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Rationale: The outcome of fully intermittent thrice-weekly antitu-
berculosis treatment of various durations in HIV-associated tuber-
culosis is unclear.
Objectives: To compare the efficacy of an intermittent 6-month
regimen (Reg6M: 2EHRZ3/4HR3 [ethambutol, 1,200 mg; isoniazid,
600mg; rifampicin,450or600mgdependingonbodyweight ,60or
>60 kg; and pyrazinamide, 1,500 mg for 2 mo; followed by 4 mo of
isoniazid and rifampicin at the same doses]) versus a 9-month
regimen (Reg9M: 2EHRZ3/7HR3) in HIV/tuberculosis (TB).
Methods: HIV-infected patients with newly diagnosed pulmonary or
extrapulmonary TB were randomly assigned to Reg6M (n 5 167) or
Reg9M (n 5 160) and monitored by determination of clinical, immu-
nological, and bacteriological parameters for 36 months. Primary
outcomes included favorable responses at the end of treatment and
recurrences during follow-up, whereas the secondary outcome was
death. Intent-to-treat and on-treatment analyses were performed. All
patients were antiretroviral treatment–naive during treatment.
Measurements and Main Results: Of the patients, 70% had culture-
positive pulmonary TB; the median viral load was 155,000 copies/ml
and the CD41 cell count was 160 cells/mm3. Favorable response to
antituberculosis treatment was similarby intent to treat (Reg6M,83%
and Reg9M, 76%; P 5 not significant). Bacteriological recurrences
occurred significantly more often in Reg6M than in Reg9M (15 vs. 7%;
P , 0.05) although overall recurrences were not significantly different
(Reg6M, 19% vs. Reg9M, 13%). By 36 months, 36% of patients
undergoing Reg6M and 35% undergoing Reg9M had died, with no
significant difference between regimens. All 19 patients who failed
treatment developed acquired rifamycin resistance (ARR), the main
risk factor being baseline isoniazid resistance.
Conclusions: Among antiretroviral treatment–naive HIV-infected pa-
tients with TB, a 9-month regimen resulted in a similar outcome at the
end of treatment but a significantly lower bacteriological recurrence
rate compared with a 6-month thrice-weekly regimen. ARR was high
with these intermittent regimens and neither mortality nor ARR was
altered by lengthening TB treatment.
Clinical Trials Registry Information: ID# NCT00376012 registered
at www.clinicaltrials.gov.

Keywords: tuberculosis; HIV; short-course chemotherapy; recurrence;

acquired rifamycin resistance

Tuberculosis (TB) and HIV are the two leading infectious causes
of death worldwide. TB, the commonest and often the first op-
portunistic infection to occur among HIV-infected persons, is
associated with high mortality and morbidity (1–3). Current
recommendations for the treatment of HIV-associated TB are
similar to those for HIV-uninfected adults, using standardized
short-course chemotherapy regimens, but, in general, daily treat-
ment (at least in the intensive phase) is the preferred option (4, 5).
In fact, the American Thoracic Society and Centers for Disease
Control and Prevention recommendations were modified after
reports of acquired rifamycin resistance in patients with low
CD41 cell counts who received highly intermittent therapy in
the intensive phase (5). In India, the recommended treatment for
newly diagnosed smear-positive and seriously ill smear-negative
pulmonary TB (PTB) or extrapulmonary TB (EPTB), including
patients known to be HIV infected, is a fully intermittent thrice-
weekly short-course regimen (category I, 2EHRZ3/4HR3: etham-
butol, 1,200 mg; isoniazid, 600 mg; rifampicin, 450 or 600 mg
depending on body weight ,60 or >60 kg; and pyrazinamide,
1,500 mg for 2 mo; followed by 4 mo of isoniazid and rifampicin at
the same doses) (6). However, certain issues remain unanswered;
namely, the optimal length of treatment and the safety and
efficacy of using intermittent dosing of medications for HIV-
associated TB (7).

AT A GLANCE COMMENTARY

Scientific Knowledge on the Subject

There is limited information about the outcome of HIV-
infected patients with tuberculosis (TB) treated by short-
course intermittent (thrice-weekly) regimens, and the
efficacy of extending treatment to 9 months has not been
studied. Further, acquired rifamycin resistance has been
described with once- and twice-weekly TB treatment in the
presence of HIV-associated immunodeficiency, but limited
data are available on thrice-weekly regimens.

What This Study Adds to the Field

Our study shows that extending TB treatment to 9 months
instead of 6 months did not improve favorable outcome at
the end of treatment or mortality, but reduced bacterio-
logical recurrences over 30 months. A high rate of acquired
rifamycin resistance at the time of failure was noted irre-
spective of the length of treatment, with this thrice-weekly
fully intermittent regimen in patients with advanced HIV
disease, suggesting the need for daily treatment at least in
the intensive phase.
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Two previous studies using 6-month rifampicin-containing
regimens among HIV-infected patients have reported cure rates
at the end of treatment of 59 and 81%, respectively (8, 9).
Recurrence rates described in various studies have ranged from
3 to 20% (10–13). However, differences in study design, mea-
sured outcomes, and follow-up times as well as lack of strict
diagnostic criteria for TB recurrence suggest that these could be
underestimates (13).

