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Background. The effect of herpes simplex virus type 2 (HSV-2) suppression on human immunodeficiency

virus type 1 (HIV-1) RNA in the context of prevention of mother-to-child transmission (PMTCT) interventions is

unknown.

Methods. Between April 2008 and August 2010, we conducted a randomized, double-blind trial of twice daily

500 mg valacyclovir or placebo beginning at 34 weeks gestation in 148 HIV-1/HSV-2 coinfected pregnant Kenyan

women ineligible for highly active antiretroviral therapy (CD4 . 250 cells/mm3). Women received zidovudine and

single dose nevirapine for PMTCT and were followed until 12 months postpartum.

Results. Mean baseline plasma HIV-1 RNA was 3.88 log10 copies/mL. Mean plasma HIV-1 was lower during

pregnancy (2.56 log10 copies/mL; 95% confidence interval [CI], 2.77 to 2.34) and after 6 weeks postpartum

(2.51 log10 copies/mL; 95% CI, 2.73 to 2.30) in the valacyclovir arm than the placebo arm. Valacyclovir reduced

breast milk HIV-1 RNA detection at 6 and 14 weeks postpartum compared with placebo (30% lower, P 5 .04;

46% lower, P 5 .01, respectively), but not after 14 weeks. Cervical HIV-1 RNA detection was similar between

arms (P 5 .91).

Conclusions. Valacyclovir significantly decreased early breast milk and plasma HIV-1 RNA among women

receiving PMTCT.

Clinical Trials Registration. NCT00530777.

Despite the success of preventing mother-to-child human

immunodeficiency virus (HIV) transmission (PMTCT)

programs, more than 350000 infants become infected

with human immunodeficiency virus type 1 (HIV-1)

worldwide each year [1]. In 2010 the World Health

Organization (WHO) issued recommendations to use

more aggressive PMTCT antiretroviral regimens: highly

active antiretroviral therapy (HAART) when CD4 counts

are#350 cells/mm3 and either HAART until cessation of

breastfeeding or a short-course regimen consisting of

zidovudine (ZDV), single dose nevirapine (sdNVP), and

lamivudine (3TC) when CD4 counts are.350 cells/mm3

[2]. However, access to HAART or short-course regimens

is not universal; it is estimated that in 2009 53% of HIV-

infected pregnant women received any PMTCT anti-

retrovirals in low- and middle-income countries [3].

Additional strategies that decrease postnatal HIV-1

transmission, are inexpensive and safe, and can be

incorporated into existing PMTCT programs and in

conjunction with antiretrovirals are still needed. Herpes
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simplex virus type 2 (HSV-2) suppression, which fulfills many of

these characteristics, might be one such intervention.

HSV-2 infection, the leading cause of genital ulcers, is

common among HIV-1–infected women, with HSV-2 sero-

prevalence ranging from 75% to over 95% in sub-Saharan

Africa [4–6]. Clinical and sub-clinical HSV-2 reactivation is

associated with higher HIV-1 plasma and genital RNA levels

[5, 7–11], demonstrating that HSV-2 increases HIV-1 repli-

cation. Although clinical trials have shown that HSV-2 sup-

pressive therapy significantly reduces plasma and cervical

HIV-1 RNA levels [12–17], it did not decrease risk of hetero-

sexual HIV-1 transmission [15]. However, the effect of HSV-2

suppression on breast milk HIV-1 RNA levels or on mother-

to-child HIV-1 transmission (MTCT) is unknown. It is plau-

sible that a reduction in HIV-1 RNA during pregnancy and

breastfeeding would have a substantial effect on reducing

MTCT since HIV-1 RNA levels in plasma and breast milk

are important predictors of transmission [18]. Furthermore,

HSV-2 suppression also reduces genital ulcers, another im-

portant risk factor for MTCT [4, 19–21].

