all-
cause mortality of 56% among co-infected patients with
CD4+ counts< 500 that integrated HIV and TB treatment
compared to those that deferred ART initiation until after
TB treatment was complete. Additionally, patients that had
integrated HIV and TB treatment had both favourable TB
outcomes and reduced incidence of IRIS. The question of
whether the most optimal time to initiate ART is during
the intensive or continuation phase of TB treatment remains
unanswered [33]. Thus far, studies have demonstrated
poorer MDR-TB and HIV treatment outcomes in dually
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Table 1: Newer Diagnostic Technologies for TB.

Technology Turnaround time Sensitivity gain References

Ziehl Neelsen 2-3 days
[19]

Solid Culture 30–60 days Baseline

Liquid Culture 15–30 days +10%

Rapid Speciation Compared to LJ

Line Probe Assay 1st line Rif and INH (e.g.,
INNOLiPA Rif.TB and the GenoTyp MTBDR)

2–4 days Currently smear positive only [20, 21]

Integrated Nucleic Acid Amplification Tests
(INH and Rif only) GeneXpert MTB/RIF

90 minutes +40% compared to ZN [22]

The Microscopic-Observation
Drug-Susceptibility (MODS)

7 Days +14% compared to LJ [23]

T-cell-based Assays (Interferon-γ-based assays)
16–24 hrs
(if not batch run)

Overall sensitivity gain unknown Sensitivity:
76% for QTF-G, and 90% for Elispot, unable
to distinguish latent from and active TB, role in
HIV infection uncertain

[24]

LED-based Flourescent Microscopy 1-2 days +10% Compared to ZN [19]

TB Antigen Detection (Lipoarabinomannan
–LAM Assay)

3-4 hours
Point of care testing
available soon

Overall sensitivity gain unknown 52%
sensitivity in HIV+ patients, specificity 89%

[18, 25]

infected patients. MDR-TB HIV co-infection has been
described as the “perfect storm”, as it is associated with
extremely high mortality and lack of adequate second line
anti-TB therapy. Complexities in managing MDR-TB in
HIV include the availability of rapid drug susceptibility
testing, prevention of nosocomial transmission to patients
and HCW, potentiated drug toxicity, ART drug interactions
with MDR-TB treatment, and a high pill burden [34, 35].
Publications from South Africa by O’Donnell et al. [36] and
Dheda et al. [17] have demonstrated improved outcomes
with the integration of antiretroviral therapy with MDR
and XDR therapies, with respect to overall reduction in
mortality rates and better outcomes in co-infected patients
that integrated therapies for HIV and drug-resistant TB.

5. Immune Reconstitution Inflammatory
Syndrome (IRIS)

TB IRIS results from either deterioration of TB while on
anti-TB treatment, known as paradoxical TB IRIS, or a
new presentation of previously subclinical TB referred to
as unmasking TB IRIS. Mycobacteria account for approx-
imately 40% of all cases of infective IRIS in patients
initiated on ART [37–41]. The frequency of paradoxical
TB-IRIS range from 8% to 43% [42–45] and is dependent
on background TB prevalence rates. In contrast, literature
describing the prevalence and presentation of unmasking
TB IRIS is more limited [46–48]. The common consensus
from clinical studies suggests that low CD4+ cell counts are
associated with an increased incidence of IRIS [49, 50]. The
introduction of ART early in TB treatment is an additional
risk factor for IRIS. A South African study indicated a 12%
overall incidence of TB IRIS in HIV-TB co-infected patients,
with an IRIS incidence of 32% when ART was initiated

within 2 months of TB diagnosis and an IRIS incidence of
70% if ART was initiated within a month of starting TB
therapy [51]. A meta-analysis of IRIS studies by Muller et al.
[50] suggests that both frequency of IRIS events and the high
early mortality in ART programs in resource-limited settings
could be prevented by starting ART earlier prior to the risk
of opportunistic infections.

6. Prophylaxis in HIV-TB Co-Infected Patients

Data from the Development of AntiRetroviral Therapy in
Africa (DART) trial have demonstrated that cotrimoxazole
prophylaxis reduced mortality in patients with HIV infection
on ART for up to 72 weeks regardless of CD4 count
status, with mortality similarly reduced in patients with a
current CD4 cell counts above and below 200 cells/μL [52].
Notwithstanding the absence of definitive evidence from
randomised controlled trials on optimal duration of IPT
in HIV-infected patients, data from several observational
studies demonstrate that INH Preventive Therapy (IPT) is
both cost effective and beneficial [53–55] through combating
low bacillary load latent TB which serves as a reservoir for
possible recurrent disease [56].

Concurrent administration of ART and IPT has demon-
strated a TB risk reduction of 76–89% in observational
studies from both South Africa and Brazil [54, 55]. Given
the challenges in diagnosing TB in HIV-infected patients,
the potential of unintentionally treating active TB with
monotherapy and thereby contributing to drug resistance
is very real especially in settings with inadequate sputum,
radiology, and tuberculin skin testing resources for the
exclusion of active TB [57]. Significantly, despite the need to
exclude active TB prior to the administration of IPT, many
people die of TB without having received either IPT or any
appropriate treatment for their unrecognised TB [58].
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The protection offered by IPT to those infected with
HIV may depend on a number of factors including degree
of immune suppression of the individual, duration of IPT,
adherence to and potency of the regimen, as well as the
general risk of reinfection in that setting [56, 59]. Data
from randomised controlled trials using 6–12 month IPT
in HIV positive patients demonstrate reductions in risk of
active TB by about a third compared to those on placebo,
with reductions of up to two-thirds in those who tested
tuberculin skin test (TST) positive [56, 57, 60]. Additionally,
a Botswana trial that initiated 1,006 patients on continuous
IPT demonstrated that IPT was 92% effective in reducing
TB in TST-positive patients [61]. An analysis of published
studies on the treatment of latent TB infection by Akolo et
al. [62] demonstrated that TST negative individuals seem
not to benefit from IPT. While more studies are required to
establish optimal duration of IPT in HIV-infected patients
in high-burden TB settings, current data suggest optimal
benefit from IPT when used for a period of 9 months post
TB therapy [63]. Current recommended dosages for IPT
include 300 mg daily for 6–9 months in adolescents and
adults or alternatively 800–900 mg twice weekly if supervised
treatment is feasible [64–67].

While toxicity from coadministration of IPT and HAART
is valid, the likelihood of stopping therapy as a result of
adverse events has to date been low. The risk of adverse events
was higher with rifampicin and pyrazinamide-containing
regimens than INH monotherapy [56]. The feasibility of
implementing IPT into HIV care programmes has been
demonstrated in many African settings [27]. INH adherence
education and motivation, with monitoring of ongoing
adherence and toxicity can be readily integrated into HIV
care programmes. There are several benefits of instituting
IPT to patients in HIV wellness and pre-ART readiness
programmes, including protection from TB-associated mor-
bidity and mortality, and the incentive for regular clinic
attendance for patients.

7. Recurrent TB

Recurrent TB accounts for the majority of TB cases in
countries with a high TB incidence rate [2] with HIV
infection a major risk factor for TB recurrence [68–70].
The WHO Guidelines defines recurrent TB as the diagnosis
of active TB in patients previously treated for TB and
were subsequently declared cured or whose treatment was
completed. Data from South Africa indicate an association
between high TB incidence and ART initiation at CD4 <
200 cells/mm3 or at WHO Stage 4 HIV disease [71]. HIV-
infected patients on HAART have a TB incidence rate of
4.6 cases/100 patient-years, approximately 10-fold higher
than the TB incidence rates of HIV-negative patients in the
same community. A study of South African gold miners
demonstrated that TB recurrence was 5 times more likely
in HIV-positive patients [72]. The “risk of TB relapse”
remains a significant factor in determining optimal duration
of anti-TB therapy. Current guidelines suggest a 6-month
rifamycin-based regimen as suitable irrespective of HIV
status, yet to date, two randomized clinical trials suggest

otherwise [73, 74]. One RCT compared 12-month standard
rifampin-based regimen to a 6-month regimen and found
lower recurrence rates at 18 months in the group with
an extended TB therapy duration [74]. The second RCT
which compared standard short course therapy in both
HIV-infected and uninfected groups showed that rates of
recurrence in HIV-infected individuals were only reduced
when combined with 1 year of continued INH therapy
post short-course TB therapy completion [73]. Of note, is
that both trials predated the ART era. There is a paucity
of data on incidence rates and risk factors for recurrent
TB in an HIV-infected population on ART. TB scarring,
cavities, regimens used for the initial episode, and a low
CD4 count are some risk factors associated with recurrent
TB. There has been considerable interest in the timing of
HAART and its capacity for immune restoration. Irrespective
of the level of TB burden in different settings, HAART
has consistently been shown to substantially reduce the
risk of TB within HIV cohorts by 70–90%. It is, however,
hypothesised that partial immune restoration resulting from
ART creates a persistently heightened risk for recurrent
TB [75, 76], which is in contrast to the role of HAART
in community TB control, as patients on HAART survive
longer, yet they remain at a chronic heightened risk for
TB infection [77]. With increasing numbers of patients
on ART spending long hours in inadequately ventilated
waiting rooms in AIDS clinics and where limited infection
control activities are implemented, the impact of recurrent
TB especially with drug-resistant TB needs to be urgently
investigated. Scaleup of ART services remains an essential
strategy in TB control. Declining incidence density rates of
TB in the first five years of HAART have been demonstrated
by Lawn et al. However, patients with CD4 < 100 cells/ml and
more advanced pretreatment immune suppression remain at
heightened risk for recurrent TB [77].

8. Enhancing Infection Control for
TB in ARV Clinics

Given the high rates of undiagnosed TB in AIDS patients and
the excess mortality associated with HIV-TB co-infection,
HIV clinics should pay particular attention to infection
control including good ventilation to minimise further TB
risk acquisition in AIDS patients. The Tugela Ferry XDR-TB
outbreak in rural South Africa brought to public attention
the consequences of nosocomial TB transmission in high
HIV burden settings and has also highlighted the risk of
acquiring multi-drug-resistant TB in health care workers
and in the general public. A 3-tier approach for TB-infection
control has been developed by the WHO for application in
all settings and includes administrative and environmental
controls and personal protection. The proposed
interventions are simple and feasible and can be customised
further based on available resources [78]. Administrative
controls include (i) early identification and separation
of infectious patients, (ii) controlling infectiousness by
educating patients on proper cough etiquette and respiratory
hygiene, and (iii) limiting time patients spend in health care
facilities through decreasing hospital stays and increasing
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outpatient TB treatment [79]. Environmental controls
include (i) encouraging natural and mechanical ventilation
and (ii) upper-room ultraviolet light. Natural ventilation
could be as simple as opening a window and a door to create
cross ventilation. However, mechanical ventilation can be
complicated and expensive as the installation of split vent
cooling and air exchange systems, or as simple as installing
ceiling and upright fans. UV light, if installed properly, has
been shown to damage the MTB organism without causing
harm to patients [80–82]. Low-cost sputum booths are
increasingly being erected within clinics as an environmental
infection control measure in high burden TB settings
[83]. Personal measures include (i) staff use of particulate
respirators such as the N95 respirator though effectiveness is
dependent on staff compliance, additional training, as well
as fit testing in ensuring proper use and (ii) provision of
surgical masks for patients to create a mechanical barrier to
the spread of infectious droplet nuclei [84–86].

9. Conclusion

Much has been learnt about HIV-related TB and much
remains to be learnt. Research efforts need to focus on pro-
tective TB vaccines for immuno-compromised populations,
new first- and second-line TB drugs, point of care diagnostics
for TB and TB IRIS, including strategies to optimise clinical
outcomes in patients co-infected with HIV, and drug-
resistant TB. The intersection of the HIV and TB epidemics
provides a unique opportunity to strengthen TB and HIV
services with substantial morbidity and mortality gains at the
individual and population level. This level of public health
benefit in the current fiscal climate and growing disease
burden is critically important. The integration of HIV and
TB services could serve as an important role model for other
service delivery. Significantly, reducing and better managing
TB in HIV-infected persons could make a substantial
contribution to countries reaching their MDG health goals.
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The convergent human immunodeficiency virus (HIV) and tuberculosis (TB) pandemics continue to collectively exact significant
morbidity and mortality worldwide. Highly active antiretroviral therapy (HAART) has been a critical component in combating
the scourge of these two conditions as both a preemptive and therapeutic modality. However, concomitant administration
of antiretroviral and antituberculous therapies poses significant challenges, including cumulative drug toxicities, drug-drug
interactions, high pill burden, and the immune reconstitution inflammatory syndrome (IRIS), thus complicating the management
of coinfected individuals. This paper will review data from recent studies regarding the optimal timing of HAART initiation
relative to TB treatment, with the ultimate goal of improving coinfection-related morbidity and mortality while mitigating toxicity
resulting from concurrent treatment of both infections.

1. Convergence of HIV/TB Pandemics

There are approximately 33 million HIV-infected persons
worldwide, of whom approximately 2 million are children
[1]. An estimated 2 million deaths have been attributed
annually to HIV/AIDS, with approximately 250,000 pediatric
deaths. One third of the world’s population is infected with
Mycobacterium tuberculosis. In 2007, there were approxi-
mately 9.3 million incident cases of TB [2], with an estimated
1 million of these occurring in children [3].

The HIV pandemic has fueled a rise in both TB incidence
and mortality, with an approximately 40% increase in
incident TB cases compared to 20 years ago [4]. In the USA,
one quarter of all TB cases occur in HIV-infected persons
[5] and worldwide an estimated 1.37 million (14.8%) TB
cases occur in HIV-positive persons, resulting in 456,000 TB-
related deaths in this population [2]. HIV/TB coinfection is
particularly prevalent in populations with limited resources.
Thus, the prevalence of HIV infection among patients with
TB ranges from 50% to 80% in sub-Saharan Africa, as
compared to 2–15% in other parts of the world.

HIV/TB coinfected persons have been shown to have
a higher mortality rate than those without either infection
alone, regardless of CD4 count [6]. TB accounts for 26%
of AIDS-related deaths worldwide and 29% of TB-related
mortality has been attributed to HIV infection [2].

An estimated 500,000 cases of multidrug-resistant
(MDR) TB (defined as resistance to the first line agents
rifampin and isoniazid) occur annually [7], with a sim-
ilar prevalence among HIV-infected persons as for HIV-
uninfected persons, as MDR-TB strains do not appear
to be more transmissible or pathogenic in the setting of
HIV/AIDS. However, relative to the general population, fac-
tors such as congregation, delayed diagnosis, and inadequate
initial treatment, contribute to periodic outbreaks of MDR-
TB in HIV-infected populations [8]. Moreover, outbreaks
of extremely drug-resistant (XDR) TB (defined as MDR-TB
plus resistance to any fluoroquinolone and at least one of the
three injectable second-line drugs capreomycin, kanamycin,
and amikacin) have been reported with increasing frequency,
with particularly deadly consequences for HIV-coinfected
individuals [9].
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2. Pathogenesis of HIV/TB Coinfection

The fate of M. tuberculosis infection in the human host is
dependent in large part on host innate and adaptive immune
responses. Initial recognition of the tubercle bacillus depends
upon innate immune receptor recognition of conserved
pathogen-associated molecular patterns (PAMPs) of M.
tuberculosis [10–12]. In the appropriate host cellular envi-
ronment, the adaptive immune system is primed to contain,
but usually not eradicate, the infection within necrotic
granulomas, leading to latent TB infection. In particular,
CD4 T cells are critical in the control of M. tuberculosis
infection, as quantitative and qualitative deficiencies of these
effector cells in HIV-infected individuals increase the rates of
both primary and reactivation disease. While the lifetime risk
of developing active TB is approximately 10% for immune-
competent persons following initial infection, for persons
with HIV coinfection the annual risk can exceed 10% [13],
and the risk of TB reactivation rises as the CD4 cell count
declines [14–16].

3. Prevention of Active TB in
HIV-Positive Patients

Treatment of latent TB infection with isoniazid is highly
effective in preventing the progression to active disease
among HIV-infected persons [17, 18]. A recent meta-analysis
of randomized controlled trials revealed a reduction in the
incidence of active TB of over 30% in persons receiving
chemoprophylactic treatment compared to those receiving
placebo [19].

HAART also has been found to play an important
role in preventing the development of active TB in HIV-
positive patients, reducing the incidence of TB by up to
90% in patients receiving such therapy relative to those not
receiving antiretroviral drugs [20–22]. However, despite viral
suppression with HAART, the risk of TB remains higher
in HIV-infected persons than in HIV-uninfected persons,
suggesting incomplete immune restoration in the former
group [23].

4. Potential Challenges in the Treatment of
HIV-Associated TB

The concomitant treatment of HIV and active TB poses
significant challenges, particularly relating to the duration
and frequency of dosing of anti-TB drugs and the optimal
timing of HAART initiation relative to TB treatment, which
has important consequences vis-à-vis overlapping drug
toxicities and drug-drug interactions between anti-TB drugs
and antiretroviral drugs as well as the immune reconstitution
inflammatory syndrome (IRIS).

Although current guidelines recommend a 6-month
rifamycin-based regimen for treatment of drug-susceptible
pulmonary TB regardless of HIV status [24], the results
of two randomized trials suggest that relapse rates after
such therapy may be higher among HIV-infected persons
than among HIV-uninfected persons [25, 26]. A recent

meta-analysis of randomized, controlled trials and cohort
studies found that at least 8 months duration of rifamycin-
based therapy, daily drug dosing during the initial phase
of treatment, and concurrent antiretroviral therapy are
associated with improved outcomes in HIV-associated TB
[27]. Although intermittent dosing under direct observation
is a mainstay of TB treatment regimens in the USA and
elsewhere, highly intermittent (once or twice weekly) therapy
has been associated with increased relapse rates in HIV-
infected persons, often with acquired rifamycin resistance
[28, 29].

Concurrent treatment of TB and HIV is associated with
a higher risk of adverse reactions compared to treatment
of either infection alone. In particular, the first-line anti-
tuberculous drugs isoniazid, rifampin, and pyrazinamide
may each cause hepatotoxicity, which may be compounded
by concurrent use of protease inhibitors and nonnucleo-
side reverse transcriptase inhibitors [30, 31]. Since HIV-
infected persons are at increased risk for isoniazid-induced
peripheral neuropathy, these patients should take vitamin
B6 and avoid antiretroviral drugs with potential peripheral
neurotoxicity (e.g., stavudine and didanosine). Additionally,
gastrointestinal distress and high pill burden can contribute
to reduced tolerability and adherence to a combined TB/HIV
therapeutic regimen.

Pharmacokinetic interactions between HIV and TB
regimens can have a significant impact on the therapeutic
efficacy of each regimen. Potent induction of the cytochrome
p450 system by rifampin can lead to subtherapeutic levels of
the protease inhibitors accompanied by virological failure.
Rifabutin, another rifamycin with less potent induction
of the p450 system, may be used together with protease
inhibitors, but its dose must be decreased to avoid rifabutin-
related toxicity. However, rifabutin is not readily available in
many resource-limited settings [32]. Rifampin also reduces
levels of the nonnucleoside reverse transcriptase inhibitors
efavirenz and nevirapine. Although these interactions do not
appear to have a deleterious effect on virological outcomes
with efavirenz-based therapy, increased rates of virological
failure have been reported with concomitant nevirapine use
[33, 34].

Initiation of antiretroviral therapy in HIV/TB-coinfected
individuals can also result in an initial paradoxical clinical
deterioration known as IRIS. IRIS has been reported in
up to 30% of HIV-infected persons subsequent to HAART
initiation [35–37]. Individuals with low initial CD4 counts,
who experience a rapid rise in their CD4 cell count or
rapid decline in their HIV viral load soon after initiating
HAART, are at increased risk for developing IRIS [38–41].
TB-related IRIS may manifest as high fever, worsening pul-
monary infiltrates and respiratory compromise, increasing
lymphadenopathy, and neurological deterioration with the
potential for severe morbidity and mortality [38–48].

Despite the significant challenges posed by concomitant
treatment of HIV and TB infections, delaying HAART until
after the completion of TB treatment in coinfected persons
may carry its own attendant risks. As early antiretroviral
therapy in HIV-infected persons has been shown to reduce
the risk of AIDS progression and death [49], concerns have
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been raised that even brief delays in HAART initiation can
lead to substantial increases in mortality [50]. Therefore,
there has been significant interest recently in determining the
optimal timing of HAART initiation relative to TB treatment
in the setting of HIV-associated TB.

5. Optimal Timing of Antiretroviral Therapy in
HIV/TB-CoInfected Persons

Leonard et al. studied HIV/TB coinfected individuals, who
were followed between 1991 and 1997 at a single center in
Atlanta, Georgia [51]. Increased one year survival rates were
observed in the 1994 and 1997 patient cohorts compared to
the 1991 cohort, suggesting a correlation between increased
survival and concurrent antiretroviral and anti-TB therapy,
although a direct role for HAART in improved clinical
outcomes could not be inferred from this study (see Table 1).

Three studies based in Thailand attempted to elucidate
the risks and benefits of concomitant treatment of HIV
and TB in coinfected individuals. A retrospective study by
Sungkanuparph et al. at a single site in Thailand evaluated
29 adult patients with HIV/TB coinfection, all with CD4
counts less than 200 [52]. Antiretroviral therapy was initiated
between 4 and 12 weeks after initiation of antituberculous
therapy, based on clinical stability on the TB regimen. A
single death in this cohort was attributed to CMV infection,
and one case of IRIS was observed. Additional reported
adverse events included rash with nevirapine, dizziness with
efavirenz, and anemia with d4T. Although this study was
limited by the relatively small sample size and lack of a
control group, 26 of the 29 patients were able to complete a
full course of TB treatment while taking antiretroviral drugs,
suggesting the potential tolerability of dual therapy.

Manosuthi et al. subsequently performed a larger retro-
spective cohort study with approximately 1000 adult HIV-
infected persons with active TB diagnosed by clinical symp-
toms and positive sputum acid-fast smear [53]. A uniform
anti-TB regimen was administered with the standard initial
2-month regimen comprising isoniazid, rifampin, pyrazi-
namide, and ethambutol, followed by 4 months of isoniazid
and rifampin. There was some variability in the antiretroviral
regimen employed with 80% of individuals receiving a
nevirapine-based regimen, 16% an efavirenz-based regimen,
and the remainder receiving a protease inhibitor-based
regimen. Concurrent TB treatment and HAART appeared to
confer a significant survival benefit, with a mortality rate of
7.7% in the group receiving both treatments, compared to
67.7% in the group receiving TB treatment alone. Although
this study was limited by the greater underlying morbidity in
the group not receiving HAART, with more advanced TB and
higher rates of drug resistance noted in this group, subgroup
analysis demonstrated significantly greater survival among
patients receiving HAART within 6 months of TB diagnosis
as compared to those receiving HAART beyond 6 months
of TB diagnosis. However, patients in whom HAART was
started within 2 months of TB treatment initiation did not
appear to have improved survival relative to those who began
receiving HAART 4 months after initiating TB treatment.

A third Thai-based study by Sanguanwongse et al. also
attempted to evaluate the role of HAART on survival
of HIV/TB-coinfected individuals [54]. This observational
cohort study evaluated 626 HIV/TB-coinfected patients
receiving HAART together with TB treatment and 643
HIV/TB-coinfected patients receiving TB treatment alone.
A significant decline in mortality was observed in the
group receiving concurrent HAART (11%) compared to the
group not receiving HAART (46%). Although this study
was nonrandomized and precise information on the HAART
regimen employed for each patient was lacking, it provided
further support for the potential benefit of concomitant
HAART and TB treatment.

Five recent studies have attempted to address the appro-
priate timing of initiation of HAART in HIV/TB-coinfected
patients. A small retrospective study in Tehran involving
69 individuals with HIV/TB coinfection was divided into 2
groups [55]. One group, treated from 2002 to 2005, received
HAART after 8 weeks of TB treatment if the CD4 count was
less than 200. The second group, treated from 2005 to 2006,
received HAART after 2 weeks of TB treatment if the CD4
count was less than 100 and after 8 weeks if the CD4 count
was between 101 and 200. A lower mortality rate and higher
rate of TB cure was observed in the latter group suggesting
that early initiation of HAART may be beneficial at lower
CD4 counts in HIV-associated TB. No difference in adverse
events including IRIS and new opportunistic infections was
reported between these 2 groups [55].

A partially retrospective, multicenter study in Madrid,
Spain compared HAART initiation within 2 months of TB
diagnosis to HAART initiation 3 months subsequent to TB
diagnosis [56]. No difference in virological or immunological
outcomes was observed between these 2 groups, although the
early HAART group had lower mean baseline viral loads.
However, early HAART initiation (within 2 months) was
associated with improved survival [56].

The aforementioned studies were primarily observa-
tional and retrospective in nature. The need for prospective
randomized controlled trials to address the clinically impor-
tant question of the optimal timing of HAART initiation
relative to antituberculous therapy led to the design of several
such trials in recent years [60]. The Starting Antiretroviral
Therapy at Three Points in Tuberculosis (SAPIT) trial, an
open label, randomized controlled trial conducted in a
large clinic in Durban, South Africa [58], enrolled HIV-
positive adult patients with a CD4 count <500 and AFB
smear-positive TB. The TB regimen consisted of a 2-month
standard initial phase with rifampin, isoniazid, ethambutol,
and pyrazinamide for TB treatment-naı̈ve individuals, with
the addition of streptomycin for treatment-experienced
individuals, followed by rifampin and isoniazid during the
continuation phase. All patients received the same HAART
regimen (didanosine, lamivudine, and efavirenz) and coun-
seling regarding medical adherence. There were 3 main arms
of this study: a sequential therapy arm in which patients
received HAART subsequent to completion of TB treatment,
an early integrated therapy arm in which patients received
HAART within 4 weeks after the start of TB treatment,
and a late integrated therapy arm in which HAART was
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Table 1: Studies on initiation of highly active antiretroviral therapy (HAART) in HIV/TB-coinfected individuals.

Study (author, year) Study characteristics
Timing of HAART
relative to TB treatment

Outcomes Adverse events

Leonard et al.
2002 [51]

- Retrospective cohort
- 644 adults and children
(60% pulmonary TB, 25%
pulmonary and
extrapulmonary TB, 15%
extrapulmonary TB)
- Single center — Atlanta, GA
- Comparison of 3 HIV/TB
coinfected cohorts: 1991,
1994, 1997

HAART at time of
diagnosis versus HAART
post-TB diagnosis —
not defined

Decreased 1 year
mortality in 1994 and
1997 cohort compared
to 1991 cohort

N/A

Sungkanuparph
et al. 2006 [52]

- Retrospective, observational
- 29 adult patients (69%
pulmonary TB, 31%
extrapulmonary TB)
- Jan 2002–Dec 2002
- Single center—Thailand

Median 8 weeks (range
4–12 weeks)

Virological suppression
-65% at 24 weeks
-76% at 48 weeks
TB outcomes
-26/29 completed
therapy
-No relapse
-No new OI

IRIS—1/29
Death—1/29 (CMV
encephalitis)
Rash—2/29 (NVP)
EFV switched to NVP 1/29
(dizziness)
AZT switched to D4T 3/29
(anemia)

Manosuthi et al.
2006 [53]

- Retrospective cohort
- 1003 adult patients
- Jan 2000–Dec 2004
- Single center — Thailand
- Comparison of HAART+ to
HAART− group

2 mth versus 4 mth
versus
6 mth versus 9 mth
versus
12 mth (subgroup
analysis)

Increased survival for
pts. receiving HAART as
compared to no HAART
Increased mortality with
HAART initiation at
>6 mths. (11.3%)
compared to <6 mths
(4.1%) (P = .018)

N/A

Sanguanwongse
et al. 2008 [54]

- Observational cohort
- 1269 patients (adult and
pediatric) (54% pulmonary
TB, 35% extrapulmonary TB,
12% both)
- Oct 2004–March 2006
- Multicenter — Thailand
National Surveillance Network

Not defined

Decreased mortality in
group receiving HAART
(11%) compared to that
not receiving HAART
(46%) (relative risk 0.24,
95% confidence interval:
0.19 to 0.30)

N/A

Tabarsi et al.
2009 [55]

- Retrospective cohort
- 69 patients
- 2002–2006

Group I: HAART after
8 wks if CD4 < 100
Group II: HAART at
2 wks if CD4 < 100
Group I & II: HAART
after 8 wk if CD4
101–200

Increased mortality
when HAART deferred
after 8 weeks if CD4
<100 Group I versus
Group II mortality =
27.7% versus 4.5%
( P = .03)

No difference between
groups I and II regarding
Grade 3 or 4 events, IRIS,
or new OI

Velasco et al.
2009 [56]

- Mixed retrospective/
prospective study
- 313 patients
- 1996–2004

- Simultaneous: HAART
within 2 mths of TB
diagnosis
- Nonsimultaneous:
HAART after 3 mths of
TB diagnosis

- Decreased mortality in
simultaneous group
(9.3%) versus
nonsimultaneous group
(19.7%) (P = .011)
- No difference in viro-
logical/immunological
outcomes

N/A

Torok et al.
2009 [57]

- Randomized, double blind,
placebo-controlled trial
- 253 patients
- Vietnam
- Clinical diagnosis of TB
meningitis

HAART started within 7
days (immediate arm) or
at 2 mths (deferred arm)
after initiation of TB
treatment

Mortality:
-Immediate arm: 76
deaths/127 pts
-Deferred arm: 70
deaths/126 pts
(HR = 1.16, P = .31)

Incidence of grade 3 or 4
adverse events first 2 mths:
-Immediate: 86%
-Deferred: 75% (P = .04)
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Table 1: Continued.

