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Abstract

Few studies characterize longitudinal female plasma and genital antiretroviral pharmacokinetics 

and pharmacodynamics. Among 20 regimen-naïve HIV-infected adult women initiating 

atazanavir- (n=9) or efavirenz-based therapy (n=11), we measured blood CD4+ T-lymphocytes, 

and paired plasma and genital HIV RNA and atazanavir or efavirenz 2 days before starting 

therapy, and 2, 4, 7, 10, 21, 28, 60, 120, and 180 days after. The mean (range) log10 baseline 

plasma viral load was 4.89 (2.64 – 6.09) copies/mL and genital was 3.30 (1.60 – 5.00). In the 

atazanavir and efavirenz groups, mean (SD) days to 50% decrease in plasma viral load was 8.2 

(4.9) vs. 9.3 (7.4), P=0.7, and in the genital tract was 7.3 (3.5) vs. 9.3 (7.7), P=0.5. The median 

(interquartile range) plasma:genital concentration ratio for atazanavir was 0.11 (0.001 to 0.46), vs. 

0.34 (0.05 to 1.30) for efavirenz, P=0.5. Average plasma efavirenz or atazanavir concentrations 

over time did not affect virologic response. Blood CD4+ percentages increased by +2.3 (P=0.06) 

and +3.0 (P=0.003) for every 1 mg/L increase in average plasma and genital drug concentration, 

respectively. Plasma and genital viral pharmacodynamics were similar between the groups and 

independent of average concentrations, but blood CD4+ response was related in particular to 

genital extravascular drug concentrations.
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Introduction

Globally, 52% of HIV-infected individuals are women.1 We previously showed that cervical 

HIV RNA can be detected on cross-sectional sampling in 15% of women with <500 RNA 

copies/mL in the plasma, and that receipt of highly active antiretroviral therapy (HAART) 

based on non-nucleoside reverse transcriptase inhibitors (NNRTIs) was an independent risk 

factor associated with genital shedding vs. HAART based on protease inhibitors (PIs).2

Much work has been done to characterize the penetration of antiretroviral drugs into the 

female genital tract, which has been comprehensively summarized.3 Genital concentrations 

are variable and usually lower than in plasma. NRTIs tend to have the highest ratios. Among 

the NNRTIs, efavirenz has the lowest, while etravirine and rilpivirine are better, but also 

have fewer studies to truly assess the variability. Among the PIs, indinavir and possibly 

darunavir appear to be the best.

Few studies have simultaneously measured female genital antiretroviral pharmacokinetics 

and pharmacodynamics,4,5 and only one has measured these outcomes longitudinally.6 That 

study sampled over a period of only 3 weeks, and in women with stable therapy and 

suppressed plasma virus. To better understand early and chronic pharmacokinetic-

pharmacodynamic relationships between antiretroviral drug concentrations and 

compartmental suppression of virologic replication and sanctuary site shedding, we 

conducted a prospective study in HIV-infected women beginning HAART based on 

atazanavir or efavirenz, antiretroviral drugs currently in common use, and measured drug 

concentrations and quantified HIV RNA in both plasma and genital secretions. We 

hypothesized that genital viral dynamics would differ among women on NNRTI vs. PI-

based regimens.

Methods

Study design and patient population—We conducted an open-label, non-randomized 

cohort study of HIV-infected women 16 years or older at the Maternal Child and Adolescent 

Center for Virology and Infectious Diseases at the Los Angeles County + University of 

Southern California (LAC+USC) Medical Center, which was approved by the IRB, and all 

patients consented in writing prior to undergoing any study procedures. Eligible patients 

were starting a new antiretroviral regimen containing either atazanavir with or without 

ritonavir, or efavirenz, but not both, and were naïve to the study drug. The two drugs were 

the most commonly prescribed PI and NNRTI, respectively, in the clinic. We controlled for 

background NRTI by only including those on tenofovir and emtricitabine.