For these reasons, we conducted a randomized, double-blind,

placebo-controlled trial of valacyclovir 500 mg twice daily to

quantify the effect of HSV-2 suppression on reducing plasma,

cervical, and breast milk HIV-1 RNA levels among pregnant and

postpartum Kenyan women coinfected with HIV-1 and HSV-2.

We also evaluated the effect of valacyclovir suppressive therapy

on genital HSV DNA shedding during pregnancy.

METHODS

Study Design and Population
Between April 2008 and June 2009, HIV-1–infected pregnant

women seeking antenatal care at, or referred to, the Mathare

North City Council Clinic in Nairobi, Kenya, were screened for

study participation.Womenwere eligible if they were$18 years of

age, HIV-1 seropositive, HSV-2 seropositive, and at 28–32 weeks

gestation, had a CD4 count .250 cells/mm3, and planned on

delivering and residing in Nairobi for 12 months postpartum.

Exclusion criteria included hypersensitivity to acyclovir or vala-

cyclovir and clinical indication for HAART (WHO stage 3 or 4).

Participants were offered counseling and PMTCT antiretrovirals

according to Kenyan guidelines: twice daily oral ZDV 300 mg

beginning at 28 weeks gestation, oral ZDV 300 mg at the onset of

labor and every 3 hours until delivery, and sdNVP 200 mg at the

onset of labor for the mother and after delivery for the infant.

In June 2009, maternal 3TC and twice daily ZDV for 1 week

postpartum were also offered for prophylaxis [22]. Women were

referred for treatment if they became eligible for HAART, but they

continued study participation. Women received multivitamins

during pregnancy and counseling on infant feeding [22]. Study

procedures were approved by ethical review committees at the

University of Nairobi and the University of Washington, and all

participants provided written informed consent. This trial is reg-

istered at http://clinicaltrials.gov (NCT00530777).

Randomization
Study clinicians enrolled women and randomized them to

twice daily 500 mg valacyclovir or placebo at 34 weeks through

12 months postpartum. Enrollment occurred at 34 weeks ges-

tation in an effort to include the majority of antenatal care

attendees in the study (most Kenyan women initiate care in late

pregnancy) and to allow for ample time to determine eligibility.

An off-site, independent researcher randomly generated sequen-

tially numbered study identifiers using a 1:1 allocation scheme

with block sizes of 20, and participants were sequentially enrolled.

Clinical Follow-up
At screening, a questionnaire and exam were administered to

ascertain eligibility; blood was drawn for CD4 count and HSV-2

andHIV-1 serology. Antenatal visits occurred at 34 and 38 weeks

gestation and postpartum follow-up visits occurred at 2, 6, 10,

and 14 weeks and 6, 9, and 12 months postpartum. At all study

visits women completed questionnaires, were examined, and

underwent pill counts and counseling for adherence. Adherence

by pill count was calculated as [(number of pills prescribed 2

number of pills counted)/number of pills prescribed].

At enrollment, demographic characteristics were ascertained

and blood was collected for syphilis serostatus. Blood and cer-

vical swabs were collected for HIV-1 RNA, and genital swabs

were collected for HSV DNA at 34 and 38 weeks gestation [23].

Genital specimens were obtained by swabbing the cervicovaginal,

vulvar, and perianal areas as described previously [24]. Antenatal

care was provided semimonthly. Women were encouraged to

deliver at a health care facility and referred to the local tertiary

facility for complications. Delivery information was obtained

from the hospital chart and study participants. Blood and breast

milk samples were collected for HIV-1 RNA assays at 2, 6, and

14 weeks and 6 and 12 months postpartum. Infant blood was

collected on filter papers within 48 hours of birth and at all

postpartum visits to determine timing of HIV-1 infection.

Laboratory Procedures
Maternal HIV-1 serostatus was confirmed using Vironostika

HIV Uni-Form II enzyme-linked immunosorbent assay (ELISA)

(bioMerieux, France) and HSV-2 serostatus was determined using

HerpeSelect ELISA (Focus Technologies, Cypress, CA) [25].

