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Introduction

Since 1994, in the USA and Europe, antiretroviral and obstetric interventions and the avoidance of breastfeeding have dramatically reduced mother-to-child HIV-1 transmission [1,2]. However, most of the 17.6 million HIV-1 infected women live in resource-poor countries and do not have access to antiretroviral medication or safe alternatives to breastfeeding [3,4]. The United Nations Program on HIV/AIDS (UNAIDS) estimates that more than 800 000 children continue to be infected with HIV-1 each year, with more than one-third of these infections attributed to breastfeeding transmission [3,5]. Sub-Saharan Africa has been most severely affected by the dual burdens of the HIV-1 pandemic and poverty.

The risk of mother-to-child HIV-1 transmission in predominantly breastfed populations is estimated to range from 25% to 48% [5]. In Africa, where prolonged breastfeeding into the second year of life is the norm, the HIV-1 pandemic has created a vexing policy dilemma concerning infant feeding [6]. In poor, unsanitary environments the risk of HIV-1 transmission through breastfeeding must be weighed against the substantial benefits of breastfeeding, including health and survival benefits to the child as well as contraceptive, economic and social benefits to the mother [7,8]. Critical research gaps remain regarding the risk and mechanism of HIV-1 transmission through early and prolonged breastfeeding [8]. This information is vital for the development of interventions to reduce HIV transmission through breastfeeding and promote child survival. It would also assist policymakers, health professionals, and HIV-infected women to make context-specific decisions about breastfeeding [9].

Recent randomized clinical trials have assessed the efficacy of a number of relatively simple and inexpensive perinatal antiretroviral interventions as well as helped clarify the rate and timing of HIV-1 transmission attributable to breastfeeding. The aim of this review is to analyze their collective findings qualitatively and quantitatively, and use these data to suggest ways to strengthen global perinatal HIV-1 prevention efforts and direct perinatal research priorities. As the trial interventions differ, it is not appropriate to pool the trials’ results and use statistical methods of analysis; we report the randomized trial results but make observational comparisons between the trials.
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Methods

We reviewed data from randomized clinical efficacy trials of antiretroviral or infant feeding interventions to prevent mother-to-infant HIV-1 transmission among breastfeeding African populations. In addition to data derived from peer reviewed publications we included the most recent trial data presented at international HIV conferences as we felt the research and public health implications of these data are timely and compelling. We identified eligible trials by searching the MEDLINE, AIDSLINE, and International HIV Conference databases for the following keywords: disease transmission, vertical; perinatal; HIV infections; and breastfeeding. Titles and abstracts were scanned to identify eligible clinical trials, and a further search was conducted using authors’ names.

Study methods and variables known to be associated with HIV-1 transmission such as maternal CD4 count, duration of membrane rupture, mode of delivery, and breastfeeding were described for each trial population [4,10–13]. Unfortunately insufficient data were collected to accurately define breastfeeding practices as exclusive or mixed feeding but the literature suggests that mixed breastfeeding would have been the predominant cultural practice. These factors should be considered when assessing findings and comparisons within and across studies.

Trial endpoints included cumulative HIV-1 transmission rates and mortality. The relative efficacy of interventions for reducing early and late HIV transmission risk and/or increasing HIV-free survival is determined from these endpoints. Relative efficacy of an intervention is defined as the preventive fraction in the group exposed to an intervention compared to the referent group (exposed to a placebo or to another intervention), where RExp is the estimate of the rate of interest in the exposed group and RRef that in the referent group: E = 1 – (RExp/RRef). Incremental HIV-1 transmission rates for each trial arm were defined as the additional cumulative transmission reported within each testing interval.

Infant HIV-1 infection status was determined by sensitive virologic tests at birth and at multiple subsequent time points. Some data suggests that current RNA PCR tests may have slightly higher sensitivity than DNA PCR tests in detecting infant HIV infection at birth [14,15]. Nucleic acid amplification HIV testing techniques at 6 weeks or more after birth should detect all infant HIV-1 infection due to intrauterine and intrapartum exposures [16]. Thus, cumulative HIV-1 transmission at 6 weeks among breastfed infants was interpreted to represent infections due to intrauterine and intrapartum exposures as well as those due to very early breastfeeding exposure.