Study schedule and samples—The baseline study visit was 1-2 days prior to starting 

the new antiretroviral regimen. Because we anticipated a rapid drop in plasma and genital 

viral load after initiating therapy,7 we scheduled visits more intensely early in the study, 

balancing the feasibility of repeated vaginal sampling. Therefore, visits after baseline 

occurred 2, 4, 7, 10, 21 and 28 days after starting therapy. To collect longer term data, three 

visits were scheduled for 2, 4, and 6 months after enrollment, although the timing was not 

strictly enforced.
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At baseline, prior to initiation of study medications, we measured virologic, immunologic, 

pharmacologic and safety laboratories, including plasma and genital viral loads by HIV 

RNA PCR, complete blood cell count with T-cell subsets, plasma and genital study 

medication concentrations, bilirubin, liver enzymes and creatinine. All participants began 

their HAART with morning dosing.

At all subsequent visits, we queried participants about the times of their previous three 

doses. We calculated adherence as the percentage of the three doses reported as taken, 

regardless of time. We asked them to report any adverse effects of their medications. On all 

visits except the day 4 or day 7 visit, we collected one pair of blood and genital samples for 

quantification of study drug and viral load in both samples. For either the day 4 or day 7 

visit, based on convenience, we drew a blood sample for drug and viral load measurements, 

followed by witnessed dosing of the study drug, and additional blood samples 0.5, 1, 2, and 

4 hours after the dose, with one genital sample. This visit was early in the study to minimize 

the impact of missed doses and adherence on either pharmacokinetics or 

pharmacodynamics, and the main purpose was to characterize absorption.

Study treatments—Doses for the study medications were according to the package 

inserts, which was efavirenz 600 mg once daily, atazanavir 300 mg once daily in 

combination with ritonavir 100 mg once daily, or atazanavir 400 mg once daily without 

ritonavir in subject 1.

Collection of samples—A study nurse or research clinic phlebotomist collected blood 

samples using universal precautions. Within 30 minutes, we transported the samples to the 

lab for centrifugation, division of plasma into aliquots of 0.25 – 0.5 mL each, and freezing at 

-80°C until analysis. An experienced female nurse practitioner collected all genital samples 

during a speculum exam. We scheduled visits to avoid menses when possible, particularly 

up until day 10. After day 10, women who were menstruating rescheduled their study visit. 

Upon inserting the speculum and visualizing the cervix, the nurse practitioner inserted a 

Puritan Sterile Dacron Polyester Tip Applicator 25-806-1PD Swab into the os, rotated it 

twice, placed the swab in a vial containing 0.5 mL of guanidine isothiocyanate solution 

containing fresh 2-mercaptoethanol, and sealed the vial 8. Within 30 minutes, we froze the 

buffer and swab at -80°C until analysis for HIV RNA copies.

The nurse practitioner next injected 2 mL of sterile saline into the posterior fornix, waited 

one minute and withdrew the sample. Within 30 minutes we also froze this sample at -80°C 

until analysis of cervicovovginal lavage evaluations for ARV concentration.

Measurement of plasma and cervical viral load—HIV-1 RNA plasma and cervical 

quantification was performed in our laboratory (University of Southern California, Los 

Angeles, CA), which is CLIA and NIH certified by Virology Quality Assessment Program 

(VQA). We used quantitative real-time PCR (Abbott RealTime HIV-1 assay) with manual 

extraction method.

After vortexing each sample vial, we removed the swab and adjusted the volume of the 

buffer to 1.2 mL with additional guanidine isothiocyanate 2-mercaptoethanol solution. We 
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then centrifuged these vials for 10 minutes at 14000 × g to eliminate fiber contamination. 

From each, we added 600 μL of the swab solution into Lysis Buffer. An RNA sequence 

different from HIV was added to the Lysis Buffer-sample mixture and served as internal 

control. RNA was extracted with magnetic particle technology to capture nucleic acid and 

wash out unbound components. The RNA was amplified by real-time reverse transcriptase 

(RT)-PCR, and the concentration quantified by calibrated fluorescent-labeled probe on the 

Abbott m2000rt instrument. The limit of detection was 40 copies/mL.