Optical densities$3.5 were considered positive for HSV-2. Flow

cytometry (FACSCaliber or FACSCount, Becton Dickinson,

Franklin Lakes, NJ) was used for CD4 counts. Syphilis serostatus

was determined using rapid plasma reagin (Becton Dickinson,

Franklin Lakes, NJ). Plasma, cervical, and breast milk specimens

were cryopreserved and shipped to Seattle for testing. The Fred

Hutchinson Cancer Research Center conducted HIV-1 RNA

assays using the Gen-Probe assay (Gen-Probe Inc, SanDiego, CA),

a transcription-mediated amplification method sensitive for
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HIV-1 subtypes common in Kenya and validated for samples

from plasma and cervical swabs [26, 27]. HIV-1 RNA levels

below the lower limit of detection, 150 copies/mL for plasma

and 100 copies/mL for cervical swabs and breast milk, were re-

coded as half the value of the lower limit of detection. Genital

swabs were analyzed for HSV DNA using a polymerase chain

reaction (PCR) assay described previously and reported as

positive if $150 copies/mL were detected [28, 29]. HIV-1 and

HSV shedding were defined as having HIV-1 RNA or HSV DNA

copies/mL above the lower limit of detection of the assay, re-

spectively. As part of the existing PMTCT program in Kenya,

infant blood collected on filter paper specimens collected at

6 weeks of age were tested using the Amplicor HIV-1 Test,

version 1.5 (Roche Molecular Systems, Inc, Branchburg, NJ).

Gag and pol PCR methods previously described [30, 31] were

used to confirm positive HIV-1 DNA 6 week results and to test

samples collected within 48 hours of birth, and at 2 weeks and

6 and 12 months of age. Positive samples were retested to con-

firm the result, and samples collected prior to the positive result

were tested in order to determine the timing of infection.

Statistical Analysis
We estimated that with 148 women we would have 80% power

to detect a 0.5 log10 copies/mL difference between the mean

plasma HIV-1 RNA levels in the two arms, assuming a standard

deviation of 1.0 with 15% attrition and a 5% 2-sided type I error

rate. An independent data safety and monitoring board reviewed

the study to evaluate safety concerns periodically during the trial;

aside from safety, no criteria for stopping the trial were provided.

We used a modified intention-to-treat analysis for our primary

outcome, change in plasmaHIV-1 RNA levels, excluding women

who were lost to follow-up after enrollment.

Wilcoxon rank-sum and v2 or Fisher’s Exact tests were used to
compare continuous and categorical variables, respectively.

T tests were used to determine the difference between the change

in plasma HIV-1 RNA levels in the valacyclovir and placebo

arms during pregnancy. Linear regression was used to evaluate

the effect of treatment on plasma HIV-1 RNA levels between

2 consecutive study visits at 2 and 6 weeks postpartum,

corresponding to the period of HIV-1 rebound after PMTCT

effects wane. A linear mixed effects model with random inter-

cepts, random slopes, and an unstructured correlation matrix

was constructed to evaluate the effect of treatment on plasma

HIV-1 RNA levels at multiple study visits between 6 weeks

and 12 months postpartum. Changes in cervical shedding of

HIV-1 and genital shedding of HSV were assigned a value

on an ordinal scale, and Wilcoxon rank-sum tests were used to

compare differences in shedding between the treatment arms.

Cox proportional hazards regression models were used to eval-

uate the effect of treatment on HIV-1 transmission and in-

fant mortality. Statistical analyses were performed using

Stata version 11 (StataCorp LP, College Station, TX).

