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A bs tr ac t

Background

In low-resource settings, many programs recommend that women who are infected 
with the human immunodeficiency virus (HIV) stop breast-feeding early. We con-
ducted a randomized trial to evaluate whether abrupt weaning at 4 months as com-
pared with the standard practice has a net benefit for HIV-free survival of children.

Methods

We enrolled 958 HIV-infected women and their infants in Lusaka, Zambia. All the 
women planned to breast-feed exclusively to 4 months; 481 were randomly assigned 
to a counseling program that encouraged abrupt weaning at 4 months, and 477 to a 
program that encouraged continued breast-feeding for as long as the women chose. 
The primary outcome was either HIV infection or death of the child by 24 months.

Results

In the intervention group, 69.0% of the mothers stopped breast-feeding at 5 months 
or earlier; 68.8% of these women reported the completion of weaning in less than 
2 days. In the control group, the median duration of breast-feeding was 16 months. 
In the overall cohort, there was no significant difference between the groups in the 
rate of HIV-free survival among the children; 68.4% and 64.0% survived to 24 months 
without HIV infection in the intervention and control groups, respectively (P = 0.13). 
Among infants who were still being breast-fed and were not infected with HIV at 
4 months, there was no significant difference between the groups in HIV-free sur-
vival at 24 months (83.9% and 80.7% in the intervention and control groups, re-
spectively; P = 0.27). Children who were infected with HIV by 4 months had a high-
er mortality by 24 months if they had been assigned to the intervention group than 
if they had been assigned to the control group (73.6% vs. 54.8%, P = 0.007).

Conclusions

Early, abrupt cessation of breast-feeding by HIV-infected women in a low-resource set-
ting, such as Lusaka, Zambia, does not improve the rate of HIV-free survival among 
children born to HIV-infected mothers and is harmful to HIV-infected infants.
(ClinicalTrials.gov number, NCT00310726.)
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Breast-feeding poses a dilemma for 
women who live in low-resource settings 
and who are infected with the human im-

munodeficiency virus (HIV) because the practice 
can transmit HIV but is the source of optimal nu-
trition and protection against other serious infec-
tious diseases.1-4 Early cessation of breast-feeding 
has been recommended to balance these compet-
ing risks favorably — reducing postnatal trans-
mission of HIV while preserving the nutritional 
and immunologic benefits of breast-feeding at the 
time when they are needed most.5-8 Postnatal trans-
mission of HIV occurs throughout the duration of 
breast-feeding, but there are conflicting data on 
the question of whether the risks are evenly dis-
tributed between younger and older children.9-14 
The benefits of breast-feeding for reducing the in-
cidence of complications and death from non-HIV 
infectious disease, although known to extend into 
the second year, are greatest in the first few months 
of life.15‑17

Exclusive breast-feeding confers lower risks of 
postnatal transmission of HIV than predominant 
or partial breast-feeding18-20 but is recommended 
only for 6 months, after which infants require 
other foods to complement breast milk.21 If early 
weaning is to be encouraged for HIV-infected 
women, the end of exclusive breast-feeding offers 
a logical end point. In low-resource settings, many 
programs that attempt to prevent mother-to-child 
transmission of HIV have recommended abrupt or 
rapid weaning to minimize the period of nonex-
clusive breast-feeding.

We conducted a randomized trial among HIV-
infected women in Lusaka, Zambia, to evaluate 
whether exclusive breast-feeding to 4 months, fol-
lowed by abrupt weaning, would reduce the post-
natal transmission of HIV and mortality through 
the first 2 years of life. Four months was selected 
as the weaning time because this was the mini-
mum duration of exclusive breast-feeding that was 
recommended at the time the study was de-
signed22 and was considered to be a reasonable 
period for exclusive breast-feeding to be main-
tained. Equipoise existed to justify a randomized 
trial, since although the benefits of early abrupt 
weaning seemed plausible, there were no experi-
mental, and only limited epidemiologic, data to 
justify it. The design of the study was constrained 
by ethical considerations regarding the random 
assignment of children to replacement feeding 
from birth, given the vulnerability to infectious 

diseases of non–breast-fed infants in Zambia, or 
to nonexclusive breast-feeding from birth, given 
the established benefits of exclusive breast-feeding 
for infant health15-17 and the increased risk of HIV 
transmission with mixed feeding.18-20

