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Maternal and infant antiretroviral regimens to prevent
postnatal HIV-1 transmission: 48-week follow-up of the
BAN randomised controlled trial
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Deborah D Kamwendo, Sascha R Ellington, Jeffrey B Wiener, Susan A Fiscus, Gerald Tegha, Innocent A Mofolo, Dorothy S Sichali, Linda S Adair,
Rodney J Knight, Francis Martinson, Zebrone Kacheche, Alice Soko, Irving Hoffman, Charles van der Horst, for the BAN study team

Summary

Background In resource-limited settings where no safe alternative to breastfeeding exists, WHO recommends that
antiretroviral prophylaxis be given to either HIV-infected mothers or infants throughout breastfeeding. We assessed
the effect of 28 weeks of maternal or infant antiretroviral prophylaxis on postnatal HIV infection at 48 weeks.

Methods The Breastfeeding, Antiretrovirals, and Nutrition (BAN) Study was undertaken in Lilongwe, Malawi,
between April 21, 2004, and Jan 28, 2010. 2369 HIV-infected breastfeeding mothers with a CD4 count of 250 cells per
pL or more and their newborn babies were randomly assigned with a variable-block design to one of three, 28-week
regimens: maternal triple antiretroviral (n=849); daily infant nevirapine (n=852); or control (n=668). Patients and
local clinical staff were not masked to treatment allocation, but other study investigators were. All mothers and infants
received one dose of nevirapine (mother 200 mg; infant 2 mg/kg) and 7 days of zidovudine (mother 300 mg; infants
2 mg/kg) and lamivudine (mothers 150 mg; infants 4 mg/kg) twice a day. Mothers were advised to wean between
24 weeks and 28 weeks after birth. The primary endpoint was HIV infection by 48 weeks in infants who were not
infected at 2 weeks and in all infants randomly assigned with censoring at loss to follow-up. This trial is registered
with ClinicalTrials.gov, number NCT00164736.

Findings 676 mother—infant pairs completed follow-up to 48 weeks or reached an endpoint in the maternal-
antiretroviral group, 680 in the infant-nevirapine group, and 542 in the control group. By 32 weeks post partum,
96% of women in the intervention groups and 88% of those in the control group reported no breastfeeding since
their 28-week visit. 30 infants in the maternal-antiretroviral group, 25 in the infant-nevirapine group, and 38 in the
control group became HIV infected between 2 weeks and 48 weeks of life; 28 (30%) infections occurred after
28 weeks (nine in maternal-antiretroviral, 13 in infant-nevirapine, and six in control groups). The cumulative risk of
HIV-1 transmission by 48 weeks was significantly higher in the control group (7%, 95% CI 5-9) than in the maternal-
antiretroviral (4%, 3-6; p=0-0273) or the infant-nevirapine (4%, 2-5; p=0-0027) groups. The rate of serious adverse
events in infants was significantly higher during 29-48 weeks than during the intervention phase
(1-1[95% CI1-0-1-2] vs 0-7 [0-7-0-8] per 100 person-weeks; p<0-0001), with increased risk of diarrhoea, malaria,
growth faltering, tuberculosis, and death. Nine women died between 2 weeks and 48 weeks post partum (one in
maternal-antiretroviral group, two in infant-nevirapine group, six in control group).

Interpretation In resource-limited settings where no suitable alternative to breastfeeding is available, antiretroviral
prophylaxis given to mothers or infants might decrease HIV transmission. Weaning at 6 months might increase
infant morbidity.

Funding US Centers for Disease Control and Prevention.

Introduction Studies have shown that antiretroviral drugs given to the

Although global mother-to-child transmission of HIV
has been substantially reduced, postnatal HIV trans-
mission remains a challenge in resource-limited set-
tings. In such settings, often no safe and feasible
alternative to breastfeeding is available. 2010 WHO
guidelines’ recommend that HIV-infected mothers
whose infants are uninfected or of unknown HIV status
exclusively breastfeed their children for the first
6 months of life, and introduce appropriate comple-
mentary foods thereafter while continuing to breastfeed
for the next 6 months.

mother*” or infant**™" for up to 6 months after delivery
reduce HIV transmission to the breastfeeding infant. On
the basis of this emerging evidence, WHO now recom-
mends antiretroviral prophylaxis for the mother or infant
throughout breastfeeding.'” If national authorities pro-
mote breastfeeding with antiretroviral drugs as the most
appropriate feeding practice for mothers who are ineligible
for lifelong antiretroviral therapy, countries must decide
whether to provide antiretroviral prophylaxis to mothers
or to infants after careful consideration of the advantages
and disadvantages of both options.
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The Breastfeeding, Antiretrovirals, and Nutrition (BAN)
study” is the only completed randomised trial to include
mothers and infants given antiretroviral drugs for
prevention of postnatal HIV-1 transmission. Mother—
infant pairs were randomly assigned to one of three
28-week  antiretroviral groups  (maternal triple
antiretrovirals, infant nevirapine, or no extended postnatal
antiretrovirals) and two nutritional intervention groups. By
28 weeks post partum, infants in both the maternal-
antiretroviral group and the infant-nevirapine group had
significantly lower risk of postnatal HIV transmission
than did the control group.? In this report, we describe
results from the follow-up of these cohorts after 28 weeks
and review the safety and effects of weaning and stopping
of antiretroviral prophylaxis at 28 weeks postnatally.
Specifically, we assess the effect of 28 weeks of maternal or
infant antiretroviral prophylaxis on postnatal HIV infection
or death by 48 weeks and describe breastfeeding cessation,
serious adverse events, and maternal and infant deaths.