RESULTS

Population
At the Mathare North Clinic, 5599 women sought antenatal care

and 620 (11%) were HIV-1 seropositive. A total of 359 women

came for a screening visitd223 from the study clinic and 136

from referring clinics. Among 211 eligible women, 148 were

enrolled, with 74 randomized to each arm; 146 women had at

least one follow-up visit and were included in our analyses

(Figure 1). A total of 100 women (49 placebo, 51 valacyclovir)

were included in the pregnancy analyses and 145 in the post-

partum analyses (73 placebo, 72 valacyclovir); 140 women

(71 placebo, 69 valacyclovir) who were able to express breast

milk were included in the breast milk analysis.

The median age of the 146 participants was 25 years (inter-

quartile range [IQR], 22–29). All women received antenatal ZDV

prophylaxis for PMTCT; 97% started at or prior to enrollment

with a median gestational age at ZDV initiation of 29 weeks

(IQR, 28–31). The median CD4 count was 459 cells/mm3, and

mean plasma HIV-1 RNA level was 3.88 log10 copies/mL. There

were no significant differences in baseline demographic or

clinical characteristics between the valacyclovir and placebo arms

(Table 1); similar distributions of baseline characteristics were

observed for women included in the pregnancy and postpartum

analyses. Medication adherence did not differ between arms;

median adherence was 86% in both arms (IQR, 80%–92%).

Effect of Valacyclovir on Plasma and Cervical HIV-1 RNA and
Genital HSV DNA During Pregnancy
The mean change in HIV-1 plasma RNA levels between en-

rollment and follow-up at 38 weeks gestation was 20.53 and

0.03 log10 copies/mL in the valacyclovir and placebo arms,

respectively. The overall difference in mean quantity of plasma

HIV-1 RNA was 0.56 log10 copies/mL (95% confidence in-

terval [CI], 0.34–0.77 log10 copies/mL; P , .001) lower in the

valacyclovir arm than in the placebo arm. At enrollment, 28 (56%)

and 25 (51%) of women were shedding HIV-1 RNA in cervical

secretions in the valacyclovir and placebo arms, respectively.

Between 34 and 38 weeks gestation there were no significant

differences between cervical HIV-1 RNA shedding: in the vala-

cyclovir arm 9 (18%) women stopped and 15 (30%) started

shedding, and in the placebo arm 6 (12%) stopped and 13 (27%)

started shedding (P 5 .91) (Figure 2A). Median cervical HIV-1

RNA levels at 34 and 38 weeks gestation were similar (2.14 log10
copies/mL in the valacyclovir arm vs 2.25 log10 copies/mL in

placebo arm; P 5 .12). There was also no difference in median

cervical HIV-1 RNA levels in exploratory subgroup analysis of

women with detectable cervical HIV-1 at baseline (P 5 .13).

Between 34 and 38 weeks gestation, the proportion of women

shedding HSV DNA dropped from 26% to 2% in the valacy-

clovir arm but increased from 16% to 29% in the placebo arm.

Women in the valacyclovir arm were more likely than women in
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the placebo arm to stop shedding (26% vs 12%) and less likely to

start shedding (2% vs 24%) (P 5 .002, v2) (Figure 2B). Mean

plasma HIV-1 RNA was 0.45 log10 copies/mL higher among

women shedding than not shedding HSV at baseline (4.20 vs

3.74 log10 copies/mL, respectively; P 5 .04) and at 38 weeks

gestation (0.72 log10 copies/mL higher; P 5 .009).

Effect of Valacyclovir on Plasma and Breast Milk HIV-1 RNA
Postpartum
A total of 136 women completed the study at 12 months post-

partum. Duration of postpartum follow-up was similar between

the two arms, 68.2 person-years in the valacyclovir arm and 64.2

in the placebo arm. Three women died during postpartum

follow-up (1 valacyclovir, 2 placebo). There were no differences

in adverse events between arms.

