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ACCORDING TO SOME ESTIMATES,
approximately 25% to 48%
of infants born to human im-
munodeficiency virus (HIV)-

infectedbreastfeedingwomenincertain
populations may become infected with
HIV-1.1,2 A relatively high proportion of
mother-to-child transmission in breast-

feeding populations may occur through
breastfeeding,perhapsmorethan40%.3,4

Perinatal antiretroviral prophylaxis
can greatly reduce the risk of mother-
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Context Postnatal transmission of human immunodeficiency virus-1 (HIV) via breast-
feeding reverses gains achieved by perinatal antiretroviral interventions.

Objective To compare the efficacy and safety of 2 infant feeding strategies for the
prevention of postnatal mother-to-child HIV transmission.

Design, Setting, and Patients A 2�2 factorial randomized clinical trial with peri-
partum (single-dose nevirapine vs placebo) and postpartum infant feeding (formula
vs breastfeeding with infant zidovudine prophylaxis) interventions. In Botswana be-
tween March 27, 2001, and October 29, 2003, 1200 HIV-positive pregnant women
were randomized from 4 district hospitals. Infants were evaluated at birth, monthly
until age 7 months, at age 9 months, then every third month through age 18 months.

Intervention All of the mothers received zidovudine 300 mg orally twice daily from
34 weeks’ gestation and during labor. Mothers and infants were randomized to re-
ceive single-dose nevirapine or placebo. Infants were randomized to 6 months of breast-
feeding plus prophylactic infant zidovudine (breastfed plus zidovudine), or formula
feeding plus 1 month of infant zidovudine (formula fed).

Main Outcome Measures Primary efficacy (HIV infection by age 7 months and
HIV-free survival by age 18 months) and safety (occurrence of infant adverse events
by 7 months of age) end points were evaluated in 1179 infants.

Results The 7-month HIV infection rates were 5.6% (32 infants in the formula-fed
group) vs 9.0% (51 infants in the breastfed plus zidovudine group) (P=.04; 95% con-
fidence interval for difference, –6.4% to –0.4%). Cumulative mortality or HIV infec-
tion rates at 18 months were 80 infants (13.9%, formula fed) vs 86 infants (15.1%
breastfed plus zidovudine) (P=.60; 95% confidence interval for difference, –5.3% to
2.9%). Cumulative infant mortality at 7 months was significantly higher for the formula-
fed group than for the breastfed plus zidovudine group (9.3% vs 4.9%; P=.003), but
this difference diminished beyond month 7 such that the time-to-mortality distribu-
tions through age 18 months were not significantly different (P=.21).

Conclusions Breastfeeding with zidovudine prophylaxis was not as effective as for-
mula feeding in preventing postnatal HIV transmission, but was associated with a lower
mortality rate at 7 months. Both strategies had comparable HIV-free survival at 18
months. These results demonstrate the risk of formula feeding to infants in sub-
Saharan Africa, and the need for studies of alternative strategies.

Trial Registration clinicaltrials.gov Identifier: NCT00197587
JAMA. 2006;296:794-805 www.jama.com
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to-child transmissionofHIV,5-10 but this
efficacy is eroded by transmission via
breastfeeding.3-6,10-12Exclusivebreastfeed-
ing with abrupt early weaning after 3 to
6 months,4,13 pasteurization,14,15 hot wa-
ter bath,16 and microbicidal treatment
of breast milk with alkyl sulfates17 have
been proposed as methods to make
breastfeeding safe. However, so far they
have been either unsuccessful or cum-
bersome and expensive to implement.

Although avoidance of breastfeed-
ing can eliminate HIV transmission
through breast milk,8,9,12,18 excess in-
fant morbidity and mortality have been
associated with the use of infant for-
mula,19-23 particularly where access to
clean water is limited. In much of the
world, cost and stigma also limit the use
of formula feeding. However, a trial
conducted among HIV-infected women
and their infants in Nairobi, Kenya,
found that formula feeding prevented
an estimated 44% of infant HIV infec-
tions without leading to excess infant
mortality, and that infants random-
ized to formula feed were therefore
more likely to survive and to be HIV-
uninfected at age 2 years than infants
randomized to breastfeed (70% vs 58%,
respectively, P= .02).12 It should be
noted that this study population was ur-
ban, had to have access to clean mu-
nicipal water in order to participate in
the Kenyan study, and did not receive
antiretroviral treatment or mother-to-
child transmission prophylaxis.

Only 2 unpublished studies24,25 have
assessed the use of extended antiretro-
viralprophylaxis (lamivudineandnevira-
pine) in breastfed infants for the preven-
tion of postnatal transmission of HIV.
Both studies reported low HIV transmis-
sion rates, but they did not include a con-
trol group. Zidovudine has been shown
to effectively prevent mother-to-child
transmission of HIV when taken dur-
ing pregnancy,9,26,27 when given as post-
exposure prophylaxis to newborns,28-30

or in the setting of occupational expo-
sure to HIV-1.31 There have been no pre-
vious trials of infant zidovudine prophy-
laxis throughout the breastfeeding
period, however. To date, there have also
been no comparisons of a formula-

feeding strategy with a strategy in which
breastfed infants were given an interven-
tion aimed at preventing infection from
exposure to HIV in breast milk.

In 2001, we initiated the Mashi (milk)
study to evaluate both perinatal and post-
natal intervention strategies for reduc-
ing mother-to-child transmission of HIV
in Botswana, where a national program
for the prevention of mother-to-child
transmission had been implemented in
1999. This program offered antenatal zi-
dovudine to mothers, followed by 1
month of prophylactic infant zidovu-
dine and the provision of infant for-
mula, and was the first perinatal HIV pre-
vention program in Africa to provide
infant replacement feeding nationwide.

METHODS
Trial Design

The Mashi study was a randomized 2�2
factorial clinical trial for HIV-infected
pregnant women and their infants, de-
signed to compare interventions for both
preventing perinatal HIV transmission
(part 1) and reducing postnatal HIV in-
fection and mortality (part 2).

The results of part 1, which was de-
signed to assess the efficacy of adding
single-dose nevirapine to maternal and
infant zidovudine to reduce perinatal
mother-to-child transmission, are pre-
sented elsewhere.32 In the original de-
sign of part 1 of the study, 1 dose of
nevirapine (200 mg for women at la-
bor onset; 6 mg for infants within 72
hours of birth) or placebo was taken.
In August 2002, as a result of efficacy
data from Thailand,8 the peripartum in-
tervention was revised to eliminate in-
fant placebo and provide all infants with
open-label nevirapine immediately af-
ter being born. The maternal interven-
tion remained unchanged.