Methods

Patients

In the BAN randomised controlled trial, investigators
recruited women testing HIV positive through a
prevention of mother-to-child transmission programme at
antenatal clinics in Lilongwe, Malawi, who came to Bwaila
Hospital between April 21, 2004, and Jan 28, 2010. Women
had to provide written informed consent and meet prenatal
and postnatal eligibility criteria that are described
elsewhere.>” Briefly, women had to have been pregnant for
30 weeks or less, be aged 14 years or older, have a CD4
count of 250 cells per pL or more (=200 cells per puL before
July 24, 2006; change in accordance with Malawi Ministry
of Health guidelines for HIV treatment), and have used no
antiretroviral drugs previously (including the HIVNET 012
regimen®). Postnatally, mothers and infants could have no
disorder precluding study interventions. Additionally,
infant birthweight had to be more than 2000 g.

The BAN study protocol was approved by the Malawi
National Health Science Research Committee and by
institutional review boards at the University of North
Carolina at Chapel Hill and the US Centers for Disease
Control and Prevention (CDC).

Randomisation and masking

In the immediate post-partum period, mother—infant
pairs were randomly assigned to one of six groups in a
factorial design: a two-group maternal nutritional inter-
vention (nutritional supplement and no supplement)
by a three-group antiretroviral intervention (maternal-
antiretroviral, infant-nevirapine, and control groups). We
used a variable-block design for randomisation, with the
order decided by a pseudorandom number generator and
a fixed, preselected seed. Patients and local clinical staff
were not masked to treatment allocation, but all other
study investigators, including the data management and
analysis staff, were masked.

Procedures

Irrespective of antiretroviral intervention group, all
mothers in labour and their newborn babies were
offered one dose of oral nevirapine (mother 200 mg; infant
2 mg/kg) and zidovudine and lamivudine to be taken twice
a day for 7 days (mothers 300 mg zidovudine and 150 mg
lamivudine in one tablet [Combivir, GlaxoSmithKline,
Philadelphia, PA, USA]; infants 2 mg/kg zidovudine and
4 mg/kg lamivudine syrups).”

Women assigned to the maternal nutritional inter-
vention group were given a lipid-based nutrition supple-
ment throughout breastfeeding. Because investigators
reported no statistical interactions between the nutri-
tional and antiretroviral interventions for any primary
outcomes,” we focus on antiretroviral interventions in
this report. Primary results of the nutritional intervention
have been reported previously.*

Women in the maternal-antiretroviral group received
lamivudine and zidovudine twice a day for 28 weeks, and
nevirapine (200 mg) once daily for the first 14 days
postpartum and twice a day from 15 days to 28 weeks. In
January, 2005, the US Food and Drug Administration
issued a warning about the risks of hepatotoxicity with
nevirapine, specifically when women with a CD4 count
greater than 250 cells per pL start treatment.” On the
basis of this public health advisory, the postnatal
nevirapine component of the maternal regimen was
replaced with nelfinavir (1250 mg) twice a day in
February, 2005. After February, 2006, nelfinavir was
replaced with 400 mg lopinavir and 100 mg ritonavir
(Kaletra, Abbott, MA, USA) twice a day for reasons of
availability, safety, and potency.

Babies in the infant-nevirapine group received a
dose of nevirapine that increased with age: 10 mg daily in
the first 2 weeks, 20 mg daily between weeks 3 and 18, and
30 mg daily from week 19 to week 28. All antiretroviral
interventions were stopped after mothers reported
cessation of breastfeeding or after 28 weeks, whichever
came first. Pairs in the control group received no treatment
post partum after the first 7 days. In March, 2008, a data
safety monitoring board at the National Institute of Allergy
and Infectious Diseases reviewed the data from the first
1857 mother—infant pairs randomly assigned and noted
that the HIV transmission rate was significantly higher in
infants in the control group than in those in one of the
antiretroviral groups. The board recommended that
researchers stop enrolment to the control group and
continue randomisation to both antiretroviral groups.
Enrolment to the control group was halted on March 26,
2008, after 668 of the planned 806 mother—infant pairs
had been assigned. All pairs already in the control group
and less than 21 weeks since birth were consulted about
the study results and offered the choice to receive maternal
antiretroviral prophylaxis, infant nevirapine prophylaxis,
or to remain in the control group.”®

With a standardised protocol derived from the WHO
breastfeeding counselling training manual,” all mothers
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were individually advised to breastfeed exclusively for the
first 24 weeks post partum and then wean between 24 and
28 weeks. At each visit, women reported the type of infant
feeding since their last visit: exclusive breastfeeding,
mixed feeding with breastmilk and other liquids or solids,
or no breastfeeding. To minimise infant malnutrition
after cessation of breastfeeding, mothers were provided
with a breastmilk-replacement food for the infants—a
locally produced ready-to-use therapeutic food commonly
used in Malawi for treatment of severe acute malnutrition
in children.” No infant formula was provided.

