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ANTIRETROVIRAL THERAPY

(ART) programs are rapidly
being scaled up in resource-
limited countries, where tu-

berculosis is the most common oppor-
tunistic infection.1 Combination ART
is frequently initiated when patients are
being treated for tuberculosis.2,3 Al-
though ART reduces tuberculosis in-
cidence, tuberculosis continues to oc-
cur at considerably higher rates than in
individuals who are not infected with
human immunodeficiency virus
(HIV).1-4 Coadministration of ART and
antitubercular therapy may be compli-
cated by shared toxicity, notably hepa-
totoxicity,5 or by adverse drug interac-
tions. Rifampicin is a potent inducer
of cytochrome P450 enzymes, which
metabolize many drugs including
nonnucleoside reverse transcriptase in-
hibitor (NNRTI) antiretroviral agents.
The NNRTIs are recommended as
components of initial combination ART
regimens in the public health ap-
proach advocated by the World Health
Organization (WHO).6

Of the 2 available NNRTIs, efavirenz
ispreferredforcoadministrationwithrif-
ampicin6,7 because the reduction in the
concentration of efavirenz is more mod-
est, efavirenz has a lower risk of hepato-
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Context Rifampicin-based antitubercular therapy reduces the plasma concentra-
tions of nevirapine and efavirenz. The virological consequences of these interactions
are not well described.

Objective To assess the effectiveness and tolerability of concomitant efavirenz- or nevira-
pine-based combination antiretroviral therapy and rifampicin-based antitubercular therapy.

Design, Setting, and Participants Cohort analysis of prospectively collected rou-
tine clinical data in a community–based South African antiretroviral treatment pro-
gram. Antiretroviral treatment-naive adults enrolled between May 2001 and June 2006
were included in the analysis, and were followed up until the end of 2006.

Interventions Patients starting antiretroviral therapy with or without concurrent an-
titubercular therapy received either efavirenz or nevirapine at standard doses. Pa-
tients developing tuberculosis while taking antiretroviral therapy that included nevira-
pine were either changed to efavirenz or continued taking nevirapine.

Main Outcome Measures Viral load of 400 copies/mL or more after 6, 12, and
18 months of antiretroviral therapy; time to the first viral load of 400 copies/mL or
more; time to confirmed virological failure (2 consecutive values �5000 copies/mL);
time to death; and time to treatment-limiting toxicity were assessed.

Results The analysis included 2035 individuals who started antiretroviral therapy with
efavirenz (1074 with concurrent tuberculosis) and 1935 with nevirapine (209 with con-
current tuberculosis). There were no differences in time to death or substitution of either
antiretroviral drug for toxicity with and without concurrent tuberculosis. Patients starting
nevirapine with concurrent tuberculosis were at a higher risk of elevated viral load most
notably at 6 months (16.3%; 95% confidence interval [CI], 10.6%-23.5%) than those
without tuberculosis (8.3%; 95% CI, 6.7%-10.0%; adjusted odds ratio [OR], 2.1; 95%
CI,1.2-3.4; and in thecombinedestimate, adjustedOR,1.7;95%CI,1.2-2.6). In the time-
to-event analysis of confirmed virological failure (2 consecutive values of �5000 copies/
mL), patients starting nevirapine with concurrent tuberculosis developed virological fail-
ure sooner (adjusted hazard ratio [HR] 2.2; 95% CI, 1.3-3.7). There were no differences
betweenpatients startingefavirenzwithandwithoutconcurrent tuberculosis (adjustedOR,
1.1; 95% CI, 0.8-1.5 [combined estimate] and adjusted HR, 1.1; 95% CI, 0.6-2.0, respec-
tively). There was no difference in time to virological rebound in patients free of tubercu-
losis and those developing tuberculosis during follow-up while taking nevirapine (adjusted
HR, 1.0; 95% CI, 0.5-2.0) or efavirenz (adjusted HR, 0.8; 95% CI, 0.4-1.7).

Conclusion In this cohort study, virological outcomes were inferior when nevirapine-
based antiretroviral therapy was commenced while taking antitubercular treatment (vs
without concurrent tuberculosis) but comparable when starting efavirenz-based an-
tiretroviral therapy (vs without concurrent tuberculosis) or when tuberculosis devel-
oped while taking established nevirapine- or efavirenz-based therapies.
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toxicity, and there are several studies
showing good ART outcomes with efa-
virenz.8,9 Some experts recommend in-
creasingthedoseofefavirenzwhencoad-
ministeredwithrifampicin,6butevidence,
including data from a randomized con-
trolledtrial,10suggeststhatstandarddoses
areadequate(althoughthereareconcerns
that thereare insufficientdataonpatients
weighing more than 60 kg).7