Part 2, which is the focus of this pa-
per, was randomized, nonblinded, and
the first study to compare the efficacy
and safety of breastfeeding plus infant
zidovudine prophylaxis for 6 months
(breastfed plus zidovudine) to for-
mula feeding from birth plus 1 month
of infant zidovudine (formula fed) for
reducing postnatal transmission of HIV.
Prior studies had informed the exist-

ing strategies for reducing postnatal HIV
transmission, specifically the recom-
mendation of exclusive formula feed-
ing or exclusive breastfeeding with early
weaning of infants.12,13,33

The Health Research Development
Committee from Botswana and the Har-
vard School of Public Health Human
Subjects Committee approved the study
protocol and amendments.

Study Population

HIV-infected pregnant women attend-
ing antenatal clinics were referred to
study locations at the district hospitals
in the southern region of Botswana in 1
city, 1 town, and 2 large villages. Of the
11 881 pregnant women screened for
HIV infection, 3935 (33%) had positive
results and 1200 (30%) of these women
were enrolled in the study between
March 27, 2001 and October 29, 2003.

Eligibility criteria included being
between33and35weeks’ gestation;hav-
ing a positive HIV-1 enzyme-linked
immunosorbentassay(ELISA)on2sepa-
ratesamples;beingaged18yearsorolder;
having levels of hemoglobin at 80g/L or
above,absoluteneutrophil countof1000
or more cells/mm, alanine aminotrans-
ferase and aspartate aminotransferase at
10 or less times upper limit of normal,
andcreatinine1.5mg/dL(132.6µmol/L)
or less; and not having known intoler-
ance to zidovudine or nevirapine.

All HIV-positive women who agreed
to join the study signed a written con-
sent form explaining the purposes of the
study, the schedule of clinical and labo-
ratory evaluations, the risks and ben-
efitsofboth feedingstrategies, theoption
to withdraw from the study at any given
timewithoutprejudice, theoptionto join
the national prevention of mother-to-
child transmission program at any time,
thatno identifying informationwouldbe
included in any publications or presen-
tationof theresults, andthenamesofkey
people tocontact about their rightsor for
any questions about the study. These
women were encouraged to discuss the
study or elements of the consent form
with their partners or family members
before joining the study. Study partici-
pants signed updated informed consent
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forms for amendments that affected the
information in the consent form they
originally signed for their participation
in the study.

Randomization and Study
Interventions

Centralized randomization to both part
1 and part 2 groups occurred at study
enrollment (34 weeks’ gestation), us-
ing permuted blocks of size 8 within
each site. All women received zidovu-
dine 300 mg orally twice daily from 34
weeks’ gestation until labor onset, and
every 3 hours during labor until deliv-
ery. Mothers and infants were as-
signed to single-dose nevirapine or pla-
cebo, depending on the randomized
perinatal intervention group (part 1).
See TABLE 1 for a schematic represen-
tation of the factorial design, includ-
ing the revision of the part 1 design.

Infant zidovudine syrup was admin-
istered 4 mg/kg/12 hours from birth un-
til 1 month of age in all infants, and dis-
continued at 1 month in the formula-
fed group. For the breastfed plus
zidovudinegroup, infant zidovudinepro-
phylaxis continued from 1 to 2 months
of age at 4 mg/kg/8 hours, and from 2 to

6 months of age (while still breastfeed-
ing) at 6 mg/kg/8 hours. Exclusive breast-
feeding was recommended (as per
Botswana guidelines), although the in-
troduction of foods/liquids other than
formula was not considered nonadher-
ence to breastfeeding. Mothers were in-
structed to begin and complete wean-
ing between 5 and 6 months of age. Free
infant formula was provided from 5
through12monthsof age to facilitate safe
weaning. For infants in whom zidovu-
dine was discontinued due to toxicity,
mothers were instructed to simulta-
neously discontinue breastfeeding and
begin formula. Mothers randomized to
the formula-fed group were supplied
with formula for 12 months. All moth-
ers were educated about safe formula
preparation and administration, and pro-
vided with high-protein food for in-
fants from 6 through 12 months of age.

Antiretroviral Treatment

In October 2002, combination antiret-
roviral treatment consisting of zidovu-
dine, lamivudine, and nevirapine (highly
active antiretroviral treatment [HAART])
became accessible through a national
program. Women with a CD4 cell count

of less than 200 cells/mm3 or an AIDS-
defining illness at enrollment or during
follow-up were offered HAART, as were
all HIV-infected infants.

Follow-up and Evaluation

Infant evaluations were scheduled at
birth, monthly until age 7 months, at
age 9 months, and then every third
month through age 18 months. Periph-
eral blood was obtained at birth, at age
4 weeks, and at ages 4, 7, 9, and 12
months for HIV testing by polymerase
chain reaction (PCR) DNA assay, and
at age 18 months by 2 independent
ELISAs. Full blood counts with differ-
ential were performed for all infants at
birth and at ages 1, 4, 7, 9, and 18
months, and additionally at ages 2, 3,
5, and 6 months for those in the breast-
feeding plus zidovudine group. Quan-
tifications of alanine and aspartate ami-
notransferases (by enzymatic method
according to the International Federa-
tion of Clinical Chemists without py-
rodoxal-5�-phosphate) and serum crea-
tinine (by buffered kinetic Jaffe reaction
without deproteinization) were per-
formed at age 1 month for all babies,
and at age 6 months for those in the
breastfeeding plus zidovudine group.
Signs, symptoms, and diagnoses were
collected based upon targeted clinical
assessment.

Adherence to infant feeding strategy
and zidovudine was assessed by mater-
nal report at each scheduled visit using
standardized questionnaires. For zido-
vudine, adherence was assessed by col-
lecting information on study drug intake
and the primary reason for any missed
doses. For infant feeding strategy, adher-
ence was assessed by recording the date
of weaning; frequency of breast milk and
formula intake; purpose and time of the
introduction of fluids, solid foods, and
other nonhuman milk; and water source
since the previous visit.