All women received a family maize supplement (2 kg
per week), recommended vaccines, and treatment for
intercurrent illnesses. To be consistent with Malawi
Ministry of Health and Population guidelines (July, 2005)
and 2006 WHO guidance, from June, 2006, prophylactic
co-trimoxazole was given to HIV-infected mothers with
CD4 counts of less than 500 cells per pL (480 mg twice
daily) and to all HIV-exposed infants older than 6 weeks
(240 mg daily) until 36 weeks of age, or indefinitely for
HIV-infected infants.”

Mother—infant pairs were followed up at 1, 2, 4, 6, 8, 12,
18, 21, 24, 28, 32, 36, 42, and 48 weeks post partum, with
the last pair completing follow-up in January, 2010.
Infants were tested for HIV infection at birth, 2, 12, 28,
and 48 weeks with Roche Amplicor 1.5 DNA PCR (Roche
Molecular Systems, Pleasanton, CA, USA). Positive
results were confirmed by tests of another specimen, and
the window of seroconversion was narrowed with tests of
dried blood-spot specimens from interim visits.? Infants
infected by the age of 2 weeks and their mothers were
disenrolled from the study and referred for care. Mother—
infant pairs lost to follow-up before 48 weeks were traced
by a team of community nurses to establish vital and
HIV status.

Breastfeeding practices and timing of breastfeeding
cessation were noted by trained staff with standardised
questionnaires at weeks 4, 8, 12, 18, 21, 24, 28, 32, 36, 42,
and 48. Internal validity checks across visits and forms
were used to estimate a date of weaning for every
mother-infant pair.

Clinical and laboratory adverse events identified at
regular study visits and interim sick visits were docu-
mented and graded according to toxicity tables from the
National Institute of Allergy and Infectious Diseases
Division of AIDS (2006 version).? Mothers who developed
AIDS-defining diseases or whose CD4 counts fell to less
than 250 cells per pL were immediately referred for treat-
ment. Infant growth faltering (serious adverse event) and
failure to thrive (cause of death) were defined by oedema
(due to malnutrition) or severe wasting (weight <70%
expected value for length of body).?*

During the study, cause of death was ascertained by
study clinicians, with subsequent review by the local
and CDC medical monitors (MCH and APK,
respectively). After study completion, two physicians
independently reviewed each infant (CvdH, APK) and

maternal (DJJ, CvdH) death and reached a consensus
about cause of death.

Statistical analysis
The primary endpoint for efficacy of the maternal
and infant antiretroviral interventions was detection of
infant HIV infection by 48 weeks, in those uninfected at
2 weeks and in all infants randomly assigned. The
secondary efficacy endpoint was infant HIV infection or
death by 48 weeks, in those alive and uninfected at
2 weeks and in all infants randomly assigned. Mother—
infant pairs that switched from control to an intervention
were censored at that time. For both the primary and
secondary endpoints, infants lost to follow-up were
censored at their last negative HIV test. The Kaplan-
Meier method was used to estimate the probability for
the composite outcome of HIV infection or death by
infant age. An extension of the Kaplan-Meier method
was used to assess the probability of each outcome
separately while allowing for competing risks of infant
HIV infection and death, and therefore, avoiding the
assumption that these outcomes are independent.”
Differences between the intervention groups and the
control group were tested with log-rank tests (for the
composite outcome) and Gray’s test (for the competing
risks analyses).” The Cox proportional hazards model
was used to estimate hazard ratios and ClIs for HIV
transmission comparing the two intervention groups
with the control group, with stratification by random
allocation to the nutritional supplement and adjustment
for potential prognostic factors.

The BAN Study is registered with ClinicalTrials.gov,
number NCT00164736.

Role of the funding source

CDC representatives were part of the study team and
were involved in the study design, coordination, data
collection, data analysis, data interpretation, and writing
of the report. The study group had full access to all study
data and had final responsibility for the analysis,
interpretation, and decision to submit for publication.
The manufacturers of the study drugs had no role in
study design, data collection, data analysis, data
interpretation, or writing of the report.

Results

Patients

Of 3572 HIV-infected, pregnant women who consented
to study screening, 3109 (87%) met the primary eligibility
criteria, and 2791 went on to deliver liveborn infants
(figure 1); 2382 (85%) mother-infant pairs met the
secondary eligibility criteria. 1829 mother-infant pairs
completed follow-up to 28 weeks.

Baseline characteristics were well balanced across the
control and antiretroviral intervention groups in all
mother—infant pairs randomly assigned and in those
remaining in study follow-up at the end of the 28-week
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intervention phase (table 1). On the basis of adherence
reports from five follow-up visits, mothers reported
taking all their antiretroviral doses a mean of 89% (SD
20) of the time and giving all infant antiretroviral doses
94% (14) of the time. By 48 weeks, 173 (20%) mother—
infant pairs in the maternal-antiretroviral group,
172 (20%) in the infant-nevirapine group, and 126 (19%)
in the control group were lost to follow-up (figure 1).