Nevirapine (often in fixed-dose com-
binationformulations)is themostwidely
usedNNRTIinresource-limitedcountries
becauseit ismuchcheaperthanefavirenz
and,unlikeefavirenz, issuitableforwom-
en of childbearing potential because it is
notaknownteratogen.Inmanycountries,
it is the only available NNRTI. Pharma-
cokineticstudiesshowamoresignificant
reduction in plasma nevirapine concen-
trations (20%-55% reduction in serum
concentrations or the area under the
curve) compared with efavirenz when
coadministered at standard doses with
rifampicin.9,11-16 Nevirapine has a higher
risk of hepatotoxicity than efavirenz, al-
thoughonlyasmallproportionofpatients
develop clinical hepatitis.17-19 There are
3 small published studies (32 patients
fromSpain20and70patients21and111pa-
tients from Thailand22) that suggest that
nevirapine can be safely and effectively
coadministeredwithrifampicin.However,
thefindingsfromtheThaistudiesmaynot
begeneralizabletootherpopulationsdue
to ethnic differences in drug effects and
the low body weight of the patients, and
theSpanishstudywasretrospectivewith-
out a comparison group.

Thus a need for more studies exists,
particularly from Africa where approxi-
mately 85% of HIV-associated cases of
tuberculosis occur.4 Our primary objec-
tive was therefore to assess the virologi-
cal outcomes of concomitant efavirenz-
or nevirapine-based combination ART
and rifampicin-based antitubercular
therapy in a cohort of South African pa-
tients from a public sector ART pro-
gram established in 2001.23

METHODS
Setting

This study was conducted at 3 commu-
nity health centers in the Cape Town

township of Khayelitsha, where ART has
been available since May 2001, with the
number of patients starting ART increas-
ing dramatically in recent years. ART-
naive individuals enrolled between May
2001 and June 2006 were included in the
analysis and were followed up until the
end of 2006. The community of 400 000
inhabitants has an extremely high bur-
den of both HIV and tuberculosis, with
antenatal HIV seroprevalence of more
than 30%,23,24 and tuberculosis case-
finding exceeding 1500 per 100 000 an-
nually.2 This government program has
been supported by Médecins Sans Fron-
tières since inception.

The cohort received approval in 2005
from the University of Cape Town eth-
ics committee for analyses (including
those with a view to scientific publica-
tion) based on anonymized routine
clinical data without requiring in-
formed consent. All data in this analy-
sis were anonymized and had been col-
lected as part of the routine standard
of care intervention.

Antiretroviral Therapy Program

Patients were referred to the dedicated
HIV services within these community
health centers from local clinics and hos-
pitals, as well as from the tuberculosis
services and the prevention of mother-
to-child transmission program. Once re-
ferred, patients accessed treatment based
on clinical eligibility, treatment readi-
ness, and clinical severity. Race is not
routinely measured as part of clinical or
administrative data, but the study site is
located in a township in which resi-
dents are of black African or mixed an-
cestry, which describes the patients rep-
resented in analyses herein. Women who
had been exposed through a regimen in-
tended to prevent mother-to-child trans-
mission to short-course zidovudine or
peripartum nevirapine25 were offered the
same first-line ART as other women with
and without concurrent tuberculosis.

Antiretroviral drugs were provided
weekly or fortnightly for the first 2
months of ART, then monthly until the
first suppressed viral load, and thereaf-
tereithermonthlyorbimonthly.Patients
were seen by a nurse or physician at each

follow-up visit and either received the
drugs during the consultation or from a
dedicated dispensing room immedi-
atelyafter theconsultation.Patientswere
all provided with weekly pillboxes.

There is a structured adherence pro-
motion program at the antiretroviral clin-
ics, which has previously been de-
scribed.26 Adherence is assessed during
consultations by pill counts and self-
report, especially shortly after initiation
of ART and if patients default or expe-
rience virological failure. Quantitatively,
adherence is indirectly reflected by vi-
ral load outcomes and retention in care.

The first-line ART regimen has al-
ways consisted of an NNRTI (either efa-
virenz or nevirapine) together with 2
nucleoside reverse transcriptase inhibi-
tors. Guidelines in use strongly recom-
mended prescribing efavirenz with rif-
ampicin-based antitubercular therapy
until 2004 when provincial guidelines
changed to allow clinicians to select
either nevirapine or efavirenz.27 There-
after, clinical practice in the choice of
NNRTI with antitubercular therapy var-
ied, with some clinicians continuing to
prescribe efavirenz while others pre-
scribed nevirapine.

Standard doses of both efavirenz (600
mg daily) and nevirapine (lead-in dose
of 200 mg daily for 2 weeks followed by
200 mg every 12 hours) were used with
concurrent tuberculosis treatment in
keeping with provincial, national, and in-
ternational guidelines.6,27,28 The clinical
protocols provide for monitoring of vi-
ral load and CD4 cell count every 6
months. Baseline viral loads are no longer
universally drawn in treatment-naive
adults. Patients are deemed eligible for
ART when their CD4 cell count ap-
proaches or falls below 200 cells/µL or
when they have a WHO clinical stage IV
illness other than extrapulmonary tu-
berculosis. The local definition of viro-
logical failure is 2 consecutive viral load
measurements of 5000 copies/mL or
higher. Viral load tests were performed
by the National Health Laboratory Ser-
vice, initially using the NucliSens HIV-1
QT assay and later the NucliSens EasyQ
HIV-1 assay (bioMérieux, Boxtel, the
Netherlands).