The following definitions were used
when describing infant feeding: (1) ex-
clusive formula feeding (formula feed-
ing only, never breastfed); (2) exclu-
sive breastfeeding (breastfeeding only, no
other fluids, milks, or foods); (3) mixed
breastfeeding (breastfeeding with the ad-

Table 1. Comparison of Interventions for Preventing Perinatal HIV Transmission (Part 1) and
Reducing Postnatal HIV Infection and Mortality (Part 2): The Mashi Study*

Study Factor

N = 1200†

Group Group
Original design March 27,

2001 (study opening) to
August 11, 2002 perinatal
factor (part 1)‡

Single-dose placebo to
mother plus
single-dose
placebo to infant
(placebo/placebo)

Single-dose nevirapine to
mother plus
single-dose nevirapine
to infant
(nevirapine/nevirapine)

Postnatal factor (part 2) No.
Breastfed plus zidovudine� 122 120
Formula-fed� 123 126

Revised design August 12,
2002, to October 29, 2003
(completion of study
accrual) perinatal factor
(part 1)§

Single-dose placebo to
mother plus
single-dose
nevirapine to infant
(placebo/nevirapine)

Single-dose nevirapine to
mother plus
single-dose nevirapine
to infant
(nevirapine/nevirapine)

Postnatal factor (part 2) No.§
Breastfed plus zidovudine� 179 177
Formula-fed� 176 177

*All mothers received antenatal zidovudine and all babies received zidovudine during the first month of life.
†All mother/infant pairs randomized.
‡In the original design of part 1 of the study, mothers and infants were randomized to single-dose nevirapine or pla-

cebo (200 mg for mothers at labor onset and 6 mg for infants within 72 h of birth).
§In August 2002, in response to efficacy data from Thailand,8 the perinatal intervention (part 1) was revised to eliminate

infant placebo and provide all infants with open-label nevirapine immediately following birth. The maternal interven-
tion remained unchanged. The postnatal intervention (part 2) also remained unchanged.

�Infants were randomized to 6 mo of breastfeeding plus prophylactic infant zidovudine (breastfed plus zidovudine), or
formula feeding plus 1 mo of infant zidovudine (formula-fed).
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dition of fluids, solid foods, and nonhu-
man milks); and (4) predominant breast-
feeding (breastfeeding with the addition
of only fluids other than milks).

Definition of HIV Infection
and Primary Study End Points

Infants with a positive PCR were
retested on a separate sample (or by
ELISA at age 18 months); time of HIV
infection was based on the date of the
earliest positive test result. Infants
who died or were lost to follow-up
after a single positive PCR test were
considered HIV positive. The primary
efficacy end points were infant HIV
infection through the 7-month visit
window (up to 243 days of age), and
the composite end point of HIV infec-
tion or death (or HIV-free survival)
through the 18-month visit window
(up to 593 days of age). The primary
safety end point was infant toxicity by
the 7-month visit.

Statistical Methods
and Interim Monitoring

The trial was designed to enroll 1200
mother/infant pairs to provide ad-
equate power for the main objectives
of both the peripartum and the feed-
ing strategy components. The latter was
designed as a superiority study to de-
tect differences between the formula-
fed and breastfed plus zidovudine
groups. Based on a 2-sided type I error
of .05, and an annual loss to follow-up
rate of 10%, 1200 mother/infant pairs
provided 80% power to detect a 7% dif-
ference in rates of HIV infection by age
7 months, and more than 90% power
for a 10% difference in HIV-free sur-
vival at 18 months of age, based on ref-
erence rates of 17% and 79%. While the
formula-fed group was regarded as the
best strategy to prevent breastfeeding-
associated mother-to-child transmis-
sion at the time the trial was initiated,
neither regimen had been evaluated in
Botswana at the time; thus, 2-sided tests
were used to assess differences be-
tween the formula-fed and breastfed
plus zidovudine groups in either direc-
tion. Additionally, the power of the
study for differences of 7% and 10% is

relatively stable across a range of ref-
erence rates. The power for the peri-
partum comparisons is presented
elsewhere.32

The study was monitored by an in-
dependent data and safety monitoring
board. Two preplanned interim effi-
cacy reviews occurred in June 2002 and
April 2003 using the O’Brien-Fleming
spending function to control type I er-
ror rates (false positives) due to mul-
tiple statistical tests carried out in the
interim and final analyses.34

This report is based on all study vis-
its occurring and specimens collected
through October 24, 2005, which cor-
responded to the latest specimen date
collected for an HIV test (ELISA). All in-
fants were born at least 18 months prior
to this date and therefore, all study end
points were potentially observable. All
analyses were based on live, first-born in-
fants, and included all observed HIV
transmissions (andother follow-updata),
regardless of timing. All part 1 perinatal
randomized participants were grouped
together in order to test between feed-
ing strategies (part 2). Because of the fac-
torial design, tests of interactions be-
tween part 1 and part 2 groups were
performed. Since the part 1 groups were
modified during the trial, assessments of
interactions were conducted separately
for the original and revised part 1 groups.
All statistical comparisons used a nomi-
nal, 2-sided .05 significance level, and
have not been corrected for multiple
testing.

Comparisons of treatment groups for
baseline characteristics used the Fisher
exact test (Wilcoxon rank-sum test) for
discrete (continuous) measurements.
Time-to-event data were analyzed us-
ing the Kaplan-Meier estimator, the log
rank test, and Cox proportional haz-
ards modeling. Estimated rates of HIV
infection at age 7 months and HIV-free
survival at age 18 months were ob-
tained from Kaplan-Meier estimators.
For HIV infection, death was a censor-
ing event, and for HIV-free survival, the
time of the event was the earlier of HIV
infection or death. Infants who were lost
to follow-up before reaching study end
points were censored at their last nega-

tive HIV test (for the transmission end
point and the HIV-free survival end
point), and were censored at their last
study visit for the infant mortality end
point. Treatment group comparisons for
these end points are based on standard-
ized differences between the Kaplan-
Meier estimates, stratified by part 1
group. The standard error of the differ-
ence, obtained as the square root of the
estimated variance of the difference, was
also used to compute 95% confidence
intervals (CIs) for the differences.

Secondary efficacy end points in-
cluded time to HIV infection and time
to the earlier of HIV infection or death,
stratified by part 1 group. Treatment
group comparisons of these end points
used log rank tests and the Cox pro-
portional hazards model (with the pro-
portional hazards assumption as-
sessed for each model). P values were
obtained from the corresponding Wald
tests, and estimated relative risk (RR)
and corresponding CIs were obtained
from the estimated coefficients of the
model and their estimated standard er-
rors. Time to infant death is compared
by an unstratified log rank test, and tests
of interactions are based on the Cox
model. Covariate-adjusted Cox mod-
els included maternal baseline HIV RNA
and CD4 cell count, mode of delivery,
and infant gestational age and weight.
Covariate-adjusted treatment group
comparisons gave similar results to un-
adjusted comparisons and are omitted.