The self-reported frequency of exclusive breastfeeding
at 24 weeks post partum was high in all groups (table 2).
By 28 weeks, these proportions had decreased sub-
stantially to less than 10% (table 2). At 32 weeks, signifi-
cantly more women in the maternal-antiretroviral and
infant-nevirapine groups than in the control group
reported no breastfeeding since their 28-week visit

3572 HIV-positive women
consented to screening

781 women excluded
463 did not meet primary
eligibility criteria
318 lost to follow-up

v

2791 delivered

422 mother-infant pairs
excluded
409 did not meet secondary
eligibility criteria
13 chose not to participate

A4

2369 mother-infant pairs
randomly assigned

v

v

849 mothers given
antiretroviral drugs*

852 infants given nevirapine* 668 controls*

' v

0-2 weeks
46 HIV infections
2 deaths of
HIV-negative infantst
32 lost to follow-up

0-2 weeks 0-2 weeks
37 HIV infections 36 HIV infections
2 deaths of 2 deaths of

HIV-negative infantst
26 lost to follow-up

HIV-negative infantst
27 lost to follow up

’ v

3-28 weeks
21 HIV infections
9 deaths of
HIV-negative infantst
72 lost to follow-up

3-28 weeks 3-28 weeks
12 HIV infections 32 HIV infections
7 deaths of 7 deaths of

HIV-negative infantst
78 lost to follow-up

HIV-negative infantst
55 lost to follow-up

35 switched groups
29-48 weeks 29-48 weeks 29-48 weeks
9 HIV infectionst 13 HIV infections$ 6 HIV infections$
9 deaths of 10 deaths of 8 deaths of

HIV-negative infantst
69 lost to follow up

HIV-negative infantst
68 lost to follow-up

HIV-negative infantst
44 lost to follow-up

(p<0-0001; table 2). But by 48 weeks, the proportion
reporting no breastfeeding since 42 weeks did not differ
significantly between groups (table 2).

Between 2 weeks and 48 weeks of life, 93 infants
became infected with HIV (figure 1). Of these infants,
28 (30%) became infected after completion of the
intervention phase at 28 weeks: six in the control group
(Kaplan-Meier estimate 1%) versus 13 in the infant-
nevirapine group (2%; p=0-4128) and nine in the
maternal-antiretroviral group (1%; p=0-8886). 14 of these
late transmissions occurred more than 42 days after the
reported date of breastfeeding cessation (five in the
maternal-antiretroviral group, six in the infant-nevirapine
group, and three in the control group).

The cumulative risk of HIV-1 transmission by 48 weeks
was significantly higher in the control group (7%,
95% CI 5-9) than in the maternal-antiretroviral (4%, 3—6)
or the infant-nevirapine (4%, 2-5) groups (figure 2). The
reduction in risk of HIV transmission from 2 weeks to
48 weeks was 48% (95% CI 23-74) in the infant-
nevirapine group and 38% (9-67) in the maternal-
antiretroviral group. Of all infants randomly assigned,
irrespective of infection status at 2 weeks, the risk of HIV
infection by 48 weeks was 12% (9-15) in the control
group compared with 10% (7-12) in the maternal-
antiretroviral (p=0-1436) and 8% (6-10) in the infant-
nevirapine groups (p=0-0063; data not shown).

After multivariate adjustment for maternal factors
associated with infant HIV infection, maternal and
infant antiretroviral regimens remained significantly
associated with reduced risk for HIV transmission to
infants aged 248 weeks (table 3). Reporting of continued
breastfeeding was an independent predictor of HIV
transmission by 48 weeks (table 3). We noted a signifi-
cant interaction between reported breastfeeding and
antiretroviral interventions; the effect of interventions
on postnatal transmission was significant only when
mothers reported breastfeeding (table 3).

The estimated risk of death of HIV-negative infants
was roughly 3% in all groups (figure 2). The estimated
risk of HIV infection or death by 48 weeks was
significantly higher in the control group than in both
antiretroviral groups (figure 2). Of all infants randomly
assigned, the cumulative incidence of HIV infection or
death by 48 weeks was 15% (12-18) in the control group
versus 12% (10-15) in the maternal-antiretroviral group
(p=0-1327) and 11% (8-13) in the infant-nevirapine group
(p=0-0058; data not shown).

The rate of serious adverse events in infants from
29 weeks to 48 weeks (1-1 per 100 person-weeks, 95% CI
1-0-1-2) was significantly higher than in the
intervention phase (0-7 per 100 person-weeks, 0-7-0-8;

p<0-0001). Diarrhoea, malaria, growth faltering,
tuberculosis, and deaths all occurred significantly more
frequently after 28 weeks (table 4). All were unrelated to
group and remained significant when HIV-infected
infants were censored when they tested HIV positive