Measurement of urea in plasma and vaginal samples—Since urea is a small, non-

polar molecule that rapidly diffuses across biologic membranes to equilibrium, 

concentrations are very similar in differing body compartments. The technique of 

simultaneously measuring urea in plasma and sampled bronchoalveolar lavage fluid is a 

well-established method to correct the sample volume for dilution with lavage fluid and 

estimate drug concentrations in the epithelial lining fluid.9 To our knowledge, the method of 

urea dilution has not been applied previously to measure vaginal drug concentrations. Direct 

aspiration of vaginal secretions can be technically difficult and takes longer than lavage 

because pooling of vaginal secretions must occur while the woman is recumbent, prior to 

sampling. Since the concentrations of urea in plasma10 and vaginal fluid11 are also almost 

identical (∼13 mg/dL), to correct for dilution of vaginal fluid with saline, we simultaneously 

measured plasma and vaginal lavage urea concentrations, following the manufacturer's 

recommended instructions (Urea Nitrogen Procedure No. 640; Sigma Diagnostics; St. Louis, 

MO). We calculated drug concentration in vaginal fluid by multiplying the measured 

concentration in lavage fluid by the plasma:lavage urea ratio.

Atazanavir and Efavirenz Vaginal and Plasma Concentration Determination

To 100 μL of each plasma and vaginal lavage sample obtained from the subjects, we added 

100 μL of internal standard solution containing 1000 ng/mL Saquinavir (SQV) and 100 

ng/mL nevirapine (NVP). Samples were then extracted by solid phase extraction (SPE) 

using 4 mL Burdick-Jackson C18 columns that were pre-conditioned with 3 mL MeOH, 

followed by 3 mL of distilled water. Samples were applied to the cartridges and then washed 

with 3 mL of distilled water. The analytes eluted using 1 mL of MeOH, and evaporated to 

dryness using a speed vacuum dryer overnight. Samples were reconstituted using 100 μL 

running buffer, which was 80:20 (v/v) of MeOH and 20 mM ammonium acetate, pH 

adjusted to 3.5 with formic acid. An aliquot of 50 μL of reconstituted sample was injected 

into an Agilent 1100 linked onto a Sciex API 3000 tandem MS system. The analytes were 

separated using a Hypurity C18 50 × 2.1 mm column with a particle size of 5 μ and eluted 

using a mobile phase consisting of MeOH and 20 mM running buffer as above, with the 

flow rate set at 350 μL/min. ATV concentration was determined with the program set in the 

positive ion mode and the MRM monitoring for mass transition ions 671.7 → 570.5 and 

705.6 → 168.3, for SQV and ATV, respectively. The retention times for SQV and ATV 

were 4 and 4.5 minutes, respectively. To determine the concentration of EFV, the MS was 

set in the negative ion mode, and the MRM monitored for mass transition ions 267.2 → 

226.2 and 314.2 → 244.0 for NVP and EFV, respectively. The retention times for NVP and 

EFV were 3 and 3.5 minutes, respectively.
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The lowest level of detection was established at 2.5 ng/mL for vaginal and 25 ng/mL for 

plasma ATV and EFV.

CD4+ T-lymphocytes—CD4 cells were measured using 4-color flow cytometry (FC500 

with TetraCXP System, Beckman Coulter) in the LAC+USC CLIA-certified special 

hematology laboratory, according to the manufacturer's instructions.

Statistical analysis—We used R12 in Rstudio (available at http://www.rstudio.com) for 

all analyses and plots. We compared continuous normally distributed variables with the 

Student's T-test, non-normal continuous variables with the Mann-Whitney U test, and 

categorical variables with Fisher's Exact test. For longitudinal comparisons, we used 

generalized estimating equations with independent correlation matrices to account for 

repeated samples from the same individual. To model viral decay rates, we used the 

Perelson model13 and fitted the data with Pmetrics, our non-parametric population modeling 

package for R.14 Our sample size of 10 women in each group was calculated based on the 

ability to detect a 30% difference in any pharmacokinetic or pharmacodynamic parameter 

(e.g. average drug concentration or time to 1 log10 drop in viral load from baseline) with a 

power of 80% and an alpha of 0.05, assuming a coefficient of variation for the parameter in 

both groups of 85%.