Study (author, year) Study characteristics
Timing of HAART
relative to TB treatment

Outcomes Adverse events

Abdool Karim
et al. 2010 [58]

- Open-label, randomized,
controlled trial
- 642 patients
- Durban, South Africa
- Only patients with positive
sputum smear for acid-fast
bacilli and CD4 count <
500/mm3 included

HAART started either
during TB treatment (in
two integrated-therapy
groups) or after
completion of TB
treatment (in one
sequential-therapy
group)

Mortality rate per
100 py:
-Integrated arm: 5.4
-Sequential arm: 12.1
(P = .003) Virological
suppression 6 mths after
HAART initiation:
-Integrated arm: 91.1%
-Sequential arm: 86.7%
(P = .4)

Incidence of IRIS:
-Integrated arm: 12.4%
-Sequential arm:
3.8% (P ≤ .001)
Grade 3 or 4 adverse events:
Integrated arm: 30/100 py
Sequential arm: 32/100 py
(P = .69)

Blanc et al.
2010 [59]

- Open label randomized,
controlled trial
- 661 patients
- Cambodia
- Only patients with positive
smear for acid-fast bacilli and
CD4 count < 200/mm3

included

HAART started at 2
weeks (early arm) or 8
weeks (late arm) after
initiation of TB
treatment

Mortality rate per
100 py:
-Early arm: 8.28
-Late arm: 13.77
(P = .002) Virological
suppression 50 wks after
HAART initiation:
-Early arm: 95.6%
-Late arm: 95.6%
(P = .82)

Incidence of IRIS per 100
pm:
-Early arm: 4.03
-Late arm: 1.44 (P < .0001)

OI: Opportunistic infections IRIS: Immune reconstitution inflammatory syndrome EFV: Efavirenz NVP: Nevirapine pts: Patients HR: Hazard ratio py: Person-
years pm: Person-months N/A: Not available.

administered within 4 weeks after completion of the initial
phase of treatment. Patients were randomly assigned to one
of these 3 groups and the primary outcome was all-cause
mortality. The sequential therapy arm was stopped early
by the data and safety monitoring committee upon interim
analysis of the data. A significant 56% decline in mortality
was observed in the combined integrated arms compared
to the sequential arm, with a mortality rate of 5.4 per 100
person-years in the former group as compared to 12.1/100
person-years in the latter group. Similar rates of virological
suppression were observed in each of the groups after similar
duration of HAART, and no difference was observed in grade
3 and grade 4 events between the groups.

The initial findings of the SAPIT trial provide compelling
evidence for the superiority of integrated versus sequential
antituberculous and antiretroviral therapy for coinfected
individuals. Further elucidation of the precise timing of
HAART initiation relative to TB treatment has been provided
recently by the Cambodian Early versus Late Introduction
of Antiretrovirals (CAMELIA) trial [59]. This study was
an open label, prospective, randomized controlled trial
enrolling HIV-positive adult patients with a CD4 count
<200/mm3 and AFB smear-positive TB at 5 sites in rural
and urban Cambodia. Patients were treated with a 2-month
intensive phase TB regimen consisting of rifampin, isoniazid,
pyrazinamide, and ethambutol, followed by a 4 month
continuation phase regimen of rifampin and isoniazid.
Participants were randomized to 2 arms, an early arm
in which HAART was introduced 2 weeks subsequent to
the initiation of antituberculous therapy and a late arm
in which HAART was introduced 8 weeks subsequent to
the initiation of antituberculous therapy. Patients in each
arm received a HAART regimen consisting primarily of

lamivudine, stavudine, and efavirenz. The preliminary report
from this study noted a significant 34% decline in mortality
in the early HAART arm compared to the late HAART arm,
with a mortality rate of 8.28 per 100 person-years in the early
arm as compared to 13.77 per 100 person-years in the late
arm. Similar rates of virological suppression were observed
in both groups.

The AIDS Clinical Trials Group recently completed
a study entitled “A Strategy Study of Immediate Ver-
sus Deferred Initiation of Antiretroviral Therapy for HIV
Infected Persons Treated for Tuberculosis With CD4 Less
Than 200 Cells/mm3” [61]. This study was an open-label,
randomized controlled trial conducted between August 2006
and July 2010, which enrolled persons aged >13 years old
with CD4 count less than 200 cells/mm3 and confirmed or
probable TB. Participants were assigned to early initiation
of HAART within 2 weeks after initiating TB treatment,
or deferral of HAART until 8 to 12 weeks after initiation
of TB treatment. The majority of participants received
efavirenz, tenofovir, and emtricitabine and the primary
outcome measure was the proportion of participants who
have survived without AIDS progression. The analysis of this
study is pending.

6. Conclusions and Future Directions

The findings of multiple retrospective studies and of the
prospective randomized SAPIT and trial provide compelling
evidence that initiation of HAART should not be delayed
pending completion of TB treatment for HIV/TB-coinfected
individuals. The most recent WHO guidelines for antiretro-
viral therapy in adolescents and adults recommend the
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initiation of HAART between 2 and 8 weeks subsequent to
the initiation of TB therapy for severely immunosuppressed
coinfected individuals, as defined by a CD4 count <200 mm3

[62]. The preliminary reported findings from the CAMELIA
trial provide evidence that coinfected individuals with CD4
counts <200 mm3 would benefit from HAART initiation
early during this intensive phase of TB treatment, that is at
2 weeks as opposed to deferral of HAART to 8 weeks after-
initiation of TB therapy [59]. Further multicountry data on
the timing of HAART for coinfected individuals with CD4
counts <200 mm3 is likely to be provided by the recently
concluded ACTG A5221 study [61].

An increased risk of IRIS was observed in the integrated
arm of the SAPIT trial (12% in the integrated arm versus
3.8% in sequential arm) as well as in the early arm of the
CAMELIA trial (4.03 per 100 person months in the early
arm versus 1.44 per 100 person months in the late arm),
consistent with the findings of previous studies regarding the
development of IRIS relative to HAART initiation [63–66].
However, the lack of mortality or changes in antiretroviral
regimen attributable to IRIS in the SAPIT trial, coupled
with the findings of a prior modeling study demonstrating
the benefit of early HAART initiation in the setting of
low mortality rates from TB-IRIS [67], provides further
support for early HAART initiation in persons with HIV-
associated TB. Although guidelines have been developed
specifically for resource-limited settings [68], the ability to
detect and appropriately treat IRIS in a timely fashion outside
a controlled study environment requires further study.

The risk of IRIS may vary depending on the type
of opportunistic pathogen in a site-specific manner. This
concept may be of particular clinical relevance for central
nervous system (CNS) infections. CNS-IRIS occurs after
HAART initiation in approximately 1% of cases [69].
Immune restoration in the setting of CNS opportunistic
infections can lead to increased intracranial pressure as a
result of the inflammatory response in a relatively closed
space, with potentially irreversible neurologic sequelae [70,
71]. High mortality rates have been reported in cases of
CNS IRIS, including up to 57% for such pathogens as
Cryptococcus neoformans [72, 73]. A recent study showed
increased mortality with early initiation of HAART in the
setting of concomitant HIV/cryptococcal meningitis [74].
Extrapulmonary TB, including CNS disease (manifesting
as tuberculous meningitis or CNS tuberculoma), may
demonstrate a different clinical course relative to primary
pulmonary disease post-HAART initiation [43, 45, 74–77].
It should be noted that the great majority of patients
included in the SAPIT trial had exclusively pulmonary TB,
not allowing conclusions to be drawn regarding the optimal
timing of HAART initiation in the setting of CNS and other
forms of extrapulmonary TB. Whereas a greater proportion
of participants in the CAMELIA trial had extrapulmonary
TB, it is not certain whether subgroup analysis by location
of involvement could be performed. However, preliminary
reports of a single center randomized trial in Vietnam
examining HAART initiation in patients with HIV and
CNS-TB suggested no mortality difference in the group
treated immediately with HAART (within 7 days of TB

treatment) as compared to the group in whom HAART
was deferred (2 months post-randomization) [57]. However,
there were higher rates of grade 4 adverse events in the
immediate HAART arm, suggesting that deferral of HAART
initiation to the continuation phase of TB treatment may be
warranted in the setting of HIV and CNS-TB coinfection.
The optimal timing of HAART initiation for individuals
with extrapulmonary TB, as well as for those with other
opportunistic infections, requires further study.

As for adults, HIV is a major risk factor for the devel-
opment of pediatric TB [78]. Recommendations for deferral
of HAART until after completion of TB treatment for
children with mild or insignificant immunodeficiency had
initially been proposed. The most recent WHO guidelines
recommend initiation of HAART as soon as tuberculosis
therapy is tolerated, ideally as early as 2 weeks and no
later than 8 weeks subsequent to initiation of TB treatment,
regardless of clinical stage and degree of immunosuppression
[79]. However, studies on the optimal timing of HAART
initiation among children with TB have been limited to
observational reports, although a recent such study suggested
a trend towards decreased mortality and higher rates of
virological suppression with earlier HAART initiation in
this age group [80]. Extrapolation of findings from adult
studies to the pediatric population may not be possible
given potential differences in pharmacokinetics and phar-
macodynamics as well as challenges in definitive pediatric
TB diagnosis. Further data is required to evaluate current
recommendations for this specific population.

HIV patients with drug-resistant TB demonstrate
reduced survival compared to those with drug-susceptible
TB [9, 53, 81]. Many additional challenges exist in the
comanagement of MDR-TB and XDR-TB among HIV-
positive populations, including delays in the diagnosis of
drug resistance, and inadequate infection control modalities,
as well as the decreased efficacy, prolonged duration, and
increased cost of therapeutic regimens compared to those
for drug-susceptible TB [82]. Moreover, second- and third-
line TB regimens demonstrate their own distinct cumulative
toxicities with concomitant HAART administration. For
instance, the nephrotoxicity associated with tenofovir may
be compounded by the antituberculous aminoglycosides
and the peripheral neurotoxicity induced by stavudine and
didanosine and psychiatric disturbances associated with
efavirenz may be exacerbated by the antituberculous agent
cycloserine. Additionally, the pill burden and gastrointestinal
distress associated with drug-susceptible TB regimens are
even greater with MDR-TB and XDR-TB regimens [82, 83].
The timing of HAART initiation in the setting of drug-
resistant TB thus requires careful consideration of both
the unique cumulative toxicities as well as the distinctive
pharmacokinetic interactions between antiretroviral drugs
and second- and third-line TB regimens [84]. Further
investigation is warranted to determine if the findings of
the SAPIT and CAMELIA studies are applicable to persons
coinfected with HIV and drug-resistant TB. Moreover, the
anticipated emergence of HIV resistance in resource-limited
settings will further complicate the management of HIV/TB
coinfected patients.



Clinical and Developmental Immunology 7

Several studies have shown a benefit to initiating HAART
at higher CD4 counts [85–87]. As a consequence, WHO
has recently increased the recommended CD4 threshold for
HAART initiation from 200 to 350/mm3 for stage 1 or 2
disease [62]. HAART initiation at even higher CD4 counts
has been recommended by other groups [88]. Whereas
tuberculosis is a recommended indication for initiation
of HAART at any CD4 count, the WHO guidelines state
that “there are limited data on the initiation of ART in
patients with TB and CD4 counts of >350 cells/mm3” [62].
The SAPIT trial suggested a trend towards a mortality
benefit when HAART was initiated in persons with CD4
counts of 200–500/mm3 in the integrated groups com-
pared to the sequential group though the sample size in
this subgroup was small. Although the CAMELIA trial
addresses the management of HIV/TB coinfected persons
with CD4 counts <200/mm3, recommendations regarding
the optimal timing of HAART for coinfected individuals
with CD4 counts >200/mm3 may not be derived from
this trial or from the recently concluded ACTG A5221
study. Such a determination, with significant implications
for the management of HIV/TB coinfection worldwide,
awaits future study, including the results of the comparative
analysis of the early and late integrated arms of the SAPIT
trial.

Only approximately 42% of those in need worldwide
currently receive HAART [89]. The appropriate treatment of
HIV/TB-coinfected individuals has the potential to signifi-
cantly reduce morbidity and mortality globally, however the
ability to deliver such treatment remains a critical challenge.
The available data should provide an impetus for improving
access to both life-saving HIV and TB medications to all
those in need of such therapy.
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One third of the world’s population is estimated to be infected with Mycobacterium tuberculosis, representing a huge reservoir
of potential tuberculosis (TB) disease. Risk of progression to active TB is highest in those with HIV coinfection. However, the
nature of the host-pathogen relationship in those with “latent TB infection” and how this is affected by HIV coinfection are poorly
understood. The traditional paradigm that distinguishes latent infection from active TB as distinct compartmentalised states is
overly simplistic. Instead the host-pathogen relationship in “latent TB infection” is likely to represent a spectrum of immune
responses, mycobacterial metabolic activity, and bacillary numbers. We propose that the impact of HIV infection might better
be conceptualised as a shift of the spectrum towards poor immune control, higher mycobacterial metabolic activity, and greater
organism load, with subsequent increased risk of progression to active disease. Here we discuss the evidence for such a model and
the implications for interventions to control the HIV-associated TB epidemic.

1. Introduction

Tuberculosis (TB) remains a major challenge to global public
health in the 21st century [1]. In 2008, there were estimated
9.4 million incident cases and 11.1 million prevalent cases
[2]. These resulted in 1.3 million TB deaths in HIV-
negative individuals and additional 0.5 million deaths in
HIV-infected individuals. This immense burden of disease is
fuelled by very high rates of infection with Mycobacterium
tuberculosis, estimated to occur in approximately one third
of the world’s population [3]. With current rates of progress,
the millennium development goal (MDG) and associated
World Health Organization (WHO) Stop TB targets for TB
control will not be achieved by 2015 [4].

The failure to control TB in modern times stems,
at least in part, from complacency towards TB control
in the 1970s and 1980s and the subsequent devastating
impact of the HIV-1 pandemic and may be further shaped
by other important emerging epidemiological factors at a
global level [1, 5]. Progress has also been hindered by the
limited progress in developing more effective tools such
as point-of-care diagnostics and treatments for active and
latent disease, preventive vaccines, and laboratory assays of
immune protection and cure. This lack of progress is, in
turn, related to a poor understanding of the fundamental
relationship between M. tuberculosis and the human host
and especially the nature of what is referred to as “latent
tuberculosis infection”.
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Table 1: Evidence that suggests the existing view of “latent tuberculosis infection” and active tuberculosis disease as binary compartmen-
talised states is oversimplistic.

(1) Risk of developing active tuberculosis in patients with “latent tuberculosis Infection” varies considerably over time, suggesting
that “latent” infection is a heterogeneous state

(2) Isoniazid is active against actively replicating organisms and yet reduces TB risk in those with “latent tuberculosis infection”

(3) Isoniazid preventive therapy entails 6−12 months of therapy for good efficacy, possibly suggesting the pool of “latent”
mycobacteria cycle through phases of metabolic activity and replication over time

(4) A significant proportion of patients with microbiologically proven pulmonary tuberculosis identified by prevalence surveys have
no symptoms

(5) Serological markers are predictive of patients with different stages of tuberculosis infection and disease, including those with
asymptomatic active disease

(6) Mycobacterial lesions within tissues from the same individual may represent a wide spectrum, ranging from sterility to
multibacillary disease

(7) Discordance between tuberculin skin test and interferon-gamma release assay results cannot simply be explained by differences
in specificity. These assays appear to reflect different aspects of immune sensitization which are as yet incompletely understood.

Although M. tuberculosis was described as the aetiological
agent of TB in 1882, fundamental insights into TB infection
and disease have altered little for many decades. By analogy,
the contrast between TB and HIV is stark. HIV is a relatively
new pathogen discovered less than 30 years ago, and yet
rapid advances in understanding pathogenesis were made
quickly. HIV transmission is well understood and diagnosis
is rapid, cheap, and reliable. There are quantitative tests of
both HIV load and the impact on the host immune system,
which have strong prognostic significance. Completely new
treatments have been developed and have transformed
prognosis.

A pivotal advance in addressing the HIV/AIDS epidemic
was made in the mid-1990s when our understanding of
the host-pathogen relationship completely altered. Prior to
this time, HIV-infected patients were classified as having
a clinically “latent” phase lasting many years between the
seroconversion and the later symptomatic phase. It was
generally assumed that the virus was similarly quiescent
during this asymptomatic phase. However, advances in
molecular techniques that permitted direct measurements
of plasma HIV-1 load and CD4 lymphocyte counts and the
advent of combination antiretroviral drug therapy resulted in
a complete paradigm shift. “Clinically latent” HIV infection
was discovered to be characterised by phenomenally high
rates of virion replication and CD4 cell turnover [6, 7].
This observation has been fundamental to our approach to
treatment and prevention.

Traditional views of “latent TB infection” are also being
questioned. However, the laboratory tools with which to
study this still lag considerably behind those of the HIV
research field and obtaining samples from sites of disease
is more challenging. In this paper we discuss the changing
paradigm of infection and disease and draw on clinical and
epidemiological observations to consider how this may be
especially important to understanding the disease spectrum
in those living with HIV infection. We further discuss the
implications of this changing view to approaches for control
of the HIV-associated TB epidemic.

2. “Latent” Tuberculosis Infection

2.1. The Conventional Paradigm. The conventional view
recognises TB infection and TB disease in human subjects
as distinct binary states. Transitions between these states
are described as resulting in one of three main clinical
outcomes—“primary TB disease”, “latent TB infection” and
“reactivation or post-primary TB disease.” In a minority of
subjects (especially children), initial immune containment
fails and infection progresses usually within 1-2 years to
disease (primary TB). In the majority, however, immune
responses control and limit the infection, such that individ-
uals remain free from disease for prolonged periods but have
evidence of infection defined by immunological sensitization
to the organism. Evidence of this state of “latent TB infec-
tion” is therefore provided by positive tuberculin skin test
(TST) responses or interferon-gamma release assays (IGRAs)
incorporating species-specific mycobacterial proteins [8].
A small minority of such individuals will at some stage
during their lifetime develop disease (“reactivation” or “post-
primary TB”), in which loss of control of bacillary replication
leads to development of TB disease.

2.2. Limitations of the Conventional Paradigm. The inade-
quacy of the existing compartmentalised view of TB infection
and disease is apparent from the profusion of confusing
terminologies used in the literature. Such terms include
latent, active, inactive, subclinical, acute, chronic, persistent,
dormant, recent, remote, quiescent, and incipient infection
or disease. Collectively, these suggest that the host-pathogen
relationship might better be considered as a spectrum.

A number of lines of evidence support the notion that
the existing paradigm is an oversimplification (Table 1).
The risk of TB among patients with “latent TB infection”
changes considerably over time, depending strongly on how
recently the infection was acquired [11]. This suggests that
there is heterogeneity over time in the biology of “latent
TB infection”. Evidence of such heterogeneity also comes
from frequently observed discordance between the TST



Clinical and Developmental Immunology 3

Table 2: Proposed framework of potential outcomes of the host-pathogen relationship following exposure to Mycobacterium tuberculosis
infection. (adapted from [9, 10]).

Terminology T cell priming
Mycobacterial

numbers
Symptoms Impact of HIV

infection
Impact of

ART

(1) Infection eliminated by
innate immune system

Innate immune − − −  

(2) Infection eliminated by
acquired immune response

Acquired immune + − −

(3) Infection occurs but
remains under immune
control

Quiescent infection + + −

(4) Active bacterial replication
but remains subclinical

Active infection + + + + −

(5) Uncontrolled bacterial
replication and clinical TB
disease

TB disease + + + + + + ++

responses and IGRA results. These differences cannot simply
be explained by lower specificity of the TST; a proportion of
patients are IGRA positive but TST negative and others are
IGRA negative but TST positive. Reversion from positive to
negative appears to occur more commonly for IGRAs than
TST responses [9]. This may relate to the fact that IGRAs
tend to record the presence of M. tuberculosis-specific effector
memory and terminally differentiated effector memory cells
[12], and the persistence of these cells is thought to require
continued antigen stimulation. In contrast, TST reactions
also contain a proportion of cells of central memory
phenotype [13], which may contribute to the development of
positive TST reactions in the absence of long-term infection.

The use of 6−12 months of isoniazid preventive therapy
(IPT) is associated with a TB risk reduction of 60% (95%
CI, 48−69) in HIV-uninfected individuals [14] and may
lead to eventual reversion of TST status, suggesting possible
eradication of infection [15]. Isoniazid acts by inhibiting
mycobacterial cell wall synthesis and is therefore only active
against actively replicating organisms. However, despite the
fact that the number of organisms present is likely to be
much lower than the numbers present in those with active
disease, IPT is effective when given in courses lasting 6−12
months. This suggests that only a proportion of bacilli
in patients with “latent TB infection” are replicating at
any given time. A possible explanation is that “latent” M.
tuberculosis bacilli cycle through a range of metabolic states
over time, cumulatively rendering a large proportion of the
pool of latent organisms susceptible to the drug during 6−12
months of preventive therapy. Thus, what has been referred
to as “latent TB infection” may actually represent a dynamic
balance between the organisms in a range of metabolic states
and variations in immune control.

Data from TB prevalence surveys also indicate that a
rigid binary distinction between “latent TB infection” and
active symptomatic TB disease is oversimplistic. For very
pragmatic reasons, TB control programmes in resource-
limited settings have usually defined pulmonary TB suspects
as those who have been coughing for at least 2-3 weeks
[16]. However, during TB prevalence surveys, culture-proven

TB is diagnosed in a proportion of patients who have
no symptoms of disease at all [17–19]. For example, in a
large survey of bacteriologically confirmed pulmonary TB in
Vietnam, cough for more than 2 weeks was reported by just
55% of patients, cough of any duration was reported by 67%,
and any symptom suggestive of TB was reported by 74% of
patients [19]. Thus, approximately one in four patients was
symptom-free at the time of the survey.

If left untreated, patients with asymptomatic active TB
may progress to develop symptomatic disease over time
as observed among HIV-infected patients in Zimbabwe
[20]. Thus, asymptomatic active TB may be an inter-
mediate disease state between “latent TB infection” and
overt symptomatic disease. This concept is supported by
novel serological assays, which also provide evidence for
a spectrum of disease stages, with patients with clinical
disease and subclinical TB producing antibodies to a range
of different stage-specific mycobacterial proteins [21–23].

In those with TB disease, clinical manifestations are also
extremely diverse depending on anatomical site of disease,
bacillary numbers (paucibacillary and multibacillary), and
the host inflammatory response. Even within the same indi-
vidual, diverse lesions ranging from sterility to multibacillary
disease have been observed in a primate model of TB,
suggesting that both “active” and “latent” lesions may coexist
in the same individual [24].

3. Proposed Alternative Paradigm of “Latent”
Tuberculosis Infection

There is now growing support within the field that the
nature of the relationship between M. tuberculosis and the
human host represents a spectrum of immune responses,
mycobacterial metabolic activity, and organism load. In two
viewpoints, Young, Barry, and colleagues have divided this
spectrum into five different states that represent a dynamic
spectrum ranging from immunity to TB disease (Table 2)
[9, 10]. Following exposure to M. tuberculosis, infection may
either be eliminated by the innate immune response (without
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Figure 1: A conceptual stylised diagram showing rising total
bacillary load of Mycobacterium tuberculosis over time in an infected
patient. The patient initially retains good immune control and
low bacillary numbers (quiescent infection). Subsequent loss of
immune control is associated with rising bacillary numbers (active
infection) and eventual development of symptoms (TB disease).
The risk of transition from latent infection to active infection
and disease is increased markedly by HIV coinfection whereas
antiretroviral therapy would tend to enhance immune control.

the need for T cell priming) or eliminated following devel-
opment of an acquired immune response. Such states may
be referred to as “innate immune” and “acquired immune”,
respectively (Table 2). Among those who are unable to
prevent or eliminate infection following exposure, a majority
establish and maintain immune control. Such individuals
typically have evidence of T cell priming and maintain
low bacillary numbers (quiescent infection). A subsequent
shift in the host-pathogen response, however, may permit
active mycobacterial replication, leading to subclinical active
infection (Figure 1). The relationship between “quiescent”
and “active” infection is likely to be a dynamic one over time
with bidirectional shifts between the two. Loss of immune
control and escalating mycobacterial load, however, may
subsequently lead to the development of symptoms and overt
clinical disease (Figure 1).

4. Impact of HIV on the Proposed
Host-Pathogen Relationship

4.1. Hypothesis. HIV infection is the most potent risk
factor for the development of TB disease. The existing
understanding of this is that HIV leads to an increased risk
of rapidly progressive primary TB following exposure and
also an increased risk of reactivation of “latent TB infection”
to active disease. However, rather than increasing the risk
of transition between compartmentalised disease states,
we hypothesize that HIV coinfection has a fundamental

impact on the spectrum of the host-pathogen relation-
ship with a general shift towards poor immune control,
high bacillary numbers, and subsequent development of
active infection and symptomatic disease (Figure 1; Table 2).
Recurrent exogenous re-exposure to M. tuberculosis in high
TB prevalence settings is also very likely to play an important
role, further increasing bacillary numbers and increasing the
likelihood of progression to disease. In the remainder of
this paper, we consider evidence for this hypothesis and the
implications for disease control strategies.

4.2. Epidemiological Observations. Although HIV impairs
some aspects of innate immune responses to M. tuberculosis
[25], the impact of risk of acquisition of infection following
exposure is unknown. Studies of intravenous drug abusers in
New York early in the HIV epidemic did not find an increased
risk [26] but the conclusion is undermined by the fact that
assessment of the presence of infection was made using
the tuberculin skin test, which has impaired sensitivity in
those with HIV infection. Other data have shown very high
rates of recurrent TB among HIV-infected individuals due
to reinfection [27], possibly indicating high susceptibility
to reinfection. However, this aspect of the host-pathogen
relationship remains poorly characterised.

Following acquisition of HIV-1 infection, the risk of
TB in individuals with M. tuberculosis infection increases
from an approximately 10% lifetime risk to over 10% each
year [5]. The risk in those living with HIV depends on the
degree of immunodeficiency, the prevailing socioeconomic
conditions, and the TB infection pressure in the community.
The rapidity with which risk increases following HIV
seroconversion is striking, rising 2-3-fold within the first 2
years of infection even prior to substantial depletion of the
blood CD4 cell count [28, 29]. In a primate of model of TB
and simian immunodeficiency virus (SIV) coinfection, risk
of reactivation TB was associated with the degree of initial
CD4 T cell depletion during the acute phase of SIV infection
[30]. It is possible that the acute phase of retroviral infection
is responsible for a shift in the host-pathogen relationship,
perhaps via deletion of critical T cell phenotypes that sets
up the path to inevitable TB reactivation at some stage
[31].

In addition to the early impact of HIV seroconversion
on immune containment of M. tuberculosis, the risk of TB
disease continues to rise as CD4 cell counts decrease [32–35].
In an Italian cohort, for example, TB incidence rates among
groups of antiretroviral treatment-(ART-) naı̈ve patients
with CD4 cell counts of >350, 200−350 and <200 cells/µL
were 0.5, 1.8, and 4.7 cases per 100 person-years, respectively
[35]. Rates among corresponding groups of patients in
South Africa were much higher at 3.6, 12.0, and 17.5
cases/100 person-years, respectively [32], probably reflecting
the extremely high rates of infection and ongoing re-
exposure to TB in the community [36].