Crude estimates of the average monthly hazard of infant HIV infection related to breastfeeding transmission were derived from the available data. The estimates of very early breastfeeding transmission are derived from the difference in incremental HIV-transmission between breastfed and non-breastfed infants in the first postnatal period (between birth and 6–8 weeks) as infants already infected at birth are not at risk of infection through breast-milk exposure. Based on the assumption that almost all new infections after the first 6 weeks were attributable to breastfeeding transmission, crude estimates of the average monthly hazard after 6 weeks were calculated by dividing incremental HIV transmission by the testing interval in months.
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Results

Six randomized clinical efficacy trials evaluating interventions to prevent mother-to-child HIV-1 transmission in breastfeeding populations were identified. These were all conducted in urban African settings. One trial evaluated infant feeding practices (breastfeeding versus formula feeding) in a Kenyan population and published results to 24 months [17]. The other five trials evaluated oral antiretroviral interventions. Placebo-controlled zidovudine (ZDV) trials were completed in west Africa by the RETRO-CI and DITRAME trial groups with published individual and pooled results to 24 months [18–21]. The HIVNET-012 trial group evaluated nevirapine (NVP) versus an ZDV regimen in Uganda with published early results and presented late results through 18 months [22–24]. Two trials evaluated ZDV/lamivudine (3TC) regimens: the PETRA trial group evaluated the timing of various ZDV/3TC regimens against placebo in Tanzania, Uganda, and South Africa with follow up data through 18 months; [25,26] and the SAINT trial group evaluated NVP versus an ZDV/3TC regimen in South Africa and has presented preliminary results through 8 weeks [27].

The five-antiretroviral trials differed from each other in terms of antiretroviral drugs, dosage and/or timing (Table 1). Three oral antiretroviral regimens were evaluated: ZDV alone, NVP alone, and the combination of ZDV and 3TC. RETRO-CI, DITRAME, and PETRA Arm-A included an antenatal component from 36 weeks gestation or later. All interventions arms included an intrapartum component. PETRA Arm-C was exclusively an intrapartum intervention, while HIVNET-012, PETRA Arm-B and SAINT included intrapartum and postpartum prophylaxis. DITRAME and PETRA Arm-A included antenatal, intrapartum and postpartum components. The infant feeding trial was conducted in Nairobi, Kenya, among HIV-1 infected women with access to safe water who had agreed to be randomly assigned to either breastfeed or to formula feed their baby.

[image: Table 1]Table 1. Dose and timing of oral antiretroviral intervention regimens.aOne or other dose was received due to a change in formulation during the DITRAME Trial. bIndicates a loading dose of 600 mg followed by 300 mg every 3 h. cIndicates regimen that resulted in sustained postpartum drug levels for > 1 week. bid, Twice daily; ZDV, zidovudine; NVP, nevirapine; 3TC, lamivudine.



All sites used sensitive nucleic acid amplification tests with primers to detect regional HIV-1 subtypes to detect early infant infection. Most sites used nested DNA PCR; however, HIVNET 012 used RNA PCR exclusively. The five-antiretroviral trials used Kaplan–Meier survival analysis to calculate HIV-1 transmission rates; the Kenya breastfeeding trial described a modified analytic technique, and the pooled west African analysis incorporated weaning as a competing event. The different analytic treatment of weaning means that the Kenyan, Ugandan HIVNET and PETRA analyses estimate late transmission rates in the whole study population with their prevalent infant feeding practices, whereas the west African analysis describe late transmission rates in the study population at risk of late HIV-1 transmission (that is among infants exposed to breast-milk) [21].

Table 2 summarizes the clinical and demographic characteristics of the trial cohorts. There were substantive differences between the trial populations in key risk factors for mother-to-child HIV transmission such as immunologic status, mode of delivery, duration of membrane rupture and breastfeeding practices; these differences were most marked between the South African participants (of PETRA and SAINT) and the other study populations. Not all data points have been reported for the PETRA and SAINT trials.

[image: Table 2]Table 2. Comparison of trial populations: key maternal, obstetric and infant feeding characteristicsa.The aggregate figure is reported for each trial if published, otherwise the figure for each arm is reported.aRandomized prior to 18 February 1998 when placebo arm enrollment stopped. bSAINT study continued to enroll study participants at time of report. cThirty percent of the group randomized to formula feeding reported non-compliance and breastfed their infants.



