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Abstract

Background

In India, TB and HIV co-infection remains as a serious public health problem. From 2006

onwards, the intensified TB-HIV collaborative activities are being jointly implemented by

National AIDS Control Programme (NACP) and Revised National TB Control programme

(RNTCP) at high HIV burden states.

Objectives

To determine (a) the predictors of outcome among a cohort of HIV-TB co-infected patients

after two years after initiation of ART treatment. (b) prognostic significance of time difference

between the initiation of ATT and ART in HIV-TB co-infected patients.

Methods

Patients registered at sixteen ART centres in Karnataka, from October through December

2009 formed the study cohort and were followed till December 2011.

Results

A total of 604 HIV-TB patients were registered. Follow-up (a) at the end of one year had

shown 63.6% (377)patients with unfavorable TB treatment outcomes (b) at the end of sec-

ond year, 55.6% (336)patients were alive on ART treatment. The variables male, smear

negative TB, CD4 count less than 50cells per cumm and unfavorable TB outcome were sig-

nificantly associated with unfavorable ART treatment outcome.

Conclusions

The programmes need to review the existing strategies and strengthen HIV-TB collaborative

activities for timely treatment initiation with intensive monitoring of HIV-TB patients on treatment.
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Introduction
In high TB burden countries like India, tuberculosis and HIV pose to be a serious public
health problem. HIV augments the progression of latent TB to active TB, relapse and death
[1] Certainly, TB is the commonest cause of mortality among people living with HIV
(PLHIV).[2] India accounts for 10% of total HIV-TB cases globally. [3] To combat and
control the co-infection a strategy of intensified case finding is adopted by the country. It
includes the routine screening of TB patients for HIV at integrated counseling and testing
centres (ICTCs) and anti-retroviral centres (ART). For those patients who are reactive to
HIV- care, support and treatment is provided at ART centres. Since 2011, the National
TB-HIV collaborative activities are implemented vigorously to enhance early initiation of
ART in HIV infected TB patients.

Though, systems are in place to provide ART services for diagnosed HIV-TB patients,
there is a substantial gap in the knowledge about socio-demographic and clinical factors
associated with poor treatment outcomes. The relevance to bridge this gap is extremely
important as it drives the programme to adopt suitable strategies that vouch for better treat-
ment outcomes. Hence, we conducted this study to determine the outcomes and explore the
predictors for outcome among a cohort of HIV-TB co-infected patients registered at ART
centers.

Though, many prospective studies have evaluated the optimal time for initiating ART in
HIV-TB co-infected patients and have demonstrated reduced mortality among early ART initi-
ators;[4] there lacks a clarity about the timing for ART initiation in HIV-TB co-infected
patients that impacts clinical outcomes under routine programme settings. We intend to study
the effects of time difference between the initiation of ATT and ART on all-cause mortality in a
cohort of HIV-TB co-infected patients.

Methodology
A retrospective cohort study was conducted in the state of Karnataka, south India. The state of
Karnataka is one of the high HIV burden state in the country with adult HIV prevalence
exceeding 1% in some districts of the state.[1] The intensified TB-HIV collaborative activities
that includes screening of all TB patients for HIV and screening all HIV patients for TB is
being implemented in the state from 2006 onwards. All patients found to be HIV-TB co-
infected are referred to ART centre where the CD4 cell count are evaluated. Patients with
CD4 count below 350 cells per cumm, were initiated on ART treatment else they were given
cotrimoxazole prophylaxis therapy (CPT) and monitored at regular intervals. All the HIV-TB
co-infected patients eligible for ART were enrolled and treatment was provided regularly on a
monthly basis for their lifetime.

