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Viral decay rates during efavirenz-based therapy were compared

between human immunodeficiency virus (HIV)–infected pa-

tients without tuberculosis (n5 40) and those with tuberculosis

coinfection who were receiving concurrent antituberculous

therapy (n5 34). Phase I and II viral decay rates were similar in

the 2 groups (P . .05). Overall, concurrent antituberculous

therapy did not reduce the efficacy of the HIV treatment.

Tuberculosis (TB) remains a major cause of mortality in human

immunodeficiency virus (HIV)–infected persons [1]. Although

highly active antiretroviral therapy (HAART) during antitu-

berculous therapy is associated with a substantial reduction in

mortality [2–5], it is often deferred because of concerns about

pill burden, drug-drug interactions, immune reconstitution

inflammatory syndrome (IRIS), and drug toxicities [6]. Tu-

berculosis enhances HIV replication, and co-infected patients

experience significant increases in HIV plasma viral loads when

effective antituberculous therapy alone is used [7, 8]. The ini-

tiation of HAART in HIV-infected patients is associated with

a rapid decrease in HIV RNA within the first week of therapy

(phase I decay), followed by a slower rate of decline (phase II

decay) [9–14]. Because viral decay rates are used as a measure of

antiretroviral regimen efficacy [10, 11, 14] and long-term ef-

fectiveness [12, 14], it is important to determine whether ther-

apy for TB coinfection reduces viral decay rates. In this pilot

study, we compared viral decay rates during efavirenz-based

HAART between HIV-infected Ghanaian patients without TB

coinfection and those with TB coinfection who were receiving

antituberculous therapy. In secondary analysis, we investigated

whether virus decay rates are predictive of virologic outcome

at weeks 24 and 48.

METHODS

Study Patients
HIV-infected antiretroviral-naive patients with CD41 lym-

phocyte count < 250 cells/lL without TB and with TB co-

infection were enrolled at the Korle-Bu Teaching Hospital

(Accra, Ghana) from November 2006 through December 2007.

The 2 groups were matched for baseline CD41 lymphocyte

count,100 cells/lL and>100 cells/lL. The study was approved

by the Nogouchi Memorial Institute for Medical Research,

Ghana. Informed written consent was obtained from all patients.

Treatment Regimens
All patients received generic didanosine-buffered tablets at a dos-

age of 400mg (for those with body weight.60 kg) or 300mg (for

those with body weight ,60 kg), 300 mg of lamivudine, and 600

mg of efavirenz once daily. In the co-infected patients, antitu-

berculous therapy was started immediately upon TB diagnosis,

and HAART was initiated between 4 and 90 days of the initiation

of antituberculous therapy (median time to HAART initiation, 33

days). Antituberculous therapy consisted of isoniazid, rifampin,

pyrazinamide, and ethambutol daily for 2 months followed by

isoniazid and ethambutol daily for 6 months or isoniazid and

rifampin daily for 4 months. Adherence to HAART, assessed

monthly by pill count and patient self-report, was found to be

good in all patients through week 24 of HAART.

Clinical and Laboratory Monitoring
Clinical evaluations were performed at study entry and at all

follow-up visits. Plasma viral load were obtained on days 0, and 3

and at weeks 1, 2, 4, 12, 24, and 48 ofHAART. CD41 lymphocyte

counts were performed at entry and at weeks 4, 12, 24, and 48.

Mid-dose efavirenz concentrations were determined at weeks 4

and 8 of HAART. CD41 lymphocyte count was measured by
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FAScount (Becton-Dickinson), and HIV-1 RNA quantification

determined by polymerase chain reaction amplification (Roche

Amplicor). Virologic failure was defined as failure to suppress

HIV RNA level to ,400 copies/mL by week 24 of HAART or

a viral rebound to .400 copies/mL at week 48 after achieving

suppression at week 24. Virologic rebound was confirmed with

subsequent testing, but no HIV genotype testing was available.

Efavirenz plasma concentrations were measured using a validated

high-performance liquid chromatography method.[15]

Statistical Models and Analysis
A biexponential nonlinear mixed-effects (NLME) model of HIV

viral dynamics was used to estimate viral decay rates [16].

The biologically meaningful parameters include P1 and P2,

representing the amount of virus produced and cleared from

productively infected cells and long-lived infected cells, re-

spectively, and d1 and d2, representing the decay rates of 2 phases

of plasma HIV RNA clearance.

The estimated mean viral decay rates were compared between

the 2 groups using the nonparametric O’Brian rank sum test for

simultaneous test of viral decay rates in both phases orWilcoxon

rank-sum test for individual test of viral decay rates in a single

phase [17]. Wilcoxon signed-rank test was used to examine the

difference in viral decay rates between the group with virologic

failure and the group without failure at weeks 24 and 48. Sur-

vival analysis was performed to evaluate the effect of TB co-

infection and viral decay rates on time-to-virological failure.

Significance was determined at the alpha 5 .05 level.

RESULTS

Study Population
Of the 74 patients, 34 (46%) had TB coinfection. Of the co-

infected patients, 26 (76.5%) had pulmonary TB, of whom

8 (30.8%) had sputum smear results that were positive for acid-

fast bacilli. Eight patients (23.5%) had extrapulmonary TB

(3 had disseminated TB, 3 had tuberculous meningitis, and 1

each had pericardial and abdominal TB). Patients with HIV and

TB coinfection were more likely than the patients with HIV

monoinfection to be male (73.5% vs 27.5%; P , .001) and

to have a lower body mass index (defined as the weight in

kilograms divided by the square of height in meters; median

body mass index, 17.3 vs 19.7; P 5 .044). The co-infected and

HIV-infected patients had comparable baseline CD41 lym-

phocyte counts (median, 76 vs 88 cells/lL; P5 .733) and plasma

viral loads (median, 320,000 vs 199,000 copies/mL; P 5 .222).