Results

Study population

For a planned final sample size of 20, there were 22 enrolled women, with mean age of 33.7 

years (range 21-58). There were 13 Caucasians (9 Hispanics), 8 African Americans, and 1 

Asian. Of the 22 women who enrolled, 2 withdrew before or at the first visit, leaving 9 in the 

atazanavir arm and 11 in the efavirenz arm. Only four of the women were fully antiretroviral 

naïve at the time of study entry – two in the efavirenz group, and two receiving atazanavir. 

One woman in the atazanavir arm was changing therapy due to failure of her current 

regimen at the time (zidovudine, lamivudine and nevirapine), and the rest had been off 

therapy for a mean of 44.1 months (range 8 – 119) at the time their study regimen started. 

Among the women in the efavirenz group, 7 (64%) had been exposed to nevirapine during a 

pregnancy in the past, but had not had a documented NNRTI mutation. One actually had 

also been exposed to efavirenz in the past, which was not recognized at the time of 

enrollment, but she also did not have a documented NNRTI mutation. Three were naïve to 

all NNRTIs. Among the women in the PI group, 4 (44%) were naïve to all PIs, 1 (11%) had 

been exposed to one PI (nelfinavir), and 3 (33%) were exposed to two PIs in the past, 

nelfinavir and either lopinavir/ritonavir (1) or indinvavir (2). One woman each in both 

treatment groups had been treated at another clinic, and we did not have their complete 

histories, but they denied prior study drug exposure and did not have documented study drug 

resistance.

All but one participant of the atazanavir arm also received ritonavir 100 mg once daily. 

Mean self-reported adherence across all treatment visits 2 through 10, a maximum 27 doses 

queried per woman, was 77%, ranging from 56% to 97%.
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Viral dynamics

Of 187 samples, a total of 34 (18.1%) plasma and 98 (52.4%) genital viral loads were 

undetectable and set to the assay limit of 1.6 log10 copies/mL for analysis. The mean (range) 

log10 baseline viral load in plasma was 4.89 (2.64 – 6.09) copies/mL. The two women with 

<3 log10 copies/mL at baseline had been over this threshold at screening prior to study entry. 

Seventeen (85%) of the women had a measureable genital viral load at baseline. The 

baseline genital viral load was 3.30 (1.60 – 5.00) copies/mL. The geometric mean ratio of 

genital to plasma viral load was 0.15 (interquartile range 0.04 – 0.85), with a Pearson's 

correlation between genital and plasma viral load of 0.50 (95% CI 0.09 – 0.76, P=0.02). 

Baseline viral load by regimen is shown in Table 1.

Fitting the data for the first 30 days to the Perelson model, we found a strong biphasic decay 

in both plasma and genital viral RNA (Figure 1), as have other researchers.7 Our median 

estimated initial half-life of decay was 7.1 days in plasma and 5.1 days in genital secretions 

(P=0.4). Terminal decay was biased by many values below the limit of detection, which led 

to a fitted slope near 0, i.e. a very long half-life. There was no difference in rates of initial 

viral decay in either plasma or genital secretions according to treatment with atazanavir or 

efavirenz.

As shown in Table 1 and Figure 1, there were no significant differences in baseline log10 

viral load, the proportion of participants achieving a plasma viral load <50 copies/mL or the 

time to this threshold, the time to at least a 10-fold drop in viral load, or the proportion of 

participants who rebounded, defined as detectable virus after achieving <50 copies/mL. 

There was no virologic rebound in the genital secretions that preceded plasma rebound. Four 

(20%) women, on seven (3.8%) of 183 total study person-visits, had undetectable plasma 

virus but detectable genital virus on at least one occasion. Three of these four were receiving 

efavirenz. Altogether, four (28.5%) of the 14 women in both treatment groups who achieved 

undetectable plasma virus were shedding HIV RNA on at least one occasion during the 

study. The mean blood CD4+ T-lymphocytes (CD4) percent was higher on these occasions 

(34.1 vs. 23.7, P=0.04) than visits with concordant plasma and genital viral loads, but the 

absolute CD4 numbers were not significantly different (599 vs. 398, P=0.1). Overall, as seen 

in Table 1 and Figure 1, for both treatment groups, there was a rapid decline in both plasma 

and genital viral loads, roughly in parallel, after starting therapy.