Our own experience with a pilot study of patients with ad-
vanced HIV and TB treated with the category I regimen docu-
mented poor outcomes with a cure rate of 72% at the end of
treatment, a mortality rate of 35% and a TB recurrence rate of
39% during 2 years of follow-up (14). These patients were
treated under program conditions, had advanced HIV disease,
and no access to antiretroviral therapy (ART). We hypothe-
sized that in this situation, lengthening treatment duration for
TB would improve outcome by increasing cure and reducing
recurrences. We therefore undertook a randomized controlled
clinical trial to compare the efficacy of the standard 6-month
versus a 9-month intermittent antituberculosis treatment (ATT)
regimen among HIV-infected persons having pulmonary or ex-
trapulmonary (lymphadenitis or pleural effusion) tuberculosis.
Some of the results of these studies have been previously re-
ported in the form of an abstract (15).

METHODS

The study was an open label, parallel arm, randomized controlled clin-
ical trial conducted at the Tuberculosis Research Center (Chetput,
Chennai, India) clinics in Chennai and Madurai, southern India with
intake between February 2001 and September 2005. HIV-infected
patients with symptoms and signs suggestive of TB, aged 15 years or
above, not moribund and not pregnant were considered for enroll-
ment. Baseline investigations included a chest X-ray (posteroanterior
view), three sputum specimens (two overnight and one spot collec-
tion) for acid-fast bacilli (AFB) smear and mycobacterial culture and
pleurocentesis or fine needle aspiration cytology/biopsy of lymph
nodes when indicated. Sputum smears were stained with auramine–
rhodamine and examined by fluorescence microscopy, processed by
modified Petroff’s method, and cultured on Lowenstein-Jensen me-
dium (16). Positive cultures of Mycobacterium tuberculosis were
graded as 1–20 colonies, 11 (20–100 colonies), 21 (.100 discrete
colonies), or 31 (.100 colonies forming a confluent mass). Species
identification was done by high-performance liquid chromatography
and drug susceptibility tested by the minimal inhibitory concentration
method for isoniazid (H), rifampicin (R), and ethambutol (E) and by
the resistance ratio method for streptomycin (S) (17, 18). Cultures
were stored for subsequent DNA fingerprinting in the event of failure
or recurrence; this was done by three molecular methods: IS6110
analysis, mycobacterial interspersed repetitive unit-variable number
tandem repeat (MIRU-VNTR) typing, and spacer oligonucleotide
typing (spoligotyping). To avoid cross-contamination, extrapulmonary
and sputum samples were processed separately, and only one tube was
opened at a time with the remaining medium and specimen containers
kept at least 12 cm away from aerosol-generating activities. A sudden
increase in positive cultures, particularly among smear-negative sam-
ples with consecutive laboratory numbers, prompted a request for ad-
ditional DNA fingerprinting.

Chest X-rays were read by a panel of three doctors and a consensus
reading was determined. A tuberculin skin test was performed with 1
tuberculin unit of purified protein derivative of the RT23 strain (1 TU
PPD RT23) and read after 48–72 hours (19). HIV testing was offered
after pretest counseling by a trained social worker and after obtaining
written informed consent. National guidelines concerning HIV testing
(positive on three different tests) and related issues with respect to
informed consent and confidentiality issues were followed. Other blood
investigations included liver and renal function tests, plasma glucose,
CD41 cell count, viral load, and complete blood counts. The diagnosis
of pulmonary TB was based on a positive sputum smear or a radio-
graphic lesion persisting for more than 14 days after antibiotics.

Extrapulmonary TB was diagnosed on the basis of cyto/histopatholog-
ical (for lymph node) or biochemical (for pleural effusion) parameters,
with or without a positive AFB smear. Patients admitted on clinical
grounds were all retained in the trial and analyzed.

Patients diagnosed as having HIV and TB, and who met the
clinical and sociological eligibility criteria as well as laboratory
criteria of hemoglobin greater than 7 g/L, granulocyte count greater
than 1.1 3 109/L, platelet count greater than 100 3 109/L, serum
alanine aminotransferase concentration less than 2.5 times the upper
limit of normal, serum creatinine concentration less than 1.1 mg%,
and random blood sugar less than 140 mg/dl were enrolled. The
randomized allocation sequence was generated by a computer. Block
randomization was done, stratified by CD41 cell counts (.200
and <200 cells/mm3) and by smear grade (0, 11 and 21, 31). The
allocation codes, prepared by an independent statistician, were
concealed in sealed, opaque envelopes and opened at a site away
from the patient care facility. The study was approved by the
institutional ethics committee and written informed consent was
obtained from each patient.

Treatment and Follow-Up

All patients were treated with isoniazid (600 mg), rifampicin
(450/600 mg for body weight , or >60 kg), pyrazinamide (1,500 mg),
and ethambutol (1,200 mg), the same doses used in the national
program. Treatment was initiated using all four drugs for the first
2 months (intensive phase), following which patients were randomized to
receive either 4 or 7 months of H and R (same doses) in the continuation
phase. Drugs were prescribed for thrice-weekly administration through-
out. Hence, the two regimens used were Reg6M: 2EHRZ3/4HR3

and Reg9M: 2EHRZ3/7HR3. Patients were reviewed clinically every
month and three sputum specimens (two overnight and one spot) were
collected for smear and culture. Co-trimoxazole prophylaxis was given
to all patients with CD41 cell count less than 250 cells/mm3. Patients
were antiretroviral therapy naive at study entry and during TB
treatment.