Statistical software used to carry out
the final analysis included SAS ver-
sion 9.1 (SAS Institute Inc, Cary, NC)
and StatXact version 5 (Cytel, Inc, Cam-
bridge, Mass). The primary analysis was
originally carried out (as specified by
the study protocol) between Decem-
ber 2004 and January 2005, following
evaluation of all infant participants for
a minimum of 7 months. The analyses
presented in this report have been up-
dated to March 2006, allowing 18
months of follow-up for all random-
ized infants.

RESULTS
There were 1200 HIV-positive preg-
nant women randomized between
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March 27, 2001 and October 29, 2003,
of whom 1193 reached delivery,
resulting in 591 and 588 live first-born
infants in the formula-fed and breast-
fed plus zidovudine groups, respec-
tively (FIGURE 1). Maternal character-
istics at enrollment and delivery and
infant characteristics at birth were

well balanced between the formula-
fed and breastfed plus zidovudine
groups (TABLE 2; P�.05 for all com-
parisons other than sanitation facili-
ties, for which P=.04). These infants
were born between April 22, 2001
and December 23, 2003. By the 7-
and 18-month evaluations, 16 (2.7%)

and 53 (9.0%) of the 591 formula-fed
and 25 (4.3%) and 53 (9.0%) of the
588 breastfed plus zidovudine infants
were lost to follow-up, respectively
(Figure 1). There were also very few
(�1%) missed DNA PCR tests for
reasons other than loss to follow-up
(Figure 1).

HIV Infection

A total of 32 and 51 infants in the
formula-fed and breastfed plus zido-
vudine groups, respectively, became
HIV positive by 7 months of age
(TABLE 3), corresponding to cumula-
tive positivity rates of 5.6% (formula
fed) and 9.0% (breastfed plus zidovu-
dine) (P= .04). The estimated treat-
ment hazard ratio for time until HIV in-
fection (FIGURE 2A) is 1.65 (P=.02;
95% CI, 1.07-2.55).

There was a statistically significant
interaction between feeding strategy
and the original part 1 group (P=.04;
FIGURE 3A), with a greater difference
in 7-month HIV infection rates among
infants in the nevirapine/nevirapine part
1 group (3.4% vs 14.0%) than in the
placebo/placebo part 1 group (8.6% vs
11.0%). There was no suggestion of
an interaction (P=.75) between feed-
ing strategy and the revised part 1
groups when all infants received nevira-
pine and maternal HAART was avail-
able for qualifying women, and the
HIV infection rates for the formula-
fed and breastfed plus zidovudine
groups were lower and more similar
(Figure 2D).

When only infants who were alive
and HIV-free at age 1 month were ana-
lyzed, the estimated cumulative pro-
portions of infants with a diagnosis of
HIV infection occurring between ages
1 and 7 months in the breastfed plus
zidovudine and formula-fed groups
were 4.5% and 0.6%, respectively. These
results should be interpreted with cau-
tion because the infants included in the
analysis were selected on the basis of
an event (being HIV-1-free at age 1
month) that may have been affected by
feeding assignment, making the com-
parison susceptible to postrandomiza-
tion selection bias.35

Figure 1. Enrollment and Randomization of HIV-1–Infected Pregnant Women and Delivery
of Their Infants According to Study Group and Completeness of HIV Testing at Scheduled
Infant Evaluation Time Points

11 881 Pregnant Women Tested for HIV Infection

3935 Women Were HIV-Seropositive

602 Women Assigned to
Formula Feeding

598 Women Assigned to
Breastfeeding

1200 Women Randomized

Status of Infant HIV Testing at 18-mo Visit

418 Completed HIV Test

30 HIV-Positive on Prior Test
173 Did Not Complete HIV Test

48 Dead
53 Lost to Follow-up
42 Other

Status of Infant HIV Testing at 18-mo Visit

415 Completed HIV Test

52 HIV-Positive on Prior Test
173 Did Not Complete HIV Test

33 Dead
53 Lost to Follow-up
35 Other

Status of Infant HIV Testing at 7-mo Visit

500 Completed HIV Test

29 HIV-Positive on Prior Test
91 Did Not Complete HIV Test

40 Dead
16 Lost to Follow-up
6 Other

Status of Infant HIV Testing at 7-mo Visit

478 Completed HIV Test

45 HIV-Positive on Prior Test
110 Did Not Complete HIV Test

19 Dead
25 Lost to Follow-up
21 Other

591 Live First-Born Infants
Included in Analysis

588 Live First-Born Infants
Included in Analysis

598 Women Delivered
591 Live Births (Plus 4 Twins)∗

7 Stillbirths∗

595 Women Delivered
588 Live Births (Plus 7 Twins)∗

7 Stillbirths∗

2735 Women Were Not Enrolled
1017 Were Ineligible

338 Refused to Participate
677 Lost to Follow-up (25 After Consent Obtained)
24 Died

141 Other
538 Unknown

368 Gestation ≥35 wk
72 Delivered Prior to Randomization
24 Had Hemoglobin <80 g/L

1 Had Creatinine >1.5 mg/dL
34 Were Aged <18 y

420 Were Moving Away
98 Other

4 Women Lost to Follow-up
Prior to Delivery∗

2 Women Lost to Follow-up
Prior to Delivery∗

1 Woman Died Prior to Delivery∗

HIV denotes human immunodeficiency virus. *Infants from mothers lost to follow-up or dying before deliv-
ery, second-born twins, and stillbirths were excluded from all analyses.
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Mortality
One hundred fourteen infants died af-
ter birth, 63/591 (10.7%) from the for-
mula-fed group and 51/588 (8.7%) from
the breastfed plus zidovudine group. Of
the 77 infants who died with an HIV-
negative status, 45 (58%) had a nega-
tive HIV test result within the 2 weeks
preceding death, and 73 (95%) had a
negative HIV test result within the 3
months preceding death. A total of 5 in-
fants died before an initial PCR result
was obtained. The remaining 32 in-
fant deaths (15 from the formula-fed
group and 17 from the breastfed plus
zidovudine group) were among ba-
bies who tested HIV positive before
death. The most common causes of in-
fant death were diarrhea and pneumo-
nia. The deaths in the breastfed plus zi-
dovudine group were more likely to be
in HIV-infected infants and at older ages
as compared with the deaths in the for-
mula-fed group. There were 3 deaths
due to anemia, of which 2 (1 in each
group) were judged as possibly re-
lated to zidovudine.