Median CD4 cell count at enrollment ranged between 407 × 106/l and 549 × 106/l. The proportion of women with CD4 cell counts < 200 × 106/l ranged from 6% to 16%. Generally, the two west African trial populations (DITRAME and RETRO-CI) had less advanced disease than did the populations in the other trials, according to immunologic markers. The proportion of Cesarean deliveries varied greatly and ranged from 1.5% to 32%. The proportion of women with duration of ruptured membranes > 4 h was similar between the two west Africa trials and the Kenya trial (range, 27–29%) but was lower among Ugandan HIVNET participants (14%).

Breastfeeding patterns also varied markedly by region. Breastfeeding was highly prevalent and generally continued into the second year of life at the west and east Africa sites. Breastfeeding was initiated by more than 96% of the women participating in the breastfeeding arm of the Kenya trial and in the antiretroviral trials at the west and east Africa sites. In contrast, few South African trial participants initiated breastfeeding (53% PETRA and 40% SAINT), and did so for a much shorter time. In the Kenya trial, 30% of the women randomized to formula were non-adherent and breastfed their infants.

Fig. 1 shows HIV-1 transmission detected by 6–8 weeks across the trials, reflecting cumulative intrauterine, intrapartum, and early breastfeeding transmission and the time when the antiretroviral interventions are targeted to reduce HIV transmission. As characteristics of the study populations, the ZDV regimens and the HIV transmission rates were very similar between the two west African trials (DITRAME and RETRO-CI), we will report the pooled results [21]. Similar early transmission rates were measured across trials for the west Africa pooled placebo arm, the Kenya breastfeeding arm, and the Uganda HIVNET ZDV arm (intrapartum and 1-week neonatal ZDV), with point estimates ranging from 19.9% to 24.8%. The PETRA study placebo arm had a lower point estimate of 15.3%, consistent with a probable reduction due to fewer vaginal deliveries and reduced breastfeeding exposure.

[image: Fig. 1]Fig. 1. Clinical trial results: early HIV-1 transmission measured at 6 and 8 weeks. Point estimates are derived using the Kaplan–Meier method in all trial arms except the Kenyan infant feeding trial. The time of HIV testing (weeks) is indicated in parentheses next to each trial name. P values for the within-trial comparison compared to placebo or referent arm (striped bars) are as follows: borderline P = 0.05 for RETRO-CI ZDV; borderline 0.05 for DITRAME ZDV (pooled west African data P < 0.05); P = 0.0063 for HIVNET NVP compared to HIVNET ZDV; P = 0.005 for Kenyan formula arm compared to breastfeeding arm and P > 0.05 for the comparison between the SAINT NVP and ZDV/3TC arms. For the PETRA ZDV/3TC interventions versus placebo, the P values were 0.001 for arm A, 0.025 for arm B and 0.74 for arm-C.



Two antiretroviral interventions did not demonstrate measurable early efficacy: intrapartum ZDV/3TC alone (PETRA-C) resulted in an HIV-1 transmission rate similar to that of the PETRA placebo arm (P = 0.74), and the HIVNET intrapartum and 1-week neonatal ZDV arm was significantly inferior to the NVP arm (P = 0.0063). While the cumulative HIV transmission rate documented in the HIVNET ZDV arm was very similar to that of the pooled west African placebo arm and the Kenyan breastfeeding arm, in the absence of a placebo comparison, the efficacy of the HIVNET ZDV regimen cannot be determined. If this ultra-short ZDV regimen also reduced transmission, then the risk reduction attributable to NVP would be underestimated. For simplicity, due to the very early discontinuation of the placebo arm in the HIVNET trial and the relative lack of efficacy of the HIVNET ZDV arm we will refer to this arm as a referent arm, together with other trials’ placebo arms and the Kenya breastfeeding arm.

The randomized trial data showed that six interventions were efficacious in preventing early HIV-1 transmission; the magnitude of the efficacy estimates were substantial and ranged from 41% to 63% with statistical significance at the P = 0.05 level. Efficacy of the antiretroviral intervention arms at 6 weeks was compared with placebo for the pooled west Africa trials [41%; 95% confidence interval (CI), 17–58%], PETRA-A (63%; P = 0.001) and PETRA-B (42%; P = 0.025). The early efficacy of the HIVNET NVP regimen was 42% relative to the intrapartum and neonatal ZDV arm (95% CI, 13–62%). The Kenyan formula arm's efficacy was 51% relative to the breastfeeding arm in the Kenya infant feeding trial but this result is difficult to interpret given the unexpectedly low rate in the formula arm. The early transmission rates reported for the SAINT trial are consistent with the Ugandan and PETRA data and suggest the short intrapartum and 1-week postpartum NVP and ZDV/3TC regimens have similar efficacy [27].