Figure 1: Trial profile

*Groups of uneven size because data safety and monitoring board recommended change in study design on
March 26, 2008. tInfants HIV negative at last HIV test before death. ¥Two infants had an unknown HIV status
because we were unable to confirm one positive test: one between weeks 42 and 48, and one at week 48; these
two infants are not included in the HIV infection counts.
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Randomly assigned Active follow-up at 28-week visit*
Maternal Infant Control Maternal Infant Control p valuet
antiretroviral nevirapine (n=668) antiretroviral nevirapine (n=472)
(n=849) (n=852) (n=667) (n=690)
Mothers
Age (years) 26 (22-29) 25 (22-30) 26 (22-29) 26 (23-30) 26 (23-30) 26(23-29)  0-8298
Education (>8 years of school) (%) 301 (36%) 309 (36%) 10 (31%) 242 (36%) 245 (36%) 147 31%) 0-1647
Married (%) 785(92%) 793 (93%) 19 (93%) 615 (92%) 641(93%) 439 (93%) 0-8443
Body-mass index <17 kg/m?* (%) 5 (1%) 1(<1%) 1(<1%) 4 (1%) 1(<1%) 1(<1%) 0-3009
CD4 (cells per pL) 429(324-565)  440(330-591) 442 (334-586) 436(331-571) 439(331-591) 451(343-584) 03302
Haemoglobin (g/L) 9 (100-117) 8 (100-117) 8 (100-116) 0(102-117) 8(100-117) 109 (101-117) 0-0771
Infants
Sex (% boys) 422 (50%) 426 (50%) 341 (51%) 346 (52%) 347 (50%) 236 (50%) 0-7823
Birthweight (kg) 3-:0(27-32) 3-0(2:7-33) 3-:0(27-33) 3.0 (2:8-3-3) 3-0(27-33) 3-:0(27-33) 0-8923
Data are median (IQR) or n (%). *Excludes all mother-infant pairs in which the mother or infant died, the infant tested HIV positive, or the pair was lost to follow-up by the
28-week visit. Mother-infant pairs randomly assigned to the control group that switched to the maternal-antiretroviral or infant-nevirapine groups are also excluded.
tp values based on Kruskal-Wallis test for continuous variables and Fisher’s exact test for binary variables.
Table 1: Baseline characteristics

Maternal antiretroviral Infant nevirapine Control p value

Exclusive Mixed No Exclusive breast  Mixed No Exclusive Mixed No

breastfeeding  breastfeeding  breastfeeding feedingt breastfeeding  breastfeeding breastfeeding breastfeeding  breastfeeding
13-18 weeks  615/630 (98%)  12/630 (2%) 3/630 (<1%)  665/676 (98%) 8/676 (1%) 3/676 (<1%)  471/480 (98%) 6/480 (1%) 3/480 (<1%) 09177
19-21weeks 594/618 (96%)  13/618 (2%) 11/618 (2%) 644/662 (97%)  14/662 (2%) 4/662 (<1%)  434/453 (96%) 15/453 (3%) 4/453 (<1%) 01420
22-24weeks 543/612 (89%)  38/612 (6%) 31/612 (5%) 581/643(90%)  33/643 (5%) 29/643 (5%) 387/440 (88%) 33/440 (8%) 20/440 (5%) 0-8765
25-28 weeks  44/599 (7%)  149/599 (25%) 406/599 (68%) 57/638 (9%)  151/638 (24%) 430/638 (67%) 24/439 (5%) 120/439 (27%)  295/439 (67%)  0-9796
29-32 weeks 1/564 (<1%)  22/564 (4%)  541/564 (96%) 1/591 (<1%)  22/591(4%)  568/591(96%) 3/406 (<1%) 45/406 (11%) 358/406 (88%) <0-0001
33-36 weeks 1/76 (1%) 2/76 (3%) 73176 (96%) 0/85 3/85 (4%) 82/85 (96%) 0/78 5/78 (6%) 73178 (94%) 07374
37-42 weeks 0/547 (<1%)  21/547 (4%)  526/547 (96%) 1/574 (<1%)  13/574(2%)  560/574 (98%) 2/405 (<1%) 18/405(4%)  385/405(95%) 01023
43-48 weeks 1/552(<1%)  17/552(3%)  534/552(97%) 2/574 (<1%)  12/574(2%)  560/574 (98%) 1/389 (<1%) 16/389 (4%)  372/389(96%)  0-2448

Data are n/N (%). At each study visit, women were asked how they had fed their child since the previous visit; thus, the data from 13-18 weeks were reported at the 18-week visit and show infant feeding method

since the 12-week visit.

Table 2: Mothers reporting exclusive, mixed, or no breastfeeding during study intervals by group

(data not shown). Of the 75 infant deaths that occurred
by 48 weeks, 38 occurred after 28 weeks: 13 in the infant-
nevirapine group, 11 in the maternal-antiretroviral
group, and 14 in the control group. Although the main
causes of death during the intervention phase were
pneumonia (n=12), sepsis (n=9), meningitis (n=3), and
diarrhoea (n=2), the main causes of death after 28 weeks
(n=38) were diarrhoea with (n=20) and without (n=2)
failure to thrive, malaria (n=4), pneumonia (n=3),
tuberculosis (n=2), and unknown (n=4). The occurrence
and cause of death was unrelated to antiretroviral group
(data not shown).

Throughout follow-up, only one maternal death
occurred in the maternal-antiretroviral group (Kaplan-
Meier estimate 0%), compared with eight in the other
groups (1%; p=0.1261; table 4). Both the mother in
the maternal-antiretroviral group (given lopinavir and
ritonavir) and one mother who died in the infant-
nevirapine group had increased baseline creatinine

concentrations that should have precluded them from
randomisation, an error that was reported to the
institutional review boards; both deaths were due to
renal failure. Two other deaths (one from presumed
tuberculosis and the other of unknown cause) occurred
in women not randomly assigned to the maternal-
antiretroviral group but who had CD4 counts of less
than 350 cells per pL and would have met the present
guidelines for antiretroviral treatment in Malawi. The
other five maternal deaths were due to tuberculosis
(n=3), hepatic necrosis (n=1), and perforated viscus
(n=1). The two maternal deaths before 28 weeks were
from tuberculosis and hepatic necrosis. Risk of death
was associated with a previous serious adverse event
(p=0-0097). 229 women with CD4 counts of less than
250 cells per pL at 24 or 48 weeks after birth were
referred for treatment: 64 in the maternal-regimen
group, 97 in the infant-regimen group, and 68 in the
control group.
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Maternal antiretroviral