Mean plasmaHIV-1 RNA at 2 weeks postpartumwas lower in

the valacyclovir arm compared with the placebo arm (2.83 vs

3.10 log10 copies/mL, respectively); however these were not

statistically different (P 5 .11). The rate of change in plasma

HIV-1 RNA levels was 0.60 log10 copies/mL per month lower

(95% CI, 2.92 to 2.28) between 2 and 6 weeks postpartum in

the valacyclovir arm compared with the placebo arm, after ad-

justing for 2 week HIV-1 RNA levels (P , .001). Between

6 weeks and 12 months postpartum, mean plasma HIV-1 RNA

levels were 0.51 log10 copies/mL lower (95% CI: 2.73 to 2.30;

P , .001) in the valacyclovir arm compared with the placebo

arm (Figure 3A), but there was no difference in the rate of

change (0.03 and 0.02 log10 copies/mL per month in placebo and

valacyclovir arms, respectively; P 5 .3).

The effect of valacyclovir on breast milk HIV-1 RNA levels

(Figure 3B) was similar to plasma. Median breast milk HIV-1

RNA was the same at 2 weeks postpartum (1.70 log10 copies/mL

in both arms), but at 6 weeks postpartum, the median breast

milk HIV-1 RNA was 0.47 log10 copies/mL lower among women

in the valacyclovir arm compared with the placebo arm (1.70 vs

2.17 log10 copies/mL, respectively; P 5 .02). At 14 weeks post-

partum the distribution of breast milk HIV-1 levels remained

significantly lower among women in the valacyclovir arm, but

74 randomized to
receive valacyclovir

73 included in analyses

51 included in 
pregnancy 
analyses

21 delivered prior to 
38 weeks gestation

1 no sample at 38 
weeks gestation

1 lost to follow-up 
during pregnancy

1 lost to 
follow-up 
postpartum

72 included in 
postpartum 

analyses

63 excluded
2 declined to participate
15 lost to follow up
13 delivered prior to enrollment 
visit
6 returned after enrollment
window
4 relocated
23 other reasons

148 did not meet inclusion criteria*

211 eligible for participation

359 screened for eligibility 

148 randomized

74 randomized to
receive placebo

1 lost to follow-up 
during pregnancy

73 included in analyses

22 delivered prior to 
38 weeks gestation

2 missed 38 weeks 
gestation visit

73 included in 
postpartum 

analyses

49 included in 
pregnancy 
analyses

Figure 1. Screening, enrollment, and follow-up of study participants. Women from the Mathare North City Council Clinic and women referred from
5 neighboring clinics were screened for eligibility between 28 and 32 weeks gestation. Analyses were separated by the pregnancy and postpartum
periods due to several women delivering prior to 38 weeks gestation and not having follow-up visits during pregnancy. *Reasons women did not meet
inclusion criteria (not mutually exclusive) included: age ,18 years (n 5 1), HSV-2 seronegative (n 5 85), CD4 ,250 cells/mm3 (n 5 67), eligible for
HAART (n 5 70), planned to deliver/reside outside of Nairobi (n 5 24).
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the magnitude of median HIV-1 RNA levels was at the lower

limit of detection (for both arms, 1.70 log10 copies/mL; P5 .04,

Wilcoxon rank-sum). Although there were no differences in

median breast milk HIV-1 RNA levels at 6 and 12 months

postpartum (P . .2 for both), only 74% and 19% of women,

respectively, were able to express breast milk at these visits.

The effect of valacyclovir on HIV-1 detection in breast milk

samples demonstrated a pattern similar to the effect on breast

milk HIV-1 RNA levels. After receipt of sdNVP during delivery,

risk of detecting HIV-1 RNA in breast milk at 2 weeks post-

partum was low in the valacyclovir (45%) and placebo (55%)

arms (P 5 .48). At 6 weeks postpartum the risk of detecting

HIV-1 in breast milk was 30% lower in the valacyclovir arm than

the placebo arm (relative risk [RR], 0.70; 95% CI, .49 to .99;

P 5 .04), and at 14 weeks the risk was 46% lower (RR, 0.54;

95% CI .32 to .91; P5 .02) (Figure 4), but there was no difference

in detection at other postpartum visits.