ANTIRETROVIRAL AND ANTITUBERCULAR THERAPY

©2008 American Medical Association. All rights reserved. (Reprinted) JAMA, August 6, 2008—Vol 300, No. 5 531

 at University of Cape Town Libraries on August 5, 2008 www.jama.comDownloaded from 

http://jama.ama-assn.org


Tuberculosis Services
Tuberculosis medication was pro-
vided daily (5 days a week) at 8 dedi-
cated tuberculosis clinics in the com-
munity and was directly observed
either by clinic staff or by trained
community-based tuberculosis treat-
ment supporters. Fixed-dose combi-
nations are used to promote adher-

ence (for new tuberculosis cases,
these comprise rifampicin, pyrazin-
amide, isoniazid, and ethambutol for
2 months, followed by rifampicin and
isoniazid for 4 months). Tuberculosis
was diagnosed according to standard
guidelines, with either positive
microscopy for acid-fast bacilli, a
positive culture of Mycobacterium

tuberculosis, or after the application of
an algorithm for identifying smear-
negative tuberculosis.29

Data Management and Analysis

Routine clinical data have been prospec-
tively entered into an electronic patient
information system, which is regularly
validated for accuracy and complete-

Figure 1. Inclusion of Patients in the Analysis

1975 Started nevirapine-based ART 2142 Started efavirenz-based ART

4117 Patients enrolled

583 Completed 18-mo follow-up
520 Had viral load test

96 Completed 18-mo follow-up
80 Had viral load test

253 Completed 18-mo follow-up
230 Had viral load test

238 Completed 18-mo follow-up
218 Had viral load test

852 Completed 12-mo follow-up
784 Had viral load test

120 Completed 12-mo follow-up
115 Had viral load test

471 Completed 12-mo follow-up
434 Had viral load test

475 Completed 12-mo follow-up
426 Had viral load test

1240 Completed 6-mo follow-up
1126 Had viral load test

153 Completed 6-mo follow-up
141 Had viral load test

682 Completed 6-mo follow-up
609 Had viral load test

812 Completed 6-mo follow-up
708 Had viral load test

1726 Without TB

249 With TB

209 With TB

40 Excluded (TB ≤ 14d) 107 Excluded (TB ≤ 14d)

961 Without TB

1181 With TB

1074 With TB

269 Excluded
5 Died
3 Transferred out
5 Lost to follow-up

42 Stopped or changed
drug

25 New TB episodes
189 Insufficient follow-up

dataa

24 Excluded
1 Died
1 Transferred out

5 New TB episodes

0 Lost to follow-up
7 Stopped or changed

drug

10 Insufficient follow-up
dataa

218 Excluded
5 Died
5 Transferred out
0 Lost to follow-up

22 Stopped or changed
drug

13 New TB episodes
173 Insufficient follow-up

dataa

237 Excluded
6 Died
4 Transferred out
1 Lost to follow-up

38 Stopped or changed
drug

12 New TB episodes
176 Insufficient follow-up

dataa

388 Excluded
13 Died
13 Transferred out
1 Lost to follow-up

64 Stopped or changed
drug

52 New TB episodes
245 Insufficient follow-up

dataa

33 Excluded
0 Died
1 Transferred out
2 Lost to follow-up
7 Stopped or changed

drug
5 New TB episodes

18 Insufficient follow-up
dataa

211 Excluded
6 Died
6 Transferred out
6 Lost to follow-up

28 Stopped or changed
drug

16 New TB episodes
149 Insufficient follow-up

dataa

337 Excluded
11 Died
8 Transferred out
2 Lost to follow-up

36 Stopped or changed
drug

14 New TB episodes
266 Insufficient follow-up

dataa

486 Excluded
51 Died
16 Transferred out
23 Lost to follow-up

123 Stopped or changed
drug

166 New TB episodes
107 Insufficient follow-up

dataa

56 Excluded
7 Died
1 Transferred out
2 Lost to follow-up

35 Stopped or changed
drug

7 New TB episodes
4 Insufficient follow-up

dataa

279 Excluded
43 Died
13 Transferred out
14 Lost to follow-up
59 Stopped or changed

drug
100 New TB episodes
50 Insufficient follow-up

dataa

262 Excluded
60 Died
19 Transferred out
21 Lost to follow-up
55 Stopped or changed

drug
20 New TB episodes
87 Insufficient follow-up

dataa

ART indicates antiretroviral therapy; TB, tuberculosis.
aAdditional censoring at each duration of follow-up was due to the patients not being in care for long enough at the close of the study.
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ness. In this analysis, all treatment-
naive individuals 14 years or older, with
a CD4 cell count lower than 250 cells/
µL, who started receiving NNRTI-based
ART by June 30, 2006, were included.
Patients were excluded if they had con-
current tuberculosis at the time that they
started ART, but subsequently discon-
tinued tuberculosis therapy within 14
days of starting ART. The remaining pa-
tients were classified into 4 groups based
on whether ART initiation overlapped
with concurrent treatment for tubercu-