The cumulative incidence of infant
deathbymonth7wassignificantlyhigher
in the formula-fed group than in the
breastfed plus zidovudine group (9.3%
vs 4.9%; P=.003), but this difference
diminished beyond month 7, such that
the time-to-mortality distributions
through 18 months of age were not sig-
nificantly different (P=.21) (Figure 2B).
There was a significant interaction
(P=.03)between feedingstrategygroups
andtheoriginalpart1groupwithrespect
to time to infant death, with a larger for-
mula-fedvsbreastfedpluszidovudinedif-
ference among infants in the placebo/
placebo group (RR=2.75; 95% CI, 1.15-
6.57) than among infants in the
nevirapine/nevirapine group (RR=0.75;
95% CI, 0.34-1.66) (Figure 3B). This
interactionwasno longerstatistically sig-
nificant (P=.12) after adjustment for
covariates. There was no interaction
between feeding strategy and the revised
part 1 groups (P=.14), and the rates of
death in the formula-fed and breastfed
plus zidovudine groups were some-
what lower than in the original study
period and similar to each other

Table 2. Baseline and Delivery Characteristics of All Randomized Mothers (N = 1200) and All
Live, First-Born Infants (N = 1179)*

Variables Total*

Randomized Feeding Strategy

Formula-Fed
Breastfed Plus

Zidovudine

Enrollment site, No./total (%) 1200 (100) 602 (50) 598 (50)
Molepolole 349/1200 (29) 176/602 (29) 173/598 (29)
Mochudi 315/1200 (26) 157/602 (26) 158/598 (26)
Lobatse 268/1200 (22) 136/602 (23) 132/598 (22)
Gaborone 268/1200 (22) 133/602 (22) 135/598 (23)

Part 1 randomized treatment group,
No./total (%) †

1200 (100) 602 (50) 598 (50)

Placebo/placebo 245/1200 (20) 123/602 (20) 122/598 (20)
Nevirapine/nevirapine 246/1200 (20) 126/602 (21) 120/598 (20)
Placebo/nevirapine revised 355/1200 (30) 176/602 (29) 179/598 (30)
Nevirapine/nevirapine revised 354/1200 (30) 177/602 (29) 177/598 (30)

Maternal age median, y 26.78 26.76 26.87
No./total (%) 1200 (100) 602 (50) 598 (50)

Highest education level completed,
No./total (%)

1181 (100) 591 (50) 590 (50)

None 40/1181 (3) 20/591 (3) 20/590 (3)
Primary 308/1181 (26) 163/591 (27) 145/590 (24)
Secondary 804/1181 (68) 397/591 (67) 407/590 (69)
University 29/1181 (2) 11/591 (2) 18/590 (3)

Monthly person income (USD), No./total (%) 1175 (100) 587 (50) 588 (50)
None 717/1175 (61) 360/587 (61) 357/588 (61)
�100 243/1175 (21) 121/587 (21) 122/588 (21)
101-1000 215/1175 (18) 106/587 (18) 109/588 (18)

Source of drinking water, No./total (%) 1063 (100) 532 (50) 531 (50)
Piped into home 75/1063 (7) 42/532 (8) 33/531 (6)
Tap in the yard 587/1063 (55) 278/532 (52) 309/531 (58)
Communal standpipe 388/1063 (37) 205/532 (39) 183/531 (34)
Others 13/1063 (1) 7/532 (1) 6/531 (1)

Sanitation facilities most used, No./total (%)‡ 1181 (100) 591 (50) 590 (50)
Indoor toilet 157/1181 (13) 89/591 (15) 68/590 (11)
Private latrine/house 872/1181 (74) 428/591 (72) 444/590 (74)
Shared latrine/compounds 118/1181 (10) 55/591 (9) 63/590 (11)
No latrine facilities 28/1181 (2) 13/591 (2) 15/590 (3)
Other 6/1181 (1) 6/591 (1) 0/590 (0)

Electricity in home, No./total (%) 280/1181 (24) 150/591 (25) 130/590 (22)
Refrigerator in home, No./total (%)§ 350/1181 (30) 173/591 (29) 177/590 (30)
Maternal baseline CD4� count, cells/mm3

No./total (%) 1151 (100) 576 (50) 575 (50)
Median 366.0 358.5 372.0

Maternal baseline plasma HIV-1 RNA,
log10 copies/ml

No./total (%) 1182 (100) 591 (50) 575 (50)
Median 4.35 4.33 4.39

Male infants 625/1179 (53) 312/590 (53) 313/589 (53)
Premature (�37 wks) gestational age

(Dubowitz), No./total (%)
61/1160 (5) 24/581 (4) 37/579 (6)

Birth weight median, kg 3.1 3.1 3.1
�2.5 kg, No./total (%) 92/1173 (8) 45/590 (8) 47/583 (8)

Congenital abnormalities 20/1175 (2) 9/589 (2) 11/586 (2)
*Baseline characteristics of mothers and infants were well balanced across feeding groups (P�.05) except for sani-

tation facility (groups compared using �2 [Wilcoxon Rank-Sum] tests for categorical [continuous] measurements).
†In part 1, mother/infant pairs were randomized to receive blinded maternal and infant single-dose nevirapine (nevirapine/

nevirapine) or maternal and infant placebo (placebo/placebo). The study was revised 17 mo after initiation to com-
pare maternal and infant single-dose nevirapine (nevirapine/nevirapine revised) with maternal placebo and infant single-
dose nevirapine (placebo/nevirapine revised).

‡P = .04 for sanitation facilities most used.
§Refrigerator powered by electricity or gas.
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(Figure 2E). Birth weight (RR=2.77 for
�2.5 kg vs normal; 95% CI, 1.69-4.54)
and maternal delivery viral load
(RR=1.46/1 log10 higher viral load; 95%
CI, 1.19-1.78) were significantly associ-
ated with time to infant death.

HIV-Free Survival

A total of 166 infants died or became HIV
positive through the 18-month visit. Of
these, 80 and 86 were in the formula-
fedandbreastfedpluszidovudinegroups,
respectively, corresponding to a cumu-
lative 18-month rate of HIV infection or
mortality of 13.9% and 15.1% (Table 3;
P=.60; 95% CI for difference, –5.3% to
2.9%) (see also Figure 2C). There was a
statistically significant interaction
(P=.02) between feeding strategy and
original part 1 group with evidence of a
greater difference in HIV-free survival be-
tween the formula-fed and breastfed plus
zidovudine groups among patients re-
ceiving nevirapine/nevirapine than
among patients receiving placebo/
placebo (Figure 3C).