Delivery Characteristics and HIV-1 Transmission
Among 146 women followed through delivery, there were 143

live births. Nearly all women (99%) and infants (98%) received

antiretrovirals during delivery or after birth for PMTCT. Ma-

ternal and infant delivery characteristics are shown in Table 1.

Most infants were breastfed; the median duration of breast-

feeding was 6.0 and 5.3 months in the valacyclovir and placebo

arms, respectively (IQR, 3.4–6.5, both arms).

Overall, 10 infants (6 valacyclovir, 4 placebo) acquired HIV-1

by 12 months for a transmission rate of 7.0%; there was no

difference in transmission between arms (hazard ratio [HR],

Table 1. Demographic and Clinical Characteristics of Study
Participants at Baseline and Delivery, by Treatment Arm

Median (IQR) or n (%)

Baseline characteristics

Valacyclovir

(n 5 73)

Placebo

(n 5 73)

Age (years) 25 (22–30) 25 (22–29)

Married 57 (78) 58 (79)

Education (years) 8 (7–12) 8 (7–10)

Employed 22 (30) 18 (25)

Monthly rent ($/month)a,b 24 (19–33) 21 (13–33)

Lifetime number of
sex partners

3 (2–4) 3 (2–4)

History of commercial
sex work

2 (3) 3 (4)

History of sexually
transmitted diseases

20 (27) 18 (25)

History of genital ulcer
disease

10 (14) 13 (18)

Syphilis seropositivec 0 (0) 0 (0)

Informed partner of
HIV-1 statusd

37 (57) 35 (50)

CD4 count (cells/mm3)b 452 (351–560) 481 (340–598)

WHO stagee

1 68 (93) 62 (85)

2 5 (7) 11 (15)

On ZDV by enrollment 73 (100) 68 (93)

Plasma HIV-1 RNA
(log10 copies/mL)f

3.89 (3.66–4.11) 3.87 (3.67–4.06)

Genital HSV DNA
detected

16 (22) 15 (21)

Genital HSV DNA
(log10 copies/mL)g

3.88 (2.63–5.93) 4.06 (2.37–6.70)

Cervical HIV-1 RNA
(log10 copies/mL)

2.03 (1.70–3.28) 2.00 (1.70–2.99)

Maternal delivery
characteristics

Gestational age (weeks) 39 (38–40) 39 (38–41)

Preterm (,37 weeks) 14 (19) 9 (12)

Cesarean delivery 5 (7) 9 (12)

Delivery location

Medical facility 64 (88) 63 (86)

Home 4 (6) 6 (8)

Traditional birth
attendant

4 (6) 2 (3)

In transit 1 (1) 2 (3)

Live birth 72 (99) 71 (97)

Delivery/postpartum
antiretroviralsh,i

71 (99) 69 (97)

sdNVP 67 (93) 64 (90)

ZDV 51 (71) 44 (62)

Lamivudine 7 (5) 4 (6)

Table 1 continued.

Median (IQR) or n (%)

Baseline characteristics

Valacyclovir

(n 5 73)

Placebo

(n 5 73)

Infant delivery
characteristics

(n 5 72) (n 5 71)

Birth weight (kg)j 3.2 (2.9–3.5) 3.0 (2.9–3.5)

Female 38 (53) 47 (66)

Breastfeedingk 67 (93) 66 (100)

Antiretrovirals
receivedh

69 (96) 71 (100)

sdNVP 67 (93) 70 (99)

ZDV 40 (56) 38 (54)

Lamivudine 12 (17) 8 (11)

Abbreviations: IQR, interquartile range; sdNVP, single dose nevirapine;