losis and based on which NNRTI was
part of their starting ART regimen
(FIGURE 1). Patients were followed up
until the earliest of the following pos-
sibilities: loss to the program (death, lost
to follow-up, transferred out); inter-
ruption of ART therapy for any rea-
son; substitution of the initial NNRTI
due to toxicity or contraindications (eg,
efavirenz changed to nevirapine in preg-
nancy); starting tuberculosis treat-
ment due to a subsequent diagnosis; or
the last visit prior to December 31,

2006. Patients were classified as lost to
follow-up after 6 months without a visit
to the service. Viral loads were classi-
fied as 6-, 12-, or 18-month values based
on the duration closest to the actual
dates of the test, provided the test was
performed within 3 months of the des-
ignated duration.

The analysis was conducted between
October 2007 and February 2008. Base-
line characteristics were described as me-
dians with interquartile ranges for con-
tinuous variables and as proportions with

Table 1. Baseline Characteristics of Patients Starting Antiretroviral Therapy Relative to the Nonnucleoside Reverse Transcriptase Inhibitor Used
and Concurrent Tuberculosis

Tuberculosis No Tuberculosis

Nevirapine
(n = 209)a

Efavirenz
(n = 1074)b

P
Valuec

Nevirapine
(n = 1726)d

Efavirenz
(n = 961)e

P
Value

Age, median (IQR), y 32 (28-37) 32 (28-38) .47 31 (27-37) 34 (29-40) �.001

CD4 cell count, median (IQR), cells/µL 80 (42-137) 61 (27-117) .002 116 (58-167) 93 (37-155) �.001

Viral load, median (IQR), log10 copies/mL 5.3 (4.6-5.7) 5.3 (4.8-5.7) .28 5.0 (4.4-5.5) 5.1 (4.6-5.5) .04

Weight, median (IQR), kg 56 (51-65) 56 (49-63) .45 60 (53-69) 59 (52-68) .009

ALT, median (IQR), UL 24 (18-33.5) 27 (19-40) .07 23 (18-33) 32 (21-53) �.001

Duration of TB treatment, median (IQR), d 87 (60-135) 73 (44-115) �.001

Women, % (95% CI) 73.7 (67.2-79.5) 62.1 (59.1-65.0) �.001 80.0 (78.0-81.9) 57.1 (53.9-60.3) �.001

AIDS diagnosis, % (95% CI) 55.0 (48.0-61.9) 58.1 (55.1-61.1) .002 27.3 (25.2-29.5) 37.9 (34.8-41.0) �.001

Zidovudine in starting regimen, % (95% CI) 4.3 (1.5-7.1) 14.4 (12.3-16.5) �.001 12.4 (10.8-14.0) 31.3 (28.4-34.3) �.001

Extrapulmonary TB, % (95% CI) 37.3 (30.7-44.3) 37.2 (34.3-40.2) .98
Abbreviation: ALT, alanine aminotransferase; CI, confidence interval; IQR, interquartile range; TB, tuberculosis.
aThe number of patients with ALT values was 128; weight, 203; and viral load, 181.
bThe number of patients with ALT values was 688; weight, 1054; and viral load, 806.
cRank-sum test for continuous variables, and �2 test for binary variables.
dThe number of patients with ALT values was 1107; weight, 1668; and viral load, 1314.
eThe number of patients with ALT values was 489; weight, 943; and viral load, 757.

Figure 2. Failure to Suppress Viral Load in Patients With Concurrent Tuberculosis at the Start of Antiretroviral Therapy vs Those Without
Concurrent Tuberculosis

2.01.00.5

Adjusted Odds Ratio (95% CI)

Viral Load ≥400 Copies/mL 

No. (%[95% CI]) Without TB

93 (8.3 [6.7-10.0])

96 (12.2 [10.0-14.7])

73 (14.0 [11.2-17.3])

35 (5.7 [4.0-7.9])

35 (8.1 [5.7-11.0])

24 (10.4 [6.8-15.1])

No. (%[95 CI]) With TB

23 (16.3 [10.6-23.5])

23 (20.0 [13.1-28.5])

16 (20.0 [11.9-30.4])

45 (6.4 [4.7-8.4])

34 (8.0 [5.6-11.0])

25 (11.5 [7.6-16.5])