Fig. 2 shows incremental HIV-1 transmission as a proportion of cumulative transmission for the trials with late HIV transmission data. At birth, HIV-1 transmission point estimates generally ranged from 6.6% to 10.3%; however, there was an unusually low rate of 3.1% in the formula arm of the Kenyan trial. Statistically significant differences within the trials attributable to effective interventions were measurable by 6 weeks. Between 6 weeks and 3 months, incremental transmission was < 2.1% in the pooled west African and HIVNET 012 trial arms and was 3.5% in the formula arm and 4.6% in the breastfeeding arm of the Kenyan trial. Between 3 and 6 months, incremental HIV transmission remained low despite high breastfeeding prevalence; these were between 0 and 3.5% for the pooled west Africa and Kenya trial arms (data not shown). Of note, much of the HIV transmission in the Kenya formula arm occurred after 6 weeks and is presumed to reflect non-adherence to formula and transmission due to breastfeeding.

[image: Fig. 2]Fig. 2. Total HIV-1 transmission with proportion by testing interval. Cumulative HIV-1 transmission rates are shown for each trial arm with long-term transmission data reported. The HIVNET-012 has reported results to 18 months and the Kenyan and west African trials have reported transmission results to 2 years. The y axis represents absolute HIV-1 transmission rates. The stacked bars show the incremental transmission as a proportion of total HIV-1 transmission within each arm.



All trial arms documented substantial postnatal HIV transmission after 3 months; this accounted for one-quarter of the total 2-year HIV-transmission in the west Africa pooled ZDV arm and one-third in the Kenyan breastfeeding arm (Fig. 2). In the Ugandan HIVNET trial, late transmission was lower in the NVP arm than in the ZDV arm, hence the rate difference and relative efficacy estimates were maintained over time; the rate difference was 8.2% at 6 weeks and 10.1% at 18 months and relative efficacy was 41% (95% CI, 16–59%). However, in the pooled west African and PETRA trials the opposite pattern was observed with increased late transmission in the efficacious intervention arms compared to placebo. For the west African pooled ZDV trial the rate difference estimate decreased from 10.1% at 6 weeks to 7.8% at 2 years, resulting in a 2-year efficacy estimate of 26% (95% CI, 2–44%). For PETRA-A the rate difference estimate decreased from 9.6% at 6 weeks to 7.3% at 18 months, and from 6.4% to 4.1% for PETRA-B which resulted in a decrease in relative efficacy at 18 months that was not statistically significant at the 0.05 level. The SAINT trial was not designed to assess late efficacy.

We have summarized crude estimates of transmission from breastfeeding as the average monthly hazard of new infant infections (Fig. 3). There is very limited data from which to estimate early breast-milk associated transmission; the Kenyan infant-feeding trial represents the only randomized trial data but 30% of women randomized to formula-feed were non-compliant. In the SAINT trial the investigators reported the infant feeding practices of participating women and presented an observational comparison across the two intervention arms. This limited data support a higher rate of breastfeeding transmission during the first several weeks of life than after 3 months of life, however no randomized data is available which quantifies early breast-milk associated transmission in the presence of an effective antiretroviral intervention.

[image: Fig. 3]Fig. 3. The average monthly HIV-1 transmission rates attributable to breastfeeding were estimated for each trial arm. To calculate the early estimates between birth and 6–8 weeks in the Kenyan and SAINT trials, the differences in infection rates between breastfeeding and formula fed infants were divided by the testing interval. Based on the assumption that all new postnatal infections after 6–8 weeks were attributable to breastfeeding, the later infant infections were calculated by dividing incremental transmission by the testing interval reported. The later data reflect transmission rates with the trial populations breastfeeding and weaning patterns and do not reflect the rates expected if all women breastfed their infants.