4.3. Clinical Observations and Postmortem Studies. It is well
established that HIV infection has a profound impact on the
spectrum of TB disease, with progressive immunodeficiency
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being associated with an increased risk of extrapulmonary
and disseminated disease [37, 38]. Impairment of the host
inflammatory response is associated with much lower rates
of cavitation in the lung [39, 40], which in turn accounts for
more frequent sputum smear-negative disease and prolonged
time to positivity of automated liquid culture of sputum
[41, 42]. Despite lower bacillary burden in sputum, how-
ever, mycobacterial blood cultures, fine needle aspiration
of lymph nodes, and urinary antigen detection provide
evidence that the total numbers of mycobacteria in patients
with advanced HIV and TB may be very high [38, 42–
44].

Postmortem studies of HIV-infected patients conducted
in West, East, and Southern Africa also have remarkably
consistent findings. Each study found TB to be the common-
est cause of death [45–48], being present in over one third
of cadavers of HIV-infected patients who died in hospital
and in approximately one half of those with AIDS-defining
pathology [45–48]. In most cases, disease was dissemi-
nated. These data strongly suggest that disseminated HIV-
associated TB frequently remains clinically unsuspected and
undiagnosed and is a major contributor to HIV-associated
mortality in the region. In light of these observations, the
WHO estimate of approximately 0.5 million deaths per
year in patients with HIV-associated TB [2] may be an
underestimate.

4.4. “Unmasking” TB during Antiretroviral Treatment.
Observational studies of HIV-infected patients initiating
ART provide further evidence for the existence of subclinical
forms of active TB. In such patients, initiation of ART
appears to trigger the presentation of TB during the initial
weeks of therapy [49–51]. This phenomenon (often referred
to as “unmasking TB”) is thought to be mediated by rapid
restoration of M. tuberculosis-specific immune responses
[52]. In a South African cohort, this phenomenon was
estimated to account for approximately 40% of incident
TB cases in the first 4 months of ART [53] and this risk
was substantially reduced with use of intensive pre-ART TB
screening [54]. These data are consistent with the existence
of a spectrum of subclinical and clinical TB, the presentation
of which may be modified during rapid changes in immune
function mediated by ART.

4.5. Intensified Case Finding Studies. A meta-analysis of
intensified TB case finding studies (n = 12) from Africa
and Asia found that approximately one fifth of patients with
culture-proven HIV-associated TB were free of suggestive
symptoms and this proportion was broadly similar across
a range of CD4 cell counts [55]. Similarly a systematic
review of studies of intensified case finding for HIV-
associated TB found that routine microbiological screening
without prior patient selection using symptom screening
resulted in the identification of additional 4 cases of TB
for each 100 patients screened [56]. Thus, prevalence
rates of asymptomatic active TB among HIV-infected indi-
viduals in high TB burden settings can be considerable
[57].

5. Implications for Control of
HIV-Associated TB

Changing the paradigm of HIV-associated TB into one that
encompasses a spectrum of subclinical and symptomatic
disease has important potential implications for screening,
diagnosis, and prevention using isoniazid preventive therapy
and ART.

In the worst affected region, the burden of HIV-
associated TB is often far greater than is clinically suspected
and this mandates having a low threshold for investigating
patients for TB. A major step forward is the development by
the World Health Organization and the Centers for Disease
Control and Prevention of a high sensitivity symptom
screening tool for use in HIV-infected patients [55]. In
contrast to the existing strategy of screening for cough of
2-3 weeks duration, this new screening tool identifies any
HIV-infected patient with cough (any duration), fever, night
sweats, or weight loss, and such patients should be further
evaluated for TB disease. Alternatively, in patient groups
with the highest risk, routine microbiological screening for
TB may be justified [54]. Such approaches should reduce
the prevalence of undiagnosed TB, potentially reducing
mortality and risk of TB transmission both in health care
settings [58] and in the community.

Novel high sensitivity assays are needed for diagnosis
of TB and active infection. Much of the developing world
remains reliant upon sputum smear microscopy which, in
those patient groups with the most advanced immunod-
eficiency, may have a sensitivity as low as 20% [42, 59].
Expanded availability of culture-based diagnosis is greatly
needed, and the development of rapid, simple, and accurate
diagnostic tools that can function as point-of-care tests
remains an essential goal. In those with most advanced
immunodeficiency, development of a point of care assay
that detects lipoarabinomannan (LAM) in urine may prove
to have some practical utility [42, 43]. However, simplified
forms of newer generations of nucleic acid amplification tests
have far greater sensitivity and are likely to represent a major
step forward [60–62].

New tools are also needed that are able to more precisely
define the spectrum of infection and disease states. Such
assays might provide prognostic information that indicate
the probability of progression of infection to TB disease
and also be used to monitor the response of disease
to treatment and assess the probability of relapse. With
these goals, considerable research efforts are being made to
identify predictive biomarkers, which could be either host or
pathogen specific [63–65]. Development of such biomarkers
could also play a crucial role in expediting the development
and evaluation of new vaccines and drugs.

We have highlighted how disseminated TB frequently
remains undiagnosed in patients dying with HIV/AIDS in
sub-Saharan Africa. Existing WHO algorithms recommend
that seriously ill HIV-infected patients who have cough for 2-
3 weeks, are sputum smear-negative, and have not responded
to parenteral antibiotics (or treatment of Pneumocystis
jirovecii pneumonia where appropriate) are recommended
to be started on empiric TB treatment [66]. However, in
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the highest burden settings, a subgroup of HIV-infected
patients with advanced immunodeficiency have such a high
risk of TB and of associated mortality that they might
derive benefit from immediate initiation of empiric TB
treatment. Studies exploring such a strategy are needed
and one is being planned by the AIDS Clinical Trials
Group (ACTG5274 REMEMBER trial) (Mina Hosseinipour,
personal communication).

Despite WHO policy recommendations published in
1998 [67], only 0.1% of eligible HIV-infected individuals
received IPT in 2007 [68]. One key hindrance to more
widespread adoption of this intervention is the difficulty
of excluding active TB in HIV-infected individuals with
low CD4 cell counts [69]. Since the prevalence of culture-
proven active infection and TB disease rises steeply with
falling CD4 cell counts, the negative predictive value of
screening algorithms is significantly diminished in patient
groups with low CD4 cell counts [70]. In patient groups
such as those enrolling in ART services in which TB disease
prevalence exceeds 10% [56], there is therefore a well-
founded reluctance to start such patients on preventive
therapy using isoniazid monotherapy despite the lack of
objective evidence of an increased risk of generating isoniazid
resistant strains of M. tuberculosis [71]. Many such patients
require ART as the primary intervention anyway and this
functions as the key TB preventive intervention [70].

ART is associated with a 67% reduction (range: 54−92%)
in TB incidence [70, 72] due to CD4 cell count recovery
and restoration of functional anti-mycobacterial immune
responses [73–77]. Time-dependent reductions in TB risk
[78, 79] are very strongly related to changing absolute CD4
cell counts, with an almost 10-fold difference in adjusted
rates comparing patients with counts <100 cells/µL and
>500 cells/µL [53]. In those with pulmonary TB disease,
ART enhances organism clearance from sputum during TB
treatment but the clinical course may also be complicated by
immune reconstitution disease [50, 80].

In those with active infection, we hypothesize that ART
may have two alternative effects. In those with the highest
organism load, ART may trigger “unmasking TB” [52].
Alternatively, by enhancing immune-mediated control, ART
may cause a shift in the host-pathogen relationship to restore
quiescent infection (Figure 1, Table 2). However, during
long-term ART, there is no evidence to suggest that complete
clearance of infection occurs. Those with optimum CD4
cell count recovery have persistently heightened TB risk that
remains several fold higher than background rates [53, 79].
In light of this, concurrent use of IPT during long-term
ART would be a logical approach in which complementary
immune-mediated and anti-mycobacterial mechanisms were
employed to reduce mycobacterial burden [70]. Data from
Brazil and Botswana support this suggestion [81, 82].

6. Conclusions

The traditional view of binary compartmentalised states
of latent TB infection and clinical TB disease is widely
acknowledged to be limited and yet this simple paradigm was

broadly adequate for designing TB control interventions in
the pre-HIV era. However, although these conventional TB
control strategies have been associated with reductions in TB
rates in much of the world, this is not the case in regions with
high HIV prevalence. Here, additional interventions and new
tools are desperately required. Understanding “latent TB
infection” as a spectrum of immune responses, mycobacterial
metabolic activity and organism load redefines approaches to
screening, diagnosis and prevention of TB in HIV-infected
people. This also redefines the goals for the development of
new vaccines and for biomarker discovery and emphasizes
the pivotal role of ART in regaining immune control of active
infection.
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Background. Tuberculosis (TB) is a cause of significant morbidity and mortality in patients with AIDS. The goal of our study was
to determine predictors of in-hospital mortality in patients with AIDS and disseminated tuberculosis in a middle-income country.
Material and Methods. We conducted a retrospective cohort study in a tertiary care center, for patients with AIDS in southern
Brazil. From 1996 to 2008, all patients with the diagnosis of disseminated TB were included. Results. Eighty patients were included.
In-hospital mortality was 35% (N = 28). On multivariate Cox regression analysis, low basal albumin (P < .01) was associated
with death, and fever at admission was related to better survival (P < .01). Conclusion. Albumin levels or fever are independent
predictors of survival in patients with HIV and disseminated TB. They can serve as indirect markers of immunodeficiency in
patients with disseminated TB and AIDS.

1. Introduction

The advent of highly active antiretroviral therapy (HAART)
has changed the natural history of most opportunistic
infections and reduced mortality rates in patients with AIDS
[1, 2]. For Mycobacteria tuberculosis (MTB) disease, several
studies have demonstrated the protective effect of HAART,
in HIV-infected patients [3–6]. However, tuberculosis (TB)
is still a potentially fatal complication in these patients [7,
8].

Several risk factors are associated with elevated risk of
death in patients with TB: advanced age, drug resistance,
delayed specific therapy, lack of rifampicin use, inadequate
therapy, and HIV infection [9–11]. Few studies addressed
this risk in patients with HIV and disseminated TB [12,
13]. The goal of our study was to determine predictors
of in-hospital mortality in patients with AIDS and strictly
disseminated TB.

2. Material and Methods

2.1. Study Population. We performed a retrospective cohort
study at Hospital de Clı́nicas de Porto Alegre, a 740-bed
tertiary referral hospital for persons with AIDS in southern
Brazil. From 1996 to 2008, all persons who attended as
inpatient and had the diagnosis of HIV infection and
disseminated TB were included. Patients were selected from
the review of microbiology laboratory records, and data were
collected by the review of patient’s charts. The study was
approved by the ethics committee of Hospital de Clı́nicas de
Porto Alegre.

2.2. Definitions. Disseminated tuberculosis was defined as
identification of MTB in blood, or bone marrow, or liver
biopsy cultures, as suggested by Wang et al. [14]. Only culture
positive subjects were included.



2 Clinical and Developmental Immunology

The diagnosis of HIV was made according to current
recommendations. For isolation of mycobacteria [15, 16], a
radiometric system (BACTEC 460 TB—Becton & Dickinson
Diagnostic Instrument Systems, Sparks, MD, USA), and
nonradiometric systems (BACTEC 9240—Becton & Dick-
inson Diagnostic Instrument Systems, Sparks, MD, USA;
and, BacT/Alert 240—bioMérieux, Marcy-Etoile, France)
were used. For identification of MTB, NAP (p-nitro-
alfa-acetylamino-beta-hydroxypropiophenone) test was per-
formed. This test has specificity of 99% of the identification
of Mycobacterium tuberculosis complex [17]. In cases which
NAP test could not be done (N = 19, 23%), the identifica-
tion of species was made by the visualization of the aspect of
the colony—presence or absence of cord formation—due to
the high sensitivity and specificity of this method [18, 19].

Demographic, clinical, laboratorial, pharmacy, and sur-
vival data were collected by chart review. Fever was defined as
an axilar temperature≥38.0◦C. Information on concomitant
AIDS-related opportunistic infections was collected accord-
ing to CDC lists [20].

Laboratory data were included, if the sample was
collected during the first seven days of hospitalization.
CD4 cell count and viral loads were included if they
had been determined within six months of hospitalization.
Antiretroviral therapy was considered the use of one or more
drugs with activity against HIV. Highly active antiretroviral
therapy was considered the use of a combination of three
or more antiretroviral drugs for HIV therapy. Adequate
antituberculous therapy was the use of at least three active
drugs against TB for at least seven days, at any time during
hospitalization.

2.3. Statistical Analysis. A descriptive analysis of the variables
collected from each patient was performed. Continuous
variables are shown as median values and the dispersion
measurement as range values. The chi-squared test or Fisher’s
exact test were used for univariate analysis of selected cat-
egorical variables. Associations were considered statistically
significant when P value was ≤.05. Multivariate hazard
ratios (HR), along with 95% confidence intervals (CI), were
calculated using the Cox proportional hazards regression
model. We included in the final model, the variables with P-
value≤.05 by univariate analysis. Survival analysis was based
on Kaplan-Meier method and comparisons of survival curves
were made by the log-rank test. Data were analyzed in SPSS
16.0 version program.

3. Results

Eighty-two patients with disseminated tuberculosis were
identified. Two patients (1.5%) were excluded from the
analysis for lack of data. All the patients had clinical or
immunological diagnosis of AIDS. The characteristics of
patients are shown in Table 1. Forty-nine patients (61%)
were identified by positive blood cultures, twenty-two
(27.5%) by bone marrow culture, two patients by liver
biopsies culture (2.5%), five patients (6.5%) by blood culture
and bone marrow culture, and another two patients (2.5%)

Table 1: Characteristics of the HIV-infected patients with dissemi-
nated tuberculosis.

Median age (range) 33.0 (14–73)

Men (%) 59 (69.5)

Race

White (%) 52 (66)

Black (%) 22 (28)

Other (%) 5 (6)

HIV exposure

Sexual (%) 31 (52.5)

IV drug use (%) 28 (48.5)

Positive Tuberculin Skin Test 2 (5.5)

Previous ART1 (%) 20 (25)

Concomitant opportunistic infection2 (%) 12 (15)

Median length of hospitalization in days (range) 24 (4–367)

Median CD4 in cells/mcL (No. of patients) 39.5 (44)

Median viral load in log/mL (No. of patients) 4.7 (5)

Anti-HCV positive (%) 24 (39.5)

HBsAg positive (%) 6 (10)

Appropriate initial TB therapy (%) 73 (91)

Median time to TB therapy in days (range) 7 (0–53)

Median time to death in days (range) 18.5 (2–86)

Note. MTB, Mycobacterium tuberculosis; IV, intravenous; ART, antiretroviral
therapy.
1Previous use of ART means previous history of ART.
2Opportunistic diseases were as follows: cytomegalovirus infection (N = 3),
Cryptococcus neoformans infection (N = 8), esophageal candidiasis (N = 6),
toxoplasmosis (N = 3), pneumocystis pneumonia (N = 4),Cryptosporidium
spp (N = 2).

by a combination of liver biopsy and bone marrow culture.
The median duration of hospitalization was 24 days.

Eighty-six (N = 69) percent of the patients had an
abnormal X-ray at admission. Sixty-one patients had sputum
analysis. Of these, 32.5% (N = 26) were positive for acid-
fast bacilli.

Fifty-five isolates (68.5%) were tested for resistance
to antituberculous drugs. One isolate was resistant to
rifampicin and pirazinamide, other was resistant to isoni-
azid and streptomycin, and four isolates were resistant to
streptomycin. None of the isolates had multidrug-resistant
tuberculosis (i.e., resistance to isoniazid and rifampicin). Any
drug resistance was not associated with increased patient
mortality (P = .67). Rifampicin, isoniazid and pirazinamide,
was the initial therapy in 83.5% of patients (N = 67). The
median time to therapy was seven days.

In-hospital mortality was 35% (N = 28). Table 2 shows
the univariate analysis related to in-hospital death. Low
median albumin levels, low hematocrit and hemoglobin
levels, high bilirrubin levels, and ICU admission were all
related to in-hospital death on univariate analysis. Fever at
admission and appropriate initial TB therapy were related
to better survival. Considering other clinical presentations—
respiratory symptoms (dyspnea, cough, chest pain), gas-
trintestinal symptoms (nausea, vomiting, abdominal pain,
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Table 2: In-hospital mortality among HIV-infected patients with disseminated tuberculosis.

In-hospital death

Yes No Total P

Male 22 (78.5) 37 (71) 59 (74) .60

Median Age in years (range) 33 (16–73) 33 (14–70) 33 (N = 78) .75

Concomitant opportunistic infection 3 (10.5) 9 (17.5) 12 (15) .53

ICU admission 14 (50) 4 (7.5) 18 (22.5) <.01

Fever at admission 17 (60.5) 50 (96) 67 (84) <.01

Median alkaline phosphatase (U/L) 601 401 426 (N = 71) .58

(range) (62–2539) (50–4991)

Median ALT (U/L) 47 43 43 (N = 74) .41

(range) (10–389) (9–429)

Median AST (U/L) 100 58 69 (N = 76) .82

(range) (18–544) (12–1575)

Median LDH (U/L) 730 723 725 (N = 71) .91

(range) (227–1627) (172–2329)

Median Bilirrubin (mg/dL) 1.3 0.7 0.8 (N = 72) .02

(range) (0.3–8.1) (0.3–5.2)

Median Hematocrit (%) 23 27 26 (N = 80) .03

(range) (13–34) (8–43)

Median Hemoglobin (g/dL) 7.6 8.9 8.8 (N = 80) .02

(range) (5.5–11.1) (4.6–13.4)

Median Leukocytes (109/L) 4.4 5.1 4.8 (N = 80) .14

(range) (0.5–10.2) (0.5–31.6)

Median Albumin (g/dL) 2.2 2.7 2.6 (N = 67) <.01

(range) (1.4–3.1) (1.7–4.0)

Median Creatinine (mg/dL) 0.9 0.8 0.9 (N = 79) .16

(range) (0.2–2.9) (0.4–1.7)

Median CD4 (cells/mcL) 36 39 39 (N = 44) .92

(range) (1–327) (2–469)

In-hospital HAART1 6 (22.2) 7 (14.3) 13 (17.1) .53

Appropriate initial TB therapy 23 (82.1) 50 (96.2) 73 (91.2) .04

Median time to therapy (days) 6.5 7.0 7.0 (N = 70) .54

(range) (0.0–49.0) (0.0–53.0)

Note. Data are no. (%) of patients, unless otherwise indicated. ICU, Intensive care unit; AFB, acid fast bacilli; ALT, alanine aminotransferase; AST, aspartate
aminotransferase; LDH, lactate dehydrogenase; HAART, highly active antiretroviral therapy; TB, tuberculosis.
1In-hospital HAART means the prescription of HAART during hospital stay, independent of previous ART use.

diarrhea), adenopathies, weight loss, night sweats, headache
or skin lesions—they were not related to death on univariate
analysis. Eighteen patients (33.5%) diagnosed by blood
culture died, compared to 10 patients (38.5%) without
mycobacteremia (P = .80).

The median time to initiating therapy in patients with
fever was 8 days comparing to four days in patients without
fever at admission (P = .27). The median CD4 cell count
was 39 cells/mcL in patients with fever, and 45 cells/mcL in
patients without fever at admission (P = .57). Median levels
of albumin in patients with fever were 2.6 g/dL, and 2.3 g/dL
in patients without fever at admission (P = .21).

As shown in Table 3, the variables included in Cox regres-
sion analysis were those with statistical significance on uni-
variate analysis, and concomitant opportunistic infections
because of their clinical relation to death. By multivariate
analysis, high albumin levels (HR 0.16, CI 0.05–0.56; P < .01)
and fever at admission (HR 0.18, CI 0.06–0.54; P < .01) were
independently related to better survival. Appropriate initial
TB therapy was marginally related to better outcomes (HR
0.25, CI 0.06–1.06; P = .06). Including CD4 counts in the
analysis, high albumin levels (HR 0.25, CI 0.07–0.9; P = .04)
and fever at admission (HR 0.20, CI 0.05–0.9; P = .03)
persisted as independent predictors of survival.
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Figure 1: The Kaplan-Meier survival estimates of HIV-infected patients with disseminated TB (a) in relation to basal albumin levels and (b)
presence of fever at admission.

Kaplan-Meier curves, as shown in Figure 1, included
patients with TB stratified by albumin levels (≤2.7 g/dL
versus >2.7 g/dL) at hospital admission and presence or
absence of fever at admission. Patients with levels of albumin
≤2.7 g/dL had reduced survival rates (P < .01; log-rank test).
The patients with fever at hospital admission had significant
better survival rates (P < .01; log-rank test).

4. Discussion

Disseminated TB is a predictor of worse prognosis for
patients with HIV infection [13, 21]. In our cohort, we
identified albumin levels and fever at admission as additional
independent predictors of mortality. These predictors were
more strongly associated with mortality than recent CD4
count.

In-hospital mortality in our patients was 35%, similar to
prior studies in Thailand and Malawi [22]. Several studies
have addressed predictors of mortality in patients with TB.
Risk factors for mortality include older age, presence of
other comorbid illnesses, emergency department admissions
[23]; corticosteroid use [24]; presence of seizures or coma
in patients with tuberculous meningitis [25]; multiple organ
failure and consolidation on chest radiographs, tuberculous-
destroyed lungs, Acute Physiology and Chronic Health
Evaluation II scores ≥20, and sepsis in patients who suffered
acute respiratory failure [26, 27]; acute renal failure, need
for mechanical ventilation, chronic pancreatitis, sepsis, acute

Table 3: Cox regression analysis. Predictors of in-hospital mortality
in HIV-infected patients with disseminated tuberculosis (N = 59).

Hazard Ratio
(HR)

Confidence
Interval

P

Fever at admission 0.18 0.06–0.54 <.01

High albumin levels 0.16 0.05–0.56 <.01

Appropriate initial TB therapy 0.25 0.06–1.06 .06

High bilirrubin levels 1.09 0.88–1.35 .41

Concomitant opportunistic
infection

0.52 0.09–3.06 .47

Low hemoglobin levels 1.06 0.82–1.36 .64

ICU admission 0.98 0.33–2.57 .97

Note. HR, hazard ratio for hospital death; ICU, intensive care unit; TB,
tuberculosis. High or low levels were per 1 g/dL change for albumin and
hemoglobin and per 1 mg/dL for bilirrubins.

respiratory distress syndrome, and nosocomial pneumonia
in patients admitted to the ICU [28]; None of these studies
addressed specifically risk factors for death in patients with
disseminated tuberculosis.

Grinsztejn et al. reported that the in-hospital mortality
was higher among patients with mycobacterial bacteremia
compared to patients without bacteremia, in their study of
42 patients with M. avium and M. tuberculosis infection
[12]. In our study, the patients had a priori the diagnosis of
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disseminated disease. Mycobacteremia per se was not related
to worse prognosis when compared to patients without MTB
bacteremia.

Low levels of albumin (≤2.7 mg/dL) during the first
seven days in the hospital were an independent predictor
of in-hospital death in our patients with disseminated TB.
In the EuroSida risk score study and in the study by Sacks
et al., body mass index has been implicated with disease
progression and death [29, 30]. Matos and Moreira Lemos
reported that serum albumin levels were associated with in-
hospital death in a 373-person Brazilian TB cohort with 9%
HIV coinfection and without disseminated TB disease [10].
Another study in Israel [25] found that cachexia and lower
albumin levels were related to mortality on multivariate
analysis. In the Israeli study, 49 (11%) patients were infected
with HIV. Furthermore, hypoalbuminaemia is a marker of
severe malnutrition and was a predictor of low CD4 counts
in HIV-negative TB patients [31].

Several cytokines have the capacity to induce fever and
play an important role in the modulation of the immune
response. The list of pyrogenic cytokines includes, among
others, interleukin (IL)–1, (TNF)-alpha, IL-6, and IFN-
gamma [32]. Secretion of these proinflammatory cytokines
results in fever and the general constitutional symptoms
associated with MTB as a result of the active adaptive cell-
mediated immune response to MTB. This adaptive response
is lead by IFN-gamma secreted by antigen specific T-helper
Type 1 (Th1) cells. Several studies have demonstrated that
IFN-gamma levels in MTB patients correlate with fever
[33, 34]. Thus, the presence of fever likely represents some
capacity to mount a partial immune response to MTB,
despite the advanced immunosuppression. Hiraki et al.
showed that the pleural fluid concentrations of IL-12, IL-18,
and IFN-gamma in tuberculosis patients were correlated to
high fever (>38◦C) [35].

Patients with fever at admission had better in-hospital
outcomes in our study. Our patients were severely immunos-
suppressed (median CD4 39.5 cells/mcL), but only 44
patients had CD4 T cells measured. Although fever was not
related to CD4 cell count in our sample and we did not
evaluate levels of cytokines and IFN-gamma, the presence
of fever at admission could indicate the patients with better
immune response against MTB and, consequently, predict
those with better outcomes.

Considering that most patients (91.5%) were adequately
treated following standard guidelines, the short median time
to initiate therapy after the diagnosis, the good in-hospital
compliance to anti-TB medication, and the low level of
drug resistance (3.5%) to first-line tuberculostatic agents,
we can state that our patients seemed to have an aggressive
form of disease and/or were diagnosed in their late stage of
disseminated tuberculosis.

Our study has the limitations related to a single-site
retrospective cohort study. Firstly, the selection bias: we
included only patients with positive cultures for TB, possibly
excluding patients with less severe disease, in which blood
cultures were less likely to be obtained. Moreover, the
missing data, related to the retrospective review, reduced the
sample size in the multivariate analysis, which could result

in overfitting problem (high number of variables included
in relation to events) in the Cox regression analysis. Finally,
the observational design precludes us to make definite
conclusions about specific TB therapy and use of HAART in
relation to outcome.

5. Conclusions

Disseminated TB was associated with a high in-hospital
mortality rate, despite adequate therapy, state-of-the-art
diagnostics, and clinical care. For this reason, we emphasize
the importance of HIV testing, access to antiretroviral
therapy, and screening and treatment of latent tuberculosis
infection in order to prevent the disease and mortality
in patients with AIDS. Low basal albumin levels were
independently related to in-hospital mortality, and fever at
admission was related to better prognosis in HIV-infected
patients with disseminated TB and AIDS.

Acknowledgment

The authors would like to thank FIPE (Fundo de Incentivo
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Background & Objective. IRIS is an important complication that occurs during management of HIV-TB coinfection and it poses
difficulty in diagnosis. Previous studies have reported variable incidence of IRIS. The present study was undertaken to describe
the pattern of TB-associated IRIS using recently proposed consensus case-definitions for TB-IRIS for its use in resource-limited
settings. Methods. A prospective analysis of ART-naı̈ve adults started on HAART from November, 2008 to May, 2010 was done in a
tertiary care hospital in north India. A total 224 patients divided into two groups, one with HIV-TB and the other with HIV alone,
were followedup for a minimum period of 3 months. The diagnosis of TB was categorised as “definitive” and “probable”. Results.
Out of a total of 224 patients, 203 completed followup. Paradoxical TB-IRIS occurred in 5 of 123 (4%) HIV-TB patients while 6
of 80 (7.5%) HIV patients developed ART-associated TB. A reduction in plasma viral load was significantly (P = .016) associated
with paradoxical TB-IRIS. No identifiable risk factors were associated with the development of ART-associated TB. Conclusion.
The consensus case-definitions are useful tools in the diagnosis of TB-associated IRIS. High index of clinical suspicion is required
for an early diagnosis.