Monitoring Treatment and Adherence

The taking of all doses in the intensive phase was directly observed by
study staff. During the continuation phase patients attended the clinic
once per week, when they took drugs under supervision. Two doses
were then handed over for self-administration and patients were
counseled and motivated to take them regularly. Treatment cards
were maintained by study nurses who signed when the patient took
drugs under their supervision. If the patient defaulted for treatment,
he/she was visited by a health visitor the same day. If he/she still did not
attend, they were visited by a social worker and then by a physician, in
that order. Attempts were made at each visit to understand the reason
for default and corrective action was undertaken.

Study staff made surprise visits to patients’ homes at least once in 15
days to do a pill count and to collect a urine sample for acetyl isoniazid
testing whenever possible. If extra medications were found at home,
this was recorded in the treatment card and counted as missed doses.
Adherence was calculated, taking into account the pill count and home
visit reports. If a patient complained of any symptoms, he/she was
asked to see the study physician, who completed an adverse event form
if indicated. Management, especially change of treatment as well as
retreatment for TB, was decided by a panel of doctors (any three of
S.S., G.N., I.S., S.R.K., P.A.M., and C.P.), statisticians, and bacteriol-
ogists who reviewed the case history and results of all the relevant
investigations. All patients were followed up for a period of 36 months
from study entry. Further details of methodology, investigations, and
laboratory procedures during treatment and follow-up are provided in
the online supplement.

Statistical Methods

The study was designed to test the hypothesis that the 9-month regimen
would be superior to the 6-month regimen and would reduce unfavor-
able outcomes (failure and recurrence) from 20 to 10%. The estimate
of 20% was obtained from a review of existing literature of short-
course treatment of HIV/TB at the time of protocol development (8, 9,
13). With 80% power and 5% significance and taking in to account
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a dropout of 10% per year, the number of patients required was
estimated to be 150 per arm.

The outcome of treatment was considered ‘‘favorable’’ if all avail-
able (n 5 6) sputum cultures were negative during the last 2 months of
treatment, for culture-positive pulmonary TB. For extrapulmonary and
culture-negative pulmonary TB, outcome was based on resolution of
symptoms and signs and regression of lymph nodes and/or radiographic
clearance, respectively.

Unfavorable outcomes during treatment included failure (bacte-
riological and clinical), death (all-cause mortality), and default
(.1 mo)—whichever occurred first. Bacteriological failure was defined as
at least two positive cultures during the last 2 months of treatment (at
least one with a grade of .11). Persistence or reappearance of
symptoms such as fever, weight loss, and cough with or without
radiographic deterioration prompted an evaluation of the case by
a panel of doctors. Any permanent change of anti-TB treatment
(including due to drug toxicity) was considered a ‘‘clinical failure.’’
Recurrences were similarly classified as bacteriological or clinical
based on sputum culture results. Recurrences were classified as
exogenous reinfection if two or more differences in bands/spots/peaks
were observed by any of the three genotypic methods used. An
increase in size of a lymph node or extent of radiographic involvement
without evidence of drug resistance or associated infection was called
a paradoxical reaction.

Analysis

Primary analysis was by intent to treat (ITT), and efficacy (on-
treatment) analysis was also performed (including only patients who
had received more than 80% of prescribed chemotherapy). Patients in
the two arms were compared for baseline demographic and laboratory
characteristics. The chi square test was used to compare proportions, a t
test (paired/unpaired) was used to compare means, and Wilcoxon’s test
was done to compare medians. Survival analysis was done by the
Kaplan-Meier method and the log-rank test was used to compare the
survival distribution. Univariate, followed by multivariate logistic
regression analysis using the stepwise backward elimination method,
was done to identify independent risk factors for acquired rifamycin
resistance during treatment.

RESULTS

Of 857 patients screened for suitability to study, 334 patients
(173 from Chennai and 161 from Madurai) were enrolled and
randomized to one of the study regimens. There were seven
exclusions after randomization: four patients had primary
multidrug-resistant (MDR) TB, one had Mycobacterium xen-
opi, and two initiated nevirapine-based ART during treatment
and had their TB regimen changed. The demographic profile of
the 327 patients included in the modified ITT analysis is shown
in Table 1 and that of 212 sputum culture–positive patients
included in the on-treatment analysis in Table E1 (in the online
supplement)—the subgroups analyzed separately had similar
profiles. Most patients presented with cough (78%), fever
(71%), and 42% had enlarged superficial lymph nodes. Two
hundred and twenty-seven patients had Mycobacterium tuber-
culosis isolated from sputum; for 220 drug susceptibility results
were available. Whereas 88% had organisms sensitive to all
first-line anti-TB drugs, H resistance was present in 23 patients
(10%) and E resistance in 13 patients (6%). Outcomes are
presented separately for patients with culture-positive, culture-
negative, and extrapulmonary TB (Figure 1) and also for
patients with isoniazid-susceptible and -resistant M. tuberculosis
at baseline (Table 2).