Nevirapine

6 mo

12 mo

18 mo

Combinedb

Efavirenz

6 mo

12 mo

18 mo

Combinedb

Adjusted
Odds Ratioa

(95% CI)

2.1 (1.2-3.4)

1.6 (1.0-2.7)

1.4 (0.7-2.6)

1.7 (1.2-2.6)

1.1 (0.7-1.8)

0.9 (0.6-1.5)

1.2 (0.6-2.2)

1.1 (0.8-1.5)

3.0 4.0

CI indicates confidence interval; TB, tuberculosis.
aAdjusted for age, sex, and baseline CD4 cell count. The adjusted odds ratios and 95% CIs were rounded to 1 decimal.
bCombined odds ratios were calculated with generalized estimating equation and an exchangeable correlation matrix.
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exact binomial confidence intervals (CIs)
for categorical variables, compared be-
tween groups, respectively, through rank
sum and �2 statistics.

The proportions of patients with vi-
ral loads of 400 copies/mL or more were
calculated at each duration in each of
the 4 groups (Figure 1). The odds of a
value at or higher than this threshold
in patients who were receiving concur-
rent tuberculosis treatment when start-
ing ART were compared with those who
were not, in separate multivariate lo-
gistic regression models at each dura-
tion for each NNRTI. Pooled odds ra-
tios (ORs) across all durations were
additionally determined for each
NNRTI and for all 4 groups together
with generalized estimating equation re-
peated-measures analyses accounting
for intraindividual correlation through
an exchangeable correlation matrix.

For all multivariate models, variables
were included based on a priori consid-
erations, if they were themselves associ-
atedwith theoutcomeor if theychanged
the other associations in the model.

Kaplan-Meier failure estimates were
determined comparing the 2 tuberculo-
sis exposure groups receiving each
NNRTI for time to death, time to NNRTI
substitution due to toxicity, time to the
first viral load at the threshold of 400 cop-
ies/mL or more (restricted to values be-
yond 30 days of follow-up), time to loss
to follow-up, and time to virological fail-
ure as defined above. In the analysis of
time to death, patients were not cen-
sored with subsequent tuberculosis epi-
sodes or with changes or interruptions
to the NNRTI. In the analysis of time to
treatment-limiting toxicity, patients start-
ing ART with TB were censored at the
end of the initial tuberculosis episode.
Log-rank statistics and adjusted hazard
ratios (HRs) from Cox proportional haz-
ard models were determined for each
comparison. The proportional hazards
assumptions were validated for the Cox
models based on Schoenfeld residuals.
The CD4 cell count changes relative to
baseline were compared at 18 months in
separate multivariate linear regression
models for each NNRTI.

A second analysis was performed in
patients who did not have tuberculo-
sis at the start of ART, in which the time
to virological rebound was deter-
mined from the time of the first viral
load lower than 400 copies/mL. Con-
current tuberculosis treatment as a
result of incident tuberculosis during
follow-up was included as a time-
varying exposure in both Kaplan-
Meier estimates and multivariate Cox
proportional hazard models. Patients
developing tuberculosis remained in
this exposure group even if they were
followed up beyond the end of the tu-
berculosis treatment episode. Fol-
low-up was censored in the same way
as in the first analysis, except in the case
of incident tuberculosis whereby pa-
tients were censored if a second epi-
sode of tuberculosis occurred during
follow-up.

Using the 6-month follow-up dura-
tion, the 141 and 1126 patients as-
sessed who started nevirapine-based
ART with or without concurrent anti-
tubercular therapy would ensure 88%
power to detect a 10% decline in viral
load suppression in the group receiv-
ing concurrent tuberculosis treat-
ment, assuming a 90% suppression in
the reference group (�=.05)

The analysis was conducted using
Stata statistical software, 10.0 (Stata-
Corp Inc, College Station, Texas). In
each analysis, only observations with
complete data on the outcomes and co-
variates were used, while the complete-
ness of both the main outcome and co-
variate data are reported (Figure 1 and
TABLE 1, respectively). All statistical
tests were 2-sided.

RESULTS
The proportion of patients starting ART
while receiving concurrent tuberculo-
sis therapy increased from 21% (17 of
80) in 2001 to 40% (439 of 1099) in
2006. Since 2004, the majority of pa-
tients initiated nevirapine-based ART,
although in patients with concurrent tu-
berculosis, efavirenz use has still pre-
dominated.