1. Introduction

Human immunodeficiency virus/acquired immunodefi-
ciency syndrome (HIV/AIDS) and tuberculosis (TB) are
leading causes of morbidity and mortality worldwide [1].
The incidence of TB is highest among patients with advanced
HIV disease [2]. A majority of the global burden of
HIV-associated TB lies in resource-constrained countries
[1]. Antiretroviral treatment (ART) has been made widely
available in these areas over last several years now. However,
many patients in these countries start ART at a late stage
when they have advanced HIV/AIDS [3]. The beneficial

effects of ART result from gradual restoration of pathogen-
specific immune responses mediated by suppressed HIV-1
replication and increased CD4 cell count [4]. The fact that
many patients accessing ART are already receiving treatment
for TB presents a major clinical challenge due to the com-
plexities involved in the concurrent management of these
two coinfections [5–8]. In addition to high pill burden, drug
cotoxicity and pharmacokinetic drug interactions, “immune
reconstitution inflammatory syndrome” (IRIS) also called
“immune reconstitution syndrome” (IRS) has been a major
problem. The syndrome is usually a consequence of exag-
gerated activation of the immune system against persistent
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antigen (paradoxical IRIS) or viable pathogens (unmasking
IRIS), but it can also develop as progression of prolif-
erative disease in patients with cancers [9]. IRS is asso-
ciated with certain infectious (e.g., mycobacteria, varicella
zoster, cytomegalovirus) and noninfectious (autoimmune or
neoplastic) conditions. ART-induced IRS includes either a
paradoxical worsening of treated opportunistic infections
(paradoxical form) or the unmasking of previously subclin-
ical, untreated infections (unmasking form) [10–12]. TB-
associated IRIS has been reported in up to 43% of patients
receiving concurrent treatment for these infections [13–28].
In an earlier publication where consensus case-definitions
were applied retrospectively, 18 (7.5%) of 237 patients with
TB at baseline had paradoxical TB-associated IRIS [29].
There has so far been only one [27] prospective study on
TB-IRIS in India and most of the studies worldwide are also
retrospective. In this communication, we report findings of
a prospective study in HIV/AIDS patients started on highly
active antiretroviral treatments (HAART) who were followed
up at least for a predefined period for development of IRIS;
TB-associated IRIS being of major interest.

2. Materials and Methods

We report findings of a prospective, observational study
between November, 2008 to May, 2010 to determine the
incidence of IRIS in patients with HIV-associated TB
and to identify the risk factors for TB-IRIS. The study
included adult HIV/AIDS patients who attended the out-
patient department, ART clinic or were admitted to the
All India Institute of Medical Sciences Hospital (AIIMS,
New Delhi, India). The ART centre was opened at AIIMS
hospital in May 2005 as part of National AIDS Control
Programme started in April 2004. The hospital provides
tertiary care to the population of Delhi and its neigh-
bouring states and most of its patients come from the
lower socioeconomic strata. The hospital and the clinic
provides service to both newly diagnosed as well as referred
cases.

Following were exclusion criteria: development of hyper-
sensitivity to antiretroviral or antituberculosis drugs, past
history of HAART, pregnancy, anticipated difficulty in
followup and failure to give written informed consent.

Two hundred and twenty four HIV-infected ART-naı̈ve
adults who were recently diagnosed and started on HAART
were divided into two groups: (i) HIV/AIDS patients with
active TB and (ii) HIV/AIDS patients with no evidence of
active TB at the time of recruitment in the study. HIV
infection was documented by a licensed third generation
ELISA kit as described in earlier study [30]. Tuberculosis was
diagnosed as described in the previous study [31]. Culture
and drug susceptibility testing (DST) for Mycobacterium
tuberculosis were done in all cases where specimens were
available to rule out drug-resistant TB. TB cases were divided
into two categories—(i) definitive—where Mycobacterium
tuberculosis was demonstrated in smear (Ziehl Neelsen
method) and/or culture (Lowenstein Jensen) or Mycobac-
terium tuberculosis-polymerase chain reaction (Mtb-PCR)

was positive in various body fluids (sputum, bronchoalveolar
lavage fluid, pleural fluid, ascitic fluid, pericardial fluid,
cerebrospinal fluid, bone marrow aspirate, pus specimens
from cold abscesses) and (ii) probable—where specimen for
smear and/or culture or Mtb-PCR was negative or could not
be obtained due to technical difficulties. Criteria for diag-
nosis included: (a) pulmonary infiltrates located at classical
site with no response to antibiotics; (b) exudative effusion
or other body fluids with predominantly lymphocytes and
elevated adenosine deaminase (ADA) activity (>35 U/L);
(c) imaging (chest radiograph, ultrasonography, computed
tomography and magnetic resonance imaging) highly sug-
gestive of TB especially intrathoracic and abdominal lymph
nodes with central hypodensity and peripheral rim enhance-
ment; (d) imaging showing lesions in liver, spleen, intestine,
bone and brain highly suggestive of TB (image-guided aspi-
ration from lymph nodes or other lesions not possible due to
technical difficulty); (e) clinical and radiological response to
antiTB treatment during followup. Any one of criteria (a) to
(d) along with (e) was required to be present for the diagnosis
of probable TB. Both definitive and probable TB cases were
included. The Institutional Ethics Committee approved the
study. Written informed consent was obtained from all
patients.

Patients underwent a thorough clinical examination on
enrolment and subsequently every month as they came to the
ART clinic for followup and collection of antiretroviral drugs
in accordance with the Guidelines of National AIDS Control
Organisation (NACO) of Ministry of Health and Family Wel-
fare, Government of India [32, 33]. All details were recorded
in a predesigned proforma. Patients with TB were provided
treatment free of cost from Directly Observed Treatment
Short-Course (DOTS) centre in accordance with the Revised
National Treatment Control Programme (RNTCP) of Min-
istry of Health and Family Welfare, Govt. of India [34,
35]. Anti-TB treatment was administered intermittently,
thrice a week while the ART was administered daily as
described earlier [34, 35]. The time of HAART initiation was
decided as per NACO guidelines [32]. Medical social workers
ensured regular visits of the patients to the DOTS and ART
clinics.

The minimum followup period was 3 months for
development of IRIS. All the patients were followed up
till the end of the study. Hence those who were recruited
earlier would have had longer followup than those who
were recruited later. Patients were contacted telephonically
or their houses were visited in case they failed to turn
up for their scheduled visits [33, 35]. End point of the
study was development of TB-IRIS according to the case-
definitions. Diagnosis of IRIS was based on published case-
definitions criteria published by Meintjes et al. [36] for TB-
associated IRIS and French et al. [37] for other cases. In
cases where IRIS developed, change in CD4 count, plasma
viral load, haematological and biochemical parameters were
noted. CD4 count and HIV viral load were estimated using
flow-cytometry (Becton Dickinson, USA) and Amplicor
HIV-1 Monitor Test (Reverse Transcriptase Polymerase
Chain Reaction, Roche Diagnostics Corp., Indianapolis),
respectively.
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Table 1: Baseline characteristics of 203 patients with HIV/AIDS.

HIV-TB (n = 123) HIV (n = 80)

Age (yrs) 36 ± 10 35 ± 9

Sex (% male) 80∗ 59∗

BMI (kg/m2) 19 ± 4.5 19.6 ± 3.8

CD4 (cells/μl) 137 (72–222)† 198 (93–238)†

Plasma VL (log10 copies/ml) 5.23 (4.79–5.65) 5.09 (4.55–5.65)

BMI: body mass index; VL: viral load
Age and BMI are presented as mean± SD; gender as % of male and CD4 cell
counts and viral load as median and IQR
∗P = .001
†P = .038.

2.1. Statistical Analysis. Continuous data are presented as
mean ± standard deviation (for normally distributed vari-
ables) or median and interquartile range or IQR (for variable
influenced by extreme values). Categorical data are presented
as numbers with proportions, n(%). Percentage reduction in
viral load has been calculated by dividing absolute reduction
in viral load by baseline viral load and then multiplying it by
100. The categorical data were compared between groups by
the Chi square or Fisher’s exact test and continuous variables
by the Mann-Whitney U-test. All tests were two-sided, and
P < .05 was considered statistically significant. All analyses
were using a statistical software package (Intercooled Stata
8.0 for Windows, Stata Corporation, College Station, TX,
USA).

3. Results

Study data are summarized in Figure 1. As per case-
definitions, all patients were followed-up for a minimum
period of 3 months. A total of 203 patients (123 in HIV-
TB group and 80 patients in HIV group) has completed
3 months followup and TB-IRIS data of these patients are
being reported.

Pretreatment absolute CD4 count was significantly lower
in HIV-TB group (137 (IQR 72–222) versus 198 (IQR 93–
238) cells/μl, P = .038) compared to HIV group (Table 1).

HIV-TB group had 123 patients; 98 (80%) had extrapul-
monary TB (EPTB) (39 (32%) of these had disseminated TB)
while 25 (20%) patients had pulmonary TB (PTB) (Table 2).

Forty eight of 123 (39%) patients had “definitive” TB
and remaining 75 patients had “probable” TB. Of these
75 probable TB cases, all had imaging features compatible
with TB, 38 of 75 patients had cytological and biochemical
characteristics in body fluids (pleural effusion, ascites or
CSF), 3 had histopathological findings highly suggestive of
TB and all of them showed clinical and imaging response
to antiTB treatment during followup (minimal followup 3
months in the last recruited patients). A detailed description
has been provided in Tables 3a and 3b.

In total, 5 (4%) of 123 patients with TB at baseline started
on HAART had paradoxical TB-associated IRIS (Table 4),
while 6 (7.5%) of 80 patients without TB at baseline
developed ART-associated TB after starting HAART. All 11
episodes of IRIS and ART-associated TB occurred within

Table 2: Detailed description of 123 TB patients in the HIV-TB
group.

Type/site of TB HIV-TB group

PTB [n(%)] 25 (20)∗

EPTB [n(%)] 98 (80)

DTB [n(%)] 39 (32)

Lung + Pleura + mediastinal LN [n(%)] 11 (9)∗

Pleura + RP/mesenteric LN [n(%)] 6 (5)

Lung + pleura [n(%)] 4 (3)

Ascites + RP/mesenteric LN + mediastinal
LN [n(%)]

4 (3)

Ascites + hepatosplenomegaly +
RP/mesenteric LN + mediastinal LN
[n(%)]

3 (2)

Lung + pleura + Ascites + RP/mesenteric
LN [n(%)]

3 (2)

Ascites + hepatosplenomegaly +
mediastinal LN [n(%)]

2 (2)

Lung + pleura + Ascites +
hepatosplenomegaly + RP/mesenteric LN
[n(%)]

2 (2)

Lung + pleura + Ileocaecal +
RP/mesenteric LN [n(%)]

2 (2)

Cervical LN + mediastinal LN +
RP/mesenteric LN [n(%)]

2 (2)

Abdomen [n(%)] 23 (19)

Ascites + RP/mesenteric LN [n(%)] 8 (7)

Ascites + hepatosplenomegaly +
RP/mesenteric LN [n(%)]

7 (6)

Ascites + hepatosplenomegaly [n(%)] 4 (3)

Ileocaecal + RP/mesenteric LN [n(%)] 4 (3)

Lymph node [n(%)] 16 (13)

Cervical [n(%)] 10 (8)†

Abdominal [n(%)] 4 (3)

RP + mesenteric LN 2 (2)

RP LN 1 (1)

Periportal + mesenteric LN 1 (1)

Mediastinal [n(%)] 2 (2)

Pleural effusion [n(%)] 11 (9)

CNS [n(%)] 6 (5)

Meningitis [n(%)] 3 (2)

Tuberculoma [n(%)] 2 (2)

Meningitis + Tuberculoma [n(%)] 1 (1)

MTB [n(%)] 2 (2)

Pott’s spine [n(%)] 1 (1)

PTB: pulmonary tuberculosis; EPTB: extra pulmonary tuberculosis; RP:
retroperitoneal; LN: lymph nodes; CNS: central nervous system; DTB:
disseminated tuberculosis; MTB: military tuberculosis
EPTB is presented as % of TB; Types of EPTB as % of EPTB; Subtypes of
EPTB types as % of EPTB along with absolute no. of cases
∗One patient each from these groups developed paradoxical TB-IRIS
†Three patients from this group developed paradoxical TB-IRIS.

3 months of starting HAART. Median intervals between
initiation of HAART and occurrence of paradoxical TB-IRIS
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224 patients with HIV

134 with HIV and TB 90 with HIV but no active TB

7 died 2 died

2 transferred out

5 developed paradoxical
TB-IRIS

6 developed ART-
associated TB

1 PMLE

1 HZ
1 CMV
1 Crypto

1 CMV
1 HZ

123 completed 3 months follow-up 80 completed 3 months follow-up

4 lost to follow-up 6 lost to follow-up

4 developed nonTB-IRIS 2 developed nonTB-IRIS

Figure 1: Study profile. HIV: human immunodeficiency virus; TB: tuberculosis; IRIS: immune reconstitution inflammatory syndrome;
PMLE: progressive multifocal leukoencephalopathy; HZ: herpes zoster; CMV: cytomegalovirus; Crypto: cryptococcal meningitis.

and ART-associated TB were 73 (IQR 6–84) and 37 (IQR 7–
88) days, respectively. Comparisons of clinical characteristics
of different groups of patients have been detailed in Tables 5,
6 and 7. None of these patients died during followup period.

Most common clinical manifestation in patients with
paradoxical worsening was new onset fever, anorexia and
weight loss. A detailed description has been provided in
Table 8. All had definitive TB (Table 9) and multidrug-
resistant TB was ruled out by DST. All episodes were of
mild to moderate severity not requiring any interruption
of HAART. Hospitalization was required in 3 of 5 patients.
Two patients required repeated aspiration of TB cervical cold
abscesses. Symptoms of paradoxical deterioration resolved
within one week with continued treatment, antipyretics
(paracetamol), analgesics (nonsteroidal antiinflammatory
drugs) and none required steroids.

In 6 patients with ART-associated TB, 5 had pulmonary
TB and 1 had TB lymphadenitis—diagnosis of TB was
definitive in all cases (Tables 8, 9). None of these patients
had an inflammatory clinical presentation, for example, TB
lymphadenitis or abscesses with prominent acute inflam-
matory features or pulmonary tuberculosis complicated by
respiratory failure due to adult respiratory distress syn-
drome, suggestive of unmasking TB-associated IRIS. None
of these patients required hospitalization. All patients were
administered antiTB treatment and showed good response
to treatment.

There were total 6 (2.7%) cases of nonTB-IRIS—2
patients with herpes zoster, 2 patients with cytomegalovirus
infection (IgM positive and biopsy from gut lesion showing
characteristic cytopathic effect), 1 patient with cryptococcal
meningitis (India ink and cryptococcal antigen in CSF
positive) and 1 patient with progressive multifocal leukoen-
cephalopathy (confirmatory findings on MRI brain and
culture for JC virus positive).

On univariate analyses, age, gender, body mass index,
presence of extra-pulmonary/disseminated TB, baseline CD4
count, percentage change in CD4 and baseline viral load
were not significantly associated with the development of
paradoxical TB-associated IRIS or ART-associated TB. In
patients who developed paradoxical TB-associated IRIS, the
median interval between the initiation of antiTB treatment
and HAART was shorter as compared to those who did
not develop although the difference was not statistically
significant (20 (IQR 18–27) versus 32 (IQR 21–70) days;
P = .136). There was a significantly higher reduction in
viral load (99.93 (IQR 99.91–99.97) versus 99.58 (IQR 98.85–
99.9) %; P = .016) in patients who developed paradoxical
TB-associated IRIS (Table 5). The similar trend was found in
patients with ART-associated TB but it was not statistically
significant (Table 6). However, when patients with any IRIS
and ART-associated TB were compared with those who did
not develop IRIS, statistically significant differences were
found in increase in CD4 (136 (IQR 60–272) versus 53 (IQR
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Table 3: (a) Method of “definitive∗” TB diagnosis in HIV-TB
group. ∗Mycobacterium tuberculosis demonstrated in smear and/or
culture and/or TB—polymerase chain reaction (PCR) positive in
body fluids. PCR: polymerase chain reaction; BAL: bronchoalveolar
lavage; CSF: cerebrospinal fluid; LN: lymph node. †In 25 cases fine
needle aspiration was done, 12 of these showed Mycobacterium
tuberculosis. ‡One patient from this group developed paradoxical
TB-IRIS. §One patient from this group developed paradoxical
TB-IRIS. (b) Method of “probable∗” TB diagnosis in HIV-TB
group. ∗Specimens for smear or culture or PCR for Mycobacterium
tuberculosis negative or could not be obtained. †High resolution
or contrast-enhanced computed tomography (CECT) of chest
showing—centrilobular nodules with tree-in-bud appearance, mil-
iary nodules, thick walled cavities, enlarged mediastinal lymph
nodes with central hypodensities and peripheral rim enhancement
suggestive of necrosis; CECT of abdomen showing enlarged liver
or spleen with multiple hypodensities suggestive of granulomas
or abscesses, matted bowel loops, thickening of terminal ileum
and caecum, enlarged necrotic mesenteric or retroperitoneal lymph
nodes; CECT and/or magnetic resonance imaging (MRI) of
brain showing basal meningitis and/or multiple ring enhancing
lesion suggestive of tuberculomas; MRI of spine showing loss of
intervertebral space with destruction of vertebral bodies with or
without paravertebral abscesses. ‡Elevated protein, predominantly
lymphocytes and high adenosine deaminase level. §FNAC or biopsy
showing granulomas with caseation necrosis. ¶,‖,∗∗One patient each
from these groups developed paradoxical TB-IRIS.

(a)

Specimen type
Test (positive/performed)

Smear Culture TB-PCR Overall

Sputum 12‡/25 — — 12

BAL 0/4 2/4 — 2

Pleural fluid 0/39 0/39 9/39 9

Ascitic fluid 0/28 0/28 6/28 6

CSF 0/6 2/6 3/6 3

Bone marrow aspirate 0/2 2/2 2/2 2

LN aspirate 14§/27† 2/2 2/2 14

Total 48

(b)

Characteristic findings No. present

(i) Radiological† 75¶,‖,∗∗

(ii) Body fluids‡ 39

Pleural effusion 22¶

Ascites 14

CSF 3

(iii) Histopathological§ 3‖

(i) + (ii) + (iii) 1

(i) + (ii) 38¶

(i) + (iii) 2‖

(i) 34∗∗

Total 75

15–146) %; P = .023) and decrease in viral load (99.91 (IQR
99.8–99.93) versus 99.55 (IQR 98.76–99.9) %; P = .002).

4. Discussion

In present study 4% of patients with HIV-associated TB
developed paradoxical TB-associated IRIS after starting
HAART and 7.5% of patients with no overt evidence of
TB at initiation of HAART developed ART-associated TB.
Only a few prospective studies have been published using
the consensus case-definitions for TB-IRIS. Earlier studies
from developed nations had reported a high incidence of
TB-associated IRIS (17–43%) as compared to studies from
developing nations (2–13%) [13–28]. Kumarasamy et al.
[27] from southern India in their recent publication found
the incidence of paradoxical TB-associated IRIS to be 5.5%.

The results of present study are similar to a recent pub-
lication from our centre where authors applied consensus
case-definitions criteria retrospectively [29] and in this study
also no case of ART-associated TB fulfilling the criteria
of unmasking TB-IRIS was reported. Incidence rates of
paradoxical TB-IRIS and ART-associated TB were 7.5% and
3%, respectively in that study. Authors observed significant
differences in baseline CD4 count and change in the CD4
cell count after 6 months between patients who developed
paradoxical TB-IRIS and those who did not.

The higher incidence of TB-IRIS reported, particularly in
the western literature, can be explained by leniency of clinical
diagnostic criteria. Moreover, clinical diagnosis is readily
made by the experts working in the field of HIV-TB. Hence,
the staff of ART clinics should be adequately trained to
suspect, categorise and confirm the diagnosis by appropriate
investigations. Institutional adjudication committee may
look into the diagnosis of IRIS. There should also be a
proper reporting system to the higher agencies which could
be further facilitated by establishing regional or national
registry. An effort from the NACO in this regard will be
highly welcome. The true incidence of TB-IRIS may be
known from future studies with the application of consensus
case definitions.

The lack of application of uniform case-definitions for
TB-associated IRIS across various published studies makes
direct comparison of these results difficult. Recently, an
International Network for the Study of HIV-associated
IRIS (INSHI) case-definitions for TB-associated IRIS has
been proposed for their use in resource-limited settings
[36]. These have been validated in both retrospective and
prospective studies [38, 39] and have shown good agreement
with other published case definitions and expert opinions for
IRIS. In the present study we have used these proposed case-
definitions for the diagnosis of TB-associated IRIS.

Though the consensus case-definitions can be easily
applied in resource-limited settings where it is not always
possible to get CD4 count or plasma viral load readily and
regularly, it seems to have some limitations. First, it would
have missed the patients who developed paradoxical TB-
associated IRIS after 90 days of HAART—while it is still
a possibility, even keeping in mind the chance of a new
infection. Second, the definition for unmasking TB-IRIS
seems to be too stringent to be applicable in clinical practice
and the arbitrary cut-off of 3 months is likely to miss a few
cases.
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Table 4: Diagnosis of paradoxical TB-IRIS according to consensus case-definition.

Sl. no.
TB

TB-IRIS
Clinical criteria∗

Site Category Major Minor

(1)
DTB (Lung + Pleura
+ mediastinal LN)

Probable
DTB (Lung + Pleura +
mediastinal +
RP/mesenteric LN)

New LN
Worsening constitutional
symptoms (fever, weight loss, etc.)

(2) LNTB (cervical) Definitive
DTB (cervical +
mediastinal +
RP/mesenteric LN)

New LN
Worsening constitutional
symptoms

(3) LNTB (cervical) Probable
DTB (cervical +
mediastinal +
RP/mesenteric LN)

New LN
Worsening constitutional
symptoms

(4) PTB Definitive PTB Worsening CXR

Worsening constitutional
symptoms
Worsening respiratory symptoms
(cough, dyspnoea, etc.)

(5) LNTB (cervical) Probable LNTB (cervical)
New &
enlarging LN

Worsening constitutional
symptoms

PTB: pulmonary tuberculosis; RP: retroperitoneal; LN: lymph nodes; DTB: disseminated tuberculosis
∗“Antecedent requirements” and “Alternative explanations for clinical deterioration” criteria were fulfilled in all the cases.

Table 5: Comparison characteristics between patients with and
without TB-IRIS in 123 patients with HIV-TB.

No. TB-IRIS TB-IRIS

(n = 118) (n = 5)

Age (yrs) 37 ± 10 31 ± 7

Sex (% male) 80 80

BMI (kg/m2) 19 ± 5 18 ± 3

ATT-ART (days) 32 (21–70) 20 (18–27)

CD4 (cells/μl) 136 (70–225.75) 167 (118–193)

Increase in CD4
89 (32.25–144.75) 229 (61–283)

(cells/μl)

Increase in CD4 (%) 57.6 (24–181) 119 (63.5–207)

VL (log10 copies/ml) 5.21 (4.76–5.65) 5.49 (5.18–5.63)

Decrease in VL
5.19 (4.76–5.63) 5.49 (5.18–5.63)

(log10 copies/ml)

Decrease in VL (%) 99.58 (98.85–99.9)∗ 99.93 (99.91–99.97)∗

BMI: body mass index; ATT: antituberculosis treatment; ART: antiretroviral
treatment; VL: viral load
Age and BMI are presented as mean ± SD; gender as % of male; EPTB as %
of TB; DTB as % of EPTB and ATT-ART gap, CD4 cell counts and viral load
as median and IQR
∗P = .016.

Though none of ART-associated TB met the criteria
of heightened inflammatory response to be categorised
as unmasking TB-IRIS in both studies from our centre,
clinicians should remain highly vigilant in HIV patients who
develop TB after starting ART, as they can have much more
severe disease and can deteriorate rapidly due to immune
reconstitution and may even require hospitalization.

In the present study no statistically significant influence
of age, gender, BMI, baseline CD4 or viral load and
magnitude of change in CD4 were found on occurrence
of TB-IRIS as opposed to the findings of previous studies

Table 6: Comparison of characteristics between patients with and
without ART-associated TB in 80 patients with HIV.

No TB ART-associated TB

(n = 74) (n = 6)

Age (yrs) 35 ± 9 35 ± 15

Sex (% male) 60 50

BMI (kg/m2) 19.7 ±3.8 19.4 ± 4

CD4 (cells/μl) 200 (94.25–242) 132 (57.25–182.75)

Increase in CD4
88 (27.25–149.75) 161 (129–316)

(cells/μl)

Increase in CD4 (%) 46 (11.5–126.5) 160 (72–369)

VL (log10 copies/ml) 5.09 (4.54–5.65) 5.28 (4.95–5.51)

Decrease in VL
5.08 (4.5–5.57) 5.13 (4.87–5.39)

(log10 copies/ml)

Decrease in VL (%) 99.58 (98.79–99.9) 99.91 (99.84–99.93)

BMI: body mass index; VL: viral load
Age and BMI are presented as mean± SD; gender as % of male and CD4 cell
counts and viral load as median and IQR
There was no statistically significant difference.

[13–28]. Early initiation of HAART after antiTB treatment
was associated with paradoxical TB-associated IRIS though
not statistically significant as mentioned in previous studies
[13–28]. But decrease in viral load was associated with
paradoxical TB-IRIS as proposed in the literature [4–8].
Extra-pulmonary and disseminated TB has been reported to
be associated with the occurrence of TB-associated IRIS in
previous studies. Though in our study 4 out of 5 paradoxical
reactions occurred in patients with extra-pulmonary TB and
only 1 of those had disseminated TB. These discrepancies
could possibly be due to the small number of IRIS events
in the present study. Though the patients were explained
thoroughly about the possible symptoms of IRIS and strictly
instructed to visit the clinic or contact the investigator on
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Table 7: Comparison of characteristics between HIV-TB patients without and with TB-IRIS and HIV patients with ART associated TB.

No TB-IRIS TB-IRIS ART-associated TB

(n = 118) (n = 5) (n = 6)

Age (yrs) 37 ± 10 31 ± 7 35 ± 15

Sex (% male) 80 80 50

BMI (kg/m2) 19 ± 5 18 ± 3 19.4 ± 4

ATT-ART (days) 32 (21–70) 20 (18–27) —

ART-IRIS (days) — 73 (6–84) 37 (7–88)

CD4 (cells/μl) 136 (70–225.75) 167 (118–193) 132 (57.25–182.75)

Increase in CD4 (cells/μl) 89 (32.25–144.75) 229 (61–283) 161 (129–316)

Increase in CD4 (%) 57.6 (24–181) 119 (63.5–207) 160 (72–369)

VL (log10 copies/ml) 5.21 (4.76–5.65) 5.49 (5.18–5.63) 5.28 (4.95–5.51)

Decrease in VL (log10 copies/ml) 5.19 (4.76–5.63) 5.49 (5.18–5.63) 5.13 (4.87–5.39)

Decrease in VL (%) 99.58 (98.85–99.9) 99.93 (99.91–99.97) 99.91 (99.84–99.93)

BMI: body mass index; ATT: antituberculosis treatment; ART: antiretroviral treatment; VL: viral load
Age and BMI are presented as mean ± SD; gender as % of male and ATT-ART gap, ART-IRIS gap, CD4 cell counts and viral load as median and IQR.

Table 8: Description of TB in patients with TB-IRIS (at the time of
IRIS) and ART-associated TB.

Paradoxical
TB-IRIS (n = 5)∗

ART-associated TB
(n = 6)

PTB [n (%)] 1 5

EPTB [n (%)] 4 1

DTB [n (%)] 3 —

Lung + Pleura +
mediastinal LN +
RP/mesenteric LN [n (%)]

1 —

Cervical LN + mediastinal
LN + RP/mesenteric LN
[n (%)]

2 —

Lymph node [n (%)] 1 1

Cervical [n (%)] 1 1

PTB: pulmonary tuberculosis; EPTB: extrapulmonary tuberculosis; DTB:
disseminated tuberculosis; LN: lymph node
EPTB, types of EPTB and subtypes of EPTB types presented in absolute no.
of cases
∗Three of the 5 patients with paradoxical IRIS had cervical TB lym-
phadenopathy at presentation while one had disseminated and the other
had pulmonary TB. After being started on ART, one with cervical TB
lymphadenopathy developed enlargement of the previously existing lymph
nodes along with appearance of new nodes in the neck; other two with
cervical TB lymphadenopathy developed disseminated TB; in one with
disseminated TB (lung, pleura and mediastinum) the disease became more
extensive (with abdominal involvement); and one with pulmonary TB
developed new chest infiltrates with increased bacillary load in the sputum.

occurrence of any symptoms suspicious of IRIS, monthly
followup schedule might have missed a few cases of IRIS
occurring in between. Another possible explanation for low
incidence of IRIS could be the use of intermittent thrice
weekly antiTB treatment in place of daily drug regimen.

In view of relatively low incidence of TB-IRIS in South-
East Asia, the small sample size of the present study makes it
very difficult to identify the risk factors associated with it.