Intent-to-treat Analysis

Figure 1 shows the progression of cases from recruitment to end
of follow-up (36 mo). One hundred and thirty-eight of 167
patients (83%) in Reg6M and 122 of 160 (76%) in Reg9M had
a favorable outcome (risk ratio [RR], 1.08; 95% confidence
interval [95% CI], 0.97–1.21; P 5 0.15). Details of bacteriolog-
ical failures in the two regimens are provided in Table E2 (in
the online supplement) With ATT, patients improved clinically
and there was a statistically significant increase in body weight
and hemoglobin at the end of treatment, while the CD41 cell

TABLE 1. PRETREATMENT CHARACTERISTICS OF PATIENTS IN INTENT-TO-TREAT ANALYSIS

Characteristic of Study Subjects Reg6M (n 5 167) Reg9M (n 5 160)

Median age, years (IQR) 33 (29–38) 33 (29–39)

Median weight, kg (IQR) 44 (39–50) 44 (39–50)

Median CD41 cells/mm3 (IQR) 152 (80–304) 167 (88–280)

Median viral load, copies/ml (n 5 213) 94,300 (n 5 100) 168,000 (n 5 113)

Males, % 79 75

CD41 cell count ,200 cells/mm3, % 63 64

Mantoux >5 mm, % 48 53

Mantoux .10 mm, % 41 46

Pulmonary TB (n 5 299)

Culture positive 117 (78%) 110 (74%)

Culture negative 34 38

Extrapulmonary TB (n 5 28)

Culture positive 4 2

Culture negative 12 10

Drug Susceptibility Pattern (n 5 112) (n 5 108)

Susceptible to all first-line drugs, n (%) 99 (88) 95 (88)

Resistant to isoniazid alone, n (%) 5 (4) 5 (5)

Resistant to isoniazid and ethambutol or streptomycin, n (%) 8 (7) 8 (7)

Radiographic Features in Sputum Culture–positive Pulmonary TB (n 5 227)* (n 5 117) (n 5 110)

Normal, n (%) 16 (14) 13 (12)

Parenchymal opacities, n (%) 69 (59) 70 (64)

Pleural effusion, n (%) 17 (15) 13 (12)

Hilar adenopathy, n (%) 29 (25) 15 (14)

Miliary TB, n (%) 7 (6) 7 (6)

Cavities, n (%) 19 (16) 20 (18)

Others, n (%) 10 (9) 7 (6)

Definition of abbreviations: IQR 5 interquartile range; Reg6M 5 6-month regimen; Reg9M 5 9-month regimen; TB 5 tuberculosis.

Number of patients (n) 5 327.

* Some patients had more than one type of lesion.
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count and viral load did not show any significant change. Table
2 shows the details of failures among culture-positive pulmo-
nary TB by regimen and baseline drug susceptibility status. One
patient in Reg6M and three patients in Reg9M had exogenous
reinfection, and three isolates in Reg6M and one isolate in
Reg9M were not typed. Among the 220 patients with baseline
drug susceptibility results available, 81% of patients with
isoniazid-susceptible organisms had a favorable outcome com-
pared with 44% of those with isoniazid resistance (odds ratio
[OR], 5.6; 95% CI, 2.11–15.15; P , 0.001).

Among patients who had a favorable outcome at the end of
treatment, there were 21 (15%) bacteriologically confirmed
recurrences in Reg6M and 8 (7%) in Reg9M, with recurrence
rates of 7.99/100 and 3.85/100 person-years, respectively (RR,
2.07; 95% CI, 1.33–3.23; P 5 0.03). The detailed profile of

patients with bacteriologically confirmed recurrences in the
intent-to-treat population is described in Table 3. Figure 2 is
a Kaplan-Meier curve showing recurrence-free survival over
27–30 months of follow-up among patients who successfully
completed treatment. Twenty-one recurrences (72%) occurred
within 12 months of treatment completion and 6 were with
rifampicin-resistant isolates. Overall, 65% of typeable recur-
rences were due to exogenous reinfection (4 of 5 in Reg9M and
7 of 12 in Reg6M; Table 4). Further, there were five recurrences
diagnosed clinically (one PTB, four EPTB) in Reg6M and eight
in Reg9M (four PTB, four EPTB) and details of these are
provided in Table E3 (in the online supplement). When overall
recurrence rates were compared, there was no significant
difference between regimens (Reg6M, 19% vs. Reg9M, 13%;
P 5 0.2). Most patients either had low initial CD41 cell counts

Figure 1. Trial profile. ART 5

antiretroviral therapy; Bact. 5

bacteriological; Fav 5 favorable;

MDR 5 multidrug resistant;

PTB 5 pulmonary tuberculosis;

TB 5 tuberculosis; Unfav 5 un-
favorable.
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or demonstrated a fall at the time of recurrence (Table 3; and
see Table E3).