There was no suggestion of an inter-
action between feeding strategy and the
revised part 1 group (P= .42) when
HAART was available. Rates of HIV-
free survival for the formula-fed and

breastfed plus zidovudine groups were
similar and higher during the revised
study period when HAART was avail-
able (Figure 2F). When only infants who
were alive and HIV-free at 1 month were
analyzed, the breastfed plus zidovudine/
formula-fed hazard ratio of infant death
or HIV infection between 1 and 7 months
of age was 1.30 (P=.28; 95% CI, 0.81-
2.10). These results should be inter-
preted with caution for the same reason
noted previously.

Safety

TABLE 4 summarizes the occurrence of
any grade 3 (severe) or worse labora-
tory toxicities and clinical adverse
events within infants’ first 7 months of
life. The rates of grade 3 or higher signs
or symptoms (17.6% vs 13.1%; P=.03)
and of hospitalization (20.3% vs 15.6%;
P = .04) by 7 months were signifi-
cantly higher among infants in the for-
mula-fed group than in the breastfed
plus zidovudine group. The rate of
grade 3 or higher laboratory abnormal-
ity associated with zidovudine toxic-
ity was significantly higher in the breast-
fed plus zidovudine group than in the
formula-fed group (24.7% vs 14.8%;
P�.001).

Adherence to Infant Zidovudine
and Feeding Strategy
Of the 1179 live-born babies, 1172
(99.4%) initiated study zidovudine fol-
lowing birth. The median duration of in-
fant zidovudine was 5.9 months in the
breastfed plus zidovudine group, and
84% (479 of 567) of responding moth-
ers in the breastfed plus zidovudine
group reported never missing 1 or more
full days of infant zidovudine; 95% (562
of 591) of live-born infants in the for-
mula-fed group received at least 2 weeks
dosage of zidovudine. Full adherence to
exclusive formula feeding was self-
reported by 93% of mothers in the for-
mula-fed group. Three infants in the for-
mula-fed group were infected between
months 1 and 7, presumably because
they were exposed to breast milk.

Among mothers in the breastfed plus
zidovudine group, self-reported adher-
ence to exclusive breastfeeding was
57.1% at month 1, 31.3% at month 3,
and 17.5% at month 5. Predominant
breastfeeding was practiced by 21.2%,
20.1%, and 7.5% of mothers in the
breastfed plus zidovudine group by 1
month, 3 months, and 5 months, re-
spectively. Mixed breastfeeding was
practiced by 21.7%, 48.6%, and 75.0%

Table 3. Primary Efficacy End Points for Infants According to Intervention Group

Infant Age

HIV Infection Death HIV Infection or Death

Cumulative HIV
Infection Rate,

No. (%)*
Rate

Difference, %
(95% CI)†

P
Value‡

Cumulative Death
Rate, No. (%)*

Rate
Difference, %

(95% CI)†
P

Value‡

Cumulative HIV
Infection or Death

Rate, No. (%)*
Rate

Difference, %
(95% CI)†

P
Value‡

Formula-
Fed

Breastfed �
Zidovudine

Formula-
Fed

Breastfed �
Zidovudine

Formula-
Fed

Breastfed �
Zidovudine

Birth§ 22 (3.8) 19 (3.3) 0.5
(–1.6 to 2.6)

.62 15 (2.5) 8 (1.4) 1.2
(–0.4 to 2.8)

.14 36 (6.1) 27 (4.6) 1.5
(–1.1 to 4.1)

.25

No. at risk � 591 588 591 588 591 588

1 mo§ 29 (5.0) 27 (4.6) 0.4
(–2.1 to 2.9)

.76 25 (4.3) 9 (1.5) 2.7
(0.8 to 4.6)

.005 52 (8.9) 36 (6.1) 2.7
(–0.3 to 5.7)

.08

No. at risk � 546 557 573 579 549 558

7 mo§ 32 (5.6) 51 (9.0) –3.4
(–6.4 to –0.4)

.04¶ 54 (9.3) 28 (4.9) 4.4
(1.5 to 7.4)

.003 73 (12.5) 74 (12.9) –0.4
(–4.2 to 3.5)

.86

No. at risk � 526 541 559 575 530 543

18 mo§ 33 (6.0) 53 (9.5) –3.6
(–6.7 to –0.5)

.02 62 (10.7) 48 (8.5) 2.2
(–1.2 to 5.6)

.21 80 (13.9) 86 (15.1) –1.2
(–5.3 to 2.9)

.60¶

No. at risk � 493 481 512 529 493 483

Abbreviations: CI, confidence interval; HIV, human immunodeficiency virus.
*Cumulative rates of each end point were estimated by Kaplan-Meier method for the time points listed.
†The rate difference is calculated as the difference in the Kaplan-Meier estimates, and SEs of the differences (to form 95% confidence intervals) were calculated using the Greenwood

formula.
‡P values are from unstratified Z tests.
§Birth, months 1, 7, and 18 are defined as up to days 15, 45, 243, and 593, respectively.
�Number at risk (by Kaplan-Meier method) at the end of the previous listed visit.
¶P values at primary end point times (age 7 mo for HIV infection, age 18 mo for HIV infection or death) are based on Z tests stratified by all (4) unique part 1 groups.
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of mothers in the breastfed plus zido-
vudine group by 1, 3, and 5 months, re-
spectively. Sixty-one events (54 due to
infant zidovudine toxicity) requiring
cessation of breastfeeding occurred
through 5 months postpartum.

Use of HAART

Seventy-one women (37 in the formula-
fed group and 34 in the breastfed plus
zidovudine group) initiated HAART be-
fore delivery, 82 between delivery and
7 months postpartum, and 216 at more
than 7 months postpartum (similar
numbers started HAART during each
of these periods in the formula-fed and
breastfed plus zidovudine groups). Four

infants (2 each assigned to the formula-
fed and breastfed plus zidovudine
groups) had an initial positive HIV test
result following their mother’s initia-
tion of HAART. For the 2 infants as-
signed to the formula-fed group, moth-
ers started HAART close to time of
delivery and HIV positivity was iden-
tified on days 1 and 33 of life, respec-
tively. For the 2 infants assigned to the
breastfed plus zidovudine group, posi-
tivity was established in the fourth
month of life, and both of their moth-
ers had recently begun HAART (21 and
50 days prior to the initial positive DNA
PCR). A total of 56 infants (38 breast-
fed plus zidovudine and 18 formula-

fed) started HAART following con-
firmed HIV infection.