Extrapulmonary TB which is much more common in
advanced cases of HIV/AIDS has a very low bacillary load in

Table 9: Method of TB diagnosis in patients with TB-IRIS (at the
time of IRIS) and ART-associated TB.

Specimen type
Test (positive/performed)

Smear Culture TB-PCR Overall

TB-IRIS

Sputum 1/1 1/1 — 1

LN aspirate 4/4 4/4 4/4 4

Total 5

ART-associated TB

Sputum 4/5 5/5 — 5

LN aspirate∗ 1/1 — — 1

Total 6

PCR: polymerase chain reaction; LN: lymph node
∗Fine needle aspiration was done in this case and the specimen also showed
necrotizing granulomas on histopathological examination.

samples and it is sometimes not possible to get specimens for
microbiological or histopathological diagnosis due to diffi-
culties with imaging guided procedures [40, 41]. Moreover,
in the developing nations with resource-limited settings,
as opposed to the present study which was conducted in
a tertiary care centre, state-of-the-art imaging for both
diagnosis and followup and other diagnostic facilities (like
ADA level estimation, PCR) are not available in peripheral
centres. The same holds true for diagnosis of other oppor-
tunistic infections particularly viral, fungal and protozoal
infestations. Availability of limited laboratory facilities in
the public hospitals, use of commercial laboratories by the
patients and a lack of accreditation and quality assurance
of these laboratories are real problems. However, it is to be
emphasized here that these definitions have been formulated
for use in the resource-limited settings like ours where access
to such investigations is expected to be limited.

We did not encounter any death due to IRIS. But it will be
prudent to keep in mind that IRIS affecting central nervous
system or producing acute respiratory distress syndrome can
be lethal if not diagnosed timely and treated appropriately.
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Since, till date no single clinical factor has been identified
which can predict development of IRIS, a high index of
clinical suspicion is still the key for an early diagnosis of IRIS.
Further research is needed to better understand the immune-
pathogenesis of the various types of IRIS so that better
diagnostic tests and effective therapies can be developed.

5. Conclusion

TB-associated IRIS reactions are important and may com-
plicate management of HIV-TB coinfection. They should
be promptly recognised and treated. Most cases of TB-
associated IRIS can be managed easily and do not need
discontinuation of ART. The consensus case-definitions seem
to be a useful tool in the diagnosis of TB-associated IRIS in
resource-poor countries where access to laboratory facilities
is limited.
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Commencement of antiretroviral treatment (ART) in severely immunosuppressed HIV-infected persons is associated with
unmasking of subclinical disease. The subset of patients that are diagnosed with tuberculosis (TB) disease while on ART have
been classified as ART-associated TB. Few studies have reported the incidence of ART-associated TB and unmasking TB-IRIS
according to the International Network for the Study of HIV-Associated IRIS (INSHI) consensus definition. To determine the
incidence and predictors of ART-associated TB, we screened 219 patients commencing ART at the Infectious Diseases Clinic in
Kampala, Uganda for TB by symptoms, sputum microscopy, and chest X-rays and followed them for one year. Fourteen (6.4%)
patients were diagnosed with TB during followup. Eight (3.8%) patients had ART-associated TB (incidence rate of 4.3 per 100
person years); of these, three patients fulfilled INSHI criteria for unmasking TB-associated IRIS (incidence rate of 1.6 per 100
person years). A body mass index of less than 18.5 kg/m2 BMI (HR 5.85 95% CI 1.24–27.46, P = .025) and a C-reactive protein
greater than 5 mg/L (HR 8.23 95% CI 1.36–38.33, P = .020) were risk factors for ART-associated TB at multivariate analysis. In
conclusion, with systematic TB screening (including culture and chest X-ray), the incidence of ART-associated TB is relatively low
in settings with high HIV and TB prevalence.

1. Introduction

Tuberculosis (TB) remains a leading cause of morbidity and
mortality in sub-Saharan Africa with the HIV pandemic
accounting for 31% of all new TB cases in adults [1, 2].
This is partly because available diagnostic tests are not
sensitive enough for early detection of all TB cases [3–5].
Additionally, patients often seek medical care late when they
already have advanced HIV disease or are very sick [6–8].
Sputum smear microscopy, the tool for TB screening in most
resource-limited settings, has low sensitivity to diagnose TB

disease, especially in HIV-infected patients with advanced
immunodeficiency [9–11].

The World Health Organization (WHO) currently rec-
ommends routine screening for TB prior to antiretroviral
treatment (ART) initiation [12]. Such screening generally
targets symptomatic patients. Therefore, TB patients without
symptoms or with atypical symptoms and subclinical disease
are often not diagnosed. Intensive screening of HIV-infected
patients for TB prior to ART regardless of symptoms has
been demonstrated to increase the number of TB cases
identified [13, 14]. In a recent study from Durban, South
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Africa, TB was detected by intensive screening in 158 (19%)
of 825 patients undergoing ART preparation [13]. Only 52%
of these patients reported cough. It has been demonstrated
that patients with subclinical disease started on ART may
rapidly progress to symptomatic TB disease as a result of
immune reconstitution, and this risk is highest during the
first three months of ART [15, 16].

Immune reconstitution inflammatory syndrome (IRIS)
is a disorder commonly observed upon ART initiation
in severely immune-compromised patients who have con-
comitant opportunistic infections. HIV/TB coinfection is
a leading cause of IRIS. Two clinical types of TB-
IRIS have been described: unmasking IRIS (an existing
occult/subclinical infection becomes clinically evident after
the start of ART) and paradoxical IRIS (worsening of a
successfully treated infection following the introduction
of ART) [17]. Whereas unmasking IRIS is postulated to
result from an imbalanced and exuberant inflammatory
response against a viable pathogenic organism in face of
a rapidly reconstituting immunity, in paradoxical TB-IRIS,
this dysregulated immune response is generally targeted
against residual pathogenic antigens. Exact mechanisms for
the dysfunctional restoration of pathogen-specific immune
responses are not well understood, but defects in antigen-
specific activated regulatory and effector CD4 T lymphocytes
have been suggested by a number of studies [18–21]. Several
studies have reported the incidence of paradoxical TB-IRIS,
but relatively few studies have reported the incidence of
unmasking and ART-associated TB-IRIS.

According to the International Network for the Study of
HIV-Associated IRIS (INSHI), ART-associated TB refers to
all TB diagnosed during ART, while the subset of patients
who develop rapidly progressive signs and symptoms of
TB, with exuberant inflammatory features, after initiation
of ART are called “unmasking TB-associated IRIS” [22]. In
programmes “rolling out” ART, ART-associated TB may be
difficult to differentiate from multiple other opportunistic
pathologies, thus further delaying diagnosis and appropriate
treatment.

The purpose of this study was to determine the incidence
and clinical manifestations of both ART-associated TB and
unmasking TB-associated IRIS in an ambulatory HIV care
setting in Uganda, where HIV prevalence is high [23]. A
secondary objective was to determine the predictive baseline
demographic, clinical, and laboratory parameters in patients
who develop ART-associated TB.

2. Study Methodology

In a prospective cohort of HIV patients eligible for ART
at the Infectious Disease Institute (IDI), Kampala, Uganda,
we screened 247 patients for study entry. Inclusion criteria
were (1) age >18 years, (2) documented HIV infection,
(3) ART eligibility according to Uganda Ministry of Health
guidelines [24] (CD4 < 250 cells/μL), (4) ART naı̈ve, (5) no
evidence of active TB disease by acid fast bacilli (AFB) smear
microscopy and chest radiograph (CXR) and (6) willingness
to participate in all followup visits and clinical examinations

and to have blood drawn for clinical and immunological
studies.

At study enrolment, the HIV serostatus was confirmed
using a standard HIV testing algorithm [25], complete
blood count with differential CD4 count (FACSCalibur,
Becton Dickinson), and C-reactive protein (CRP) (COBAS
C-Reactive Protein (Latex), Roche Diagnostics; normal
range <5 mg/L) were also measured. Patients were ini-
tiated on ART according to the Uganda National ART
guidelines [24]. TB screening was based on a standardized
symptom questionnaire (presence and duration of cough,
chest pain, fever, poor appetite, and weight loss; specifying
the duration of each symptom) and physical examination.
Patients who had a productive cough of greater than two
weeks had sputum collected for TB investigations. Two
expectorated sputum samples (early morning) were obtained
and sent for microscopy by Ziehl Neelsen (ZN) stain and
Fluorescence microscopy (FM); and mycobacterial cultures
were performed at the national TB reference laboratory on
Lowenstein-Jensen (LJ) culture media. A sputum smear was
considered AFB positive if there were at least 10 bacilli per
100 fields. A positive mycobacterial culture was defined as
any presence of Mycobacterium tuberculosis (M. tb) colonies
within a period of 6 to 8 weeks of incubation on LJ
media. A tuberculin skin test (TST) was administered by
intradermal injection of 2TU of RT23 in the volar aspect
of the left forearm, and all participants were instructed to
come back for its reading 48–72 hours later. A positive TST
was defined as a skin induration of at least 5 mm diameter.
All patients had CXRs done, and these were examined by
a radiologist and reported as normal (unlikely pulmonary
tuberculosis (PTB)), possible PTB (infiltrates, nodules, or
other abnormality), or probable PTB (with cavitation, ad-
enopathy, pleural effusion, or miliary pattern). Patients
judged to have active TB (by clinical assessment, sputum
microscopy, or CXR) at ART commencement were started on
TB treatment and excluded from the study. Asymptomatic
participants with a positive TST and judged to be free of
TB based on CXR and sputum culture results were offered
isoniazid prophylaxis.

Study participants were followed up and regularly
assessed for signs and symptoms suggestive of TB at 2,
4, 8, and 12 weeks after ART initiation, and quarterly
thereafter up to one year. Further TB investigations were
performed during followup if the patient developed new
or worsening symptoms suggestive of TB. This included
two sputum microscopy examinations for AFB and culture
on LJ media, a CXR (which was compared to one at
ART treatment start for evidence of worsening), and an
abdominal ultrasound. Patients diagnosed with TB were
started on TB treatment and censored from the study.
Further routine followup for TB treatment was conducted at
the national TB Leprosy programme clinic. The laboratory
examinations (haematology, immunology) were performed
at the Joint Clinical Research Centre (JCRC) and Makerere
University-John Hopkins University (MU-JHU) Core labo-
ratories in Kampala; microscopy examination for AFB and
mycobacterial cultures was performed at the National TB
Reference Laboratory in Kampala and JCRC TB laboratory.
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2.1. Study Definitions. TB was diagnosed by a study medical
officer according to WHO recommendations [26]. PTB
diagnosis was based on at least one sputum AFB-positive
result; a positive culture result or an abnormal CXR with a
clinical improvement after initiation of TB treatment. For
diagnosis of extrapulmonary TB, we considered one sample
from an extrapulmonary site which was AFB positive or M.tb
culture positive, or histological or strong clinical evidence of
TB and decision to treat with a full course of TB treatment.
Patients who developed signs and symptoms suggestive of TB
during followup were evaluated by the study medical officer
as TB-IRIS suspects using a standard questionnaire including
the INSHI TB-IRIS criteria. Two of the study investigators
(W. Worodria and R. Colebunders) later classified these
patients as ART-associated TB with or without unmasking
TB-IRIS according to the INSHI case definitions (see Table 1)
[22]. TB was defined as prevalent if the participant had
significant symptoms before the start of ART (a cough of
at least two weeks with or without chest pain, fever, or
poor appetite) with a positive AFB smear or M.tb culture,
or radiological abnormality with response to TB, treatment.
Patients who had none of the above features at ART initiation
but developed them later during the course of treatment
were classified as incident TB. As ART-associated TB, we
included all patients diagnosed with TB after the start of ART
regardless of the fact that after the start of ART a sputum
culture obtained before the start of ART was found to be
positive. We did not include ART-associated TB patients
diagnosed after the start of ART if retrospective review of
clinical files indicated that the diagnosis of TB was missed
according to WHO guidelines.

2.2. Data Management and Statistical Analysis. Patient data
was collected on case report forms, monitored by clinical
research associates, double entered, validated and stored
in an SQL database, and exported to STATA version 10.1
(STATA, College Station, TX, USA) for analysis. Baseline
characteristics for patients with prevalent TB, incident TB,
and without TB were compared. The predictive value of
clinical and laboratory parameters for any diagnosis of TB
and specifically for ART-associated TB was examined by Cox
proportional hazards and reported as hazard ratios. The time
from start of ART to all diagnosis of TB and ART-associated
TB was represented as events on a Kaplan Meier curve. BMI
was categorized according to WHO recommendations with
underweight defined as BMI < 18.5 kg/m2 [27].

2.3. Ethics. Ethical approval for the study was obtained
from the Infectious Disease Scientific Review Committee,
Makerere Faculty of Medicine Ethics Committee, the Uganda
National Council on Science and Technology, and the
University of Antwerp Ethics Committee.

3. Results

Of 247 patients evaluated for ART eligibility, 225 were
enrolled, 17 were not eligible, and five were lost to followup
(Figure 1). The median age of study participants was 35.7

247 patients screened

3 high CD4 count
5 declined
3 ART use
3 lost contact
3 had severe anaemia
2 on TB treatment
1 pregnant
2 moved away

2 diagnosed with TB
2 died
1 high CD4
1 lost contact

225 enrolled

219 patients started on ART and
evaluated for study endpoints

181 completed
follow up

(no TB disease)

24 did not
complete follow up

14 patients
diagnosed with TB

6 patients
with

prevalent TB

8 patients with
ART-

associated TB

Figure 1: Study enrollment and retention.

years (interquartile range (IQR) 30.5–41.3 years) and 157
(70%) were females. The median CD4 count of the study
participants was 130 cells/μL (IQR 62–170), and 99 (44%) of
the patients were in WHO clinical stage 3 or 4 at enrolment.
Sixty eight (30%) of 220 patients had a positive tuberculin
skin test at enrolment. The median time from enrolment to
ART initiation was 10 days (IQR 7–17). Nine (4.1%) patients
who initiated ART died, two patients withdrew consent, and
7 (3.2%) moved out of the study area. Six (2.7%) patients
were lost to followup and three were empirically started on
TB treatment. Five of the 9 patients who died had CD4
counts less than 50 cells/μL, and these 5 died with clinical
signs and symptoms suggestive of sepsis. One patient died of
gastroenteritis with severe dehydration; in one patient, the
cause of death was not established.

Of all patients screened for TB, 28 (13%) had cough
of greater than two weeks’ duration. Fifty (23%) patients
had at least one symptom (cough, chest pain, fever, poor
appetite, or weight loss) for greater than two weeks. Baseline
characteristics of patients diagnosed with prevalent TB,
incident TB, and without TB are presented in Table 2. Over
one year of followup, 14 (6%) patients were diagnosed with
TB after starting ART (incidence rate of 6.9 per 100 person
years). Of these, 6 (43%) had prevalent TB (2 had positive
TB cultures and 4 were sputum AFB smear negative but had
abnormalities on CXR) (Table 3). TB in these patients was
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Table 1: The International Network for the Study of HIV-Associated IRIS (INSHI) case definition for ART-associated tuberculosis [22].

ART-associated tuberculosis

(i) Patient is not receiving treatment for tuberculosis when ART is initiated.

(ii) Active tuberculosis is diagnosed after initiation of ART.

(iii) The diagnosis of tuberculosis should fulfil WHO criteria for smear-positive pulmonary tuberculosis, smear-negative
pulmonary tuberculosis, or extrapulmonary tuberculosis.

Unmasking tuberculosis-associated IRIS∗

(i) Patient is not receiving treatment for tuberculosis when ART is initiated and then presents with tuberculosis within 3 months
of starting ART.

And one of the following criteria must be met:

(ii) heightened intensity of clinical manifestations, particularly if there is evidence of a marked inflammatory component to the
presentation. Examples include tuberculosis lymphadenitis or tuberculosis abscesses with prominent acute inflammatory
features, presentation with tuberculosis that is complicated by respiratory failure due to adult respiratory distress syndrome, and
those who present with a marked systemic inflammatory syndrome related to tuberculosis,

(iii) once established on tuberculosis treatment, a clinical course that is complicated by a paradoxical reaction.

ART: antiretroviral therapy; IRIS: immune reconstitution inflammatory syndrome
∗

Unmasking tuberculosis-associated IRIS is a subset of ART-associated tuberculosis.
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Figure 2: Kaplan Meier curve of cumulative cases of tuberculosis
diagnosed among ART naı̈ve patients with HIV infection starting
antiretroviral therapy.

unrecognized and therefore untreated prior to ART start. The
remaining 8 (57%) were considered to be ART-associated
TB (incidence rate of 4.3 per 100 person years). Three of
these patients (patients 2, 6, and 7 in Table 4) had symptoms
consistent with unmasking TB-associated IRIS (incidence
rate of 1.6 per 100 person years). In 5 of 8 patients with ART-
associated TB and in 2 out of 3 patients with unmasking
TB-associated IRIS, TB was diagnosed before an increment
in absolute CD4 counts (Table 4). Isoniazid prophylaxis was
provided to 23 (34%) of 68 eligible patients with normal
CXR and no evidence of TB. There were no complications
reported among patients on prophylaxis.

Participants diagnosed with TB had a lower BMI and
higher levels of CRP protein compared to patients without
TB. CRP greater than 5 mg/L and BMI < 18.5 kg/m2 were
predictive of ART-associated TB in uni- and multivariate
analysis (Table 5). When we included patients with unrec-
ognized TB as cases of ART-associated TB, the same factors

were also predictive (data not shown). The cumulative cases
of all patients diagnosed with TB are shown in Figure 2.

3.1. Description of a Patient to Illustrate Unmasking TB-Asso-
ciated IRIS. A 25-year-old HIV seropositive female (patient
2, Table 1) started ART (zidovudine/lamivudine/efavirenz)
with a CD4 count of 15 cells/μL and viral load 128,056
copies/μL. At ART initiation, she complained of weight loss,
reduced appetite, and a skin rash since 2 weeks but had
no cough. Physical examination was normal; her BMI was
21.2 kg/m2. CXR was normal (Figure 3(a)), but CRP was
elevated to 92.21 mg/L. Eleven weeks after starting ART, she
developed a productive cough with fever, drenching night
sweats, weight loss, and shortness of breath on exertion. On
examination, there was moderate abdominal distension due
to ascites. Sputum microscopy was AFB + on fluorescence
microscopy. A repeat CXR demonstrated bilateral infiltrates
in all lung zones (Figure 3(b)). An abdominal ultrasound
confirmed the ascites, but there were no abdominal lym-
phadenopathies. Sputum and ascitic fluid cultures for M.tb
were positive. At TB diagnosis, the CD4 count was 5 cells/μL
and her viral load <400 copies/μL. She fully recovered on
completion of TB treatment.

4. Discussion

Of 213 patients commencing ART, only 8 (3.8%) developed
ART-associated TB. This represents a lower incidence of
TB than reported in previous studies and may be due to
the systematic strategy used for TB screening: standardized
questionnaire for TB-related symptoms, sputum microscopy,
and culture, and CXR before commencement of ART. It
may also be caused by referral bias as patients with obvious
symptoms and signs of TB were not referred. Most previous
studies on ART-associated TB and unmasking TB-IRIS have
been retrospective [28–30], and few have been able to
systematically screen for TB using CXR prior to the start of
ART. This may have led to misclassification of prevalent TB
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Table 2: Baseline characteristics of 219 HIV-infected patients with prevalent TB, incident TB, and no TB.

Characteristics Prevalent TB (unrecognized) (n = 6) Incident TB (n = 8) No TB (n = 205)

Age (yrs), mean (SD) 38.5 (5.3) 38.3 (9.2) 36.4 (8.2)

Gender (Female) (%) 4 (67) 6 (75) 143 (70)

BMI (kg/m2), median (IQR) 18.8 (16.6–19.7)∗ 19.1 (17.9–21.2)∗∗ 22.8 (20.4–25.7)

CD4 counts (cell/μL), median (IQR) 131 (60–168) 103 (23–140) 131 (67–172)

Haemoglobin (g/dL), mean (SD) 11.9 (1.9) 10.5 (1.4)∗∗ 12.4 (1.9)

C-reactive protein (mg/dL), median (IQR) 24.9 (11.6–31.5)∗∗ 19.4 (3.9–51.3)∗ 2.2 (1.0–6.0)

TST positive at ART start (%) 4 (67) 1 (25) 59 (30)

ART: antiretroviral therapy; BMI, body mass index; IQR: interquartile range; SD: standard deviation; TB: tuberculosis; TST: tuberculin skin test.
P-values: ∗P < .05, ∗∗P < .001 compared with the no TB group.

Table 3: Characteristics of patients with prevalent (undiagnosed) TB.

Patient
Age

(years)
Sex

Baseline
CD4 counts

(cells/μL)

Baseline clinical
symptoms∗

Baseline CXR
findings

Time to TB
diagnosis

(days)
TB category

Basis of TB
diagnosis

Outcomes

Patient 1 32 F 6

cough, chest
pain, weight

loss, poor
appetite

middle and lower
lung zone
infiltrates

24 PTB
culture+,
worsening

CXR
improved

Patient 2 43 M 168 no symptoms

upper and middle
lung zone

infiltrates with
cavitation

35 PTB
worsening

CXR
improved

Patient 3 35 F 121
cough, fever,
weight loss,

poor appetite
normal 65 PTB culture+ died

Patient 4 46 F 60
cough, chest
pain, poor

appetite

upper lung zone
infiltrates and left

side pleural
effusion

0 EPTB
abnormal

CXR
improved

Patient 5 35 F 140 cough

middle and lower
lung zone

infiltrates and
pleural thickening

43 PTB
abnormal

CXR
lost contact

Patient 6 41 M 180 no symptoms

middle and lower
lung zone

infiltrates and
bilateral cavities

10 PTB
abnormal

CXR
improved

Abbreviations: M: Male; F: Female; TB: tuberculosis; CXR: chest X-ray; PTB, pulmonary tuberculosis, AFB+: acid fast bacilli positive; AFB−: acid fast bacilli
negative; IRIS: immune reconstitution inflammatory syndrome.
∗Included only clinical symptoms of greater than two weeks.

disease and over diagnosis of ART-associated TB. Even in our
research cohort, there were 6 additional TB cases that were
not recognized at study enrolment. An earlier retrospective
study performed at the IDI clinic (prior to the INSHI
consensus definition) found that 26 (9.6%) of 271 ART naı̈ve
patients without a TB diagnosis at onset developed active
TB within one year of ART start [31]. Thirty-one percent of
these TB patients were diagnosed within 3 months of ART. A
more recent study at the IDI clinic found that central nervous
system infections and mycobacterial disease were the main
causes of HIV-related mortality, especially in the first three
months of ART [32]. Our data support systematic intensive
screening for TB that includes clinical evaluation, CXRs,
sputum microscopy, and culture [13, 14, 33]. Wide-scale

implementation of this strategy, however, requires evaluation
of cost effectiveness of the methods used and sufficient
resources at a programmatic level.

Only 3 patients in our study developed a clinical picture
that could be considered as unmasking TB-associated IRIS
according to the INSHI definition (see Table 1). A study
performed in South Africa did not find any case of TB-
associated IRIS with an intensive pre-ART screening strategy
for TB [33]. It is, however, difficult to define TB-associated
IRIS in the absence of a biological marker and because of
the subjectivity of quantifying the level of inflammatory
response.

ART-associated TB represents a heterogeneous group
of diseases that develop in the context of starting ART.
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Table 4: Characteristics of patients with ART-associated TB.

Patient
Age

(years)
Sex

CD4 counts Baseline
clinical
symptoms∗

Baseline
CXR
findings

Time to TB
(days)

TB category
Basis of TB
diagnosis

Basis of TB-
IRIS
diagnosis†

Outcomes
Base-
line

(cell/μL)

TB
(cell/μL)

Patient 1 53 F 156 148 weight loss Possible TB 345 TB pleura cytology NA Improved

Patient 2 27 F 15 5
weight loss,

anorexia
Normal 79

Dissemin-
ated
TB

abnormal
CXR culture

+ve
2,4,5,6 Improved

Patient 3 31 F 90 68
cough, fever,
weight loss,

anorexia
Normal 14 PTB culture +ve NA Improved

Patient 4 37 M 123 — no symptoms Normal 24 PTB culture +ve NA Lost contact

Patient 5 42 M 116 95
cough, weight
loss, anorexia

Possible TB 54 PTB culture +ve NA Died

Patient 6 45 F 21 28 weight loss Normal 17 PTB AFB+ 2,5,6,7 Improved

Patient 7 28 F 24 18 no symptoms Normal 20 TB adenitis FNA AFB+ 1,5,6 Lost contact

Patient 8 43 F 206 313 no symptoms Normal 100 PTB
abnormal

CXR
NA Improved

Abbreviations: M: Male; F: Female; TB: tuberculosis; CXR: chest X-ray; PTB: pulmonary tuberculosis; AFB+: acid fast bacilli positive; AFB−: acid fast bacilli
negative; IRIS: immune reconstitution inflammatory syndrome.
∗Included clinical symptoms of greater than two weeks.
†Criteria for TB-IRIS (new or worsening): 1: adenopathy; 2: CXR abnormalities; 3: central nervous system features of TB; 4: serositis; 5: constitutional
symptoms (fever, night sweats, weight loss); 6: respiratory symptoms (cough, dyspnea, stridor); 7: abdominal pain with peritonitis, hepatomegaly,
splenomegaly, or adenopathy; NA: not applicable.

Table 5: Cox proportional hazards for baseline predictors of ART-associated TB in HIV-infected patients commencing ART.

Baseline characteristics Unadjusted HR (95% CI) P-value Adjusted† HR (95% CI) P-value

Age (years)

>40 1.42 (0.26–7.77) .687 1.27 (0.21–7.80) .798

30–39 0.43 (0.06–3.05) .397 0.35 (0.05–2.64) .308

<30 1 1

Sex

Females 1.19 (0.24–5.88) .835 1.87 (0.34–10.21) .468

Males 1 1

Tuberculin skin test (TST)

positive 0.78 (0.16–3.88) .764 —

negative 1 —

C-reactive protein (mg/L)

≥5 8.23 (1.66–40.82) .010 7.23 (1.36–38.33) .020

<5 1 1

Haemoglobin (g/dL)

<12.5 6.66 (0.82–54.16) .076 2.31 (0.23–23.43) .477

≥12.5 1 1

CD4 cell counts (cells/μL)

<50 3.04 (0.72–12.74) .129 2.22 (0.49–10.16) .304

≥50 1 1

Body mass index (kg/m2)

<18.5 7.71 (1.92–30.89) .004 5.85 (1.24–27.46) .025

≥18.5 1 1

WHO clinical stage

3 and 4 4.68 (0.94–23.23) .065 1.82 (0.33–10.18) .495

1 and 2 1 1

†adjusted for age, sex, baseline C-reactive protein result, baseline haemoglobin, baseline CD4 counts, body mass index, and WHO clinical stage.
Abbreviations: ART: antiretroviral therapy; TB: tuberculosis; HR: hazard ratio.



Clinical and Developmental Immunology 7

L

(a)

L

(b)

Figure 3

One form is unmasking TB-associated IRIS which refers to
patients without clinical, microbiological, and radiological
evidence of TB at onset of ART who develop rapid and
exuberant features of inflammation within three months of
ART commencement. Another group are patients who were
symptomatic before the start of ART but in whom a diagnosis
of TB was missed due to lack of sensitive diagnostic tests.
Careful followup of such patients with regular evaluation
of their symptoms in addition to microbiological and
radiological tests may lead to early detection of TB. The
third category refers to patients with incident TB who were
asymptomatic at the onset of ART but develop signs and
symptoms of TB while on ART without the heightened signs
and symptoms of inflammation. This may be due to a new
infection or a reactivation of latent TB infection. Despite
some immunological recovery on ART, patients with HIV
infection still have an increased susceptibility to TB infection
or reinfection albeit with reduced risk [34].

At multivariate analysis, a raised CRP (5 mg/L or
greater) and low BMI (<18.5 kg/m2) were predictors of
ART-associated TB (Table 3). CRP is a nonspecific direct
quantitative measure of acute phase reaction [35, 36]. An
increment in the level of CRP is independent of the stage of
HIV infection and thus is useful for supporting a diagnosis
of opportunistic infections in HIV-coinfected patients. This
also makes it useful in monitoring TB treatment response
[37]. Low BMI is a marker for poor prognosis in patients
with HIV and has also been associated with increased risk
of TB and death [38, 39]. Early initiation of TB treatment in
HIV-infected patients with wasting and increased CRP levels
prior to initiating ART may therefore alleviate the excess
morbidity due to undiagnosed TB and ART-associated TB.