Immunologic response

Figure 2 depicts the immunologic response during the study period. The mean overall 

change in CD4 count from baseline to last study visit was +161 cells/mm3, ranging from -73 

to +463 cells/mm3 (P<0.01). There was no significant difference in CD4 count change 

between women on atazanavir or efavirenz (+185 vs. +146, P=0.6). Similarly, the mean 

overall change in the percentage of CD4 (CD4%) over the study period was +6.7 percentage 

points, ranging from -4.4 to +26.0 (P<0.01). Mean change in CD4% percentage points was 

very similar between women on atazanavir and efavirenz (+6.9 vs. +6.6, P=0.9).
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Atazanavir and efavirenz concentrations

A total of 18 (6.5%) of 274 plasma samples and 56 (30.7%) of 182 vaginal samples were 

below 25 ng/mL and 2.5 ng/mL, respectively and set to 0 for the analysis. There was no 

correlation between each subject's mean plasma concentration and self-reported average 

adherence, adjusting for drug (P=0.41). The mean plasma atazanavir concentration over all 

visits for the single woman on unboosted atazanavir was 1.7 mg/L, compared to 2.0 mg/L 

for the other women receiving boosted atazanavir. Plasma and genital drug concentrations 

were highly variable between patients under the controlled circumstances of the multi-

sampling visit (Figure 3) and even more variable within subjects over time (Figure 4), with 

overall population plasma and genital median (interquartile) atazanavir at all time points 

1.32 (0.16 – 3.10) mg/L and 0.091 (0 – 0.53) mg/L. For efavirenz it was 0.65 (0.16 – 1.52) 

mg/L and 0.16 (0 – 1.10) mg/L. The median of the individual genital:plasma ratios for each 

woman at each sample time for atazanavir was 0.11 (interquartile range 0.001 to 0.46) and 

for efavirenz it was 0.34 (0.05 to 1.30), P=0.5.

Hepatic and renal toxicity

At baseline, total bilirubin was normal, with a mean of 0.4 (range 0.2 to 1.1) mg/dL. During 

the study, as expected, the mean total bilirubin in the women receiving atazanavir increased 

to 1.58 (range 0.2 to 4.5) mg/dL, compared to 0.28 (0.1 to 1.1) mg/dL in the efavirenz group 

(P<0.01). Of the nine women receiving atazanavir, 7 had at least one bilirubin measured 

after baseline, and of these seven, five (71%) experienced a rise. There were no significant 

changes in ALT or serum creatinine during the study period overall or by drug. Therefore, 

apart from asymptomatic hyperbilirubinemia associated with atazanavir, no participants 

suffered hepatic or renal toxicity during the study.

Pharmacokinetic-pharmacodynamic relationships

The average times to a 1 log10 decline in plasma or genital viral load from baseline were 

shorter by 0.9 (P=0.7) or 11.1 (P=0.3) days, respectively, for every increase in average study 

drug concentration of 1 mg/L in the respective compartment. We cannot rule out that these 

differences were due to chance. There was also no significant difference in the odds of 

achieving undetectable viral RNA in plasma or genital secretions per unit increase in 

average study drug compartmental concentrations.

Pre-dose trough concentrations >0.15 mg/L for atazanavir or >1.0 mg/L for efavirenz have 

been proposed as targets associated with improved chances of virologic suppression.15 

Based on extrapolation from the package inserts, these targets correspond roughly to average 

concentrations of 0.5 mg/L for atazanavir and 1.4 mg/L for efavirenz. Women who had 

average plasma atazanavir or efavirenz concentrations above these thresholds had an 

average time to 50% decrease in plasma viral load of 6.1 (P=0.1) or 7.1 (P=0.1) days faster, 

respectively, than women with average drug concentrations below these thresholds. The 

same 50% decrease in genital viral load was observed 10.3 (P=0.3) and 3.4 (P=0.1) days 

faster for the atazanavir- and efavirenz-treated women, respectively, with average plasma 

concentrations above these thresholds.