On-treatment Analysis

For the efficacy (on-treatment) analysis, there were 27 exclu-
sions (7 specified earlier, 1 death within 15 d, and 19 with ,80%
drug adherence). One hundred and fifty-seven patients in
Reg6M and 150 in Reg9M qualified, with a mean drug
adherence of 97 and 96%, respectively. Of the 212 patients
with culture-positive TB who qualified for this analysis, sputum
smear conversion at the end of the second month was observed

in 67% and culture conversion in 87%. There was no difference
in favorable outcome at the end of treatment between the two
regimens (Reg6M, 85% and Reg9M, 78%; P 5 not significant).
Among those with culture-negative and extrapulmonary TB,
87% each in Reg6M and 86 and 91% in Reg9M had a favorable
response, respectively. Overall, of 307 patients, 135 (86%) in
Reg6M and 121 (81%) in Reg9M had a favorable response,
which was not significantly different (RR, 1.07; 95% CI, 0.96–
1.18; P 5 0.2).

There were a total of 19 bacteriological failures during
treatment—8 in Reg6M and 11 in Reg9M. All of them had

TABLE 2. OUTCOME (INTENT TO TREAT) AT END OF TREATMENT OF ALL PATIENTS WITH CULTURE-POSITIVE ISOLATES AND DRUG
SUSCEPTIBILITY RESULTS, BY REGIMEN AND BY BASELINE ISONIAZID SUSCEPTIBILITY STATUS

Reg6M (n 5 112) Reg9M (n 5 108) Total (n 5 220)

Reg6M (Overall) Reg9M (Overall) H Sensitive H Resistant H Sensitive H Resistant H Sensitive H Resistant

(n 5 112) (n 5 108) (n 5 100) (n 5 12) (n 5 97) (n 5 11) (n 5 197) (n 5 23)

Favorable 91 (81%) 79 (73%) 85 6 75 4 160 (81%) 10 (44%)

Unfavorable 21 (19%) 29 (23%) 15 6 22 7 37 (19%) 13 (56%)

Bacteriological failure 8* 11* 3 5 7 4 10 9

Clinical failure 3 1 3 0 1 0 4 0

Death 4 11 3 1 10 1 13 (6.5%) 2 (8.7%)

Toxicity 1 0 1 0 0 0 1 0

Defaulted 5 6 5 0 4 2 9 2

Definition of abbreviation: H 5 isoniazid.

Number of patients (n) 5 220.

* One patient in Reg6M and three in Reg9M had exogenous reinfection confirmed by DNA fingerprinting: DNA fingerprinting data were not available for three

patients in Reg6M and one patient in Reg9M.

TABLE 3. PROFILE OF PATIENTS WITH BACTERIOLOGICALLY CONFIRMED RECURRENCES AMONG THOSE IN
INTENT-TO-TREAT ANALYSIS

Subject

No. Regimen

Age

(yr)

Weight

(kg)

Overall

Adherence

(%)

Month of

Recurrence

CD41 Cell

Count at

Baseline

(cells/mm3)

CD41 Cell

Count at

Recurrence

(cells/mm3)

Viral Load

at Baseline

(copies/ml)

Drug

Resistance

Pattern at

Baseline

Drug

Resistance

Pattern at

Recurrence

DNA

Fingerprint

Pattern

Outcome

of

Recurrence

1 Reg6M 27 56 86 12 195 56 540,000 Nil Nil Exo Died

2 Reg6M 23 41 100 17 56 144 44,600 Nil Nil NA Cured

3 Reg6M 42 59 100 1 260 150 NA Nil H NA Cured

4 Reg6M 43 34 99 2 24 68 NA Nil Nil Exo Died

5 Reg6M 32 38 99 12 63 126 31,300 Nil HR NA Died

6 Reg6M 35 45 94 7 420 242 32,400 Nil Nil NA Died

7 Reg6M 25 34 100 8 343 66 135,000 H H Endo Died

8 Reg6M 30 48 100 27 135 66 NA Nil Nil Exo Died

9 Reg6M 29 52 100 10 132 91 242,000 Nil Nil Exo Died

10 Reg6M 35 50 100 16 187 147 426,000 H H Endo Cured

11 Reg6M 27 44 100 2 286 290 NA Nil Nil Exo Cured

12 Reg6M 37 37 99 7 75 192 NA Nil HR NA Died

13 Reg6M 30 55 97 24 308 NA NA Nil Nil Endo Cured

14 Reg6M 30 46 100 18 357 NA NA Nil Nil Exo Died

15 Reg6M 36 30 97 4 82 138 617,000 Nil R NA Died

16 Reg6M 32 54 100 15 243 242 16,000 Nil Nil Endo Cured

17 Reg6M 29 47 97 6 479 104 76,900 Nil Nil Endo Cured

18 Reg6M 35 52 100 5 484 107 NA Nil Nil NA Died

19 Reg6M 38 40 89 5 82 148 95,300 Nil R NA Cured

20 Reg6M 29 41 100 11 225 168 14,800 Nil Nil Exo Cured

21 Reg6M 30 44 97 5 224 49 NA NA HR NA Died

1 Reg9M 27 42 96 8 189 60 750,000 Nil H Exo Died

2 Reg9M 33 39 94 22 105 64 96,400 Nil Nil Exo Cured

3 Reg9M 63 50 100 9 136 132 15,100 Nil Nil Exo Cured

4 Reg9M 32 39 98 29 154 26 22,300 Nil Nil Exo Died

5 Reg9M 30 34 100 2 154 NA 209,000 Nil Nil Endo Died

6 Reg9M 28 40 94 11 39 45 342,000 S Nil NA Cured

7 Reg9M 50 26 100 2 20 130 750,000 Nil Nil NA Died

8 Reg9M 40 41 100 5 173 102 166,000 Nil R NA Cured

Definition of abbreviations: NA, not available; R 5 rifampicin; S 5 streptomycin.