The composite outcome of HIV-free survival is a superior outcome measure as, in addition to HIV-1 transmission, it also captures the adverse effects of formula use and/or early weaning on infant survival. Late HIV-free survival results are similar to the HIV transmission results; in the HIVNET study, 18-month HIV-free survival was 79.3% in the NVP arm and 69.3% in the ZDV study arm (P = 0.0048) whereas for PETRA, 18-month HIV-free survival showed no statistically significant difference between intervention arms and placebo [25,26]. The results of the Kenya breastfeeding trial suggest that formula use has both risks and benefits. The probability of HIV-free survival for 2 years was 58% in the breastfeeding arm and 70% in the formula-feeding arm (P = 0.01). However, 2-year cumulative child death rates were disturbingly high in both arms: 20.0% in the formula-feeding arm and 24.4% in the breastfeeding arm (P = 0.3). Much of the infant morbidity and many of the deaths in the formula-feeding arm occurred early; 19% of the deaths occurred in the first 6 weeks and 54% by 6 months. In the breastfeeding arm, these proportions were 4% and 36%, respectively [28,29].

Consistent with previous studies, advanced HIV disease (as measured by CD4 cell count and viral load) were found to be strong independent risk factors for vertical transmission [21,23,24,26]. The group of pregnant women with advanced disease includes a substantial minority of trial participants; one-third of the HIVNET participants and approximately one-quarter of the west African participants had CD4 cell counts <350 × 106/l and more than half the vertical HIV transmission occurred from this subset of women. Further, CD4 cell count at baseline was a strong predictor of postnatal transmission; Fig. 4 shows that among women in the west African trials with CD4 cell counts > 500 × 106/l little late postnatal breastfeeding transmission occurred (approximately 1.4% in the pooled ZDV arm) but this was substantial in those with CD4 counts < 500 × 106/l (approximately 14.0% in the pooled ZDV arm) [21].

[image: Fig. 4]Fig. 4. Early (6 week) and total (2 year) HIV-1 transmission in the pooled west African ZDV and placebo arms stratified by baseline CD4 cell count.
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Discussion

These HIV intervention trial results have profound and immediate implications for international child survival efforts and future research priorities. In Africa and other resource-constrained settings, current HIV-1 transmission rates are unacceptable when the combination of a safe, efficacious, inexpensive antiretroviral such as NVP and earlier weaning is likely to decrease vertical transmission to approximately 15% at 2 years. Further, as advanced maternal HIV disease is associated with poor maternal outcomes and the highest risk of vertical HIV transmission, the provision of comprehensive HIV care with combination antiretroviral therapy to this subgroup would be of dual benefit for maternal and child health.

The ultra-short regimens of NVP or ZDV/3TC (intrapartum and 1 week postpartum) were found to have a similar efficacy to those of ZDV or ZDV/3TC initiated at 36 weeks gestation. Interventions begun intrapartum, particularly NVP, have advantages of feasibility and cost as well as being accessible for women presenting late in pregnancy [30]. These interventions target the critical period around labor and delivery when the highest rate of mother-to-child HIV-1 transmission is known to occur [4].

The HIVNET, PETRA and SAINT trial results provide strong evidence that intrapartum and early postpartum antiretroviral prophylaxis with either ZDV/3TC or NVP reduce perinatal HIV-transmission substantially among breastfeeding populations. Because these regimens included 1-week postpartum therapy to the neonate and to the mother (NVP because of the prolonged half life of the maternal dose during labor) [31,32] the relative importance of the neonatal and maternal components cannot be determined. The substantial decrease in maternal viral load, and/or changes in viral infectivity in early breast-milk may plausibly decrease the risk of transmission during early breastfeeding.

Observational data from non-breastfed US HIV-infected cohorts showed a trend between prolonged neonatal ZDV prophylaxis given soon after birth and reduced HIV-transmission [33,34]. However, no trial has been conducted to evaluate the efficacy of postpartum ZDV (as the designs of the HIVNET-012 trial and the Thai ZDV equivalency trial were modified after interim reviews) [22,35]. The DITRAME ZDV regimen (with an additional 1-week maternal ZDV component) resulted in a very similar transmission profile to that for the RETRO-CI ZDV regimen. The HIVNET ZDV regimen (intrapartum and 1-week neonatal ZDV) was inferior to NVP and resulted in very similar rates to those reported for the west African placebo arms and the Kenyan breastfeeding arm. These observational comparisons, while not conclusive, suggest that no substantial effect is achieved through the addition of short maternal postpartum ZDV prophylaxis, or ZDV in the intrapartum and early neonatal period.