Exclusion of live-born infants whose
mothers initiated HAART before deliv-
ery did not appreciably change feed-
ing strategy comparisons for any study
end point: at age 7 months, the cumu-
lative rate of HIV positivity was 5.6%
and 9.6% (P=.02) in the formula-fed
and breastfed plus zidovudine groups,
respectively; at 18 months, the rate of
HIV-positivity or mortality was 13.9%
and 15.5% (P=.48) in the formula-fed
and breastfed plus zidovudine groups,
respectively; and the cumulative inci-
dence of infant death by month 7 was
9.3% and 4.6% (P=.002) in the formula-

Figure 2. Cumulative Rate (Proportion) of Infant End Points (Entire Study and Revised Study Period)
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HIV denotes human immunodeficiency virus. Top row (panels A,B,C) shows cumulative event rate by randomized feeding strategy (and collapsing over peripartum
groups) over the entire study period (including 591 infants assigned to the formula-fed group and 588 infants assigned to the breastfed plus zidovudine group). Bottom
row (panels D, E, F) shows cumulative event rate for the revised study period (births after August 12, 2002) reflecting change in perinatal intervention study group
(active, open-label nevirapine to all infants and availability of HAART to qualifying mothers and infants). The analyses in the bottom row consist of 348 infants assigned
to the breastfed plus zidovudine group including 177 whose mothers were assigned to single-dose placebo, and 346 infants assigned to the formula-fed group in-
cluding 172 whose mothers were assigned to single-dose placebo. Rates over time are calculated from the Kaplan-Meier method. P values are based on stratified log
rank test (efficacy end points) and log rank test (mortality).
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fed and breastfed plus zidovudine
groups, respectively. Exclusion of the
56 infants who started HAART also does
not appreciably change infant mortal-
ity comparisons: at ages 7 and 18
months, the cumulative infant mortal-
ity rates were 9.3% and 10.7%, respec-
tively in the formula-fed group vs 4.9%
and 8.5%, respectively, in the breast-
fed plus zidovudine group. The rate is
still significantly higher (P=.003) in the

formula-fed group at 7 months of age,
but is not significantly different (P=.21)
by 18 months of age.

COMMENT
This trial compared 2 approaches for
reducing postnatal HIV infection and
infant mortality and found similar HIV-
free survival rates. Overall, infants in
the formula-fed group experienced
lower rates of HIV infection and in-

creased rates of early mortality and ad-
verse events from infectious etiologies
than those in the breastfed plus zido-
vudine group, such that HIV-free sur-
vival at 18 months was similar in the 2
groups. Our expectation was that for-
mula-fed infants would have better
HIV-free survival at age 18 months since
we anticipated that deaths after 6
months of age would be predomi-
nantly due to HIV-1 infection.

External results led to the modifica-
tion of the perinatal intervention com-
ponent (part 1) of our trial almost mid-
way through enrollment, and the
modification coincided with HAART
availability for qualifying women and
infected infants. As a result, the trial can
be viewed as two 2�2 factorial trials,
one using the original study period peri-
natal groups (nevirapine/nevirapine and
placebo/placebo) in a non-HAART set-
ting, and the other using the revised
study period perinatal groups (nevira-
pine/nevirapine and placebo/nevira-
pine) in a setting where HAART was
available. Because HAART reduces vi-

Figure 3. Cumulative Rate (Proportion) of Infant End Points (Original Study Period)
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Cumulative event rate during the original study period (births prior to August 12, 2002), where for each end point a significant interaction between the 2 randomized
factors (perinatal intervention of active nevirapine to mothers/infants [mother-nevirapine/infant-nevirapine] vs placebo [mother-placebo/infant-placebo] and feeding
strategy) was detected; analyses include 121 infants assigned to formula feeding and placebo/placebo, 121 infants assigned to breastfeeding plus zidovudine and
placebo/placebo, 124 infants assigned to formula feeding and nevirapine/nevirapine, and 119 infants assigned to breastfeeding plus zidovudine and nevirapine/
nevirapine. Rates over time are calculated from the Kaplan-Meier method. P values are based on stratified log rank test (efficacy end points), log rank test (mortality),
and the Cox model (interaction).

Table 4. Grade 3 or 4 Infant Adverse Events in Formula-Fed and Breastfed plus Zidovudine
Groups by Age 7 Months*

Adverse Event
Formula-Fed,
No. (Rate)†

Breastfed
plus Zidovudine,

No. (Rate)†
P

Value
Grade 3 or 4 signs and symptoms 100 (17.6) 74 (13.1) .03
Hospitalization 116 (20.3) 89 (15.6) .04
Grade 3 or 4 laboratory abnormalities 84 (14.8) 142 (24.7) �.001

Toxicity leading to cessation of zidovudine‡ 10 (1.7) 55 (9.2) .001
Anemia 5 6
Neutropenia 2 46
Thrombocytopenia 1 0
Others 2 3

*Information on toxicity criteria is provided in the manual of operations for the study.
†Cumulative rates by age 7 months estimated by Kaplan-Meier method and groups compared by log-rank test.
‡Zidovudine was administered for 1 month to infants in the formula-fed group as compared with 6 months to infants in

the breastfed plus zidovudine group.
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ral load and mother-to-child transmis-
sion is directly associated with viral
load, use of HAART likely reduced over-
all transmission rates in the revised
study period.

In any factorial trial, it is important
to consider the possibility of interac-
tion between the factors, specifically
whether the relative efficacy of the for-
mula-fed and breastfed plus zidovu-
dine groups depended on the perinatal
intervention. We found a statistically sig-
nificant interaction between the feed-
ing strategies and the original perinatal
interventions (nevirapine/nevirapine and
placebo/placebo) with respect to HIV in-
fection, with a greater difference favor-
ing formula feeding over breastfeeding
plus zidovudine among mother/infant
pairs receiving nevirapine/nevirapine.
Conversely, the interaction between fac-
tors for the infant mortality end point
was for a greater difference favoring
breastfeeding plus zidovudine over for-
mula feeding among mother/infant pairs
receiving placebo/placebo. Moreover, be-
cause the effects of formula feeding and
breastfeeding plus zidovudine on HIV
infection and mortality were in oppo-
site directions for these 2 end points,
HIV-free survival was comparable be-
tween the 2 groups. One possibility for
the interaction with the part 1 interven-
tion with respect to HIV infection is that
maternal and infant nevirapine pre-
vented perinatal HIV transmission in a
subset of high-risk infants, and that those
high-risk infants in the breastfed plus zi-
dovudine group subsequently became
infected from exposure to HIV in breast
milk. If this were true, this interaction
would likely have been reduced after the
introduction of HAART, because
HAART could decrease the risk of trans-
mission among the high-risk subset of
mother/infant pairs. In fact, none of the
34 women in the breastfeeding plus zi-
dovudine group who received HAART
from delivery have yet transmitted HIV
to their infants.