Number of patients (n) 5 327.

Note: Culture grading is described in METHODS. DNA fingerprint pattern: Exo 5 exogenous reinfection; Endo 5 endogenous reactivation.
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acquired rifamycin resistance—15 patients had developed
MDR TB, whereas 4 had monoresistance to rifampicin. Nine
of these patients had isolates with initial isoniazid resistance.
DNA fingerprinting revealed exogenous reinfection in 4 of the
19 failures—all were hospitalized due to advanced HIV for
a prolonged period, possibly leading to cross-infection. Out-
come of retreatment was poor, with only three patients getting
cured. Table 5 shows that patients who developed ARR
had more advanced HIV disease, a higher rate of baseline H
resistance, and suboptimal adherence. Multivariate logistic re-
gression analysis showed that the only significant risk factor
for development of ARR was baseline isoniazid resistance
(Table 6).

Bacteriological recurrences were observed in 19 patients in
Reg6M (20%) and in 7 patients in Reg9M (9%) (RR, 2.23; 95%
CI, 1.04–5.27; P 5 0.03), with recurrence rates of 10.67/100 and
5.12/100 person-years, respectively. M. tuberculosis isolates
from 17 of these patients (65%) were drug sensitive.

Deaths

Overall, 116 deaths (35%) occurred among 327 patients (in-
cluding death as the primary event as well as patients dying
after failure or recurrence). In Reg6M, 15 deaths occurred
during treatment (5 TB, 10 non-TB) and 45 during follow-up
(12 TB, 33 non-TB). In Reg9M, there were 19 deaths during
treatment (9 TB, 10 non-TB) and 37 (10 TB, 27 non-TB) during
the follow-up phase. Apart from patients with death as the first
event shown in Figure 1, 15 of 20 defaulters, 15 of 19 failures,
and 16 of 27 recurrences also eventually died. Deaths were
classified as non-TB if there was no bacteriological proof or
clinical suspicion of TB and an alternative HIV-associated
condition/opportunistic infection was identified. Causes in-
cluded neurological complications of HIV, Pneumocystis jiro-
veci pneumonia, chronic diarrhea, and AIDS wasting syndrome.
There was no statistically significant difference in overall
mortality between the study regimens: 36 and 35% of patients
(Figure 3). However, there was a significant difference in
survival by immune status. Patients with initial CD41 cell
count less than 200 cells/mm3 had a mortality of 25.2/100
person-years compared with 7.1/100 person-years among the
greater than 200 cells/mm3 group (RR, 3.54; 95% CI, 2.15–5.77;
P , 0.001).

Toxicity

Sixty-seven patients, out of 327, experienced 76 adverse drug
reactions with no additional toxicity due to the extended regimen
(Table 7). Two patients (one in each regimen) had a permanent
change of regimen due to cutaneous intolerance (one in Reg6M
attributable to Z and one in Reg9M because of Z and R). Four
patients had treatment temporarily modified because of abnor-
mal liver function tests and received streptomycin, ethambutol,
and ofloxacin daily until the liver function parameters returned to
normal, when the trial regimen was reintroduced (within 1 mo).
One patient had a reduction in dose of Z to 1,000 mg because of
gastritis. Sixty patients had minor adverse reactions: gastrointes-
tinal (45%), cutaneous (28%), peripheral neuropathy (12%), and
others (15%). All these were symptomatically managed without
any alteration in the trial regimen.

Antiretroviral Therapy

All patients in analysis were ART naive during TB treatment.
Suspected paradoxical reactions were observed in three pa-
tients, presenting as enlarging lymphadenitis in two and radio-
graphic deterioration in one. During follow-up, 24 patients in
Reg6M and 22 in Reg9M began ART with a three-drug generic
fixed-dose combination containing zidovudine or stavudine with
lamivudine and nevirapine. The median month of ART initia-
tion after TB treatment was 16 months in Reg6M and 17
months in Reg9M and the person-years of time spent on ART
was similar in the two arms. None of the patients who had
a recurrence were receiving ART at that time.

Figure 2. Kaplan-Meier plot showing time to bacteriological recur-

rence up to 36 months for patients in the 6-month regimen (Reg6M;

blue line) and in the 9-month regimen (Reg9M; green line); P 5 0.03.
Data censored at 36 months.

Figure 3. Kaplan-Meier plot showing time to death for patients in the

6-month regimen (Reg6M; blue line) and in the 9-month regimen

(Reg9M; green line); P 5 0.17 (not significant). Data censored at 36

months.