The mortality in this cohort of patients was minimal
(9(4%) of 219 patients starting ART) compared to other
reports. This could be due to the systematic screening and
close followup of patients in a study setting with early and

effective TB treatment and ART. In particular, TB-IRIS was
not a significant cause of early mortality in agreement with
retrospective cohort observations [32]. Several studies have
demonstrated a survival benefit of early ART in HIV/TB-
coinfected patients. In the South African SAPIT trial, a 56%
reduction in mortality was observed in patients who started
ART during TB treatment compared to those who started
after completion of TB treatment [40]. More recently the
CAMELIA trial in Cambodia showed that the initiation
of ART 2 weeks after starting TB treatment significantly
enhanced survival in TB/HIV-coinfected patients compared
to starting ART at 8 weeks [41]. This further emphasizes
the need to screen for TB prior to ART and to ensure early
treatment for both TB and HIV.

Our study has several limitations. Firstly, the sample
size was small. Secondly, 24 patients did not complete
the one year followup and 9 of them died. Postmortem
examinations were not performed, and therefore we possibly
underestimated the burden of TB. Thirdly, in the absence
of a biomarker for TB-IRIS, we relied only on clinical
evaluation which may be subjective in defining patients with
exuberant inflammation. Patients with mild-to-moderate
degrees of inflammation were not considered as IRIS. In
spite of our efforts to establish an accurate diagnosis of
TB, definite diagnosis (sputum smear positivity or culture-
positive results) could not be ascertained in 2 patients
(patient 1 and patient 8 in Table 4) considered to have ART-
associated TB. With sputum induction, bronchoscopy, liquid
culture, and/or molecular techniques, more patients with
subclinical TB may have been detected.

In conclusion, careful screening for TB before the start
of ART and the continuous assessment of patients for signs
and symptoms of TB after starting ART particularly among
patients that are wasted and have a raised CRP will lead to
an earlier TB diagnosis and ultimately to reduced morbidity
and mortality.
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Objective. To evaluate the usefulness of one of IGRAs, QuantiFERON-TB Gold (QFT-G), in human immunodeficiency virus-
(HIV- ) infected patients with various CD4+ T cell counts. Methods. The QFT-G assay was performed using QFT-G kits among
107 HIV-infected patients including 9 cases with active tuberculosis (TB). Results. In HIV-infected patients with CD4+ > 50/μL,
QFT-G positive rate for active TB patients was 5/6 (sensitivity= 83%), and that for those without active disease was 1/69 (specificity
= 99%). The frequency of indeterminate QFT-G test was significantly higher in those with CD4+ less than 50/μL (P < .0001). At
the same time there was a proportional relationship between CD4+ and interferon-gamma response to mitogen (positive control)
in QFT-G test (P = .0001). Conclusions. Our data suggested that QFT-G had high sensitivity and specificity in HIV-infected
populations with CD4+ greater than 50/μL. However, QFT-G did not perform well in HIV-positive patients with CD4+ less than
50/μL.

1. Introduction

Human immunodeficiency virus (HIV) infection is one of
the greatest risks for developing active tuberculosis (TB)
if HIV-infected individuals are or have been infected with
M. tuberculosis (MTB). The risk for developing TB in HIV
coinfected persons increases approximately 20-to 200-fold
compared with immunocompetent individuals [1]. There-
fore, chemotherapy for HIV-infected persons with latent TB
infection (LTBI) is recommended [1]. Although prevalence
of HIV infection in Japan is low (<0.1), the number of HIV-
infected persons is increasing year by year [2].

In the USA, prophylactic treatment for LTBI has been
strongly recommended for HIV-infected persons who have
an induration of 5 mm or greater in the tuberculin skin
test (TST) [3]. Although the TST has been provisionally
proposed as a test for TB infection in HIV-infected subjects
in Japan [4], the validity of the TST in this population has

not been sufficiently evaluated. This is especially the case in
Japan where TST performance is compromised by the past
vaccination with Bacillus Calmette-Guerin (BCG) [5], which
has been widely used in Japan.

In 2005, a new diagnostic test for MTB infection,
QuantiFERON-TB Gold (QFT-G), was approved in Japan.
QFT-G measures T cell responses to Mycobacterium RD1-
specific antigens, which are absent from BCG vaccine
strains and most nontuberculous mycobacteria (NTM) and
thereby is more specific than TST [6]. However, as QFT-G
measures interferon- (IFN- ) gamma production from T cells
responding to the Mycobacterium RD1-specific antigens, it
is likely that the responses in HIV-infected individuals with
lower T cell number would decline. In acknowledgement
of this, both the US Centers for Disease Control and
Prevention (CDC) and the Japanese Society for Tuberculosis
state in their guidelines the necessity for further research
on the use of QFT-G in immunocompromised populations,
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including HIV infected [7, 8]. The CDC guidelines for
opportunistic infections in HIV infected persons, issued in
April 2009, state that IFN-gamma release assays (IGRAs)
such as QFT-G can be used for the diagnosis of LTBI in
this population [9]. Although several reports indicate that
QFT-G had better performance in diagnosing TB infection
in HIV-infected individuals than the TST, sensitivity and
specificity vary depending on the setting [10, 11]. In Japan,
the only published study of QFT-G in HIV-infected reported
a moderate sensitivity of 67% (6/9) in AIDS-TB comorbidity
patients; however the size of the study was insufficient to
address the general applicability of QFT-G in HIV-infected
individuals [12].

In the present study, we have examined the usefulness
of QFT-G to diagnose MTB infection in HIV-infected
individuals as well as comparing the test performance with
that of the TST.

2. Materials and Methods

2.1. Subjects. Inpatients and outpatients of two public gen-
eral hospitals (Tokyo Metropolitan Fuchu Hospital, currently
Tama Medical Center and Komagome Hospital) who were
infected with HIV were enrolled into the study regardless
of antiretroviral therapy (ART) status. HIV-TB comorbidity
was defined as HIV-infected patients with active TB disease.
The active TB diagnosis was confirmed by culture positivity
in 6 cases. Two other cases were clinically diagnosed based
on radiological findings compatible with active TB and
their response to antituberculosis treatment. Still another
case with tuberculous meningitis was diagnosed so by the
elevation of adenosine deaminase in cerebrospinal fluid.

QFT-G tests were performed together with CD4+ T cell
count. The clinical history and the demographic data were
obtained from the medical chart. When possible, the TST was
also performed. Healthy subjects who were known to be not
infected with HIV and to have no history of active TB nor
MTB exposure were also enrolled as controls.

This study was approved by the ethics committees of the
two hospitals, and informed consent was obtained from all
subjects.

2.2. Tuberculin Skin Test (TST). For patients who could
revisit their hospital 48 hours after placement for test
reading, the TST was performed using the defined standard
test dose of tuberculin PPD in Japan (Nippon BCG Man-
ufacturing Co. Ltd, Tokyo, Japan), which is equivalent to
2.5 TU of PPD-S [13], injected intradermally into the volar
aspect of the forearm. Transverse induration and erythema
diameters were measured 48 to 72 hours later and recorded
by trained healthcare workers. Individuals performing and
reading the TST were blinded to the QFT-G test results.
Induration of 5 mm or greater was interpreted as positive,
following the cutoff recommended by the CDC for HIV-
positive individuals.

2.3. QuantiFERON-TB Gold (QFT). The QFT-G assay was
performed using QFT-G kits (Cellestis Limited, Carnegie,
Australia) according to the manufacturer’s instructions. All

blood samples were stimulated with Mycobacterium-specific
antigens within 8 hours of collection. For those subjects
who were tested also with the TST, blood collection was
done prior to or simultaneously with the QFT-G test. QFT-
G results were interpreted according to CDC guidelines [8].
IFN-gamma responses to either ESAT-6 and/or CFP-10 that
were greater than or equal to 0.35 IU/mL above the value for
the respective Nil control were interpreted as positive. If a
person’s response (corrected for the Nil control) was less than
0.35 IU/mL for both TB-specific antigens and their response
to the mitogen-positive control was above 0.5 IU/mL, they
were considered test negative. If the Nil-corrected IFN-
gamma response for an individual was less than 0.35 IU/mL
for the antigens and less than 0.5 IU/mL for the mitogen-
positive control, an indeterminate result was recorded. As per
the Japanese interpretation criteria of QFT, a further possible
result for QFT-G, “doubtful positive”, was recorded if the
subject’s response to ESAT-6 and/or CFP-10 was between
0.1 and 0.35 IU/mL and the mitogen response greater than
0.5 IU/mL [14].

2.4. Data Analysis. The relationship between the QFT-G
results or TST results in association with CD4+ T cell
count in each patient was analyzed. CD4+ T cell count was
classified in four categories: less than 50/μL, between 50 and
199/μL, between 200 and 499/μL, and 500/μL and more.
QFT-G results were entered into Excel 2003 (Microsoft,
Redmond, WA) and transferred to SPSS version 11.0J (SPSS,
Inc. Chicago, IL) for statistical analysis. Chi-squared test
or Fisher’s exact test was used to test the comparison of
proportions, and Kruskal-Wallis test was used for testing
correlation between IFN-γ response to the mitogen and the
CD4+ T cell count level.

3. Results

3.1. Characteristics of Patients. A total of 107 cases including
103 Japanese and 4 Thai were enrolled during the study
period (Table 1). The majority of the patients were males
(92.5%), with a mean age of 46 years (range: 23–75),
and mean± standard deviation of CD4+ T cell count was
215± 217/μL (range: 4–934). Fifty-one patients were treated
with ART, of whom only one patient had the CD4+ T cell
count below 50. Ninety-eight subjects did not have active TB
disease while 2 of these had chest X-ray finding compatible
with old TB, and one subject had M. kansasii disease. There
were 9 subjects with active TB, including one newly infected
case who had recent contact with an infectious patient.

CD4+ T cell counts were distributed as shown in Table 1
in patients with or without active TB. The mean cell count
tended to be lower for those with TB than those without TB.

There were 29 healthcare workers (male: 13.8%) with a
mean age of 42 years (range: 23–67), recruited as control
subjects into the study, and the QFT-G assay was performed
for all. They were all negative in the QFT-G assay.

3.2. TST in HIV-Infected Patients. Because many of the
subjects enrolled into the study were outpatients, they could
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Table 1: Characteristics of subjects.

Cases with active TB Cases without active TB Total

Nationality (Japanese/Thai) 8/1 95/3 103/4

Gender (Male/Female) 8/1 91/7 99/8

Mean age (range) 53 (39–65) 45 (23–75) 46 (23–75)

Mean and SD of CD4+ T cell count (range)/μL 105± 90 (9–270) 226± 221 (4–934) 214± 215 (4–934)

No. of patients treated with ART 4 44 48 (one interrupted)

TB already treated 0 2 2

Healed TB on chest X-ray 0 2 2

M. kansasii disease 0 1 1

N 9 98 107

not return after 48 hours to have their TST read. Thus,
the TST was placed for only 26 (24%) and the final results
obtained for 23 (21.5%). All subjects with a TST result were
Japanese and had been vaccinated with BCG. Of them, 6
had active TB. The TST was positive in 7/23 (30%) patients
and negative in 16/23 (70%) (Table 2). The TST positive rate
was 4/12 (33%) for those with CD4+ T cell count <200/μL,
compared with 3/11 (27%) for those with CD4+ T cell count
more than 200/μL (difference nonsignificant, P for Fisher’s
exact test= 1.00).

Six of the 9 HIV-infected patients with active TB had a
TST result, and 3 (50%) were positive. One of these TST
positive patients had CD4+ T cell count less than 50/μL. Of
the 17 subjects without TB and with a TST result, 4 were
positive, equating to a specificity of 76% (=13/17).

3.3. Relationship between CD4+ T Cell Count, Presence of
Active TB, and QFT-G Results. QFT-G results were available
for all of the 107 HIV-infected subjects, and of them 6 (6%)
were positive, 92 (86%) negative, and 9 (8%) indeterminate
(Table 3). Indeterminate results were significantly associated
with very low CD4+T cell count, with frequency of indeter-
minate tests being 25% (8/32) in those with CD4+ T cell
count less than 50/μL, compared with 1% (1/75) in those
with CD4+ T cell count greater than 50/μL (Fisher’s P <
.0001).

For the 9 patients with active TB, 5 (56%) were positive
by QFT-G and 1 (11%) indeterminate. There were 3 TB
patients with CD4+ T cell count less than 50/μL, and QFT-
G was negative for two and indeterminate for the other. In
contrast, all 5 HIV-TB patients with a CD4+ T cell count
between 50/μL and 199/μL were QFT-G positive, and the
one patient with a CD4+ T cell count between 200/μL and
499/μL was negative but the response value was near the
cutoff. Of the 98 HIV positive subjects without active TB, one
was positive by QFT-G.

If limiting analysis to those HIV patients with a CD4+ T
cell count more than 50/μL, the sensitivity of QFT-G for TB
infection as seen in TB patients as surrogates of the infected
was 83% (5/6), and specificity was 99% (68/69). QFT-G
was negative in the two subjects with chest X-ray evidence
compatible with old TB and positive in the patient with M.
kansasii infection.
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Figure 1: Box plot of the interferon-gamma response to mitogen
according to the CD4+ T cell count level. ∗ indicates an outlier.

As for ART status, QFT-G was positive in 3 of 5 active
TB patients with ART and 2 of 4 cases without ART. In one
patient who developed TB within one month after starting
ART, QFT-G was positive.

3.4. Relationship between CD4+ T Cell Count and Positive
Control Level in QFT-G. As the QFT-G indeterminate rate
was high for HIV patients with CD4+ T cell count less than
50/μL as seen above, we analyzed the relationship between
CD4+ T cell count and level of responses to the test’s positive
control (stimulation with mitogen) for a total of 95 patients
excluding those with TB (n = 9) or M. kansasii disease
(n = 1) and those with negative control response being
higher than positive control response (n = 2). As shown
in Figure 1 and Table 4, there is a continuous rise in the
response level along with the cell count from less than 50/μL
up to over 500/μL with statistical significance (Kruskal-Wallis
test, P = .0001). There is no significant difference in the
level of response between HIV-infected patients with CD4+
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Table 2: Relationship between TST results and CD4+ T cell count.

CD4+ T cell count/μL Presence of active TB disease∗ TST positive TST negative

<200 [<50]
Y (n = 6) 3 (50%) [1]∗ 3 (50%) [2]∗

N (n = 6) 1 (17%) [0]∗ 5 (83%)[3]∗

≥200
Y (n = 0) 0 0

N (n = 11) 3 (27%) 8 (73%)

Y: present, N: absent.
(%): percentage of Y or N number in each CD4 category.
∗[ ] indicates the number of those with CD4+ T cells less than 50.

Table 3: Relationship between QFT-G results and CD4+ T cell count.

Category by CD4+ T cell count/μL Active TB
Results of QFT-G

Negative Doubtful positive Positive Indeterminate+

<50 (n = 32)
Y (n = 3) 2 (67%) 0 0 1 (33%)

N (n = 29) 22 (76%) 0 0 7 (24%)

50–199 (n = 29)
Y (n = 5) 0 0 5 (100%) 0

N (n = 24) 23 (96%) 0 1 (4%) a 0

200–499 (n = 35)
Y (n = 1) 0 1 (10%) 0 0

N (n = 34) 32 (94%) 1 (3%) 0 1 (3%)

≥500 (n = 11) N (n = 11) 11(100%) 0 0 0

Total
Y (n = 9) 2 (22%) 1 (11%) 5 (56%) 1 (11%)

N (n = 98) 88 (90%) 1 (1%) 1 (1%) 8 (8%)

Y: present, N: absent, and a: M. kansasii disease.
(%): percentage of Y or N number in each CD4 category.
+Indeterminate results were significantly associated with CD4+T cell count less than 50/μL, compared with CD4+ T cell count greater than 50/μL (Fisher’s
P < .0001).

T cell count greater than 500/μL and healthy control subjects
(Table 4).

4. Discussion

Although the TST has been used as a diagnostic tool for
TB infection for many decades, the specificity of the TST
is known to be low in not only HIV-infected individuals
but also in the general population of Japan where BCG
vaccination is widely carried out. Moreover, TST requires
two visits of health care providers for administration and
measurement of a test with 48-hour time interval. This is a
significant barrier for the cooperation of the patients. In fact,
only 21.5% of the enrolled patients in our study underwent
a TST in the clinical setting of this study, and the number of
cases with TST was not enough for thorough evaluation of
TST results.

The QFT-G was approved in 2005 in Japan, but there
remain several issues to be addressed, such as applicability
of QFT-G for children or for immunocompromised popula-
tions such as HIV infected individuals [15]. Several reports
have been published on QFT-G’s performance in the HIV
infected [10–12], but the present study is the first report
which evaluates the QFT-G performance in a large number of
HIV-infected individuals in Japan, one of TB middle-burden
countries. The data suggest that QFT-G has high sensitivity
for TB infection in HIV coinfected patients who have CD4+

T cell count > 50/μL, but based on a very small sample size of

active TB cases, the test had poor sensitivity in patients with
very low CD4+ T cell count (<50/μL).

As would be expected for QFT-G, the test was highly
specific in the HIV cohort without active TB, with only one
of the 69 non-TB patients being QFT-G positive. The one
person who was QFT-G positive had M. kansasii infection.
This is an expected result as M. kansasii is one of the few
NTM that carry the RD1 gene which encodes the ESAT-6 and
CFP-10 proteins used in QFT-G [16]. In contrast, the TST
had a poor specificity of 76% (13/17) in the HIV-positive
subjects tested, likely due to the effects of BCG vaccination
and revaccination in the Japanese population.

Previous studies of QFT-G indeterminate rates for HIV
infected reported that their frequency increased with CD4+

T cell count less than 100 or 200/μL [17–20]. Similarly, we
found a significant evidence for an increased indeterminate
rate in the group of patients with CD4+ T cell count less
than 50/μL, although the number of each group was not
so large. At the same time we found that there is a clear
proportional relationship between T cell count and the
level of IFN-gamma response in those with cell count less
than 500/μL. This implies that HIV-infected patients with
T cell count above 50/μL (and less than 500/μL) have also
impaired IFN-gamma response more or less although their
QFT-G test results are not “indeterminate”. The differences
between studies could be due to the relatively small sample
sizes, so that cases with slight decrease of response in those
with intermediate cell count group could be not judged as
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Table 4: Interferon-gamma responses for mitogen according to CD4+ T cell count category in HIV-infected patients without active TB
disease and healthy controls.

<49/μL 50–199/μL 200–499/μL >500/μL Healthy controls

Number 27 a 22 35 11 29

Mean 7.48 13.50 16.08 20.40 19.27

S.D. 7.03 5.60 5.17 3.20 5.06

Median 5.55 15.51 16.91 20.21 20.03

Maximum 22.93 20.51 23.19 25.18 26.31

Minimum 0.14 0.67 0.25 15.56 5.12

S.D.: standard deviation.
a. 2 of 29 cases were omitted because negative control value was higher than response to mitogen.

“indeterminate” by chance in a small size of observations.
Therefore, care should be taken when we interpret the
negative QFT-G test results of such subjects, as is the case
with the TST. Of course, in such severely immunosuppressed
individuals as with CD4+ T cell count less than 50/μL,
no immunologically based test should be considered as
definitive and reliable, and clinicians should use all available
information in evaluating MTB infection status.

Comparison of the performance of QFT-G and TST in
diagnosing MTB infection in HIV positive patients was very
limited in our study by the small number of patients for
whom TST results were available. QFT-G appeared to have
at least as good sensitivity as the TST and significantly better
specificity, but the number of subjects was insufficient to
make definitive conclusions. Of interest was the very low
number of subjects for whom TST results were available
(23/107). For most people who were not tested by TST, this
was due to the requirement to return 48 hours later to have
the test read. This highlights a significant benefit of QFT-
G—the fact that only one visit to the clinician is required to
obtain a result.

There were some limitations in our study. We used
the liquid antigen version of the QFT-G test, which has
been replaced by the In-Tube version of the test (QFT-
GIT) in most countries worldwide. This makes comparisons
of our results with those from other studies difficult as
most other studies have used QFT-GIT. Since Harada et
al. have shown that QFT-GIT has higher sensitivity than
QFT-G with the same high specificity [21], it could be
expected that the better performance would be obtained
than that obtained in this study. The relatively small number
of patients with confirmed active TB limited any detailed
analysis of sensitivity and the small number of patients for
whom TST results were available limited comparison of test
performance.

5. Conclusion

In HIV-infected individuals, sensitivity and specificity of
the TST for the diagnosis of TB infection were poor under
the influence of BCG vaccination. In contrast, our data
suggested that QFT-G had high sensitivity and specificity in
HIV-infected populations with CD4+ T cell count greater
than 50/μL. However, neither test performed well in HIV-
positive patients with CD4+ T cell count less than 50/μL.

Therefore, care should be taken when interpreting negative
or indeterminate QFT-G results in HIV-infected patients
with CD4+ T cell count less than 50/μL. Further studies
in HIV-infected people are required to accumulate more
QFT-G performance data in active TB patients in developed
countries.
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The mycolyl transferase antigen 85 complex is a major secreted protein family from mycobacterial culture filtrate, demonstrating
powerful T cell stimulatory properties in most HIV-negative, tuberculin-positive volunteers with latent M.tuberculosis infection
and only weak responses in HIV-negative tuberculosis patients. Here, we have analyzed T cell reactivity against PPD and Ag85
in HIV-infected individuals, without or with clinical symptoms of tuberculosis, and in AIDS patients with disease caused by
nontuberculous mycobacteria. Whereas responses to PPD were not significantly different in HIV-negative and HIV-positive
tuberculin-positive volunteers, responses to Ag85 were significantly decreased in the HIV-positive (CDC-A and CDC-B) group.
Tuberculosis patients demonstrated low T cell reactivity against Ag85, irrespective of HIV infection, and finally AIDS patients
suffering from NTM infections were completely nonreactive to Ag85. A one-year follow-up of twelve HIV-positive tuberculin-
positive individuals indicated a decreased reactivity against Ag85 in patients developing clinical tuberculosis, highlighting the
protective potential of this antigen.

1. Introduction

Mycobacterium tuberculosis (M. tuberculosis), the causative
agent of tuberculosis (TB), remains the largest single infec-
tious cause of death globally. Indeed, about one third of the
world population is infected with M. tuberculosis, and in
2008 an estimated 1.3 million people died of tuberculosis
and an estimated 9.3 million people developed the disease
worldwide (http://www.who.int/mediacentre/factsheets/fs104/
en/index.html). Administration for many decades of the
attenuated strain of M. bovis BCG (Bacillus Calmette-
Guérin) as a vaccine—which in 2000 covered 86% of

the world population [1]—has not been able to eradicate
this poverty-related sickness. The long duration of treat-
ment with a combination of three to four antibiotics, the
lack of compliance, and the unreliable drug supply have
been important causes for the emergence of multidrug
resistant (MDR) strains of M. tuberculosis [2]. Moreover,
at least one third of the more than 30 million people
infected with the human immunodeficiency virus HIV
worldwide are also infected with M. tuberculosis. HIV-
positive subjects are at increased risk to reactivate a latent
M. tuberculosis infection, even when CD4+ counts are still
relatively unaffected. While the risk to reactivate TB is in
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the order of 10% on a lifetime basis for HIV-negative
persons, there is an annual estimated risk of 10% for HIV-
M. tuberculosis coinfected subjects [3, 4]. In 2008, there
were 1.4 million HIV-positive tuberculosis patients globally
and 500,000 people died of HIV-associated TB http://www
.who.int/tb/challenges/hiv/factsheet hivtb 2009update.pdf.

It is clear that the development of improved prophylactic
and immunotherapeutic vaccines, which could be adminis-
tered to both immunocompetent and immunocompromised
people, is urgently needed to control the global threat of TB.
For this purpose, the identification of major antigens recog-
nized by the protective immune response against M. tuber-
culosis remains an essential step. This has led to the inves-
tigation, in preclinical animal models, of more than one-
hundred new vaccine candidates [5, 6], of which some have
now progressed to phase 1 and phase 2 clinical trials [7–9].
Among the secreted and surface-exposed proteins from the
pathogen, important for the elicitation of protective immune
responses against TB [10, 11], components of the secreted
Ag85 complex, a major protein fraction of all mycobacterial
culture filtrates, are among the most promising vaccine
candidates [12]. The Ag85 complex is a 30–32 kD family of
three proteins (Ag85A, Ag85B, and Ag85C), which all three
possess enzymatic mycolyl transferase activity involved in the
coupling of mycolic acids to the arabinogalactan of the cell
wall and in the biogenesis of cord factor [13, 14]. Ag85 is
considered to be a virulence factor as its expression is needed
for intracellular survival within macrophages [14]. On the
other hand, the Ag85 components are very immunogenic.
In mice, guinea pigs, and nonhuman primates, vaccination
with members of the Ag85 family was reported to stimulate
strong humoral and cell-mediated immune responses and
to confer significant protection against challenge with live
M. tuberculosis H37Rv [15–19]. We have previously reported
that the Ag85A protein induces strong T cell proliferation
and IFN-γ production in most healthy individuals latently
infected with M. tuberculosis/M. leprae [20, 21] and in BCG-
vaccinated mice [22] but not in patients suffering from
tuberculosis or lepromatous leprosy [23, 24]. Both Ag85A
and Ag85B are actually being tested in clinical phase 1 and
2 trials, respectively, as recombinant Modified Vaccinia Virus
in a BCG prime-MVA-Ag85A boost protocol [8, 25] or as a
subunit fusion protein vaccine coupled to ESAT-6 [7, 26].

The aim of this paper was to evaluate memory T cell
responses against Ag85 in a context of HIV infection by
measuring proliferative responses and IFN-γ secretion
upon in vitro stimulation of peripheral blood leukocytes. In
parallel, T cell responses were also analyzed against crude
mycobacterial antigen, that is, purified protein derivative
(PPD) and against polyclonal mitogens Phytohemagglutinin
(PHA) and Pokeweed Mitogen (PWM), as indicators of
overall immune status.

2. Materials and Methods

2.1. Subjects

2.1.1. Belgian Study. Twenty-three HIV-negative/tuberculin-
positive subjects were recruited among laboratory workers

of the WIV-ISP-IPH and the Hôpital Erasme, Brussels.
One subject had received prior BCG vaccination (not
performed on a routine basis in Belgium) whereas the
others were presenting with a latent M. tuberculosis infection
or were cured of pulmonary TB patients (three subjects).
Fifteen HIV-negative/tuberculin-negative subjects were also
recruited among laboratory workers of the WIV-ISP-IPH
and the Hôpital Erasme. Seventeen HIV-positive/tuberculin-
positive subjects without clinical symptoms of tuberculosis
(CDC-A) were recruited at the Hôpital Erasme (mean CD4+

counts: 454± 228/mm3). Ten AIDS patients presenting with
clinical signs of active tuberculosis were recruited at the
Hôpital Erasme; three suffered from pulmonary TB, five
from extrapulmonary TB, and two from pleural effusion
(Mean CD4+ count: 202 ± 36/mm3). Finally seven AIDS
patients suffering from disease caused by mycobacteria other
than tuberculosis (NTM) (M. avium-intracellulare (n = 6)
or M. gordonae (n = 1)) were enrolled at the Hôpital Saint-
Pierre in Brussels (Mean CD4+ count: 11/mm3).

2.1.2. French Guyana Study. Seven tuberculin-positive and
6 tuberculin-negative HIV-negative controls without clinical
symptoms of tuberculosis were enrolled in the study. None
of them had suffered from active tuberculosis prior the
study, and the X-ray was normal for all of them. A total of
forty-five HIV-positive subjects without clinical symptoms
of tuberculosis were analyzed. Twenty-eight HIV-positive
subjects were classified in the category A of the CDC clas-
sification (without clinical symptoms of tuberculosis); sev-
enteen were tuberculin-positive and eleven were tuberculin-
negative. Seventeen HIV-positive subjects classified in the
category B of the CDC classification, suffering from either
varicella zoster or/and candidiasis (which are the most
frequent opportunistic infections in HIV-positive patients in
French Guyana), were also studied. Among them seven were
tuberculin positive and ten were tuberculin negative. Finally,
fourteen adult patients with active pulmonary tuberculosis
before multidrug therapy were monitored at the Centre
Hospitalier Andrée Rosemon in Cayenne, French Guyana.
Six of these patients were HIV negative, and 8 were HIV
positive. All HIV negative, and seven HIV positive patients
were diagnosed with pulmonary tuberculosis whereas one
HIV-positive patient was diagnosed with extrapulmonary
TB. All subjects had been vaccinated with BCG at birth as
currently done in French Guyana. Informed consent was
obtained from the subjects, and the human guidelines given
by the Comité Consultatif de Protection des Personnes dans
la Recherche Médicale (CCPRB) from Guadeloupe were
followed.