For all end points, there was no sug-
gestion of an interaction between feed-
ing strategy and the revised perinatal
intervention groups, which were imple-
mented at the time HAART became

available. Rates of HIV infection and in-
fant mortality in the formula-fed and
breastfed plus zidovudine groups were
lower and more similar in the revised
study than in the original study pe-
riod (Figure 2D, E, and F and Figure 3).
The availability of infant HAART may
have lowered infant mortality in the re-
vised study period. However, because
infant HAART was initiated only after
HIV infection, it did not affect our HIV-
free survival end point, and thus our re-
sults for this end point are generaliz-
able to regions where infant HAART
may not be available.

Self-reported adherence to formula
feeding was high (93%). While we can-
not confirm this adherence, it is consis-
tent with only 3 HIV infections diag-
nosed in the formula-fed group from 15
days to age 7 months. Although virtu-
ally all women in the breastfed plus zi-
dovudine group breastfed, many did not
do so exclusively, despite educational ef-
forts.The early introduction of water was
common, with 31% of infants receiving
some water by age 1 month. Low adher-
ence to exclusive breastfeeding in
Botswana has been noted not only dur-
ing the pilot period of our study,36 but
also during the 2001 evaluation of the
national prevention of mother-to-child
transmission program.37 If mixed or non-
exclusive breastfeeding were associated
with increased risk of HIV transmission
as reported by Coutsoudis et al,33,38 the
efficacy of 6 months of infant zidovu-
dine in reducing breastfeeding infec-
tion in an exclusively breastfeeding
population would be underestimated in
our study. Although the degree of ex-
clusivity for breastfeeding could have in-
fluenced the results, our goal in this study
was to compare formula feeding to
breastfeeding plus zidovudine under lo-
cal conditions that would best reflect the
potential value for future implementa-
tion if warranted by the results.

Ethical considerations and Botswana
national policy excluded the option of an
untreated control group as a compara-
tor to the 2 feeding strategy groups. Thus,
this study was unable to compare the ad-
ditional benefit of either strategy to one
in which infants were breastfed with no

postnatal interventionprophylaxis.Com-
parison of our 12- and 18-month rates
of HIV infection and HIV-free survival
to those achieved in other studies4,5,39,40

suggest that our combined perinatal/
feeding strategy approach was rela-
tively effective in preventing HIV infec-
tion and reducing mortality. However,
HIV transmission rates due to breast
milk in the breastfed plus zidovudine
group of our study were similar to rates
reported by some prevention of mother-
to-child transmission studies with breast-
feeding alone.5,6,11 For example, mother-
to-child transmission rates among
breastfeeding infants in Cote d’Ivoire
whose mothers received short-course zi-
dovudine were 14.8% at age 6 weeks and
18% at age 6 months,11 while an indi-
vidual patient data meta-analysis of
mother-to-child transmission occur-
ring after 4 weeks of age in breastfeed-
ing infants revealed an estimated rate of
breastfeeding transmission of 0.6% to
0.9% per month.4

Comparison across studies that test
divergent interventions among differ-
ing populations should be undertaken
with caution, as the relative effects of
antepartum/intrapartum and postna-
tal interventions may complicate com-
parisons of incremental transmission
rates between trials with different in-
terventions in 2 ways. First, antepar-
tum/intrapartum interventions, by pre-
venting early infections, increase the
pool of HIV-negative infants at risk for
infection through breastfeeding, which
must be taken into account when in-
terpreting incremental infection rates.
Second, antepartum/intrapartum inter-
ventions may delay (to the breastfeed-
ing period) transmissions to those in-
fants at highest risk of becoming
infected. Earlier studies have shown that
mothers with the highest levels of vire-
mia have an increased risk for infect-
ing their infants during both the peri-
partum and breastfeeding periods.41-44

Other regional differences, potentially
including differences in viral subtype
and feeding practices, may also com-
plicate cross-study comparisons.38,45-47

Thus, we cannot recommend the use
of extended infant zidovudine prophy-
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laxis for the prevention of breastfeeding-
related mother-to-child transmission
based upon the results of this study,
given the significant number of infant
HIV infections that occurred after 1
month of age in the breastfed plus zi-
dovudine group compared with the for-
mula-fed group.

Higher morbidity and mortality rates
among formula-fed infants compared
with breastfed infants in the develop-
ing world have previously been de-
scribed.21,22,48 One notable exception is
the only other randomized study (in ad-
dition to Mashi) comparing these strat-
egies among HIV-infected women,
which was conducted in Nairobi,
Kenya.12 This latter study showed a
similar 2-year mortality rate but a sig-
nificantly lower HIV-free survival rate
in the breastfeeding group.12 In con-
trast, we found significantly higher rates
of infant morbidity and mortality
(mostly related to diarrheal diseases and
pneumonia) in formula-fed infants than
in breastfed infants. The differences in
our findings compared with those of the
Kenyan study may be explained by the
fact that the Kenyan participants were
urban and had to have access to clean
municipal water in order to partici-
pate (and may therefore be less repre-
sentative of women in much of the de-
veloping world).

CONCLUSIONS
In summary, our study showed that both
formula feeding and breastfeeding with
prophylactic infant zidovudine gave
similar rates of HIV-free survival at 18
months. Formula feeding had a higher
risk of early mortality, but breastfeed-
ing with zidovudine prophylaxis had a
higher risk of HIV transmission. Our
study, which was the first to compare
formula feeding to breastfeeding with ex-
tended antiretroviral prophylaxis, re-
vealed relatively high morbidity and
mortality rates associated with formula
feeding among infants of HIV-infected
mothers, but did not lend definitive sup-
port to the use of infant zidovudine pro-
phylaxis to prevent breastfeeding-
related mother-to-child transmission.
Our study results highlight the need for

a careful assessment of the local man-
agement of childhood illnesses (mostly
diarrheal and respiratory diseases) be-
fore the implementation of a formula
feeding strategy for the prevention of
mother-to-child transmission of HIV in
developing countries.

Breastfeeding with zidovudine pro-
phylaxis was a feasible prevention of
mother-to-child transmission strategy
in Botswana, but further study is war-
ranted to determine the efficacy and
safety of other interventions to pre-
vent mother-to-child transmission re-
lated to breastfeeding, such as the use
of maternal HAART during the breast-
feeding period.
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