Neely et al. Page 7

J Clin Pharmacol. Author manuscript; available in PMC 2016 July 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Each increase in average plasma atazanavir or efavirenz concentration of 1 mg/L did not 

change the CD4+ response, but did increase the CD4% percentage point response by an 

average of 2.4 (P=0.06), controlling for drug. The mean rise in CD4% percentage points was 

9.1 among women whose average plasma drug concentration was above the drug-specific 

thresholds in the preceding paragraph, vs. 4.7 in those with average concentrations below 

the thresholds (P=0.2).

Since the majority of lymphocytes in the body are not in blood, but rather in tissues,16 we 

also examined the relationship of average genital drug concentrations as a sample of tissue 

drug distribution, and blood CD4+ cells, likewise considering them to be a sample of the 

extravascular immunologic pool. Again, there was no significant relationship between 

genital atazanavir and efavirenz concentrations and blood CD4+ count, but for every 

increase in average genital atazanavir or efavirenz of 1 mg/L, blood CD4% increased by 3.0 

percentage points (P=0.003), controlling for drug.

Among the five women receiving atazanavir who had a rise in bilirubin, each increase in 

average atazanavir of 1 mg/L was associated with an increase in total bilirubin of 0.5 mg/dL 

(P=0.1).

Discussion

In this unique, prospective, longitudinal study of simultaneous plasma and genital HIV viral 

dynamics in women starting atazanavir or efavirenz, genital HIV RNA shedding was closely 

related to the plasma viral load and was on the order of 1 log10 lower, which is very 

consistent with previous data.5 A very interesting finding was that higher genital drug 

concentrations were associated with better plasma immunologic gains in terms of CD4% 

(P=0.003). This suggests that the genital drug concentrations may have been reflective of 

other extravascular drug concentrations where the majority of CD4+ T-lymphocytes reside. 

Although higher plasma average antiretroviral drug concentrations also improved 

immunologic gains in terms of plasma CD4%, the P-value of 0.08 did not quite meet the 

customary threshold.

Despite our intensive early sampling schedule within the first two weeks of therapy, we did 

not find significant differences in the viral dynamics in either plasma or genital 

compartments according to treatment with atazanavir or efavirenz. Nevertheless, as we and 

others have described previously,2,7,17,18 genital RNA shedding is not completely 

determined by plasma viral load, since approximately 30% of women in this cohort who 

achieved undetectable plasma RNA had detectable genital RNA on at least one occasion. 

This is consistent with a recent large longitudinal study by others in our group who found 

that proportion to be 20%.19 However, the clinical significance of genital HIV RNA, 

particularly in the absence of detectable plasma replication, is unknown.20 It may be related 

to the low level of residual HIV sexual transmission in the setting of effective HAART.21

Drug plasma concentrations and penetration into the genital secretions from plasma were 

highly variable between patients and occasions, with penetration ratios not significantly 

different between atazanavir and efavirenz. Our median plasma:genital ratio of atazanavir 
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(0.11) was somewhat lower compared to other reports (0.16 – 0.33) as summarized by Else 

et al,22 but our ratio of efavirenz genital penetration (0.34) was somewhat higher (<0.01 – 

0.25). These observations may be related to our novel use of urea dilution with vaginal 

lavage, as other studies used a direct aspiration technique, although one might expect the 

ratios to be similarly affected if true. However, we believe that our use of the urea dilution 

method for the first time to correct for vaginal lavage volume was valid based on previously 

and independently documented similar concentrations of urea in plasma and undiluted 

vaginal fluid,10,11 and extensive use of the method for bronchoalveolar lavage volume 

correction.9 Furthermore, allowing for slight differences, our results are not much different 

compared to measured concentrations in samples obtained by the direct aspiration method. If 

not methodological, then this cohort of women may be different with respect to 

antiretroviral drug penetration than previously published cohorts. One intriguing and 

obvious difference is race/ethnicity, as our women were primarily Latinas, but we did not 

have sufficient diversity or numbers to test this hypothesis.