2.2. Tuberculin Test. Subjects were injected intradermally
with 0.1 mL of tuberculin (10 units, Tubertest, Sanofi
Pasteur) on the forearm. Reactions were determined by
measuring transverse diameter of induration 48/72 h after
administration. For HIV-positive subjects, an induration of
more than 5 mm in diameter was considered as positive. For
HIV-negative subjects, an induration of more than 10 mm
was considered as positive.
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2.3. Antigens. M. bovis BCG (strain GL2) was grown for
2 weeks as a surface pellicle on synthetic Sauton medium.
BCG culture filtrate (CF) was concentrated by ammonium-
sulfate precipitation (70% saturation), dialyzed against PBS,
sterilized by filtration, and stored at −20◦ as previously
described [22]. CF was used at a final concentration of
5 μg/mL. Purified protein derivate from M. tuberculosis
(PPD) (Statens Serum Institute, Copenhagen, Denmark) was
used at the concentration of 5 μg/mL (IFN-γ production)
or 25 μg/mL (lymphoproliferative assays). Native Ag85 com-
plex was purified from BCG culture filtrate by sequential
chromatography on phenyl-Sepharose and DEAE-Sephacel
(Pharmacia, Uppsala, Sweden) as previously described and
used at a final concentration of 10 μg/mL [27]. Phytohemag-
glutinin and Pokeweed Mitogen (both from Sigma, L’Isle
d’Abeau, France) were used as polyclonal T cell and T cell-
dependent B cell mitogen, respectively.

2.4. Lymphoproliferation Assays (Brussels Study). Hepar-
inized whole blood, collected by venipuncture, was diluted
1 : 10 in RPMI-1640 medium, supplemented with HEPES,
L-glutamine, penicillin/streptomycin, and 5 × 10−5 M 2-
mercapto-ethanol. Cells were cultured in round bottom
microwell plates (Greiner) in a humidified CO2 incubator
at 37◦ for 7 days. Tritiated thymidine (Amersham) was
added to the cells during the last 20 hours of culture.
Cells were harvested on a Skatron Cell Harvester, and
filters were counted in a Beckman LS Betaplate scintillation
counter. Mean counts per minute (cpm) were calculated
from quadruplicate cultures.

2.5. IFN-γ Production and IFN-γ Detection (Cayenne Study).
PBMCs were obtained by venipuncture, isolated on Ficoll-
Hypaque gradient (d = 1, 077), and suspended in RPMI
medium supplemented with 2 mM L-glutamine, 100 U of
penicillin/mL, 0.1 mg of streptomycin/mL (all from Sigma),
and 10% human heat-inactivated serum from red blood cell
group AB. Cells were plated at 106/mL in flat-bottom 24-well
plates with or without antigens. The culture supernatants
were harvested after 7 days and stored at −20◦C. IFN-γ
levels were measured using specific IFN-γ sandwich ELISA
(sensitivity of 10 pg/mL) using NIB42 clone (mouse IgG1) as
capture antibody and 4SB2 clone (mouse IgG1) as detection
antibody (both from Pharmingen San Diego, CA).

2.6. Statistical Analysis. Student’s t-test was used for statis-
tical evaluation. Statistical analysis was done on log10 values
of IFN-γ titers, and IFN-γ titers below 10 pg/mL were con-
sidered as 0.1 log10 for statistical calculations. Proliferative
responses were analyzed using GraphPad Prism 4 software.

3. Results

3.1. Study Participants. Table 1 shows a summary of the
different participant groups from Belgium (Brussels study)
and French Guyana (Cayenne study) analyzed in this study.
All work was conducted in accordance with the Declaration

Table 1: Study participants.

Brussels Cayenne

HIV− Tuberculin − 15 6

Tuberculin + 23 7

Tuberculosis — 6

HIV+ CDC-A

tuberculin − — 11

tuberculin+ 17 17

CDC-B

tuberculin − — 10

tuberculin + — 7

Tuberculosis

Pulmonary 3 7

Extrapulmonary 5 1

Effusion 2 —

NTM infection 7 —

Number of subjects tested in each group in the two locations.

PPD CF Ag85 PWM PPD CF Ag85 PWM
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Figure 1: Proliferative responses (mean cpm) in response to PPD,
CF from BCG, purified Ag85, and Pokeweed Mitogen in healthy
tuberculin-positive (n = 23) and tuberculin-negative HIV-negative
(n = 15) volunteers, as measured after 7 days of culture, using a
whole blood assay (heparinized blood diluted 1 : 10).

of Helsinki. Experiments were performed with the under-
standing and the consent of the human subjects and with
approval of the two local Ethical Committees.

3.2. Lymphoproliferative Responses of HIV-Negative and HIV-
Positive Subjects (Brussels Study). In order to determine
threshold values for positivity, 23 healthy tuberculin-positive
and 15 tuberculin-negative subjects (all HIV-negative) were
tested for their in vitro lymphoproliferative response using
a diluted whole blood assay. As shown in Figure 1, prolifer-
ative responses upon stimulation with PPD, culture filtrate
from BCG, and purified Ag85 complex from BCG culture
filtrate were significantly higher in the tuberculin-positive
(Mantoux+) than in the tuberculin-negative (Mantoux−)
group (P < .01), whereas no difference was observed
following stimulation with polyclonal PWM (P = .936).
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Figure 2: Lymphoproliferative response against PPD, Ag85, and PWM in HIV-negative/tuberculin-positive, HIV-positive/tuberculin-
positive, HIV-positive patients with TB and HIV-positive patients with MOTT disease. Proliferative responses (mean cpm of quadruplicate
cultures) as measured after 7 days of culture, using a whole blood assay (heparinized blood diluted 1 : 10).

Next, responses in these HIV-negative, tuberculin-
positive subjects were also compared to proliferative respons-
es in asymptomatic HIV-positive subjects latently infected
with M.tuberculosis (TST >5 mm), in ten AIDS patients suf-
fering from active tuberculosis, and in seven AIDS patients
suffering from disease caused by mycobacteria other than
tuberculosis (MOTT/NTM). In vitro proliferative responses
to PPD of HIV-negative and HIV-positive subjects with a
positive tuberculin skin test were not significantly different
between the two groups (mean ± SEM: 45, 940± 5, 255 (n =
23) cfr 34, 220 ± 6, 571 (n = 17) P = .167) (Figure 2(a)).
Responses to CF were not significantly different either (data
not shown). In contrast,in vitro proliferative responses to

purified Ag85 (Figure 2(b)) were significantly higher in the
HIV-negative than in the HIV-positive group (21, 870 ±
4, 904 (n = 23) cfr 7, 775 ± 2, 360 (n = 17), P < .05). Using
a cutoff value of 907 cpm (mean + 2 SD values of Ag85-
specific responses of 15 HIV-negative/tuberculin-negative
volunteers, Figure 1), only 10/17 (59%) of the HIV-positive
subjects demonstrated a positive proliferative T cell response
to Ag85. Likewise, responses to the polyclonal mitogen
PWM (Figure 2(c)) were also significantly higher in the HIV-
negative group than in the HIV-positive group (17, 780 ±
3, 520 (n = 17) cfr 6, 330 ± 2, 078 (n = 15), P < .05).

Finally, lymphoproliferative responses were also exam-
ined in AIDS patients with clinical signs of active tuberculosis
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Table 2: IFN-γ production of PBMC from tuberculin-positive and tuberculin-negative, HIV-negative and HIV-positive subjects.

HIV negative HIV positive (CDC-A)

Stimulus tuberculin + tuberculin – tuberculin + tuberculin –

(7) (6) (17) (11)

PPD 2417± 662∗,◦ 157± 56 852± 369∗∗ 238± 70

CF 1988± 576∗ 86± 28 1210± 503∗∗ 176± 63

Ag85 1644± 672∗ 26± 12 1141± 456∗∗ 84± 20

PHA 2635± 845 2885± 525 3281± 1842 2637± 1355

IFN-γ production in day 7 culture supernatants from purified PBMC. Results are expressed as mean ± standard deviation (pg/mL).
∗Significantly different from healthy tuberculin-negative/HIV-negative controls (P < .05).
∗∗Significantly different from healthy tuberculin-negative/HIV-positive controls (P < .05).
◦Significantly different from healthy tuberculin-positive/HIV-positive controls (P < .05).

or NTM (MOTT) disease. Using a cutoff value of 3,627 cpm
(mean + 2 SD values of PPD-specific responses of 15 HIV-
negative/tuberculin-negative healthy volunteers), positive
responses to PPD could be detected in 6/10 (60%) of HIV-
positive tuberculosis patients (19, 860±8, 779) (Figure 2(a)).
Proliferative responses against Ag85 (Figure 2(b)) were much
more dramatically affected and positive only in two patients
(actually the two patients suffering from pleural effusion)
(mean (n = 10): 11, 520 ± 7, 444; mean (n = 8) 485 ± 408).
Responses to PWM (Figure 2(c)) were finally also strongly
depressed in 9/10 patients (1, 334± 593).

Reflecting their dramatic decrease in CD4+ counts
(mean: 11/mm3), AIDS patients diagnosed with NTM
(MOTT) disease were completely unreactive to all antigens
tested (PPD: 147 ± 41; Ag85: 105 ± 32; PWM 104 ± 31)
(Figures 2(a), 2(b), and 2(c), resp.).

3.3. IFN-γ Responses of HIV-Negative and HIV-Positive
(CDC-A) Subjects (Cayenne Study). In vitro IFN-γ produc-
tion was analyzed in Cayenne in a 7-day cultured supernatant
of purified PBMC from 13 HIV-negative controls with either
a positive (n = 7) or a negative (n = 6) tuberculin skin test.
Confirming the proliferative responses, purified PBMC from
tuberculin-positive controls produced statistically higher
IFN-γ levels than tuberculin-negative controls for all the
mycobacterial antigens tested. (Table 2, P < .05). On the
other hand, IFN-γ levels in response to PHA were not statis-
tically different in these two groups of HIV-negative controls.

Next, IFN-γ production was analyzed in 28 HIV-pos-
itive controls without clinical symptoms of tuberculo-
sis. Seventeen were tuberculin positive, and eleven were
tuberculin negative. HIV-positive/tuberculin-positive sub-
jects produced significantly more IFN-γ than HIV-positive/
tuberculin-negative subjects upon stimulation with CF,
Ag85, or PPD, but not upon stimulation with PHA or PWM
(Table 2). The number of CD4+ T cells was not statistically
different between both groups, that is, 498 ± 264/mm3 in
tuberculin-positive and 467 ± 286/mm3 in tuberculin-nega-
tive subjects, respectively.

Mean IFN-γ production in response to all mycobacterial
antigens tended to be higher in HIV-negative than in HIV-
positive skin test-positive persons (Table 2), but (in contrast

to the lymphoproliferative responses) this difference was only
significant in response to PPD.

3.4. IFN-γ Responses of PBMC Recovered from HIV-Negative
and HIV-Positive Subjects with Clinical Symptoms of Tuber-
culosis. IFN-γ production in response to different mycobac-
terial antigens was also analyzed in HIV-positive (n = 8)
and HIV-negative (n = 6) patients suffering from active
tuberculosis. A cutoff level for negative IFN-γ production to
each antigen was determined as less than the mean minus
two 2SD values of the IFN-γ level measured in tuberculin-
positive, HIV-positive, respectively, HIV-negative controls
without symptoms of tuberculosis (indicated by the grey
bars, calculated from results of Table 2). Using this threshold,
3 (50%) and five (83%) out of 6 HIV-negative patients
with active tuberculosis were unresponsive to CF and PPD,
respectively (Figure 3(b)). Confirming our previous findings
on larger groups of TB patients [20, 23], IFN-γ responses
to Ag85 were very low in HIV-negative patients with active
tuberculosis, and in this study actually all 6 were unrespon-
sive to Ag85. In the group of 8 HIV-positive patients with
active tuberculosis, 4 (50%) and 5 (66%) were unresponsive
to CF and PPD, respectively. All of these 8 patients were
unresponsive to Ag85 (Figure 3(a)). Both HIV-negative and
HIV-positive subjects with active tuberculosis responded
to PWM and PHA even if the IFN-γ titers in response
to PHA were lower in HIV-positive than in HIV-negative
tuberculosis patients (1940 ± 1689 pg/mL versus 4161 ±
2123 pg/mL in response to PHA; 3550 ± 1906 pg/mL versus
2625± 480 pg/mL in response to PWM). CD4+ T cell counts
in HIV-positive patients with active tuberculosis ranged from
97/mm3 to 740/mm3 (mean: 384 ± 277/mm3). Since all
the HIV-positive (and negative) patients with tuberculosis
were unresponsive to Ag85, their inability to react with this
antigen was clearly not related to the CD4+ T cell count.
Altogether these results confirm the notion that the inability
to produce IFN-γ in response to Ag85 is a characteristic of
active tuberculosis, irrespective of HIV coinfection [23].

3.5. IFN-γ Response to Ag85 in HIV-Positive Patients with
Varicella Zoster and/or Candida Infections (CDC-B). IFN-γ
responses to Ag85 were also examined in tuberculin-positive
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Figure 3: Individual IFN-γ production (pg/mL) by PBMC in
response to different antigens from HIV-positive (a) or HIV-
negative (b) patients with active tuberculosis. A negative response
was considered as less than mean −2SD of the IFN-γ production by
PBMC from tuberculin-positive/HIV-positive (a) and tuberculin-
positive/HIV-negative (b) controls. The circle patients with active
tuberculosis. The grey rectangle mean± 2SD of the IFN-γ produced
by PBMC from tuberculin-positive/HIV-positive or HIV-negative
controls.

and tuberculin-negative HIV-positive patients with varicella
zoster or candida infections (CDC-B) that are the most
common opportunistic infections observed in HIV patients
in French Guyana. Among the 10 tuberculin-negative/HIV-
positive CDC-B subjects, 9 (90%) were unresponsive to
Ag85. Furthermore, seven (70%) were unresponsive to CF,
and 8 (80%) to PPD (Figure 4(b)). Among the 7 tuberculin-
positive/HIV-positive CDC-B subjects, 2 (29%) were
unresponsive to Ag85. On the other hand, all were respon-
ders to PPD and CF (Figure 4(a)). IFN-γ responses to PHA
were not different in tuberculin-positive from tuberculin-
negative HIV-positive persons suffering from varicella zoster
and/or candidiasis (1471 ± 1104 and 1881 ± 1196 pg/mL,
resp.). Furthermore, even if the CD4+ T cell counts were
lower in the tuberculin-negative group (272 ± 190/mm3)
than in the tuberculin-positive group (400± 146/mm3), this
difference was not significant. The unresponsiveness to Ag85
in 2/7 of these tuberculin-positive subjects in the absence of
clinical signs of tuberculosis was suggestive of a subclinical
infection with mycobacteria. To test this hypothesis, the 7
patients were reexamined one year later. During this year,
two of them developed a biologically confirmed infection
with mycobacteria, one with M. tuberculosis and one with
M. fortuitum. Interestingly, these two patients were precisely
those who were unresponsive to Ag85 the previous year.

3.6. Development of Tuberculosis in Tuberculin-Positive HIV-
Positive Subjects (CDC-A) Is Associated with Decreased Ag85-
Specific Responses. Five tuberculin-positive/HIV-positive
subjects (CDC-A) were examined at month 0, 3, 6, 9, and
12 for their IFN-γ production in response to Ag85 and
for clinical signs of tuberculosis. As shown in Figure 5, all
five subjects mounted a positive IFN-γ response to Ag85
at the beginning of the followup. Two out of five subjects
maintained their responsiveness to Ag85 and remained free
of clinical symptoms. In contrast, one subject showed a
moderate and two subjects showed a dramatic decrease in
IFN-γ in response to Ag85, and all three presented with signs
of clinical tuberculosis at the end of the 12-month follow-up
period.

4. Discussion

A major challenge in tuberculosis control is a better under-
standing of latent M. tuberculosis infection. Indeed, many
adult TB cases result from the reactivation of an initially con-
trolled latent M. tuberculosis infection. A defective immune
system, caused by iatrogenic immunosuppression, poverty-
related malnutrition, stress, ageing, and genetic factors
provide the basis of this reactivation. Infection with the
human immunodeficiency virus is another very important
risk factor for developing clinical tuberculosis, particularly in
third-world countries of the South. It is estimated that more
than one third of HIV-positive individuals are coinfected
with M. tuberculosis, and approximately 12% of AIDS deaths
are due to TB [3, 28]. M. tuberculosis reactivation in HIV-
coinfected subjects is generally observed at a 65 to 75% drop
in CD4+ T cell counts, which is actually much earlier than for
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Figure 4: Individual IFN-γ production (pg/mL) in PBMC in response to different antigens from tuberculin-positive (a) or tuberculin-
negative (b) HIV-positive CDC-B subjects suffering from varicella zoster and/or candidiasis. A negative response was considered as less than
mean −2SD of the IFN-γ production by PBMC from healthy tuberculin-positive (a) and tuberculin-negative (b) HIV-positive controls. The
circle: subjects with varicella zoster and/or candidiasis (category B of the CDC classification). The grey rectangle: mean ± 2SD of the IFN-γ
produced by PBMC from tuberculin-positive (a) and tuberculin-negative (b) HIV-positive controls.

the classical opportunistic infections caused by mycobacteria
other than tuberculosis, such as bacteria of the M. avium-
intracellulare complex.

Even though tuberculosis preventive therapies can offer
a short-term effect in reducing the incidence of TB for HIV-
infected adults, they are not effective in delaying HIV disease
progression to AIDS. Thus, in a randomized controlled trial
of 1053 HIV-positive Zambian adults receiving isoniazid for
6 months or rifampicin plus pyrazinamide for 3 months,
both preventive treatment regimens protected against tuber-
culosis for at least 2.5 years but appeared to have no effect
on HIV progression or mortality [29]. Similar findings
were reported in a randomized placebo-controlled trial in
Kampala, Uganda on 2,736 PPD-positive and anergic HIV-
infected adults treated with isoniazid (INH) for 6 months,
INH plus rifampicin for 3 months, or INH plus rifampicin
plus pyrazinamide for 3 months [30, 31].

Here, we have analyzed mycobacteria-specific T cell
reactivity in M. tuberculosis-infected HIV-positive subjects
at different stages of HIV progression. We observed that
lymphoproliferative memory T cell responses to the purified
mycolyl transferase Ag85 are impaired very early during
HIV infection at moments when T cell responses to crude
PPD and culture filtrate are still within the normal range
found in tuberculin-positive/HIV-negative healthy volun-
teers. Positive proliferative responses against Ag85 could be
detected in only 59% of the HIV-positive subjects, presenting

with a mean CD4+ count of more than 450/mm3. In
contrast, average Ag85-specific IFN-γ response in asymp-
tomatic tuberculin-positive subjects was not significantly
different in the group of HIV-negative and HIV-positive
subjects (although there was a tendency to decrease) but
interestingly a follow-up analysis of these Ag85-specific IFN-
γ responses in five tuberculin-positive subjects classified as
CDC-A according to CDC classification [32] over a period of
one year indicated that decreased reactivity against Ag85 in
three of them coincided with reactivation and development
of clinical tuberculosis. Likewise, a followup in the group
of the seven tuberculin-positive subjects classified as CDC-B
showed development of clinical disease precisely in the two
subjects with initial low IFN-γ reactivity to Ag85. Despite
the limited number of subjects in this followup, our results
strongly suggest a protective role of Ag85-specific T cell
responses in the control of M. tuberculosis infection.

Vaccination with live attenuated BCG is not recom-
mended in immunocompromised individuals. However,
boosting of the low Ag85-specific responses in these patients
using subunit vaccination could be an alternative, particu-
larly in patients with restored CD4+ T cell counts after highly
active antiretroviral therapy [33–35]. We have previously
demonstrated the feasibility of this approach in a preclinical
model of CD4 gene knockout mice, partially reconstituted
with CD4+ T cells and vaccinated with plasmid DNA
encoding Ag85A and Ag85B [36].
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Figure 5: Evolution of Ag85-specific IFN-γ response in 5 HIV-
positive latently infected subjects. Individual IFN-γ production
(pg/mL) of PBMC in response to Ag85 from 5 tuberculin-
positive/HIV-positive subjects at baseline t = 0 and 3, 6, 9, and
12 months later. T = diagnosis of active tuberculosis. Dashed line:
mean of IFN-γ production minus 2SD in tuberculin negative/HIV
positive subjects.

The tuberculin skin test lacks sensitivity, particularly in
HIV-infected individuals and has poor specificity because
of antigenic cross-reactivity of PPD with environmental
mycobacteria and the BCG vaccine. Only few studies in
immunocompromised subjects have used in vitro T cell-
based assays using purified mycobacterial antigens. Silveira
et al. reported on cell-mediated immune responses to five
purified mycobacterial antigens in Portuguese HIV-positive
and HIV-negative patients with pulmonary tuberculosis
[37]. Similar to our results, T cell responses to purified 30 kD
protein (the Ag85B component of the Ag85 complex) were
lower in the tuberculosis patients than in HIV-negative PPD-
positive healthy volunteers, irrespective of HIV infection.
Proliferative responses were more strongly affected than IFN-
γ secretion in that study as well. In Zambia, a highly endemic
country for tuberculosis, ex vivo IFN-γ ELISPOT to M.
tuberculosis-specific ESAT-6/CFP-10 proteins was found to
be more specific and possibly more sensitive than PPD-
based methods of detecting latent M. tuberculosis infection
in HIV-positive subjects [38]. Lymphoproliferative responses
and IFN-γ secretion to mycobacterial antigens ESAT-6 and
Ag85 were also studied in subjects participating in a phase III
randomized placebo-controlled trial of a BCG prime-boost
vaccine strategy (using whole inactivated Mycobacterium
vaccae) in Dar es Salaam, Tanzania [39]. Tanzanian HIV-
infected adults with CD4+ counts > 200/mm3 and primed
with BCG vaccine in childhood were analyzed. Among 1885
subjects screened, 635 (35%) were classified to have latent
TB (as indicated by a PPD skin test of >5 mm) and 13
had active tuberculosis. Subjects with latent TB were more

likely to have a T cell response than TB patients. Proliferative
response to Ag85 was detected in only 18.7% of these latently
infected HIV-infected subjects [40]. In the Brussels study,
10/17 (59%) of the tuberculin-positive/HIV-positive subjects
demonstrated a positive proliferative response to Ag85. With
respect to Ag85-specific IFN-γ production, the Tanzanian
study found only 38,6% of latently infected subjects to react
to the antigen [41], whereas in our study all seventeen
tuberculin-positive, HIV-positive (CDC-A) subjects from
Cayenne were found to be reactive. The reason for this
lower reactivity levels in the Tanzanian study is not clear.
Besides the far smaller number of subjects in our study,
another factor may have been the low (0,5 mcg/mL) antigen
concentration used in the Tanzanian study. Also, except for
one person, the subjects enrolled in our proliferative study
had not been vaccinated with BCG, whereas all subjects in
the Tanzanian study had been vaccinated with BCG.

5. Conclusion

We have demonstrated that Ag85-specific proliferative T
cell responses are decreased during M. tuberculosis-HIV-
coinfection, even in 40% of patients classified as CDC-
A and with a positive tuberculin skin test. Furthermore,
a one-year follow-up of twelve HIV-positive/tuberculin-
positive subjects indicated that decreasing IFN-γ reactivity
against Ag85 was associated with development of clinical
tuberculosis, highlighting the protective potential of this
antigen. It would be interesting to monitor Ag85-specific
proliferative IFN-γ T cell responses in HIV-infected subjects
latently infected with M. tuberculosis and treated preventively
with isoniazid to see whether Ag85-specific responses could
be stabilized. Attempting to stabilize these T cell responses
by postexposure vaccination might be an alternative. In this
context, a proof-of-concept Phase IIb clinical trial to evaluate
the protective efficacy of a booster MVA85A vaccination
administered to healthy HIV-infected adults in South Africa,
Senegal, and The Gambia was started in February 2010
(EDCTP Annual report 2009).
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Background. Substantial evidence exists for HLA and other host genetic factors being determinants of susceptibility or resistance to
infectious diseases. However, very little information is available on the role of host genetic factors in HIV-TB coinfection. Hence,
a longitudinal study was undertaken to investigate HLA associations in a cohort of HIV seropositive individuals with and without
TB in Bangalore, South India. Methods. A cohort of 238 HIV seropositive subjects were typed for HLA-A, B, and DR by PCR-SSP
and followed up for 5 years or till manifestation of Tuberculosis. HLA data of 682 HIV Negative healthy renal donors was used as
control. Results. The ratio of males and females in HIV cohort was comparable (50.4% and 49.6%). But the incidence of TB was
markedly lower in females (12.6%,) than males (25.6%). Further, HLA-B∗57 frequency in HIV cohort was significantly higher
among females without TB (21.6%, 19/88) than males (1.7%, 1/59); P = 0.0046; OR = 38. CD4 counts also were higher among
females in this cohort. Conclusion. This study suggests that HIV positive women with HLA-B∗57 have less occurrence of TB as
compared to males.

1. Introduction

India has the world’s highest number of Human immunode-
ficiency virus (HIV) infections for any country outside Africa
with estimated 2.47 million infections. The commonest
mode of transmission of infection is through heterosexual
contact and the majority of the HIV infections (89%) are
in the age group of 15–49 years. Karnataka is one of the
four states in Southern India which has a high prevalence
of HIV infection (0.81%), especially amongst ante-natal
mothers who are considered as low-risk group [1]. A recent

study from South India has indicated that HIV 1 clade C
accounts for over 90% of all HIV infections in the country
[2]. Amongst the 256 samples tested from South India, 253
were identified as HIV 1 clade C using a subtype-specific PCR
[2]. The predominant opportunistic infection noted among
AIDS patients in India is tuberculosis (TB) and it is the most
potent risk factor associated with disease progression. An
HIV positive person is six times (50 to 60% lifetime risk)
more likely to develop TB disease as compared to an HIV
negative person (10% lifetime risk) [3]. Notwithstanding
such a high risk of developing TB, it has been observed by
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us that there is a subset of HIV infected individuals who
do not develop TB over a number of years (unpublished
observations at Seva free clinic, an HIV care centre at
Bangalore). Taken together, this suggests that certain “innate
factors” could indeed influence the manifestation of TB in
HIV infected individuals. Interactions between HIV and the
innate immune system have recently caught the attention
of several researchers [4]. In particular, the importance of
differential Toll-Like Receptor 7 (TLR7) mediated signaling
leading to increased interferon-α production in plasmacytoid
dendritic cells (pDCs) noted in HIV infected women as
compared to men thereby explaining how viral loads are
better controlled in women [5].

There is substantial epidemiological evidence that host
genetic factors such as Human Leukocyte Antigens (HLAs)
and closely linked genes of the Major Histocompatibility
Complex (MHC) as well as non-MHC factors such as
chemokine receptors are important determinants of suscep-
tibility or resistance to infectious diseases [6–8]. Human
Leukocyte Antigens are central to the recognition and pre-
sentation of pathogens to the immune system and therefore
are a fundamental part of the human immune system.
Several studies on HLA and disease association with HIV
have been reported in different ethnic populations [6–8].
Little information is available on HIV infected individuals in
South India with special reference to the incidence of TB and
association with HLA. Therefore, this study was undertaken
in a cohort of HIV positive individuals to investigate the
association of HLA and TB.