To ensure smooth implementation of the Revised National TB Control Programme
(RNTCP) the Karnataka state is divided into 129 tuberculosis units (one tuberculosis unit is
the functional reporting unit of RNTCP for every 0.5 million population) with 641 Designated
Microscopy Centers (DMC) (the sputum microscopy centre for 0.1 million population). The
National AIDS Control Programme (NACP) has 565 Integrated Testing and Counseling Cen-
tres (ICTCs), 1050 facility integrated ICTCs (FICTCs) and 49 ART centers in the state. These
centres maintain the details of patients undergoing HIV counseling and testing; those found to
be HIV positive are referred to the nearest ART center for further evaluation and management.
At ART centres, patients are registered and then undergo basic investigations including CD4
count; if found eligible according to the NACP guidelines they were initiated on treatment.
During the study period, ART centers followed the 2009 NACP guidelines for treatment initia-
tion.[3]
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Study population, sampling and sample size
The study was conducted at 16 ART centres of Karnataka, south India. The ART centres were
selected randomly from four geographical regions of the state. Centres which were established
before 2007 and with established referral mechanisms were selected for the study. All HIV-TB
patients registered during the period October to December 2009 were included in the study
and were followed up to two years from the point of treatment initiation i.e., till December
2011. There were 704 eligible HIV-TB patients registered and initiated on ART at these centers.
Based on the completeness of the records maintained in the registers 604 patients were
included in the study.

Sources of data and data analysis
The details of patients initiated on treatment were collected from the ART registers at ART
centres. The ART registers are regularly updated by the ART staff. Death ascertainment was
done through routine monthly field visits by the ART staff with the help of local health work-
ers. The health care workers during their routine home visits enquire about the cause of death
and report it to the medical officer who confirms the cause of death. The TB registers were also
referred to validate the TB cases in ART registers. Variables like age, sex, type of TB treatment,
category of TB treatment, date of starting ART treatment, date of starting anti-TB treatment
(ATT), CD4 cell count and treatment outcome of the patient were collected in a data collection
proforma by the trained health workers.The data entry was done in Microsoft excel sheet and
the data was analyzed using Epi-info (version 3.5.4) and Epi-data software (version 2.2.2.182).
Chi-square test was used to look at the association of socio-demographic and clinical variables
with treatment outcomes. Multivariate logistic regression was used to determine the predictors
of unfavorable outcomes after adjusting for confounder variables. Survival probability by
month of treatment was determined by the Kaplan-Meier method. Cox proportional regression
was used to calculate Hazard Ratios for mortality.

Operational definitions
“Favourable TB treatment outcomes” included patients who were cured or treatment com-
pleted while “Unfavourable TB treatment outcomes” included those who had failed treatment,
loss to follow-up, died and transferred out while on treatment. “Favourable ART treatment”
included patients who were alive and on ART while “Unfavourable ART treatment” included
those died, loss to follow-up, migrated, stopped treatment or transferred out while on
treatment.

Our study is an operational research study based on the review of existing records and
reports under programmatic settings. Hence, we did not seek Institutional Ethics approval.
The permission from the concerned higher authorities like the Karnataka State AIDS Preven-
tion society (KSAPS) and State TB cell, Karnataka was obtained for the conduct of the study.
As per the NACP policy, all patients attending ICTCs are counseled by professionally trained
counselors, and informed consent for the same is obtained from the patients during the first
counseling. NACP field staff routinely follows the HIV patients on regular basis. In this study,
the records and reports from the HIV registers and treatment cards maintained at the ART
centres and the specific data focusing the study objectives were analysed. All patients in the reg-
ister were given unique identification number and subsequently unique identification numbers
were used for data analysis. The patient data was anonymized and no author involved in the
study has access to identify patient information at any point of time. The participants had pro-
vided their written informed consent for HIV screening and in case of minors consent was
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obtained from the caretakers. All the participants had signed the consent form for the same
which is as per the NACO guidelines.