TABLE 4. COMPARISON AND CATEGORIZATION OF
CULTURE-CONFIRMED RECURRENCES BY STUDY ARM
IN SPUTUM CULTURE–POSITIVE PATIENTS

Reg6M Reg9M

(n 5 117) (n 5 110)

Favorable outcome at end of treatment 96 81

Bacteriological recurrences 19 (20%) 7 (7%)

Exogenous reinfection 7 (9%) 3 (4%)

Endogenous reactivation 4 (4%) 1 (1%)

DNA fingerprinting not available 8 3

Number of patients (n) 5 227.
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DISCUSSION

In this randomized comparison of 6-month and 9-month thrice-
weekly antituberculosis regimens among ART-naive patients
coinfected with HIV and TB, favorable outcomes at the end of
treatment and death rates were similar but culture-confirmed
recurrences were fewer among patients receiving the longer
regimen. Whereas the standard 6-month regimen had a favor-
able outcome of 83% at the end of the treatment, patients in the
9-month regimen had a slightly lower response of 76%.
Although the reasons for this are not entirely clear, these
patients had an additional 3 months of time at risk for events
unrelated to the efficacy of TB treatment and more related to
AIDS-associated morbidity and mortality. Unfavorable out-
comes to treatment in our study were due mainly to deaths
(7%) and failures (9%). Although weight and hemoglobin
improved with ATT, as in previous studies, we observed no
significant change in CD41 cell count or viral load (14, 20).

The ideal duration of ATT among HIV-infected patients is
still a debatable issue and has policy implications for several
countries including India. Current recommendations for TB
treatment among individuals with HIV/AIDS are for standard
6-month regimens with extension of treatment to 9 months for
patients with extrapulmonary disease or a delayed response (4,
5, 21). Several retrospective cohort analyses have documented
higher recurrence rates with rifampicin-containing regimens of
less than 6 months’ duration and when ATT drugs are given
intermittently during the intensive phase (22–24). However, no
trial has previously compared 6-month and 9-month fully thrice-
weekly regimens. Our trial establishes that extending the
treatment duration reduces bacteriological recurrences by half
among HIV-infected patients, even though favorable outcomes
at the end of treatment did not improve.

Recurrences of tuberculosis in HIV-infected patients are due
to higher rates of both reinfection and reactivation; the relative
proportion of each is influenced by the background rate of TB
in the community, socioeconomic factors, as well as the
adequacy of the regimen (24). In the present trial, about two
thirds of recurrences (that could be fingerprinted) were due to
exogenous reinfection. Extending treatment appears to have

reduced reactivation and most recurrences in the 9-month arm
were due to reinfection, but we could not explain why they
occurred early after stopping treatment. We did note that
patients who developed a recurrence also had a fall in CD41

cell count—whether this was a cause or effect of TB is difficult
to determine. We have described our experience with DNA
fingerprinting among HIV-infected and uninfected patients with
TB in more detail separately, highlighting the differences
between the two groups, but it is clear that the majority of
recurrences among HIV-infected patients in this region are due
to reinfection (25). Similar findings of reinfection accounting for
69% recurrences among HIV-infected gold miners have been
reported from South Africa (26). Strategies to reduce recur-
rence rates include longer treatment regimens, posttreatment
isoniazid prophylaxis, and antiretroviral therapy to improve
immune status (22, 27, 28).

Mortality was similar between the two regimens, with 35%
of the cohort dead by 36 months, many due to AIDS-related
illnesses rather than TB. Extending treatment by 3 months did
not improve survival. Patients who defaulted, failed treatment,
or had a recurrence had higher mortality. Only one fifth of the
patients in this trial had access to ART, as it became freely
available through the national program only after April 2004.
That immune status has a major impact on survival is well
known and is also demonstrated by the 3.5-fold higher death
rate among patients with baseline CD41 cell count less than 200
cells/mm3 in our study (9, 22, 29). The use of ART during TB
treatment has been associated with faster sputum conversion
and lower mortality and is now recommended for all TB/HIV
patients with CD41 cell counts less than 350 cells/mm3 (22, 30).

Our observation that all 19 patients with bacteriological
failure during treatment had emergence of rifampicin resistance
is of great concern. The main risk factor was pretreatment
isoniazid resistance; suboptimal adherence to treatment also
played a role. Although the dosage and schedule of adminis-

TABLE 5. PRETREATMENT CHARACTERISTICS OF PATIENTS WITH AND WITHOUT ACQUIRED
RIFAMPICIN RESISTANCE AT FAILURE

Without ARR (n 5 193) With ARR (n 5 19) P Value

Weight (kg), mean 6 SD 43.4 6 8.2 43.3 6 9.7 0.96

Median CD41 cell count, cells/mm3 (IQR) 165 (86–297) 101 (54–185) 0.054

Hemoglobin (g%), mean 6 SD 10.0 6 2.5 9.0 6 2.4 0.13

Median viral load, copies/ml (IQR) 144,000 (33,825–500,000) 355,000 (192,000–629,000) 0.009

Sputum smear grade 21 or more, % 29 42 0.257

Pretreatment H resistance, % 6 47 0.000

Adherence ,90%, % 15 47 0.000

Definition of abbreviation: ARR 5 acquired rifampicin resistance.