2. Materials and Methods

2.1. Study Design. The study was prospective in design and
included 263 drug naive HIV seropositive individuals who
attended Seva Free Clinic (HIV care centre at Bangalore).
The study protocol was approved by the Institutional Ethical
Committees of Seva clinic and Bangalore Medical Services
Trust. Most patients visited the clinic with the onset of
symptoms and the duration of HIV infection was thus self-
reporting. HIV infection was confirmed by demonstration
of anti-HIV antibodies in serum as per the National AIDS
Control Organization’s guidelines using rapid HIV tests. All
subjects underwent a detailed clinical evaluation by the treat-
ing physicians (Bhuthaiah Satish, Kadappa Shivappa Satish,
and Parthasarathy Satishchandra). TB was diagnosed in the
study subjects based on clinical examination and/or routine
laboratory investigations such as sputum smear examination,
X-ray chest, and haemogram. Sputum smear and/or culture
positivity was considered as confirmatory evidence of TB,
whilst chest X-ray, raised erythrocyte sedimentation rates
and response to anti-TB treatment were considered highly
suggestive of TB. After obtaining informed consent, subjects
were recruited into the study and referred to the National
Institute of Mental Health and Neuro-Sciences (NIMHANS)
for CD4 enumeration. Those subjects who did not any con-
firmatory and/or clinical evidence of TB were followed up for
a period of five years or till manifestation of TB, whichever
was earlier. During the follow-up period, 25/263 HIV
positive individuals were excluded from the study as their

CD4 counts declined below 200 cells/μL and therefore had
to be initiated on antiretroviral therapy. No separate controls
were recruited for this study, However, the sociodemographic
and HLA frequency distribution details available in a healthy
renal donor database with BMST, Bangalore, were used for
comparative analysis and interpretation of the data obtained
from study subjects. None of these donors were HIV positive
and showed any signs of active systemic tuberculosis upon
clinical examination. Their age, sociodemographic features,
and ethnic background (Dravidian race) were comparable to
those of the HIV infected group.

2.2. HLA Typing. HLA A, B, and DR typing was carried out
at Bangalore Medical Services Trust Immunophenotyping
laborator. HLA typing for the HIV positive cohort was
done by PCR-SSP low-to-intermediate resolution typing
employing commercial kits (Genovision, Biotest, and One
Lambda, USA) according to the manufacturer’s instructions.
We compared the frequency distribution of HLA antigens
among the HIV infected subjects with that of a 682 healthy
renal donor database on South Indians available at our
center. HLA typing for some of the renal donors was done
by serological methods employing commercial kits (One
Lambda, USA). The rest of the controls were typed by PCR-
SSP methods. Briefly, 2 mL of whole blood was collected
in ethylenediamine tetra acetic acid- (EDTA-) coated vaccu-
tainer tubes and DNA extracted using a commercial DNA
extraction kit (Qiagen, GmbH, Germany). The purified DNA
was added to the master mix containing Taq polymerase and
dNTP-buffer, dispensed into the 96-well Micro SSP DNA
Typing tray, which was precoated with primer pairs specific
for the different HLA Class I and II, alleles, and amplified by
Polymerase Chain Reaction. The amplified DNA fragments
were separated using agarose gel electrophoresis and visu-
alized by staining with ethidium bromide and exposure to
UV light. Interpretation of the results was based on presence
or absence of a specific amplified DNA fragment. Results
were interpreted using specific interpretation work sheet and
specific software provided by the kit manufacturer. The HLA
typing was carried out for the following alleles: twenty two
HLA Class I A locus antigens (1, 2, 3, 10, 11, 23, 24, 25, 26,
29, 30, 31, 32, 33, 34, 36, 43, 66, 68, 69, 74, and 80), thirty six
HLA Class I B locus antigens (7, 8, 12, 13, 15, 16, 18, 21, 22,
27, 35, 37, 38, 39, 41, 42, 44, 45, 47, 48, 49, 50, 51, 52, 53, 55,
56, 57, 58, 60, 61, 62, 63, 71, 75, and 81), and eighteen HLA
Class II DR locus antigens (1, 3, 4, 7, 8, 9, 10, 11, 12, 13, 14,
15, 16, 17, and 18).

2.3. CD4 Counts. CD4 counts were enumerated at the WHO
accredited laboratory at the Department of Neurovirology,
NIMHANS, using a nonlysis method on a Fluorescent
Activated Cell Sort Count (FACSCount, Becton Dickenson,
USA). Briefly, 50 μL each of whole peripheral venous blood
was pipetted into a pair of reagent tubes containing the
CD4/CD3 and CD8/CD3 fluorescent-labeled monoclonal
antibodies, respectively. The sample was vortexed for a few
seconds and incubated at room temperature for one hour.
Following the incubation period, 50 μL of formalin fixative
solution was added to each of the reagent tube pairs and the
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counts were analyzed on the FACS count machine using the
specialized software provided by the manufacturer.

2.4. Statistical Analysis. The statistical analysis was done
using SPSS 15.0 and Epistat software. The tests used were
Chi-square test, Fisher’s exact probability test, and Student’s
t-test, wherever necessary Odds Ratios were computed. The
level of significance was fixed at 0.05.

3. Results

3.1. Socio-Demographic Profile of Study Population. Amongst
the 238 subjects enrolled in this study, 120 (50.4%) were
males and 118 (49.6%) were females. Of these, 161 were
from lower socioeconomic strata, 46 from middle, and 1
from upper socioeconomic strata. The socioeconomic status
data for the rest (30 individuals) was not available. 74 of the
118 females gave their occupation as housewife. The age of
the HIV positive subjects ranged from 23 to 72 years with a
median age of 30 years. Most patients visited the clinic to seek
medical intervention for signs and symptoms of illness. The
precise duration of HIV infection could not be determined
precisely as they were either referred from other health care
facilities or sought medical consultation voluntarily. The
duration of HIV infection was therefore estimated as at least
from the first date of attendance at Seva clinic. This ranged
from 1 to 12 years and in 101/238 it ranged from 4 to 5 years
prior to recruitment in this study.

Amongst the 682 apparently healthy renal donor popula-
tions whose socio-demographic details were available in the
BMST database, it was observed that the age ranged from 21
to 70 years with a median of 39 years and a male : female ratio
of 1.21 : 1. All the renal donors were from South India and
from a similar ethnic origin as those study subjects.

3.2. Incidence of TB in HIV Positive Subjects. Table 1 depicts
the details of occurrence of TB in the study population.
Amongst the 238 subjects enrolled into this study 83 (34.9%)
were diagnosed to have TB (56 males and 27 females) at
the time of recruitment. Amongst the 83 subjects diagnosed
to have TB, 13 were positive for acid fast bacilli (AFB) on
sputum (n = 9) and CSF (n = 4) smear examination, 24
had typical findings of pulmonary TB on X-ray examination
(which included 4 with pleural effusion), 11 were positive
for AFB on fine needle aspiration cytology of lymph nodes,
3 had evidence of abdominal TB, and the remaining 32
showed excellent clinical response top anti-TB treatment
(resolution of abnormal X-ray chest findings or lymph
node enlargement). In the 155 HIV positive subjects who
had no evidence of TB at the time of recruitment, eight
developed TB during the five-year follow-up period (5 males
and 3 females). On the other hand, the gender distribution
amongst the 147 subjects who did not manifest TB at
recruitment or during the subsequent follow-up period
showed that women constituted 60% (88/147) while males
accounted for 40% (59/147). Overall, the incidence of TB was
markedly lower among female subjects (25.42%; 30/118) as
compared to male subjects (50.83%; 61/120).

Table 1: Occurrence of TB amongst HIV positive subjects.

HIV positive subjects
(n = 238)

Males
(n = 120)

Females
(n = 118)

No TB either at
recruitment or during
follow-up

59 (49.16%) 88 (74.57%)

TB positive individuals
in the study

(i) At recruitment 56 27

(ii) During follow-up 5 3

Total 61 30

3.3. Comparison of HLA Frequencies among the HIV Positive
Cohort and Healthy Renal Donors. The following Class I and
Class II, HLA Antigens were identified in the samples in our
study: HLA A: 1, 2, 3, 10, 11, 23, 24, 26, 29, 30, 31, 32, 33, 34,
36, 68, and 74; HLA B: 7, 8, 12, 13, 15, 18, 21, 27, 35, 37, 38,
39, 41, 42, 44, 47, 48, 49, 50, 51, 52, 53, 55, 56, 57, 58, 60, 61,
62, 63, 71, 75, and 81; HLA DR:1, 3, 4, 7, 8, 9, 10, 11, 12, 13,
14, 15, 16, 17, and 18.

Tables 2(a), 2(b), and 2(c) depict the frequency distribu-
tion of the HLA A, B, and DR alleles, respectively, among
the healthy renal donors and the HIV positive subjects.
Interestingly, HLA-A∗2 (31%), HLA-B∗35 (26%), and HLA-
DRB1∗15 (20%) were found to be the most frequently
occurring alleles in both HIV positive cohort and the
healthy renal donors. Amongst the healthy renal donors,
the incidence of individual HLA antigens did not show
any significant differences between males and females. With
respect to HIV positive cohort the following observations
were made: (i) frequency of HLA-A∗2 was higher among
TB positive women (Table 2(a)), (ii) frequency of HLA-
B∗35 was lower among TB negative women, (iii) HLA-
B∗52 and HLA-B∗62 alleles were not detected among TB
positive women, (iv) frequency of HLA-B∗61 was higher
among TB positive women (Table 2(b)), (v) HLA-DRB1∗4
and HLA-DRB1∗15 frequencies were higher among HIV
positive subjects as compared to the healthy renal donors,
and (vi) frequency of HLA-DRB1∗8 was higher among TB
positive men (Table 2(c)). However, none of these differences
were statistically significant. On the other hand, there was
a significantly different distribution of HLA-B∗57 among
HIV positive TB negative female subjects as compared to
HIV positive males as well as male and female healthy renal
donors (controls).

3.4. Frequency Distribution of HLA-B∗57 (Table 2(b)).
Among the 682 healthy, HIV negative, renal donors, the
frequency distribution of HLA-B∗57 in the males and
females was comparable (9.48% and 12.77%, resp.). The
incidence of HLA-B∗57 among HIV Positive males was low,
being only 4.2% (n = 5), but the difference as compared to
the renal donor data was not statistically significant. Though
the proportion of HIV positive females with HLA-B∗57 was
more (17.8%, n = 21) as compared to 12.77% among healthy
female renal donors, it did not reach statistical significance
(Chi-square =1.50; df = 1 P > 0.05). The frequency of HLA-
B∗57 amongst HIV positive males with TB (6.55%; 4/61)
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Table 2: (a) Frequency distribution of HLA A alleles among HIV positive subjects with and without TB and among healthy renal donors
(control sample). (b) Frequency distribution of HLA B alleles among HIV positive subjects with and without TB and among healthy renal
donors (control sample). (c) Frequency distribution of HLA DR alleles among HIV positive subjects with and without TB and among healthy
renal donors (control sample).

(a)

HLA A
HIV positive females HIV positive males Healthy renal donors

TB neg. F TB pos. F TB neg. M TB pos. M Females Males

n = 88 n = 30 n = 59 n = 61 n = 376 n = 306

1 29 (33.0%) 9 (30.0%) 14 (23.7%) 15 (24.6%) 84 (22.3%) 65 (21.2%)

2 27 (30.7%) 12 (40.0%) 20 (33.9%) 19 (31.1%) 115 (30.6%) 95 (31.0%)

3 10 (11.4%) 3 (10.0%) 10 (16.9%) 7 (11.5%) 54 (14.4%) 32 (10.5%)

10 1 (1.1%) 0 (0.0%) 0 (0.0%) 0 (0.0%) 0 (0%) 0 (0%)

11 23 (26.1%) 7 (23.3%) 13 (22.0%) 17 (27.9%) 96 (25.5%) 82 (26.8%)

23 1 (1.1%) 0 (0.0%) 0 (0.0%) 1 (1.6%) 2 (0.5%) 10 (3.3%)

24 20 (22.7%) 8 (26.7%) 16 (27.1%) 20 (32.8%) 97 (25.8%) 79 (25.8%)

25 0 (0.0%) 0 (0.0%) 0 (0%) 0 (0%) 1 (0.3%) 1 (0.3%)

26 5 (5.7%) 2 (6.7%) 3 (5.1%) 5 (8.2%) 23 (6.1%) 23 (7.5%)

29 2 (2.3%) 4 (13.3%) 3 (5.1%) 3 (4.9%) 17 (4.5%) 10 (3.3%)

30 1 (1.1%) 0 (0.0%) 1 (1.7%) 2 (3.3%) 10 (2.7%) 14 (4.6%)

31 8 (9.1%) 1 (3.3%) 6 (10.2%) 1 (1.6%) 28 (7.4%) 28 (9.2%)

32 4 (4.5%) 1 (3.3%) 4 (6.8%) 3 (4.9%) 17 (4.5%) 10 (3.3%)

33 15 (17.0%) 5 (16.7%) 11 (18.6%) 11 (18.0%) 93 (24.7%) 72 (23.5%)

34 0 (0.0%) 0 (0.0%) 1 (1.7%) 0 (0.0%) 0 (0%) 1 (0.3%)

36 0 (0.0%) 0 (0.0%) 1 (1.7%) 0 (0.0%) 2 (0.5%) 5 (1.6%)

43 0 (0.0%) 0 (0.0%) 0 (0%) 0 (0%) 1 (0.3%) 0 (0%)

66 0 (0.0%) 0 (0.0%) 0 (0%) 0 (0%) 0 (0%) 2 (0.7%)

68 13 (14.8%) 6 (20.0%) 7 (11.9%) 9 (14.8%) 51 (13.6%) 32 (10.5%)

74 0 (0.0%) 0 (0.0%) 0 (0%) 0 (0%) 2 (0.5%) 5 (1.6%)

80 0 (0.0%) 0 (0.0%) 0 (0%) 0 (0%) 1 (0.3%) 0 (0%)

(b)

HIV positive females HIV positive males Healthy renal donors

HLA B TB neg. F TB pos. F TB neg. M TB pos. M Females Males

n = 88 n = 30 n = 59 n = 61 n = 376 n = 306

7 18 (20.5%) 5 (16.7%) 13 (22.0%) 10 (16.4%) 71 (18.9%) 48 (15.7%)

8 4 (4.5%) 4 (13.3%) 2 (3.4%) 4 (6.6%) 5 (1.3%) 13 (4.2%)

13 2 (2.3%) 1 (3.3%) 1 (1.7%) 4 (6.6%) 23 (6.1%) 28 (9.2%)

15 2 (2.3%) 1 (3.3%) 2 (3.4%) 0 (0.0%) 7 (1.9%) 13 (4.2%)

18 0 (0.0%) 1 (3.3%) 2 (3.4%) 4 (6.6%) 12 (3.2%) 12 (3.9%)

21 4 (4.5%) 2 (6.7%) 3 (5.1%) 2 (3.3%) 0 (0.0%) 4 (1.3%)

27 5 (5.7%) 1 (3.3%) 2 (3.4%) 1 (1.6%) 9 (2.4%) 12 (3.9%)

35 15 (17.0%) 8 (26.7%) 18 (30.5%) 20 (32.8%) 104 (27.7%) 75 (24.5%)

37 9 (10.2%) 3 (10.0%) 4 (6.8%) 8 (13.1%) 26 (6.9%) 26 (8.5%)

38 0 (0.0%) 0 (0.0%) 2 (3.4%) 3 (4.9%) 10 (2.7%) 8 (2.6%)

39 0 (0.0%) 1 (3.3%) 0 (0.0)% 1 (1.6%) 3 (0.8%) 8 (2.6%)

41 0 (0.0%) 0 (0.0%) 0 (0.0)% 1 (1.6%) 1 (0.3%) 4 (1.3%)

42 1 (1.1%) 0 (0.0%) 0 (0.0)% 0 (0.0%) 1 (0.3%) 3 (1.0%)

44 7 (8.0%) 1 (3.3%) 11 (18.6)% 8 (13.1%) 51 (13.6%) 51 (16.7%)

45 0 (0.0%) 0 (0.0%) 0 (0.0%) 0 (0.0%) 2 (0.5%) 2 (0.7%)

47 0 (0.0%) 0 (0.0%) 0 (0.0%) 0 (0.0%) 0 (0.0%) 2 (0.7%)

48 0 (0.0%) 0 (0.0%) 2 (3.4%) 0 (0.0%) 6 (1.6%) 3 (1.0%)

49 1 (1.1%) 1 (3.3%) 0 (0.0)% 1 (1.6%) 7 (1.9%) 3 (1.0%)

50 2 (2.3%) 0 (0.0%) 2 (3.4%) 1 (1.6%) 9 (2.4%) 7 (2.3%)

51 18 (20.5%) 8 (26.7%) 16 (27.1%) 14 (23.0%) 59 (15.7%) 34 (11.1%)

52 15 (17.0%) 0 (0.0%) 6 (10.2%) 6 (9.8%) 37 (9.8%) 36 (11.8%)
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(b) Continued.

HIV positive females HIV positive males Healthy renal donors

HLA B TB neg. F TB pos. F TB neg. M TB pos. M Females Males

n = 88 n = 30 n = 59 n = 61 n = 376 n = 306

53 0 (0.0%) 1 (3.3%) 1 (1.7%) 0 (0.0%) 9 (2.4%) 10 (3.3%)

55 2 (2.3%) 1 (3.3%) 1 (1.7%) 2 (3.3%) 6 (1.6%) 5 (1.6%)

56 3 (3.4%) 0 (0.0%) 0 (0.0)% 0 (0.0%) 7 (1.9%) 3 (1.0%)

57 19 (21.6%) 2 (6.7%) 1 (1.7%) 4 (6.6%) 48 (12.8%) 29 (9.5%)

58 4 (4.5%) 1 (3.3%) 3 (5.1%) 3 (4.9%) 33 (8.8%) 25 (8.2%)

40 23 (26.1%) 10 (33.3%) 8 (13.6%) 12 (19.7%) 13 (3.5%) 13 (4.2%)

60 6 (6.8%) 1 (3.3%) 3 (5.1%) 1 (1.6%) 26 (6.9%) 14 (4.6%)

61 17 (19.3%) 9 (30.0%) 5 (8.5%) 11 (18.0%) 51 (13.6%) 38 (12.4%)

62 8 (9.1%) 0 (0.0%) 4 (6.8%) 3 (4.9%) 18 (4.8%) 15 (4.9%)

63 0 (0.0%) 0 (0.0%) 1 (1.7%) 0 (0.0%) 2 (0.5%) 4 (1.3%)

65 0 (0.0%) 0 (0.0%) 0 (0.0)% 0 (0.0%) 1 (0.3%) 0 (0.0%)

70 0 (0.0%) 0 (0.0%) 0 (0.0)% 0 (0.0%) 12 (3.2%) 7 (2.3%)

71 1 (1.1%) 0 (0.0%) 1 (1.7%) 1 (1.6%) 4 (1.1%) 11 (3.6%)

75 2 (2.3%) 1 (3.3%) 1 (1.7%) 3 (4.9%) 8 (2.1%) 6 (2.0%)

77 0 (0.0%) 0 (0.0%) 0 (0.0%) 0 (0.0%) 1 (0.3%) 0 (0.0%)

78 0 (0.0%) 0 (0.0%) 0 (0.0%) 0 (0.0%) 1 (0.3%) 1 (0.3%)

81 0 (0.0%) 0 (0.0%) 0 (0.0%) 0 (0.0%) 3 (0.8%) 4 (1.3%)

(c)

HIV positive females HIV positive males Healthy renal donors

HLA DR TB neg. F TB pos. F TB neg. M TB pos. M Females Males

n = 88 n = 30 n = 59 n = 61 n = 376 n = 306

1 5 (5.7%) 3 (10.0%) 6 (10.2%) 5 (8.2%) 17 (4.52%) 19 (6.21%)

3 0 (0.0%) 0 (0.0%) 1 (1.7%) 0 (0.00%) 9 (2.39%) 9 (2.94%)

4 20 (22.7%) 5 (16.7%) 17 (28.8%) 13 (21.3%) 39 (10.37%) 40 (13.07%)

7 22 (25.0%) 5 (16.7%) 8 (13.6%) 11 (18.0%) 72 (19.15%) 44 (14.38%)

8 3 (3.4%) 0 (0.0%) 1 (1.7%) 7 (11.5%) 3 (0.80%) 8 (2.61%)

9 0 (0.0%) 0 (0.0%) 1 (1.7%) 1 (1.6%) 0 (0.00%) 5 (1.63%)

10 11 (12.5%) 3 (10.0%) 9 (15.3%) 11 (18.0%) 36 (9.57%) 24 (7.84%)

11 9 (10.2%) 3 (10.0%) 6 (10.2%) 9 (14.8%) 20 (5.32%) 25 (8.17%)

12 3 (3.4%) 1 (3.3%) 4 (6.8%) 2 (3.3%) 14 (3.72%) 17 (5.56%)

13 13 (14.8%) 6 (20.0%) 12 (20.3%) 10 (16.4%) 47 (12.50%) 22 (7.19%)

14 20 (22.7%) 4 (13.3%) 11 (18.6%) 10 (16.4%) 34 (9.04%) 23 (7.52%)

15 47 (53.4%) 17 (56.7%) 26 (44.1%) 26 (42.6%) 105 (27.93%) 98 (32.03%)

16 4 (4.5%) 2 (6.7%) 1 (1.7%) 0 (0.00%) 4 (1.06%) 5 (1.63%)

17 3 (3.4%) 1 (3.3%) 3 (5.1%) 7 (11.5%) 9 (2.39%) 10 (3.27%)

18 0 (0.0%) 1 (3.3%) 0 (0.0%) 0 (0.00%) 0 (0.00%) 3 (0.98%)
∗

Using Chi-square test, the significance of frequency distribution of various HLA alleles was compared between males and females of HIV subjects with and
with out TB as well as in healthy renal donors. The only significant observation noted was lower occurrence of TB in HLAB57 positive HIV infected women
(P = 0.0046).

and females with TB (6.66%; 2/30) showed no statistical
difference. However, the frequency distribution of HLA-
B∗57 in HIV positive, TB Negative females was 21.59%,
(19/88), significantly higher (P = 0.0046 with an Odds
Ratio of 3.80) than that in HIV positive TB negative males
(1.7%; 1/59). Thus the frequency distribution of HLA-B∗57
antigen among the HIV population was proportionately
more amongst women who did not develop TB as compared
to men who did not develop TB. In other words, the relative

risk (RR) of HIV positive HLA-B∗57 females developing TB
was significantly lower (0.26) as compared to males (4.07).
When calculated with Haldane-modified Woolf ’s formula
the RR of HIV positive HLA-B∗57 females developing TB
was significantly lower (0.31) as compared to males (3.87).

3.5. CD4 Counts. The CD4 counts were estimated in 227
subjects (115 females and 112 males) and ranged from 2 to
1155 /μL. In 11 HIV positive subjects (3 females and 8 males)
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CD4 counts were not estimated. Overall females had higher
CD4 counts than males with 26 females and 14 males having
CD4 counts >500/μL, 66 females and 57 males from 200 to
500/μL, and 23 females and 41males <200/μL. HIV positive
individuals with TB had lower CD4 counts than HIV positive
individuals without TB.

3.6. CD4 Counts in Subjects with HLA-B∗57. Amongst the
TB positive HLA-B∗57 subjects, CD4 counts in 2 females
were <200/μL while in 3 out of 4 males they were from 201
to 500/μL and >501/μL in 1out of 4 males. Amongst the
TB negative HLA-B∗57 subjects, CD4 counts in 1 out of 19
females were less than 200/μL, from 201 to 500/μL in 7 out
of 19 females, and >501 μL in 11/19 females. The lonly HLA-
B∗57 male who was TB negative had a CD4 count of 374/μL.
Overall CD4 counts in the HLA-B∗57 females were higher
than those in HLA-B∗57 males.

4. Discussion

Several studies in different ethnic populations have noted
associations between HLA alleles and HIV infection disease
progression to AIDS. These studies have demonstrated that
the host immune response to HIV infection is influenced
by the MHC repertoire of the individual. While some HLA
alleles notably HLA-B57 and HLA-B27 were associated with
favourable outcomes, others including HLA-B35 and HLA-
B22 were associated with unfavourable outcomes [6–9].
Of the many alleles implicated, HLA-B57 has presented
a remarkably consistent protective effect in HIV positive
individuals in various ethnic populations of the world
resulting in low viremia, high CD4 counts, and a Long-
Term Nonprogressor (LTNP) state [10, 11]. Both innate and
adaptive protective immune mechanisms play a part in Long-
Term Nonprogressors, mediated by Cytotoxic T Lymphocyte
(CTL) and Natural Killer (NK) cell responses in the context
of HLA alleles. HLA B∗57-restricted HIV-1-specific CTL
responses and protective Killer Immunoglobulin-like Recep-
tor (KIR) alleles in combination with the HLA-B∗57 alleles
have been demonstrated in LTNPs [12–14]. Other related
HLA genes have been shown to contribute to the protective
effect mediated by sharing of HLA-B57/B58-restricted CTL
epitopes [15, 16]. Several studies have noted that there is
significant correlation between HIV-1-specific CD8 T-cell
proliferation and HIV replicative capacity, resulting in low
viral load and therefore slower progression [17–19]. A study
in France in an HIV-1 cohort of slow and rapid progressors
found among others an association of HLA DR11 with rapid
progression but only among women [7]. While some studies
have noted a slower disease progression but a higher rate of
death in HIV positive women than in men [20], others have
noted a faster disease progression to AIDS [21].

Several studies have also investigated the possible role
of HLA alleles in the incidence and progression of TB.
For instance, some studies from India and other countries
have reported different HLA alleles that are associated with
incidence and progression of TB [6, 22–24], particularly
the association of DRB∗1501 with advanced disease and
failure to respond to drug therapy. Other studies from

India and elsewhere have noted a lower incidence of TB
disease among adult females than in adult males, compared
to children and adolescents. Smoking has been implicated
in the increased incidence of TB among men and gender
inequalities and socioeconomic factors for the differences
in the epidemiology of TB, HIV, and other diseases in men
and women [25–29]. Nevertheless biological factors also
have been seen to be associated with the gender differences
of these diseases. All these studies have contributed to the
better understanding of the possible role of HLA genes
in HIV disease progression and/or occurrence of TB in
the population. However none of them have addressed
the important aspect of HIV-TB coinfections. Since TB is
one of the common opportunistic infections encountered
in HIV infected subjects, studying the possible role of
host genetic elements involved in the occurrence of TB is
critical. Therefore, in this study we undertook HLA typing
in a cohort of HIV infected individuals with and without
TB to investigate whether host genetics would explain the
paradoxical clinical observation of absence of TB amongst
HIV infected subjects in South India.

In our HIV positive study population, the incidence of
TB among females was significantly lower than in males.
Although there was a higher incidence of TB among the men
who reported tobacco use (23/45 TB positive males and data
related to smoking was unavailable in the remaining 16 TB
positive males), it was not statistically significant. Therefore,
smoking alone cannot explain the higher incidence of TB
among the men in our study. The present study on HLA
association in an Indian HIV positive cohort confirms the
LTNP protective effect of HLA-B57, which has been reported
in various parts of the world [9–14]. The proportion of
HIV positive females with HLA-B∗57 who did not develop
TB in our study was significantly high (P = .0046).
This observation assumes greater significance given that
the male-to-female ratio in the HIV positive cohort was
comparable (50.4% males to 49.6% females). The females
with HLA-B∗57 also possessed higher CD4 counts. It is
possible that this may be indicative of HLA-B∗57 having a
protective effect in females with HIV and slower progression
of HIV disease. Yet, this protective influence of HLA-
B∗57 was not clearly apparent in the male HIV positive
individuals. Hormonal influence on noninfectious diseases
like cardiovascular disorders is known. But some studies on
HIV disease progression, including our own, are suggestive
of hormone-mediated adaptive immune responses in the
control of infectious diseases [9]. Alternatively, the higher
CD4 counts in females may be because of the lower rates
of TB in HIV positive women noted in this study, especially
because the duration of HIV infection is unknown in our
subjects.

Mutations in HIV-1 due to founder effects and HLA
class I-mediated immune mutations contribute to viral gene
diversity, which in turn may impact the HLA diversity at
the population level [30–32]. The HLA A1-B57 haplotype
is of greater frequency in the Indian population suggestive
of a possible survival advantage [33]. HLA-B∗57 is present
in a significant proportion of the population in India and
in our control sample it was 11.1% (data not presented).
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The HIV pandemic in India is still in a state of expansion.
In conclusion, this initial study highlights the association of
gender, presence of HLA-B∗57, and slow progression of HIV
infection. However, larger prospective studies are needed to
clearly define the role played by HLA mediated and other
non-HLA immune mechanisms for susceptibility (risk) or
protection which can be used for immunogenetic profiling,
risk assessment, therapeutic decisions, and for future vaccine
development and treatment.
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