Of 4117 individuals who met the ini-
tial inclusion criteria, 2687 were not re-

Table 2. Multivariate Model of Associations With Failure to Suppress Viral Loada

OR (95% CI) P Value

Women 1.0 (0.7-1.2) .73

�30 y 1.4 (1.1-1.8) .003

Baseline CD4 cell count,
per 25 cells/µL increase

0.9 (0.9-1.0) .004

NNRTI and TB at start of ART
Efavirenz, no TB 1 [Reference]

Efavirenz and prevalent TBb 1.1 (0.8-1.6) �.001

Nevirapine, no TB 1.6 (1.1-2.2)

Nevirapine and prevalent TBb 3.2 (2.0-5.2)

Duration on ART, mo
6 1 [Reference]

12 1.5 (1.2-1.7) �.001

18 1.8 (1.4-2.1)

Weight at baseline, kg
�60 1 [Reference]

60-79.9 1.2 (0.9-1.5) .06

�80 1.6 (1.1-2.4)

Year of ART initiation
2001-2002 1 [Reference]

2003 0.7 (0.4-1.2)

2004 0.7 (0.5-1.1) .08

2005 0.6 (0.4-0.8)

2006 0.7 (0.4-1.2)
Abbreviations: ART, antiretroviral therapy; CI, confidence interval; NNRTI, nonnucleoside reverse transcriptase inhibi-

tor; OR, odds ratio; TB, tuberculosis.
aModel included 5283 observations involving 2670 patients.
bPatients had received concurrent treatment for tuberculosis for at least 14 days at the time of starting ART.
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ceiving tuberculosis treatment at the start
of therapy (Figure 1). Of the remaining
1430 who started ART while receiving
concurrent tuberculosis therapy, 249
started taking nevirapine-based ART and
1181 started taking efavirenz-based ART.
Of these, 209 and 1074 patients, respec-
tively, had overlapping treatment for at
least 14 days. Overall, in all groups at all
durations of follow-up, between 83% and
96% of patients who were eligible for vi-
rological assessment and inclusion in the
analysis were assessed.

Patients with concurrent tuberculo-
sis were compared between NNRTI
groups at the start of ART (Table 1) and

were similar with respect to age, base-
line viral load where available, weight
(median of 56 kg in both groups with
concurrent tuberculosis), alanine ami-
notransferase where available, and the
proportion with extrapulmonary tuber-
culosis. Patients with tuberculosis initi-
ating nevirapine had a slightly higher
CD4 cell count (80 vs 61 cells/µL,
P=.002) and had been receiving tuber-
culosis therapy for slightly longer than
those initiating efavirenz (87 vs 73 days,
P� .001). They were also more likely to
be women (73.7% vs 62.1%, P� .001
[because efavirenz is teratogenic, it is of-
ten avoided in women of childbearing

potential]), less likely to have started tak-
ing zidovudine (4.3% vs 14.4%,
P� .001), and were less likely to have a
stage IV–defining illness (55.0% vs
58.1%, P=.002). Findings in the same di-
rections were observed comparing base-
line characteristics between NNRTI
groups without concurrent tuberculo-
sis (Table 1), except that patients initi-
ating efavirenz were older and had higher
baseline aminotransferase values when
available.

Overall, the proportion of patients
with elevated viral loads was lowest at 6
monthswhile takingARTinall 4groups
(FIGURE2).Therewasnodiscernabledif-

Figure 3. Cumulative Estimates of Time to Elevated Viral Load and Virological Failure
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ference in this measure based on base-
line tuberculosis therapy status in pa-
tients initiating efavirenz (combined
adjustedOR,1.1;95%CI,0.8-1.5).How-
ever, a higher proportion of patients ini-
tiating nevirapine with initial concur-
rent tuberculosishadelevatedviral loads
during follow-up than those without
concurrent tuberculosis. This was most
notable at 6 months (16.3%; 95% CI,
10.6%-23.5% vs 8.3%; 95% CI, 6.7%-
10.0%; adjusted OR, 2.1; 95% CI, 1.2-
3.4), and in the combined estimate (ad-
justed OR, 1.7; 95% CI, 1.2-2.6).

A model combining all the groups to-
gether demonstrated clearly the infe-
rior virological outcomes (failure to sup-
press viral load) in the group starting to
take both nevirapine and tuberculosis
treatment relative to the efavirenz groups
(eg, adjusted OR, 3.2; 95% CI, 2.0-5.2
for the group initiating nevirapine and
tuberculosis treatment vs the group ini-
tiating efavirenz without concurrent tu-
berculosis at the start of ART, TABLE 2).
The outcomes associated with receiving
nevirapine were inferior even without
concurrent tuberculosis (adjusted OR,

1.6; 95% CI, 1.1-2.2 for the group initi-
ating nevirapine without concurrent tu-
berculosis vs the group initiating efavi-
renz without concurrent tuberculosis).
Age younger than 30 years, a low base-
line CD4 cell count, and increasing base-
line weight were independently associ-
ated with failure to suppress viral load
in this model. The use of zidovudine over
stavudine in the starting regimen was not
associated with the outcome; therefore,
this was not included in the final model.
We found little evidence for interac-
tions between the NNRTI used or con-

Figure 4. Cumulative Estimates of Time to Death and Regimen Change Due to Toxicity
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current tuberculosis and any of the other
exposure variables in the model (all P val-
ues �.05 [likelihood ratio test]). In al-
ternate models that included available
baseline viral load data, this was inde-
pendently associated with failure to sup-
press subsequent viral loads (adjusted
OR, 1.3 for each log10 increase in the
baseline value, 95% CI, 1.1-1.6) and did
not confound the associations between
this outcome—choice of NNRTI—and
concomitant tuberculosis.