ZDV, zidovudine.
a $1 5 75 Kenyan shillings.
b Excludes 1 valacyclovir.
c Excludes 1 placebo and 3 valacyclovir with unknown status.
d Excludes 3 placebo and 8 valacyclovir who had no partner at enrollment.
e WHO stage 3 and 4 excluded from enrollment.
f Indicates means and 95% confidence interval reported.
g Indicates range reported.
h Antiretrovirals received are not mutually exclusive.
i Only reported for live births.
j Excludes 3 placebo and 3 valacyclovir.
k As reported at 2 week postpartum visit (missing data for 5 placebo).
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1.45; 95% CI, .41 to 5.12) (Figure 5). There were no significant

differences in the risk of infant mortality: 2 valacyclovir arm

deaths and 7 placebo arm deaths (HR, 0.28; 95% CI, .06 to 1.32).

HIV-1–free survival was similar between the study arms (HR,

0.86; 95% CI, .33 to 2.22).

CONCLUSIONS

In our study, twice daily 500 mg valacyclovir reduced plasma

HIV-1 RNA levels by 0.54 log10 copies/mL during pregnancy

and by 0.51 log10 copies/mL after 6 weeks postpartum among

pregnant Kenyan women ineligible for HAART and receiving

ZDV plus sdNVP prophylaxis for PMTCT. The proportion and

levels of HIV-1 RNA in breast milk were also lower at 6 and

14 weeks postpartum among women randomized to valacyclovir

but were similar between the two arms at 2 weeks postpartum

after maternal sdNVP administered at the time of delivery. At

12 months, 7.0% of infants were infected with HIV-1; there were

no differences in HIV-1 transmission between arms.

Previous studies have estimated the risk of HIV-1 infection

through breastfeeding to be 1%–2% per month in the absence of

postnatal antiretroviral prophylaxis [32, 33]. The significant

reduction in breast milk HIV-1 RNA we observed prior to

6 months corresponds to a period when infants were at risk of

postnatal MTCT. By 5–6 months the cumulative risk of post-

natal infection is estimated to be 8%–10% with a ZDV plus

sdNVP regimen and 3%–5% with extended infant NVP or

maternal HAART [34–36]. In addition, cumulative exposure to

HIV-1 RNA in breast milk was shown to be a more important

predictor of breast milk transmission than duration of feeding

[37]. Thus, if HSV-2 suppressive therapy can reduce breast

milk HIV-1 RNA, it may provide an additional intervention to

decrease HIV-1 transmission via breastfeeding.

We also observed a�0.5 log10 copies/mL reduction in plasma

HIV-1 RNA levels both during and after pregnancy, consistent

with previous studies of HSV-2 suppression among men and

nonpregnant women [12–17]. Women in the valacyclovir arm

continued to benefit from suppressive therapy, despite the effect

of ZDV on HIV-1 RNA levels during pregnancy. It is possible

that the additional viral suppression during pregnancy was due

to synergy between ZDV and valacyclovir. However, although in

vitro studies suggest that acyclovir may potentiate the action of

ZDV [38, 39], an in vivo study did not support these findings

[40]. During the postpartum period the effect of suppressive

therapy on HIV-1 RNA continued and was sustained for

12 months after the effect of sdNVP on plasma and breast milk

HIV-1 RNA waned.

Our study had some limitations. We were unable to evaluate

the effect of valacyclovir on MTCT or on change in HIV-1 RNA

among women who were eligible for HAART. We were also

underpowered to detect an association between valacyclovir and

breast milk HIV-1 RNA levels or detection at 6 and 12 months

postpartum due to small numbers of women who were able to

express breast milk at these visits.