Providing effective antiretroviral prophylaxis for HIV-1 infected pregnant women during labor and after delivery should be a minimum goal in all settings. Further trials will also evaluate interventions to reduce breastfeeding transmission, such as extended postpartum antiretroviral prophylaxis to the mother and/or infant. However, to maximally decrease early HIV-1 transmission it is also necessary to target the late antenatal period. The transmission rates at birth in the HIVNET trial based on highly sensitive RNA PCR [14,15] suggest the risk for in-utero transmission may be higher than previous estimates based on DNA PCR results [12,16,36]. Recent trial data from Thailand and France suggests that earlier antiretroviral prophylaxis (between 28 and 36 weeks gestation) further reduced HIV-1 transmission and highlights the high-risk subgroup of women who deliver prematurely and who will receive no or minimal antiretroviral prophylaxis if prophylaxis is begun in late pregnancy [35,37].

To build on current knowledge, further clinical trials should investigate the safety and efficacy of potent antiretroviral drugs to suppress viral load in the peripartum period and maximally reduce early transmission to < 5%. However, the type and duration of antiretroviral prophylaxis must balance the reduction of vertical HIV-transmission against the potential risks to the mother and infant associated with drug toxicity or the induction of resistance. A two-tiered approach could optimize benefits: HIV infected women who do not meet criteria for antiretroviral treatment for their own health (based on clinical criteria or CD4 cell count), could receive short course potent antiretroviral prophylaxis (e.g., ZDV/3TC) in the peripartum period with short infant prophylaxis. The goal would be to reduce viral load around delivery and the risk of perinatal HIV transmission while minimizing the risk of drug-related toxicity. (We refer the interested reader to a comprehensive review of the safety and toxicity of antiretroviral drugs used during pregnancy and the postpartum period [38].) The subgroup of pregnant women with advanced HIV disease should commence highly active combination therapy in the antenatal period. This would provide antiretroviral therapy rather than prophylaxis to those women at highest risk of maternal–child HIV transmission, maternal disease progression and of antiretroviral drug resistance with dual health benefits to mother and infant. To target these resources effectively, the efficacy, optimal timing, feasibility, and marginal cost of these complementary prevention and care strategies should be determined [39]. In Africa, use of combination antiretroviral drugs is increasingly feasible in a dynamic world of changing prices and monitoring approaches as well as expanding experience and international resources.

The implications of antiretroviral resistance require consideration in light of emerging data, [40] such as the reports of the induction of major genotypic mutations among subgroups of women and infants after intrapartum NVP prophylaxis (K103N and Y181C) [41,42] and extended (> 4 weeks) antenatal ZDV/3TC prophylaxis (M184V) [37]. As advanced HIV disease and high viral load is associated with the highest rate of resistance mutations the provision of combination antiretroviral treatment to women with advanced HIV disease would be expected to reduce the incidence of resistance. Further research is required to determine the effects on future treatment and perinatal prophylaxis options. In light of this and other data, UNAIDS has conducted expert consultations to assess the risks and benefits of antiretroviral prophylaxis and recommends immediate implementation of effective NVP, ZDV, or ZDV/3TC interventions to decrease perinatal HIV-1 transmission in resource-limited settings [43,44].

Of concern, prolonged breastfeeding contributed substantially to total HIV-1 transmission, even in the presence of an early effective intervention and ongoing intensive counseling and support from research staff. The limited trial data is consistent with observational data from Malawi and suggests that, without antiretroviral drugs the rate of transmission attributable to breastfeeding is highest in the first few weeks after birth and then declines to a steady low rate or a declining rate [45]. Further analysis of the west African data suggest that maternal disease stage is an important modifier of the risk of postnatal transmission; the risk of late postnatal transmission was very low (< 1.5%) for women with baseline CD4 cell counts > 500 × 106/l but was substantial for the subset of women with depressed CD4 cell counts [21]. This is an important empiric finding and is consistent with published data showing a strong relationship between maternal disease stage and breast-milk viral load. If substantiated by further analysis of the virologic and immunologic data from the trial cohorts [24] it would allow the subgroup of women at highest risk for breastfeeding transmission to be targeted for breast-milk replacement; and/or treatment during breastfeeding with potent combination antiretroviral drugs. This targeted strategy would then allow the continued promotion and support of good breastfeeding practices for all women (including most HIV-infected women) and reduce the morbidity and mortality associated with formula use. Previous research has identified risk factors for HIV transmission that may be modified through good breastfeeding practices such as cracked nipples, mastitis, and early mixed breastfeeding [4,46–51]. All women who elect to breastfeed should be encouraged to exclusively breastfeed during their infant's first 6 months of life, as exclusive breastfeeding is associated with decreased infant morbidity and improved birth spacing [7]. The trial results suggest that targeted breast-milk replacement and early weaning strategies could be combined with effective antiretroviral interventions to decrease total mother-to-infant HIV-1 transmission and promote child survival.