The time-to-event analysis of fail-
ure to suppress viral load (FIGURE 3A)
provided adjusted HR estimates con-
sistent with the pooled adjusted OR es-
timate above (for nevirapine, adjusted
HR, 1.4; 95% CI, 1.0-1.9; for efavi-
renz, adjusted HR, 0.9; 95% CI, 0.7-
1.1). The difference in the case of re-
ceiving nevirapine with and without
concurrent tuberculosis treatment was
more marked when assessing time to
confirmed virological failure (ad-
justed HR, 2.2; 95% CI, 1.3-3.7;
Figure 3B). Concurrent tuberculosis
treatment was not associated with time
to confirmed virological failure in pa-
tients starting efavirenz-based ART (ad-
justed HR, 1.1; 95% CI, 0.6-2.0).

Other Outcome Measures

In comparing other outcomes, there was
no difference after adjustment be-

tween the groups receiving tuberculo-
sis treatment vs those without concur-
rent tuberculosis for each NNRTI in
regard to mortality (adjusted HR for
nevirapine, 0.9; 95% CI, 0.5-1.8; ad-
justed HR for efavirenz, 0.8; 95% CI,
0.5-1.1; FIGURE 4A), or in regard to time
to toxicity-mediated NNRTI substitu-
tion (adjusted HR for nevirapine, 1.5;
95% CI, 0.8-2.8; adjusted HR for efa-
virenz, 0.9; 95% CI, 0.4-2.0; Figure 4B).
In patients without concurrent tuber-
culosis, those patients receiving nevira-
pine were more likely to have their
therapy substituted due to toxicity com-
pared with those receiving efavirenz
(cumulative proportion receiving
nevirapine having treatment substitu-
tion by 6 months, 4.9%; 95% CI, 3.9%-
6.1% vs 1.4%; 95% CI, 0.8%-2.4% in the
case of efavirenz).

For both nevirapine and efavirenz,
concurrent tuberculosis treatment at the
start of ART was associated with an ad-
ditional gain of 29 cells/µL in CD4 cell
count at 18 months compared with base-
line, adjusted for age, sex, and baseline
CD4 cell count (95% CI, 1-56 for nevira-
pine; 95% CI, 6-51 for efavirenz), in com-
parison with patients taking nevirapine
and efavirenz without tuberculosis.

In the 4 groups combined, viral load
suppression to less than 400 copies/mL
was 92.4% (95% CI, 91.3%-93.4%) at 6

months, 89.3% (95% CI, 87.8%-90.7%)
at12months,and86.8%(95%CI,84.6%-
88.8%) at 18 months of ART. Cumula-
tive loss to follow-up was 5.6% (95% CI,
4.4%-7.5%)at24monthsofARTandwas
comparable between the 4 groups.

Incident Tuberculosis in Patients
Already Receiving NNRTI-Based ART

The final analysis compared the time to
virological rebound between patients re-
maining free of tuberculosis during fol-
low-up and those who were initially free
of tuberculosis but subsequently started
tuberculosis treatment due to a new tu-
berculosis episode (FIGURE 5). There was
no difference in time to rebound be-
tween the groups among those who did
and did not experience incident tuber-
culosis receiving either NNRTI (ad-
justed HR, 1.0; 95% CI, 0.5-2.0 for
nevirapine; adjusted HR, 0.8; 95% CI,
0.4-1.7 for efavirenz).

COMMENT
Main Findings

Coadministered rifampicin-based anti-
tubercular therapy at ART initiation re-
sulted in higher probabilities of an el-
evated viral load or virological failure in
the first 2 years of therapy in patients tak-
ing nevirapine-based ART but not in
patients who started efavirenz-based
ART. In spite of these differences, viro-

Figure 5. Cumulative Estimates of Time to Elevated Viral Load Since First Suppressing Viral Load (� 400 copies/mL) in Patients Without
Tuberculosis at the Start of Antiretroviral Therapy, Stratified by Subsequent Incident Tuberculosis
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logical outcomes were good, with 80%
of patients in the initial nevirapine-
rifampicin group being virologically sup-
pressed at 18 months’ duration of ART.
For both NNRTIs, incident tuberculo-
sis during follow-up did not result in an
increased risk of virological rebound.