Number of patients (n) 5 212.

TABLE 6. MULTIVARIATE LOGISTIC REGRESSION ANALYSIS OF
RISK FACTORS FOR ACQUIRED RIFAMPICIN RESISTANCE

Risk Factor Exp (B) Significance

Adjusted

Odds Ratio 95% CI

H resistance 2.13 0.002 8.43 2.19–32.47

CD41 cell count ,150

cells/mm3

0.812 0.241 2.25 0.58–8.78

Viral load .30,000 copies/ml 0.998 0.370 2.71 0.30–23.98

Adherence ,90% 1.155 0.107 3.17 0.89–14.38

Definition of abbreviations: Exp (B) 5 exponential of beta; 95% CI 5 95%

confidence interval.

TABLE 7. TOXICITY PROFILE DURING ANTITUBERCULOSIS
TREATMENT, REGIMEN-WISE

Type of Toxicity Reg6M (n 5 167) Reg9M (n 5 160)

Arthralgia 3 6

Elevated liver enzymes 2 (2*) 0

Jaundice 3 (2*) 0

Abdominal pain/nausea/vomiting 18 13 (1†)

Peripheral neuropathy 3 5

Rashes, itching 8 (1‡) 13 (1x)

Dizziness 2 0

Any toxicity 39 (23%) 37 (23%)

Number of patients (n) 5 327.

* H, R, and Z (pyrazinamide) temporarily withheld.
† Z dose reduced.
‡ Z permanently discontinued.
x Z and R permanently discontinued.
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tration used in this study were those recommended by the
Indian TB control program, the presence of HIV enteropathy
and malabsorption leading to subtherapeutic levels could have
been contributory factors (31). ARR has been reported in HIV-
infected patients given highly intermittent (once- or twice-
weekly) rifamycin regimens for treatment or prophylaxis (23,
32, 33). In view of this, recommendations are to treat patients
who have CD41 cell counts less than 100 cells/mm3 with daily or
thrice-weekly treatment (5, 23). Ours is the first prospective
study to report the development of ARR in patients treated
with thrice-weekly rifampicin. When outcomes were analyzed
by baseline drug susceptibility status, it was clear that patients
with pretreatment isoniazid resistance had much higher failure
rates, a phenomenon described in HIV-uninfected patients as
well (34). Thus, for HIV-infected patients without access to
ART, it appears preferable to treat tuberculosis with a daily
regimen, at least during the intensive phase. With baseline
isoniazid resistance levels of 15–20% in the community as well
as the advanced state of immunodeficiency in which most
patients present, the risk of MDR TB increasing in this
population is real (35).

Both study regimens were well tolerated and had similar
rates and profiles of adverse reactions. One quarter of our study
patients experienced an adverse reaction but 92% of the
adverse events were mild and manageable without any modifi-
cation of ATT. Although some earlier studies found no
difference in adverse events between HIV-infected and un-
infected patients, some did suggest that the incidence or the
grade of adverse reactions was higher in the former (9, 10, 22,
36).

The strengths of our study include a representative patient
population with detailed characterization, excellent treatment
compliance and follow-up. Further, both ITT and on-treatment
analyses gave consistent results. The major limitation was the
nonavailability of ART, partly accounting for the high mortality
and recurrence rates observed and limiting the generalizability
of our findings in the ART era. Further, patients were fairly
heterogeneous in nature and those with clinical suspicion of TB
were given the benefit of doubt, started on ATT, and considered
as clinical recurrences. In addition, physicians who made these
decisions were aware of the study assignment. DNA finger-
printing results were not available for all patients with failure or
recurrence, limiting our ability to analyze this fully. Intake to
the study took a little over 4 years because of the strict inclusion
and exclusion criteria and relatively low prevalence in this
region of HIV among patients with TB (2–8%). Inadequacy of
‘‘thrice-weekly’’ regimens among HIV-infected patients with
TB had not been unequivocally demonstrated at the time this
trial was ongoing and the study was periodically reviewed by the
institutional ethics committee. Other limitations include the use
of multiple comparisons within the trial and the limited power
of the regression analysis to assess all risk factors for ARR.
Finally, because we wanted to mimic the Revised National TB
Control Program (RNTCP) regimen, only one of three doses in
the continuation phase was supervised; however, we were able
to ascertain compliance in all patients.

In conclusion, we have shown that a 9-month intermittent
thrice-weekly regimen halved bacteriological recurrences com-
pared with a 6-month regimen but did not increase favorable
outcomes at the end of treatment or survival at 36 months.
Weakness of intermittent regimens in HIV-infected patients
was demonstrated by the emergence of ARR, particularly in
those with baseline isoniazid resistance. Recurrences were
caused predominantly by reinfection and approximately three
fourths occurred within 12 months of treatment completion.
Our findings have implications for programs using short-course,

intermittent regimens for the treatment of TB. Although
a longer duration of ATT could provide protection against TB
recurrences, daily treatment at least in the intensive phase is
required to prevent the development of drug resistance in
patients without access to ART.
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