Results
A total of 704 HIV-TB co-infected patients were registered at ART centres and 604 of them
with complete records were included in the study; they were followed for a period of 24
months. There were no baseline differences in key demographic and clinical variables between
the patients who were included and those who were excluded from the study due to missing
data. (Table 1) The characteristics of HIV-TB co-infected patients eligible for ART registered
at 16 ART centres in the state of Karnataka during October to December 2009 are shown in
Table 2. Majority of patients were males (65%), married (68%), smear positive TB (50.5%) and
initiated on Category I ATT regimen (86.6%). About 64% of the patients had unfavorable TB
treatment outcomes and only 10% of patients had CD4 count at registration above 350 cells
per cumm. (Table 2)

A total of 336 (55.6%) patients were alive and on ART after a two year follow up. At the end
of first year, there were 65% deaths, 30% loss to follow-up and 15% had stopped treatment.
(Fig 1)

Multivariate logistic regression showed that male sex (1.7, CI = 1.1–2.7), smear negative TB
(2.0, CI = 1.2–3.2), CD4 count less than 50 cells per cumm (3.7, CI = 1.1–12.8) and unfavour-
able TB outcome had (6.1, CI = 3.9–9.8) significantly higher risk of unfavourable treatment
outcome after a two year follow up. (Table 3)

Effects of time interval between the initiation of ART and TB treatment on
all-cause mortality
Table 4 shows the time interval between the initiation of ART and ATT. The variables age, sex,
TB treatment outcome, type of TB, category of TB treatment and immunological response to
ART is significantly associated with the time interval between the initiation of ART and TB
treatment. More than double deaths were reported among patients where ART was started
after ATT treatment compared to those who were on ART treatment before ATT. (Table 5)

Table 1. Comparison of demographic and clinical characteristics of HIV-TB co-infected patients who were included and excluded from the study
due to missing data(N = 704).

Characteristics Excluded from the study N(%) Included in the study N (%) p-value

Age group (in years)

0–14 4 (4.0) 20(3.3) 0.9

15–44 76 (76.0) 478(79.1)

45–59 18 (18.0) 91(15.1)

Unfavorable Favorable

60 and above 2 (2.0) 15(2.5)

Sex

Male 67 (67.0) 395(65.4) 0.8

Female 33 (33.0) 209(34.6)

Type of TB

Smear positive 62 (62.0) 305(50.5) 0.1

Smear negative 24 (24.0) 190(31.5)

Extrapulmonary 14 (14.0) 109(18.0)

Total 100 604

TB = Tuberculosis; HIV = Human Immunodeficiency Virus.

doi:10.1371/journal.pone.0138603.t001
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We evaluated the prognostic significance of the time interval between the initiation of ART
and the initiation of TB therapy in cox proportional hazards analysis of all cause mortality.
There were 140 deaths reported during 784 person years of followup [an incidence of 17.8 per
100 person years; 95% confidence interval (CI) 12.8–21.7]. Patients with early ART, delayed

Table 2. Characteristics of TB-HIV co-infected patients with favorable and unfavorable ART outcomes registered at 16 ART centres in Karnataka
registered during Oct-Dec 2009(N = 604).

Unfavorable Favorable
Characteristics Outcome N(%) Outcome N(%) Total p-value

(n = 268) (n = 336)

Age

0–14 8 (3.0) 12 (3.6) 20(3.3) 0.95

15–44 214 (79.9) 264 (78.5) 478(79.1)

45–59 39 (14.5) 52 (15.5) 91(15.1)

60 and above 7 (2.6) 8 (2.4) 15(2.5)

Sex

Male 197 (73.5) 198 (58.8) 395(65.4) <0.001

Female 71 (26.5) 138 (41.2) 209(34.6)

Type of TB

Smear positive 145 (54.1) 161 (47.8) 306(50.5) 0.21

Smear negative 74 (27.6) 115 (34.3) 189(31.5)

Extra pulmonary 49 (18.3) 60 (17.9) 109(18.0)

Category of TB treatment

Cat 1 232 (86.6) 291 (86.6) 523(86.6) 0.28

Cat 2 23 (8.6) 29 (8.6) 52(8.6)