Underlying Mechanisms

The differential findings between the
group starting nevirapine with preva-
lent tuberculosis and those develop-
ing tuberculosis once already estab-
lished on ART could be the result of the
limited power of the latter analysis to
detect a difference due to the inclu-
sion of fewer patients with incident tu-
berculosis. An alternative explana-
tion, however, is a drug interaction
mediated by rifampicin during the
lead-in dosing phase of nevirapine. A
2-week lead-in period of once daily in-
stead of twice daily dosing is recom-
mended to allow for the autoinduc-
tion of the cytochrome P450 enzyme
system by nevirapine. In patients tak-
ing rifampicin, the system is however
already induced. A recent Malawian
study30 found that 59% of patients coin-
fected with HIV and tuberculosis had
subtherapeutic nevirapine concentra-
tions during the lead-in dosing phase.
A Thai study that compared patients ini-
tiating efavirenz-based or nevirapine-
based ART with concurrent tubercu-
losis reported an OR between these
groups for achieving a viral load lower
than 50 copies/mL at 48 weeks of 0.590
(95% CI, 0.302-1.153)22 but was based
on smaller numbers of patients.

Strengths and Limitations
of This Study

The published literature on the viro-
logical efficacy of standard doses of
NNRTI-based ART coadministered with
rifampicin is sparse, but the data are
generally encouraging. The existing
studies have, however, been limited by
small sample sizes8,20,21,30,31 or by the fail-
ure to include a control group.30,31

Key strengths of our study include
the large sample size of patients start-
ing ART, a good follow-up rate, and the
assessment of virological responses by

failure to suppress, rebound, and con-
firmed failure. Adherence in this co-
hort, as best as can be measured, was
generally good as reflected by virologi-
cal suppression and comparably low
rates of loss to follow-up between
groups. Thus, it seems unlikely that dif-
ferences in adherence account for the
differences that we found in virologi-
cal outcomes.

The study has a number of limita-
tions. First, although we demon-
strated inferior virological outcomes in
patients starting ART with prevalent tu-
berculosis and nevirapine, we were un-
able to demonstrate differences in sur-
vival or CD4 cell count change.
Interpretation is therefore based on the
premise that virological failure would
eventually result in clinical failure. Sec-
ond, although we believe that the de-
cision to use nevirapine with rifampi-
cin in this study has been a systematic
one rather than by clinical indication,
as an observational study, there re-
mains the possibility of residual con-
founding by indication. In comparing
the clinical characteristics of patients
with tuberculosis when starting ART,
it would appear that if anything, the
sicker coinfected patients with a higher
risk of virological failure were more
likely to start efavirenz-based ART as
evidenced by a lower median baseline
CD4 cell count, a higher probability of
having AIDS, and a shorter duration of
tuberculosis treatment. Third, the de-
tection limit of the viral load assay in
our study was 400 copies/mL, whereas
virological suppression to values 10-
fold lower than this are required for
long-term suppression.32 Finally, it was
not possible with the available data to
compare tuberculosis outcomes be-
tween the groups studied.

Additional Findings

The association with increased weight
and failure to suppress viral load in the
combined model underlines the im-
portance of weight in assessing the ad-
equacy of NNRTI dosing. In addition
to concerns about subtherapeutic dos-
ing, at the other end of the spectrum,
a low baseline weight has been associ-

ated with NNRTI toxicity.19 More de-
tailed analyses of associations be-
tween weight and virological outcomes
and toxicity in patients on NNRTIs are
required in this setting.

For both NNRTIs, CD4 cell count in-
creases were higher in patients who
commenced ART with prevalent tuber-
culosis compared with patients with-
out tuberculosis. The likely explana-
tion for this is the additive effect of the
CD4 cell count increase observed when
tuberculosis is treated in the absence of
ART.33 This confounds any attempt to
determine the effect of the observed dif-
ferences in virological outcomes on
CD4 cell count changes.

The association between nevirapine
use and failure to suppress viral load
in patients without concurrent tuber-
culosis is consistent with data from both
randomized controlled trials18 and a
number of observational studies.34-36

The more rapid development of treat-
ment-limiting toxicity in patients re-
ceiving nevirapine compared with those
receiving efavirenz, irrespective of tu-
berculosis treatment, has previously
been described together with a charac-
terization of the toxicities involved.19

CONCLUSION
Nonnucleoside reverse transcriptase in-
hibitor–based ART is tolerable and ef-
fective when coadministered with rif-
ampicin-containing antitubercular
therapy. Probabilities of elevated viral
loads during follow-up and confirmed
virological failure are higher in pa-
tients with prevalent tuberculosis start-
ing nevirapine-based ART. Given the
continued reliance on nevirapine-
containing ART regimens in Africa, to-
gether with the important role tuber-
culosis services play as an entry point
for ART, further prospective studies ex-
ploring this outcome are warranted.
One of the most striking aspects of our
study was the demonstration that 40%
of patients starting ART in recent years
have concurrent tuberculosis, under-
scoring the public health importance of
improving affordable treatment op-
tions for patients infected with HIV and
tuberculosis in this setting.
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