The lack of association between viral RNA load and drug concentrations, whether in plasma 

or genital secretions is most certainly due in part to the highly variable inter-occasion 

(within patient) variability in both endpoints, particularly drug concentrations. Adherence is 

a factor that confounds interpretation of drug concentrations throughout the body, and it was 

sub-optimal in our study. Furthermore, according to their package inserts, atazanavir is 86% 

protein bound and efavirenz is >99% protein bound, which will make their day-to-day 

distribution into the genital compartment highly susceptible to changes in vaginal protein 

content and fluid volume associated with the menstrual cycle23 or other factors such as 

inflammation. These two considerations – adherence and unmeasured physiological 

variables – will complicate and confound any longitudinal study of the relationship of drug 

concentrations to virologic response, regardless of the compartment.

There are several limitations to our study. The sample size was too small given the greater 

than anticipated variability in measured outcomes and the study ended up underpowered. 

We did not formally assess the virologic genotypic resistance in this study, although we had 

clinically obtained results available on some of the women. However, all women but one 

were naïve to their study drug, most had been off antiretrovirals for more than a year when 

this study was initiated, and we did not have any documented evidence of baseline or prior 

resistance to the study drugs. Based on the similar virologic response in plasma and genital 

secretions between atazanavir- and efavirenz-treated women, it is unlikely that there were 

major differences in baseline viral susceptibility to the antiretroviral drugs used in this study. 

We did not measure tenofovir or emtricitabine concentrations. Although nucleoside reverse 

transcriptase inhibitors (NRTIs) distribute more freely into genital secretions,4,6 all 

participants were receiving the same NRTIs as a control, because the aim of the study was to 

determine if there were differences in virologic and immunologic responses between 

atazanavir- or efavirenz-based highly-active antiretroviral therapy. Finally, we were not able 

to fully control factors that might affect penetration of drug into genital secretions, such as 

by sampling only at the same point in the menstrual cycle.

The significance of our findings is that clinicians can be reasonably confident that whether 

antiretroviral treatment is based on atazanavir or efavirenz, virologic response in the genital 
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secretions of HIV-infected women is, on average, similar in trajectory to the response in 

their plasma, with about 10-fold lower HIV RNA copies/mL in genital secretions than in 

plasma. Moreover, higher average plasma drug concentrations may be associated with faster 

declines in plasma and genital HIV RNA and better gains in CD4%, especially if the drugs 

distribute well into tissues outside blood.
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Figure 1. 
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Mean and standard deviation (A) plasma and (B) genital viral loads at each study day for 

women taking atazanavir (ATV) or efavirenz (EFV) plus tenofovir and emtricitabine. The 

dashed horizontal line in each plot indicates the limit of detection.
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Figure 2. 
Mean and standard deviation CD4+ T-lymphocyte percent at each study day for women 

taking atazanavir (ATV) or efavirenz (EFV) plus tenofovir and emtricitabine.
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Figure 3. 
Plasma (A) and genital (B) atazanavir (ATV) or efavirenz (EFV) concentrations on the 

multi-sampling day, showing >100-fold inter-subject variability in plasma EFV exposure 

and >10-fold inter-subject variability in plasma ATV exposure. In contrast, genital ATV 

variability was higher than EFV variability. Women with undetectable drug are not plotted 

and one woman each in the EFV and ATV groups missed her multi-day sampling visit.
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Figure 4. 
Plasma (A) and genital (B) atazanavir (ATV) or efavirenz (EFV) concentrations vs. time 

after dose. Line segments join samples from the same woman, and concentrations after 

differing doses have been superimposed according to the time after the previous dose. There 

is tremendous longitudinal within-subject and between-subject variability in both plasma 

and genital drug concentrations for ATV and EFV.
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