Cat 3 0 (0) 4 (1.2) 4(0.7)

Non-DOTS 13 (4.8) 12 (3.6) 25(4.1)

Marital status

Divorced 7 (2.6) 10 (3.0) 17(2.8) 0.05

Married 183 (69.1) 228 (68.0) 411(68.3)

Unmarried 40 (15.1) 32 (9.6) 72(12.2)

Widow/Widower 35 (13.2) 65 (19.4) 100(16.7)

TB treatment outcome

Favorable 43 (16.3) 174 (52.4) 217(36.4) <0.001

Unfavorable 220 (83.7) 157 (47.6) 377(63.6)

CD4 count at registration

< 50 44 (16.4) 38 (11.3) 82(13.6) 0.06

50–200 150 (56.0) 187 (55.5) 337(55.6)

200–350 55 (20.5) 69 (20.6) 124(20.7)

>350 19 (7.1) 42 (12.5) 61(10.1)

CD4 count at 12 months

< 50 4 (1.5) 10 (3.0) 14(2.3) <0.001

50–200 19 (7.0) 50 (14.9) 69(11.4)

200–350 31 (11.6) 82 (24.5) 113(18.7)

>350 214 (79.9) 194 (57.6) 408(67.5)

Initiation of ART and ATT

ART after ATT 185 (69.0) 220 (65.4) 405(67.0) 0.18

ART before ATT 83 (31.0) 116 (34.6) 199(33.0)

ART = Anti-Retroviral Therapy; TB = Tuberculosis; HIV = Human Immunodeficiency Virus; ATT = Anti-Tubercular Treatment

doi:10.1371/journal.pone.0138603.t002
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ART and TB diagnosed while on ART had a mortality risk of 19.3, 12.0 and 17.6 per 100 person
years respectively. The interval between the initiation of ART and the initiation of TB therapy
did not have a significant impact on all-cause mortality in the multivariate cox regression
model. Smear negative TB and CD4 count less than 50 cells per cumm are significantly associ-
ated with all-cause mortality among HIV-TB co-infected patients. (Table 6)

Discussion
We report for the first time, the ART treatment outcomes and their predictors in a large
HIV-TB cohort in India.The results are of practical importance to a country like India which
has 2.1 million HIV patients and accounts for highest TB burden in the world (23% of the
world’s incident TB cases).[2][5] The study findings has following programmatic implications.

First, although the timing of initiation of ART was not associated with treatment outcome
and mortality rate; the proportion of patients who died after two years was twice among
patients where ART was started after ATT treatment compared to those who were on ART

Fig 1. Cumulative plot showing the treatment outcomes of HIV-TB patients after two years of
treatment initiation.

doi:10.1371/journal.pone.0138603.g001

Table 3. Adjusted OR from forward conditional multivariable logistic regression to determine factors
associated with unfavourable treatment outcome among HIV-TB co-infected patients initiated on ART
at 16 ART centres in Karnataka registered during Oct-Dec 2009.

Characteristics Adjusted OR (95% CI) p-value

Male sex 1.7 (1.1–2.7) 0.02

Type of TB

Smear positive 1.5 (0.85–2.6) 0.16

Smear negative 2.0 (1.2–3.2) 0.005

Extra-pulmonary Reference Reference

CD4 count at 12 months

<50 3.7 (1.1–12.8) 0.03

50–200 2.6 (1.4–5.0) 0.004

200–350 2.4 (1.4–4.2) 0.002

>350 Reference Reference

Unfavorable TB outcome 6.1 (3.9–9.8) <0.001

CI = Confidence Interval; OR = Odds Ratio; ART = Anti-Retroviral Therapy; TB = Tuberculosis;

HIV = Human Immunodeficiency Virus

doi:10.1371/journal.pone.0138603.t003
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treatment before ATT. It perhaps indicates that there would have been a delay in the diagnosis
of HIV and the patients could be reluctant to seek health care till they develop the symptoms of
tuberculosis while being the late presenters to the health system. Currently, the TB services are
mostly decentralized and integrated into the general health system while HIV services remain
largely centralized. The gap in infrastructure between the TB and HIV programme might have
led to suboptimal linkages.

