Infant peri-exposure prophylaxis for 12 months to eliminate breastfeeding transmission of HIV-1 in Africa.

The ANRS 12174 cohort

Summary

The efficacy of infant peri-exposure prophylaxis (PreP) to prevent HIV-1 postnatal transmission has never been assessed for the entire recommended period of breastfeeding (12 months).

The ANRS 12174 study is a randomised controlled trial comparing the efficacy and safety of lopinavir/ritonavir versus lamivudine to prevent HIV-1 postnatal transmission in breastfeeding children born to HIV-1-infected mothers not eligible for ART (CD4 count above 350 cells/mL) during breastfeeding (maximum 50 weeks). HIV-uninfected children aged 7 days were randomised for either drug in a 1:1 ratio.

Infant HIV-infection status was assessed at week 6, 14, 26, 38 and 50 using HIV-1 DNA PCR. The study has completed enrolment in April 2012 in Burkina Faso, Uganda, Zambia and South Africa. We report the current postnatal HIV-1 transmission rate and HIV-1 free survival in the cohort among children aged 50 weeks or more in July 2012.

By the end of July 2012, of 1273 children enrolled in the trial, 788 were aged 50 weeks or older. During this period, 8 transmissions occurred representing a cumulative transmission rate of 1.1% (95%CI: 0.6-2.2). Interestingly, 6/8 transmissions occurred after 6 months of breastfeeding. Overall, 188 severe adverse events (grade 3 or more, DAIDS classification) and 22 deaths were identified. None were considered attributable to the study drugs. The overall cumulative mortality was 3.0% (95%CI: 2.0-4.5) and HIV-1-free survival was 96.0% (95%CI: 94.3-97.2).

Infant PreP is an efficacious strategy that could contribute to the elimination of HIV-1 transmission by breastfeeding.

Infant peri-exposure prophylaxis for 12 months to eliminate breastfeeding transmission of HIV-1 in Africa the ANRS 12174 cohort

Rationale

Based on the goals for 2015 and on results of randomised clinical trials and interventional cohorts (1-10), the WHO presently recommends several options for prevention of HIV transmission to breastfed infants of HIV-infected mothers not eligible for antiretroviral therapy (ART) (i.e. CD4 count > 350 cells/µL and WHO clinical stage <3), as follows [START_REF] Who | Antiretroviral drugs for treating pregnant women and preventing HIV infection in infants: recommendation for a pulib health approach[END_REF][START_REF] Who | Use of antiretroviral drugs for treating pregnant women and preventing HIV infection in infants -Programmatic update[END_REF]:

Option A -infant peri-exposure prophylaxis (PreP): mothers receive daily azidothymidine (AZT) during pregnancy, a single-dose nevirapine at delivery and, lamivudine plus AZT for one week post-partum. Children receive daily nevirapine (NVP) immediately after birth for a minimum of 4 to 6 weeks, until 1 week after all exposure to breast milk has ended.

Option B -maternal triple antiretroviral prophylaxis (ARP): mothers receive ARP as early as 14 weeks of gestation until 1 week after all infant exposure to breast milk has ended.

Option B+ -maternal ART: HIV-infected pregnant women receive lifelong ART, regardless of their clinical or immunological status.

The recommended duration of breastfeeding is 12 months, in order to reduce infant mortality and morbidity due to early weaning [START_REF] Who | Guidelines on HIV and infant feeding[END_REF].

Although option A (using either nevirapine or lamivudine) and B have both proved efficacious in clinical studies, none has administered any of the recommended prophylaxis beyond 6 months, covering only half of the WHO recommended duration of breastfeeding (12 months) for HIV-1-exposed children.