The reduction in plasma HIV-1 RNA levels we observed with

valacyclovir suppressive therapy may provide some protection

against in utero, intrapartum, or postnatal MTCT; however, our

study was not designed to evaluate the effect of valacyclovir on

MTCT. In order to detect a 2-fold difference in transmission

between study arms, assuming a transmission rate of 7% in the

placebo arm, we would need to enroll nearly 1400 mother-infant

pairs. Although a 0.25 log10 copies/mL reduction in plasma

HIV-1 RNA levels did not correspond to a decreased risk of
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Figure 2. Effect of valacyclovir on change in cervical human
immunodeficiency virus type 1 (HIV-1) RNA and genital herpes simplex
virus (HSV) DNA shedding status at 38 weeks gestation. A, Change in
cervical HIV-1 shedding, by treatment arm. B, Change in genital HSV
shedding, by treatment arm. Change in HIV-1 RNA and HSV DNA is for the
period between the 34th and 38th week of gestation and was calculated
as shedding at follow-up minus shedding at enrollment. Changes in
shedding were assigned a value on an ordinal scale and compared
between arms using Wilcoxon rank-sum tests. HIV-1 and HSV shedding
were defined as having HIV-1 RNA or HSV DNA copies/mL above the lower
limit of detection of the assay, respectively. Women with virus detected at
38 weeks gestation but not at 34 weeks gestation were classified in the
group ''start shedding''; women with virus detected at 34 weeks gestation
but not at 38 weeks gestation were classified in the group ''stop shedding.''
Data exclude 1 valacyclovir due to missing swabs at 38 weeks gestation.
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heterosexual HIV-1 transmission, we observed a viral load effect

twice as large, and a 0.4 log10 lower HIV-1 RNA level in breast

milk and plasma has previously been associated with lower risk

of postnatal MTCT [37]. The impact of a reduction in plasma

HIV-1 RNA levels on MTCT may differ from the impact on

heterosexual transmission due to prolonged exposure to HIV-1

containing bodily fluids during pregnancy, labor and delivery,

and breastfeeding. Additional research is needed to determine

the effect of valacyclovir on postnatal and peripartum HIV-1

transmission through breast milk.

We also found that women randomized to valacyclovir had

a lower risk of genital HSV DNA shedding, consistent with pre-

vious studies [41, 42]. In contrast, we did not detect a significant

association between valacyclovir and cervical HIV-1 RNA levels

or shedding, which is consistent with results from a cohort

receiving HAART reported by Ouedraogo et al [43] and an
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Figure 3. The effect of valacyclovir on postpartum plasma (A) and breast milk (B ) human immunodeficiency virus type 1 (HIV-1) RNA levels. Curves
represent locally weighted smoothed curves of plasma and breast milk HIV-1 RNA levels over time, by treatment arm.
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antiretroviral-naive cohort reported by Delany et al [17]

but in conflict with 3 other randomized trials conducted in

antiretroviral-naive cohorts [12–14]. One potential explanation

for the lack of association in our study is that a high pro-

portion (.40%) of women in our cohort were not shedding

HIV-1 in cervical secretions and had low baseline cervical

HIV-1 RNA levels after initiation of ZDV, which reduces

cervical HIV-1 RNA levels by �1 log10 copies/mL after

1 week of ZDV treatment [44]. Other potential explanations

include short duration of valacyclovir suppression, use of

cervical swabs rather than cervicovaginal lavages, and hormonal

changes associated with pregnancy.

Valacyclovir has many features that make it an appealing

intervention. It is commercially available in generic form, has

a good safety profile during and after pregnancy, and could be

used as an intervention to reduce infant exposure to HIV-1

during breastfeeding. Furthermore, HSV-2 suppressive therapy

can be safely used without inducing HIV-1 resistance, as has

been shown in cohorts receiving acyclovir or valacyclovir [45].

Our study demonstrates that valacyclovir significantly reduces

plasma and breast milk HIV-1 RNA and the risk of genital HSV

DNA shedding during pregnancy and can be easily administered

within the existing PMTCT infrastructure. In addition, the effect

of valacyclovir was sustained after PMTCT antiretroviral effects

had waned, which may also lower the risk of early breast milk

HIV-1 transmission. Valacyclovir suppressive therapy, in con-

junction with PMTCT antiretrovirals, should be further evalu-

ated in a larger trial as a combination intervention for reducing

MTCT and improving maternal health.
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