vs control, p=0-0273

Infant nevirapine

vs control, p=0-0027

Maternal antiretroviral

vs infant nevirapine, p=0-4265

Maternal antiretroviral

vs control, p=0-7600

Infant nevirapine

vs control, p=0-5878

Maternal antiretroviral

vs infant nevirapine, p=0-8082

Maternal antiretroviral

vs control, p=0-0424

Infant nevirapine

vs control, p=0-0046

Maternal antiretroviral

vs infant nevirapine, p=0-4248

0-10 0-10
—— Control
— Maternal antiretroviral

—— Infant nevirapine

0-05 0-05

Estimated probability of HIV infection
Estimated probability of death in HIV-uninfected infants

0-10

0-05

Estimated probability of HIV infection or death

0 T T 0 T T 0 T T
2 28 48 2 28 48 2 28 48
Age (weeks) Age (weeks) Age (weeks)
Number at risk
Control 602 470 358 602 470 358 602 470 358
Maternal 769 662 490 769 662 490 769 662 490
antiretroviral
Infant nevirapine 787 689 510 787 689 510 787 689 510

Figure 2: Cumulative risk of HIV infection (A), HIV-negative death (B), or HIV infection or death (C) in infants alive and HIV negative at 2 weeks

*Estimated with the extension of the Kaplan-Meier estimator to allow for competing risks, when the two competing events were HIV infection and death of HIV-negative
infants. Infants who did not test HIV positive or die were right censored at their last negative HIV test (ie, at the last time they were known to be HIV negative and

alive). p values are based on Gray's test of equality of cumulative incidence functions® (A, B) or the log-rank test (C).

Unadjusted* Adjustedt

Hazard ratio (95% Cl) p value Hazard ratio (95% Cl) p value
Infant nevirapine vs control 0-47 (0-28-0-77) 0-0030% 0-25 (0-13-0-49)§ <0-0001
Maternal antiretroviral vs control 0-58 (0-36-0-94) 0-0271 0-46 (0-27-0-81)§ 0-0072
Maternal baseline CD4 count (<350 vs =350 cells per pL) 2-40 (1-60-3-61) <0-0001 2.54 (1-68-3-83) <0-0001
Maternal age (per increase of 1year) 0-96 (0-92-1-00) 0-0628 0-95 (0-91-0-99) 0-0198
Reported breastfeeding vs no breastfeedingql 4-55 (2:02-10-3) 0-0003 9.06 (3-83-21-4) <0-0001

*Proportional hazards model with each risk factor as the only covariate, and stratified by nutritional group. Infant nevirapine, maternal antiretroviral, maternal baseline CD4,
and maternal age included as time-independent covariates. TProportional hazards model adjusted for all variables listed, stratified by nutritional group. #Proportional
hazards assumption violated; p<0-0001. SHazard ratio estimates for infant-nevirapine and maternal-antiretroviral groups are based on interaction terms with reported
breastfeeding (ie, the effect of antiretroviral treatment while breastfeeding); the hazard of infection did not differ significantly between antiretroviral and control groups
when the mother reported that she did not breastfeed. §Reported breastfeeding included as a time varying covariate. Breastfeeding based on mothers’ reports at study visits
describing infant feeding since previous visit. Reported breastfeeding as a time-dependent covariate is sometimes missing at the time of events (HIV infections), so
corresponding events (HIV infections) are not counted in the proportional hazards model analysis. To avoid loss of information about events, we assumed that the infant was
not weaned at the time of an event when it occurred within 1 month of the mother reporting she was still breastfeeding and no additional information was available.

Table 3: Proportional hazards modelling of possible risk factors for infant HIV infection by 48 weeks

Discussion
We have shown that maternal combination antiretro-
viral treatment or infant nevirapine prophylaxis during
28 weeks of breastfeeding reduces postnatal HIV
transmission at 48 weeks compared with the baseline
regimen of single-dose nevirapine and 7 days of
zidovudine and lamivudine. The reduction at 48 weeks is
lower than that at the end of the 28-week intervention
phase (71% [95% CI 52-90] for infant nevirapine and 49%
[22-77] for maternal antiretroviral prophylaxis).?

Four other randomised controlled trials have asses-
sed either extended infant or maternal antiretroviral