There are inextricable links between maternal and child health and between HIV-related prevention, care and treatment. Large-scale implementation of programs to prevent pediatric HIV infections is now a global public health priority. Implementation will require a renewed commitment to increasing access to quality maternal and child health services and to expanding these services to integrate voluntary counseling, HIV testing, perinatal antiretroviral prophylaxis, infant feeding support and comprehensive cost-effective HIV care. The public health imperative is clear: large-scale efforts can prevent hundreds of thousands of pediatric HIV infections, provide hope for millions of HIV-affected families and reverse the recent precipitous declines in child survival in sub-Saharan Africa.
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Table 1. Dose and timing of oral antiretroviral intervention regimens.

Antenatal (from Postpartum mother ~ Postpartum neonate
Trial Drug 36 weeks) Intrapartum (for 1 week) (for 1 week) Placebo controlled
RETRO-CI ZDv 300 mg bid 300 mg q3h 0 0 Yes
DITRAME 250-300 mg bid® 500-600 mg 250-300 mg bid® 0 Yes
HIVNET 012  ZDV 0 600 mg andb300 mg 0 4 mg/kg q12h No discontinued
q3h
HIVNETO012  NVP 0 200 mg - 2 mg/kgstat<72h¢  No discontinued
PETRA
Arm A ZDv 300 mg bid 300 mg q3h 300 mg bid 4 mg/kg q12h Yes
37C 150 mg bid 150 mg bid 150 mg bid 2 mg/kg q12h
Arm B ZDv 0 600 and 300 mg q3h® 300 mg bid 4 mg/kg q12h Yes
3TC 0 150 mg bid 150 mg bid 2 mg/kg q12h
Arm B DV 0 600 and 300 mg q3hP 0 0 Yes
3TC 0 150 mg bid 0 0
SAINT DV 0 300 mg q3h® 300 mg bid 12 mg bid No
3TC 0 150 mg bid 150 mg bid 6 mg bid
SAINT NVP 0 200 mg 200 mg© (at 24-48 h) 6 mg stat® (at 24-48 h) No

2One or other dose was received due to a change in formulation during the DITRAME Trial. "Indicates a loading dose of 600 mg followed by
300 mg every 3 h. “Indicates regimen that resulted in sustained postpartum drug levels for > 1 week. bid, Twice daily; ZDV, zidovudine; NVP,
nevirapine; 3TC, lamivudine.
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Table 2. Comparison of trial populations: key maternal, obstetric and infant feeding characteristics®.

Median CD4 T cell count ~ CD4 T cell count  Cesarean delivery (%)  Duration of ruptured Breast-feeding Median breast-feeding
Trial n (X 10%71) <200 X 10% (%) membranes > 4 h (%) initiated (%) (months)
RETRO-CI Cote d'loire 280 549 6 15 29 100 14
DITRAME west Africa 31 544 8 25 27 =96 18 (Burkina Faso)
9 (Cote d'Ivoire)
HIVNET 012 Uganda 619 448 16 13 14 99 9
PETRA multi-site 1457 482 Not reported 32 Not reportec! 97 (Uganda/Tanzania)  10.4 (Uganda/Tanzania)
53 (South Africa) 1.6 (South Africa)
SAINT South Africa 1301 Not reported (< 500) 14 24 elective Not reported 40 Not applicable
Infant feeding trial 425 407 12 8 29 96 breast 30 formula® 17
Kenya

The aggregate figure is reported for each tral if published, otherwise the figure for each arm is reported.

*Randomized prior to 18 February 1998 when placebo arm enrollment stopped. "SAINT study continued to enroll study participants at time of report, “Thirty percent of the group randomized to
formula feeding reported non-compliance and breastfed their infants.