Median efavirenz mid-dose concentration was similar between

the 2 groups.

Viral Decay Rates and Relationship with Treatment Outcome
The distribution of viral decay rates by TB coinfection status

is shown in Figure 1. The mean (6 standard deviation) phase

I viral decay rate was .586 (.107) per day in the co-infected

patients and .600 (.094) per day in the patients without active TB

(P 5 .726). The mean phase II decay rates were .023 (.021) and

.025 (.021) per day in patients with and those without active TB

(P 5 .415), respectively. Log-rank test revealed that TB co-

infection and concurrent antituberculous therapy had no

significant effect on time-to-virological failure (P 5 .125), but

phase I decay rate (P 5 .04) and phase II decay rate (P 5 .01)

were significantly related to time-to-virological failure. These

results were confirmed by a Cox proportional hazard model.

The estimated hazard ratio (95% confidence interval) for

virological failure in patients with TB coinfection, compared

with that for those without TB, was 2.043 (0.499–8.371;

P 5 .321). The estimated risk of virological failure decreases

by.99% if a patient’s phase I or II viral decay rate increases by

1 unit (P , .05).

Figure 1. Phase I (A) and phase II (B) viral decay rates in human immunodeficiency virus–infected patients with and without active tuberculosis (TB).
Shown are median values and range (box, 25th–75th percentiles). SD, standard deviation.
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Extended Follow-up Outcome
Of the 40 HIV-infected patients, 6 (15%) discontinued the study

(4 with TB IRIS and 1 each with pregnancy and poor adher-

ence), 3 (8%) died, and 3 (8%) were lost to follow-up before

week 48. The characteristics of the 4 HIV-infected patients

who developed TB IRIS during HAART are shown in Table 1. Of

the 34 patients with HIV and TB coinfection, 4 (12%) dis-

continued the study (2 with pregnancy and 1 each with poor

adherence and withdrawal of consent), 4 (12%) died, and 5

(15%) were lost to follow-up. There were no treatment dis-

continuations caused by drug adverse effects in either group.

Of the patients who continued to receive HAART, 31 (94%)

of 33 and 27 (96%) of 28 patients without TB achieved viral

loads ,400 copies/mL at weeks 24 and 48 of HAART, re-

spectively. Of the co-infected patients, 21 (91%) of 23 and 16

(80%) of 20 also achieved viral loads ,400 copies/mL at weeks

24 and 48 of therapy. The median (interquartile range [IQR])

increase in CD41 lymphocyte count at weeks 24 and 48 in

patients without and those with TB were 112 cells/lL (IQR,

43–189 cells/lL) versus 172 cells/lL (IQR, 120–243 cells/lL)

and 206 cells/lL (IQR, 52–260 cells/lL) versus 234 cells/lL

(IQR, 167–345 cells/lL).

DISCUSSION

In this study, initiation of efavirenz-based HAART within

�1 month of starting antituberculous therapy in patients

with HIV and TB coinfection did not appear to reduce the

efficacy of the HIV treatment. The comparable phase I and

II decay rates in the patients without and those with TB

coinfection who were receiving antituberculous therapy

indicate that the efficacy of the antiretroviral regimen was

similar, because several studies have shown that viral decay

rates reflect antiretroviral regimen potency and/or efficacy

[11, 12,17–19].

Overall, clinical, immunological, and virological outcomes

through week 48 of follow-up were similar in the 2 cohorts. This

finding concurs with previously published studies from re-

source-rich settings that found that TB coinfection and

antituberculous therapy did not compromise HIV treatment

responses through 6 months of follow-up [20, 21]. Consistent

with findings of other studies involving African populations [22,

23], we found efavirenz plasma mid-dose concentrations to

be similar irrespective of concurrent antituberculous therapy.

This may be due to the relative high proportion of patients

who were considered to be ‘‘slow metabolizers’’ of efavirenz in

our cohort [24].

All of the patients who developed TB IRIS were severely im-

munocompromised and did not have TB symptoms at HAART

initiation. However, the majority manifested with TB disease

within 30 days of HAART, which is consistent with reports of

unmasked TB presenting as IRIS soon after initiation of HAART

in areas of TB endemicity [25, 26]. Severely immunosuppressed

HIV-infected patients without TB symptoms at HAART initia-

tion should be monitored closely for the possibility of unmasked

disease in these areas.

Despite the small size of our study population and our

inability to adjust for multiple comparisons in the hypothesis

testing, the findings of this pilot study suggest that TB co-

infection and concurrent antituberculous therapy did not

compromise the efficacy of an efavirenz-based regimen in co-

infected patients, compared with HIV-infected patients matched

for CD41 lymphocyte count level.
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Table 1. Demographic and Clinical Characteristics of HIV-Infected Patients Who Developed Tuberculosis IRIS

ID

Age,

years Sex

Weight,

kg

CD41 lymphocyte

count, cells/lL
Baseline HIV RNA

level, copies/mL

Phase I decay

rate, per day

Phase II decay

rate, per day

Time to IRIS

diagnosis, days Site of TB

AC19 31 F 36 13 147,000 0.640 0.0 17 Pulmonarya,b

AC149 33 F 54 14 456,000 0.549 0.004 19 Pulmonarya

AC160 37 F 34 42 389,000 0.452 0.009 77 Abdominal

AC165 35 M 51 3 39,000 0.710 0.0 30 Meningitis

NOTE. HIV, human immunodeficiency virus; IRIS, immune reconstitution inflammatory syndrome; TB, tuberculosis;
a Sputum smear positive for acid-fast bacilli.
b Died at week 4 of antiretroviral therapy.
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