prophylaxis during breastfeeding compared with a
control group of breastfeeding without additional
antiretroviral prophylaxis to reduce postnatal trans-
mission of HIV-1 (panel). Other than BAN, the only
randomised trial that assessed three-drug maternal
prophylaxis compared with a control group of breast-
feeding without additional antiretroviral prophylaxis was
Kesho Bora.” From 34-36 weeks’ gestation, researchers
gave pregnant and breastfeeding women an antiretroviral
regimen of zidovudine, lamivudine, and lopinavir plus
ritonavir until 6-5 months post partum.” At 12 months,
maternal prophylaxis significantly reduced the postnatal
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Group Study period Total
Maternal Infant antiretroviral No antiretroviral 0-28 weeks 29-48 weeks
antiretroviral
Number Rate per 100 Number Rateper100  Number Rateper100 ~ Number Rateper100  Number Rateper100 pvalue Number  Rate per 100
person-weeks person-weeks person-weeks person-weeks person-weeks person-weeks
Maternal
Pneumonia 6 0-019 4 0-012 6 0-026 13 0-023 3 0-010 0-1540 16 0-018
Serious febrile 16 0-051 16 0-049 7 0-030 15 0-027 24 0-077 00008 39 0-045
illness
Tuberculosis 4 0-013 4 0-012 4 0-017 8 0-014 4 0-013 0-8562 12 0-014
Diarrhoea 4 0-013 2 0-006 2 0-009 4 0-007 4 0-013 04037 8 0-009
Hepatitis, clinical 2 0-006 0 0 0 0 2 0-004 0 0 0-2905 2 0-002
Rash 1 0-003 0 0 1 0-004 2 0-004 0 0 0-2905 2 0-002
Malaria 4 0-013 4 0-012 1 0-004 6 0-011 3 0-010 0-8753 9 0-010
Meningitis 2 0-006 0 0 0 0 0 0 2 0-006 0-0585 2 0-002
Nevirapine 6 0-019 0 0 0 0 6 0-011 0 0 0-0671 6 0-007
hypersensitivity*
Vomiting 2 0-006 0 0 0 0 2 0-004 0 0 0-2905 2 0-002
Pelvic 0 0 2 0-006 1 0-004 2 0-004 1 0-003 0-9278 3 0-003
inflammatory
disease
Syphilis 1 0-003 0 0 0 0 1 0-002 0 0 0-4548 1 0-001
Deatht 1 0-003 2 0-006 6 0-026 2 0-004 7 0-022 0-0087 9 0-010
Infant
Serious febrile 78 0-246 78 0-236 46 0-193 160 0-281 42 0-133 <0-0001 202 0-228
illness
Pneumoniat 56 0-176 54 0-163 60 0-252 104 0-183 66 0-209 0-4008 170 0192
Diarrhoea 39 0-123 32 0-097 33 0139 27 0-047 77 0-244 <0-0001 104 0-118
Malaria 23 0-072 43 0-130 22 0-093 32 0-056 56 0-177 <0-:0001 88 0-099
Meningitis 10 0-031 12 0-036 8 0-034 24 0-042 6 0-019 00721 30 0-034
Nevirapine 1 0-003 16 0-048 0 0 17 0-030 0 0 0:0021 17 0-019
hypersensitivity§
Growth faltering 17 0-054 26 0-079 13 0-055 8 0-014 48 0-152 <0-0001 56 0-063
Rash 2 0-006 3 0-009 1 0-004 6 0-011 0 0 0-0678 6 0-007
Vomiting 2 0-006 4 0-012 2 0-008 3 0-005 5 0-016 0-1142 8 0-009
Tuberculosis 2 0-006 0-003 3 0-013 1 0-002 5 0-016 0-0150 6 0-007
Death 23 0-072 24 0-073 28 0-118 37 0-065 38 0-120 0-0070 75 0-085
Only p values less than 0-05 are specified. *Maternal antiretroviral vs no antiretroviral p value is 0-0337. tMaternal antiretroviral vs no antiretroviral p value is 0-0221. Infant antiretroviral vs no antiretroviral
p value is 0-0195. SInfant nevirapine antiretroviral vs no antiretroviral p value is 0-0007.
Table 4: Rates of clinical serious adverse events by group and study period

transmission rate, with a cumulative rate of 5% compared
with 10% in the control group. In the Mma Bana study in
Botswana,* the rate of transmission was 1% at 6 months
when maternal antiretroviral prophylaxis (zidovudine
and lamivudine with either abacavir, or lopinavir and
ritonavir) had been started antenatally. However, the
study did not include a control group of breastfeeding
women not given antiretroviral prophylaxis.® By contrast
with the results of the BAN study, these two investigations
show that initiation of antenatal prophylaxis as early as
possible has a greater effect on HIV transmission than
does postnatal prophylaxis.

Three trials have assessed extended infant nevirapine
compared with a control group of breastfeeding. SWEN®

was a combined analysis of three randomised trials of a
regimen of daily nevirapine given to infants for 6 weeks
after birth. At 6 months and 12 months of age, infant
HIV transmission was not significantly reduced in the
nevirapine group, suggesting that an extended duration
of prophylaxis might be necessary.*" Investigators of
PEPI’ assessed two different infant prophylaxis regimens
(nevirapine or nevirapine plus zidovudine) for 14 weeks
after birth. At 9 months of age, infant prophylaxis with
either regimen significantly reduced postnatal HIV-1
infection, with an infection rate of 5% in children given
nevirapine, 6% in those given the combination, and 11%
in the control group.” HPTN 046”7 compared 6 weeks
versus 6 months of daily infant nevirapine; 29% of the
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Panel: Research in context

Systematic review

We searched PubMed for reports published in any language
before Feb 1, 2012, with the terms “breast feeding” or
"breastfeeding”, “HIV-1" or "HIV”, “prevention”, and
“randomized clinical trial” or “placebo-controlled trial”. We
identified four other reports of randomised clinical trials that
assessed either extended infant prophylaxis (SWEN,® PEPI,°
HPTN 046%) or three-drug maternal prophylaxis (Kesho Bora®®)
during the period of breastfeeding compared with a control
group of breastfeeding without additional antiretroviral
prophylaxis to reduce postnatal transmission of HIV-1. These
studies suggest that maternal or infant antiretroviral
prophylaxis effectively reduces postnatal transmission of HIV-1
to the infant through breastfeeding and that reduction in risk
increases with duration of prophylaxis. We identified no other
studies of both infant and maternal prophylaxis.