Second, HIV-TB patient with unfavorable TB outcome has six times risk of having an unfa-
vorable ART outcome and nine times risk for all-cause mortality at the end of two years. It was
also significantly associated with the time interval between initiation of ART and ATT. In bio-
logical perspective, development of TB is associated with increased HIV-1 replication. Both
HIV-1 load and heterogeneity appear to be affected by tuberculosis infection.[6] Unfavorable
TB outcome leads to persistence of TB infection for a longer period in the body leading to
poorer outcomes. CD4 count less than 50 cells per cumm has 3–4 times risk of unfavorable
outcome and poorest survival probability after two years. It is significantly associated with all-
cause mortality among HIV-TB co-infected patients which is consistent with other studies.[7]
[8][9][10] Shafer et al has demonstrated that CD4 count was the only independent predictor of
survival among HIV-TB co-infected patients.[11] Smear negative TB was also associated with
mortality among HIV-TB co-infected patients in contrast to other studies which showed either
no association or association of smear positive or extra-pulmonary TB with mortality.[8][9]
The association to smear negative TB could be attributed to late presentation to the health sys-
tem that may unmask the smear positive signs and symptoms.

We presume the shortcomings can be addressed in following ways (a) intensifying commu-
nity awareness regarding early health care seeking behavior among people with symptoms of
HIV/AIDS and TB. (b) accessibility issues in terms of diagnosis and treatment have to be
addressed which might prevent patients presenting ‘too late’. Mechanisms should be in place
to provide access to HIV testing and ART services at the TB treatment sites itself to avoid delay
in ART initiation. (c) appropriate newer TB diagnostic tools to be made to reduce the diagnos-
tic and treatment delays linked to smear negative pulmonary TB and through simpler and
more efficient TB diagnostic tools for use in resource limited settings. Even for smear positive
TB and HIV co-infected patients sputum smear microscopy is not a sensitive tool to diagnose
TB and the HIV patients should be provided an access to a culture based diagnosis preferably
liquid culture technology or equivalent technology. (d) the health care settings frequented by

Table 4. Time interval between the initiation of antiretroviral therapy (ART) and the initiation of tuber-
culosis (TB) treatment among HIV-TB co-infected patients (n = 602)*.

Time between initiation of ART and initiation of TB treatment (days) N (%)

ART before ATT 191 (31.7)

0–60 97 (50.8)

61–180 27 (14.1)

181–365 34 (17.8)

>365 33 (17.3)

ART after ATT 411 (68.3)

0–60 288 (70.1)

61–180 81 (19.7)

181–365 38 (9.2)

>365 4 (1.0)

* timing of initiation of ART and ATT was missing for 2 patients

doi:10.1371/journal.pone.0138603.t004
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high numbers of HIV-infected persons, it becomes necessary to implement airborne infection
control measures. Simple administrative and environmental measures aimed at reducing expo-
sure of HIV-infected patients to M. tuberculosis bacilli will be worthwhile.(e) WHO recom-
mended isoniazid preventive therapy (IPT) should be implemented as a policy for prevention

Table 5. Characteristics of patients with HIV-TB co-infection, by antiretroviral therapy (ART) initiation category.