Similarly, the drug of choice for prophylaxis of breastfeeding transmission of HIV relies only on the comparison between different studies, without direct comparison between drugs. Lopinavir/ ritonavir (LPV/r), a protease inhibitor with paediatric formulation, has a greater antiviral activity than nucleosidic reverse transcriptase inhibitors or non nucleosidic reverse transcriptase inhibitors [START_REF] Chadwick | Pharmacokinetics, safety and efficacy of lopinavir/ritonavir in infants less than 6 months of age: 24 week results[END_REF], and a good safety profile in young children [START_REF] Chadwick | Pharmacokinetics, safety and efficacy of lopinavir/ritonavir in infants less than 6 months of age: 24 week results[END_REF][START_REF] Chadwick | Early initiation of lopinavir/ritonavir in infants less than 6 weeks of age: pharmacokinetics and 24-week safety and efficacy[END_REF][START_REF] Violari | Early antiretroviral therapy and mortality among HIV-infected infants[END_REF], which makes this drug a good candidate for prophylactic purposes, despite its poor palatability.

We report on the postnatal transmission and mortality rates of WHO option A at one year of age using either LPV/r or lamivudine from an unblinded randomised trial conducted in four African countries: Burkina Faso (Ouagadougou), Uganda (Mbale), Zambia (Lusaka) and South Africa (East London).

Material & Methods

Study design

This cohort report is based on the ANRS 12174 randomised controlled trial (ClinicalTrials.gov Identifier: NCT00640263) comparing the efficacy and safety of prolonged infant PreP with LPV/r (40/10 mg twice daily if 2-4 kg and 80/20 mg twice daily if >4 kg) versus lamivudine (7.5 mg twice daily if 2-4 kg, 25 mg twice daily if 4-8 kg and 50 mg twice daily if >8 kg) to prevent HIV-1 transmission through breast milk in children born to HIV-1-infected mothers not eligible for ART during the full duration of breastfeeding (maximum 50 weeks).

Study population

Inclusion criteria: • breastfed at day 7;

• negative HIV-1 DNA PCR test result at day 7;

• had received any PMTCT;

• the mother: was HIV-1 infected and was not eligible for ART and was not taking ART.

Exclusion criteria: they presented clinical symptoms and/or biological abnormalities equal to or greater than grade II of the ANRS classification for adverse event on the day of enrolment.

Biological assays

Infant HIV-1 infection was diagnosed on DBS by means of real-time PCR detecting HIV-1 DNA (Generic HIV DNA cell, Biocentric, France) [START_REF] Avettand-Fenoel | LTR real-time PCR for HIV-1 DNA quantitation in blood cells for early diagnosis in infants born to seropositive mothers treated in HAART area (ANRS CO 01)[END_REF].

HIV-1 infection was confirmed on a second sample by the same technique [START_REF] Rouet | Impact of HIV-1 genetic diversity on plasma HIV-1 RNA Quantification: usefulness of the Agence Nationale de Recherches sur le SIDA second-generation long terminal repeat-based real-time reverse transcriptase polymerase chain reaction test[END_REF].

Results

In April 2012, the study completed enrolment of 1273 babies in the four African countries.

As of 23 rd of July 2012, 813 infants were aged 50 weeks or more (figure 2). Among them, 25 never came back after enrolment, leaving 788 children included in the cohort analyses: 105 children from South Africa, 143 from Uganda, 166 from Burkina Faso and 374 from Zambia.

PMTCT was provided according to national guidelines during pregnancy and labour for more than 95% of mothers, except in Uganda where PMTCT was given during labour only for 24% of women.

Among these 788 children, no HIV-1 testing was available after enrolment for 19 children, 682 completed the final visit; they provided 695 child-years of follow-up for the mortality outcome, and 679 for the HIV-1 outcome (figure 2).

Discussion

First report of the infant PreP strategy during the recommended 12-months duration of breastfeeding with both the lowest postnatal transmission rate (1.1%, 95%CI: 0.6-2.2) and the highest HIV-1 free survival rate (96.0%, 95%CI: 94.3-97.2) ever published.

Combined with mother MTCT, option A allowed an overall MTCT below 2%, well within the target of elimination.

About three-quarters of transmissions occurred after 6 months of age, the time when all previous studies (using either infant PreP or maternal ARP) had stopped antiretrovirals. This stresses the need to obtain complete and valid efficacy data before issuing policy recommendations and choosing between the infant PreP option (A) or the maternal option (B/B+).