Interpretation

Findings from several randomised trials now support the
most recent guidance from WHO, recommending that
antiretroviral drugs be given throughout breastfeeding to
reduce postnatal HIV transmission. Our 48-week follow-up of
women in Malawi has shown that either infant or maternal
prophylaxis effectively reduces postnatal HIV-1 transmission
and that this protective effect persists until after
breastfeeding cessation. However, transmission does occur
after mothers report that they have weaned their infants, so
breastfeeding with prophylaxis for longer than 28 weeks
might be advantageous. Infant morbidity and mortality also
increased after 28 weeks; continued breastfeeding with
prophylaxis given for an extended period could improve
infant survival.

infants were born to women who had been on highly
active antiretroviral treatment for their own health.
HPTN showed that 2% of infants receiving 6 weeks of
nevirapine and 1% of those receiving 6 months developed
HIV between 6 weeks and 6 months.

In our trial, almost a third of cases of HIV-1 trans-
mission occurred between 29 weeks and 48 weeks—
a time when almost all mothers had reported that they
had weaned their child. Although the benefits of
breastfeeding and risks of early weaning in paediatric
populations in resource-poor settings are well estab-
lished, exclusive breastfeeding followed by rapid wean-
ing at 6 months was generally believed to be the best
strategy to balance the benefits of breastfeeding and
risks of HIV transmission at the time of our study.”
Throughout our investigation, WHO recommended this
strategy when formula feeding was not acceptable,
feasible, affordable, sustainable, and safe.’* However,
WHO now recommends that antiretroviral prophylaxis
be given during the entire period of breastfeeding and
against early weaning at 6 months, partly on the basis of
data from the 28-week follow-up in BAN.' The BAN

study has drawn attention to the difficulty for HIV-
infected women to comply with old breastfeeding
cessation guidelines in low-resource settings, even in a
trial offering individual and group counselling sessions
and a nutritional supplement for weaning infants.”

We have also reported that early breastfeeding cessation
is associated with an increased risk of morbidity and
mortality in infants exposed to HIV. The rate of serious
adverse events in infants was significantly higher during
the 29-48 week follow-up period than in the 28-week
antiretroviral intervention phase. Some increased mor-
bidity after 28 weeks is expected, because foods are
introduced and infants begin to crawl. We cannot easily
draw conclusions from comparisons of developmentally
different periods without a study group in which infants
continued  breastfeeding from 6-12 months.
Furthermore, because study visits were less frequent
after 28 weeks, we had less opportunity to detect
morbidity in the later stages than in the earlier study
period.

However, our findings corroborate those from other
studies of infants exposed to HIV showing that breast-
feeding cessation is a major risk factor for morbidity and
mortality. The Zambia Exclusive Breastfeeding trial®*
established that early, abrupt weaning at 4 months by
HIV-infected mothers did not improve rate of infant HIV-
free survival and was harmful to HIV-infected infants
because it led to high rates of diarrhoeal illness between
4 months and 6 months. Two other reports**** showed
that early cessation of breastfeeding was associated with
increased risk of severe gastroenteritis in infants exposed
to HIV compared with historical controls with prolonged
breastfeeding. Early weaning also leads to poor growth*
and increased rates of all-cause mortality.”**°

During 48 weeks of follow-up in BAN, there were nine
(0-4%) maternal deaths in 2369 randomly assigned
mothers. Notably in BAN, eight of the nine maternal
deaths were women not in the maternal-antiretroviral
group, suggesting a possible benefit of providing breast-
feeding mothers with antiretroviral therapy. In Kesho
Bora,”® of 824 randomly assigned pregnant women (all
with CD4 counts >200 cells per plL), four (1%) women
assigned to the group given zidovudine and single-dose
nevirapine and four (1%) given triple-antiviral drugs
died within 12 months. In Mma Bana,® of 560 women
randomly assigned (all with CD4 counts >200 cells per pL)
to combination antiretroviral therapy, only one (<1%) died
within 6 months. The benefit of antiretroviral treatment
to all HIV-infected breastfeeding women might be
understated in our trial, which limited enrolment to post-
partum women with CD4 counts greater than 250 cells
per pL. Overall, these results are consistent with the
evidence that early initiation of combination antiretroviral
treatment could be advantageous for adults who are
neither pregnant nor breastfeeding.**

On the basis of findings from several studies,>"?*
including BAN, WHO now recommends that HIV-
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positive mothers or uninfected infants receive antiretro-
viral prophylaxis during 12 months of breastfeeding.'”
These revised recommendations, which represent a new
framework for prevention of mother-to-child HIV trans-
mission, were largely a result of extrapolation of data
from clinical trials that included shorter antiretroviral
interventions. Although a clinical trial of extended infant
prophylaxis is underway (PROMISE, ClinicalTrials.gov
NCT01061151) that will compare two infant regimens
given for as long as 50 weeks of breastfeeding, no data are
available from randomised trials of maternal or infant
antiretroviral interventions lasting longer than 6 months.
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