Characteristics ART before ATT ART after ATT <60 days ART after ATT >60 days Total p-value

TB treatment outcome

Cured 55 (28.9) 70 (24.3) 34 (29.8) 159 (26.9) 0.01

On treatment 29 (15.3) 23 (8.0) 5 (4.4) 57 (9.6)

Death 33 (17.4) 60 (20.8) 15 (13.2) 108 (18.2)

Default 11 (5.8) 19 (6.6) 6 (5.3) 36 (6.1)

Treatment complete 62 (32.6) 116 (40.3) 54 (47.4) 232 (39.2)

Transferred out 0(0.0) 0 (0.0) 0 (0.0) 0 (0.0)

Total 190 288 114 592

Sex

Male 132 (69.1) 195 (67.7) 69 (56.1) 396 (65.8) 0.04

Female 59 (30.9) 93 (32.3) 54 (43.9) 206 (34.2)

Total 191 288 123 602

Age in years

0–14 0 (0.0) 11 (3.8) 9 (7.3) 20 (3.3) 0.002

15–44 158 (82.7) 229 (79.5) 89 (72.4) 476 (79.1)

45–59 32 (16.8) 37 (12.8) 22 (17.9) 91 (15.1)

>59 1 (0.5) 11 (3.8) 3 (2.4) 15 (2.5)

Total 191 288 123 602

Type of TB

Smear positive 110 (57.6) 134 (46.5) 59 (48.0) 303 (50.3) 0.01

Smear negative 42 (22.0) 108 (37.5) 43 (35.0) 193 (32.1)

Extra pulmonary 39 (20.4) 46 (16.0) 21 (17.1) 106 (17.6)

Total 191 288 123 602

Category of TB treatment

Cat 1 155 (81.2) 267 (92.7) 98 (79.7) 520 (86.4) 0.002

Cat 2 23 (12.0) 14 (4.9) 16 (13.0) 53 (8.8)

Cat 3 1 (0.5) 2 (0.7) 1 (0.8) 4 (0.7)

Non-DOTS 12 (6.3) 5 (1.7) 8 (6.5) 25 (4.2)

Total 191 288 123 602

Immunological response at 12 months after ART

CD4 count decreased <100 5 (4.6) 11 (8.3) 7 (9.9) 23 (7.4) 0.017

CD4 count decreased >100 3 (2.8) 5 (3.8) 9 (12.7) 17 (5.4)

CD4 count increased 101 (92.7) 116 (87.9) 55 (77.5) 272 (87.2)

Total 109 132 71 312

Treatment outcome at the end of two years

Alive and on ART 116 (60.4) 154 (53.1) 66 (54.1) 336 (55.6) 0.25

Death 42(21.9) 76(26.2) 22(18.0) 140(23.2)

LFU 27(14.1) 39(13.5) 25(20.5) 91(15.1)

Stopped treatment 2(1.0) 7(2.4) 4(3.3) 13(2.1)

Transferred out 5(2.6) 14(4.8) 5(4.1) 24(4.0)

Total 192 290 122 604

doi:10.1371/journal.pone.0138603.t005
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of incident TB among HIV infected patients. These above measures may decrease the transmis-
sion of TB and help the programme to ensure timely detection of TB and initiation of ATT.

Third, earlier trials have shown that early ART initiation (less than 2 weeks of ATT)
improved survival in HIV-TB co-infected patients.[12][13][14] However, in our study the
overall mortality of patients with TB in whom ART was initiated early was not significantly dif-
ferent from those patients with delayed ART initiation. Our findings are also consistent with
another large observational database which reported a non-significant impact of delayed ART
initiation among HIV-TB co-infected patients on mortality.[4] The primary endpoint of the
global STRIDE study demonstrated the benefit of early ART initiation among patients with
CD4 cell counts less than 50 cells per cumm, however the primary endpoint was new AIDS-
defining illness or death.[12]

Operationally, we have defined early ART with a cut-off of 60 days, although previous stud-
ies have used different cut-offs such as 90 days.[4] The comparison of outcomes between 60
and 90 days, were similar with regard to the hazard ratios for death (data not shown).

Fourth, among those who were initiated on ART before starting on ATT, a significant pro-
portion of patients (51%) had ART started within 60 days before ATT initiation. Such cases
could be due to unmasking of latent TB i.e., TB-IRIS. Luetkemeyer et al. demonstrated

Table 6. Cox proportional hazards analysis of all-causemortality among HIV-TB co-infected patients.