Our study had several limitations:



Although still possible, it is unlikely that some deaths be attributed to undiagnosed HIV-1 infection, given the narrow period since the last HIV-1 negative test. AZT after birth). These transmission rates on maternal ARP are four times higher than the MTCT in our cohort at the same time (0.67% perinatal + 0.3% postnatal transmission at 6 month, i.e. 1.0% overall).

The choice of option A or B/B+ to prevent HIV-1 postnatal transmission should be based on robust scientific grounds. Our findings should encourage maintaining infant PreP among the strategic options offered to prevent breastfeeding transmission of HIV-1. As infant PreP, in contrast to maternal ARP, can prevent cell-associated HIV-1 transmission events, [START_REF] Rouet | Impact of HIV-1 genetic diversity on plasma HIV-1 RNA Quantification: usefulness of the Agence Nationale de Recherches sur le SIDA second-generation long terminal repeat-based real-time reverse transcriptase polymerase chain reaction test[END_REF]19) it could avert more residual transmission cases than maternal ARP. This could explain the large difference in HIV transmission between the Kesho-Bora trial (maternal ARP) and our study.

Conclusion

The ANRS 12174 study, covering the 12 months of recommended breastfeeding, demonstrated that the infant PreP strategy is an efficacious and safe strategy that could contribute to the elimination of HIV-1 transmission. The identification of the best drug to use for this strategy is the next outcome of this trial.
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Breastfeeding

The overall median duration of any breastfeeding was 41 weeks (figure 3)

HIV-1 transmission 8 HIV-1 transmissions have been identified: 5 in Zambia, 3 in Uganda, 0 in Burkina Faso, 0 in South Africa;

→ Cumulative postnatal transmission rate: 1.1% (95%CI: 0.6-2.2).

Interestingly, 6 out of 8 (75%) transmissions occurred after 6 months of breastfeeding, and 2 transmissions occurred within the first six weeks.

A 9 th transmission case was detected at 69 weeks after intensive search for a child who never attended any visit since enrolment. Accounting for this case, the HIV-1 transmission rate would become 1.3% (95%CI: 0.7-2.4).

The HIV-1 transmission rate between day 7 and 26 weeks was 0.3% (95%CI: 0.1-1.1).

Among the 1760 mothers potentially eligible in the trial, 1484 of their babies were tested for HIV-1 and 10 were HIV-1 infected (figure 2), giving a perinatal HIV transmission of 0.67%. Therefore, the overall MTCT of full option A was 1.8% using PMTCT during pregnancy and labour as implemented by national programmes followed by our infant PreP regimens. All had a negative HIV-1 DNA PCR test when last tested, on average 7 weeks before death (min: 1 week, max: 35 weeks). No death was deemed attributable to the study drugs.

HIV-1-free survival

Probability for a child to be alive without HIV-1 infection:  98.2% (95%CI: 96.9-98.9) at 26 weeks; At 50 weeks, it was the highest in South Africa (98.9%), and the worst in Uganda (92.7%) (figure 4).

Severe adverse events

Among the 788 children, 188 severe adverse events (88 clinical and 100 biological with no clinical symptoms) had been reported. In April 2012, the Independent DMC recommended continuation of follow-up without unblinding, to the end of the trial (planned in May 2013), considering that these adverse events were not grossly unbalanced between the two arms. 
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

  All aspects of the infant PreP safety could not be addressed at this stage.  The drug adherence data have not yet been analysed. Comparison with maternal antiretroviral prophylaxis (ARP) trials: In the Kesho-Bora trial, among mothers with CD4 count > 350 cells/µL, the 6-month transmission rate, when exposure to breastfeeding stopped, was 4.1% (2.0-8.3%) among mothers with maternal ARP from 28 weeks of pregnancy vs. 5.8% (3.1-10.5%) in the placebo arm (AZT during pregnancy and NVP during labour, infant single-dose NVP at birth and one week

Mortality

  22 children died: 3 in Burkina Faso, 1 in South Africa, 7 in Uganda and 11 in Zambia; → Overall mortality rate: 3•0% (95%CI: 2.0-4.5).
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