Variable Follow up (person-years) Deaths Unadjusted HR p-value Adjusted HR p-value

Sex

Male 584 102 0.9 (0.7–1.1) 0.13 0.9 (0.6–1.4) 0.65

Female 301 38 1.0 1.0

Time interval between ART and ATT initiation

ART before ATT 238 42 1.0 − −

ART after ATT < 60 days 393 76 1.1 (0.7–1.6) 0.65 − −

ART after ATT > 60 days 153 22 0.78 (0.4–1.3) 0.37 − −

Type of TB

Smear positive 379 81 1.3 (0.7–2.4) 0.4 1.3 (0.7–2.3) 0.4

Smear negative 272 40 2.2 (1.2–3.8) 0.008 2.6 (1.5–4.8) <0.001

Extra-pulmonary 135 19 1.0 1.0

Age group in years

0–14 23 5 2.0 (0.5–8.2) 0.36 − −

15–44 629 111 1.4 (0.4–4.4) 0.57 − −

45–59 112 20 1.4 (0.4–4.8) 0.57 − −

>59 21 4 1.0 − −

CD4 count at registration

CD4 count <50 116 36 3.1 (1.4–7.1) 0.006 3.4 (2.2–6.4) <0.001

CD4 count 50–200 450 74 1.7 (0.8–3.7) 0.19 1.5 (0.7–3.4) 0.3

CD4 count 200–350 148 23 1.4 (0.6–3.3) 0.44 1.2 (0.5–2.9) 0.7

CD4 count >350 71 7 1.0

Marital status

Divorced 17 7 1.8 (0.7–4.8) 0.25 − −

Married 541 94 1.0 (0.6–1.6) 0.88 − −

Unmarried 99 16 1.1 (0.6–2.2) 0.71 − −

Widow/Widower 121 21 1.0 − −

ART = Anti-Retroviral Therapy; TB = Tuberculosis; HIV = Human Immunodeficiency Virus; ATT = Anti-Tubercular Treatment; HR = Hazards Ratio

doi:10.1371/journal.pone.0138603.t006
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increased risk of TB IRIS among those with very low CD4 cell counts of less than 50 cells per
cumm thus necessitating screening thoroughly for TB before starting ART among patients
with low CD4 count. [15]

Fifth, an important assumption of survival analysis is that the censored patients are consid-
ered to have survival prospects similar to the participants who continued to be followed up.
We found that the patients who were lost to follow up were similar (p>0.05) to those who
could be followed up in terms of their CD4 count, type of TB, category of TB and timing of ini-
tiation of ATT and ART which are the possible factors determining treatment outcomes as
reported in this study. (data not shown) Thus, we can confidently opine that the participants
who were drop out in the study did so due to reasons unrelated to the study and had similar
survival prospects compared to those who could be followed up and thus satisfies the assump-
tion of non-informative censoring.

The strengths of this study is that a large cohort of HIV-TB co-infected patients were stud-
ied, deaths were ascertained, the loss to follow up was minimal and the data was from a pro-
gramme setting which reflected the operational reality on the ground.The following were the
limitations of the study (a) observational nature of the data and the retrospective collection of
data (b) other associated co-morbid factors for death in patients were not studied (c) the aver-
age CD4 count of cohort at different points of time were taken into consideration as the CD4
cell counts for quite a number of patients were not done or not recorded (d) only those
TB-HIV co-infected patients who were registered at the ART centers were studied; there would
have been a number of HIV-TB co-infected patients who were diagnosed and did not access
the ART services during this period. (e) there is ample scope in this study to follow up the
cohort of patients for next two years as there is sparse evidence of such findings under pro-
grammatic settings.

Conclusion
The programmes needs to urgently review the existing strategies and strengthen HIV-TB col-
laborative activities for timely treatment initiation with intensive monitoring of HIV-TB
patients on treatment.
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