Me thods

Study Design

The study was an unblinded, randomized trial of 
a behavioral intervention among HIV-infected 
women to encourage exclusive breast-feeding to 
4 months, followed by the abrupt cessation of 
breast-feeding, as compared with the standard 
practice of continued breast-feeding for a longer 
period.23 The authors designed the study, super-
vised the clinical staff in the collection of the data, 
conducted the analyses, and wrote the manuscript. 
All of the authors vouch for the completeness and 
accuracy of the data and analyses.

Study Population

HIV-infected women were recruited from two an-
tenatal clinics in Lusaka, Zambia, that offered vol-
untary HIV testing and counseling and single-dose 
nevirapine prophylaxis.24,25 Between May 2001 and 
September 2004, a total of 1435 HIV-seropositive 
women who were pregnant (less than 38 weeks’ 
gestation) were recruited as potentially eligible 
trial participants. Women could volunteer if they 
intended to breast-feed for any length of time, ac-
cepted treatment with nevirapine, and agreed to 
be randomly assigned to the intervention or con-
trol group. Exclusion criteria were severe pregnan-
cy complications (e.g., preeclampsia), previous 
cesarean delivery, and HIV-related conditions re-
quiring hospitalization. Women were encouraged 
to involve their husband or partner or another 
family member before joining the study. All wom-
en provided written informed consent. The study 
was approved by human subjects committees at 
all the participating institutions.

Study Intervention

Participants were randomly assigned to one of two 
groups. The experimental intervention encouraged 
women to breast-feed exclusively to 4 months and 
then to stop breast-feeding abruptly, or as rapidly 
as possible. Beginning at the 2-month visit, wom-
en were counseled to prepare for abrupt cessation. 
Preparation included practice in cup-feeding of 
expressed milk, information about nutritional re-
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quirements during weaning, and correct prepara-
tion of formula and complementary foods, as well 
as counseling to anticipate possible weaning prob-
lems such as breast engorgement and the inabil-
ity to comfort the child through breast-feeding. A 
3-month supply of infant formula and fortified 
weaning cereal was provided. Extensive counsel-
ing was given to make replacement feeding as 
safe as possible. This included demonstrations 
and practical training sessions in preparing the 
products, education about the importance of us-
ing only boiled water for the preparation of for-
mula and of not storing any remaining formula, 
correct feeding frequencies and dilutions, and 
household hygiene. Insulated thermoses for stor-
ing boiled water were provided. Cup-feeding was 
encouraged to minimize the hazards associated 
with the use of infant bottles. Around the time of 
weaning, there was weekly contact with the 
women, including at least two home visits. Wom-
en were encouraged to make the transition from 
formula to the weaning cereal (a product that 
was developed and tested in Zambia by the U.S. 
Department of Agriculture and was based on the 
local staple, maize meal, and fortified with milk 
powder, sugar, oil, and micronutrients) because 
the cooking process made the cereal a safer prod-
uct. The infants were monitored over this period 
for any slowing in growth, and family planning 
was encouraged. Women in the control group were 
encouraged to breast-feed exclusively to 6 months, 
gradually introduce complementary foods (not pro-
vided), and continue to breast-feed for a duration 
of their own informed choice (standard practice).

Randomization

At 1 month post partum, participants who were 
still breast-feeding their infants (whose HIV status 
had not yet been determined) and were willing to 
continue with the study were randomly assigned 
to a study group with the use of a computer algo-
rithm that was designed by the study statistician 
with a randomized permuted-block design with-
in each site. Participants were informed of their 
assignment at the next (usually second-month) 
visit to ensure sufficient time for preparation.

Study Procedures

Blood was drawn at the time of enrollment, and 
two antenatal visits for counseling were sched-
uled before delivery. Sociodemographic and clin-

ical data were collected at enrollment, and obstet-
ric and neonatal data after delivery. Heel-stick 
blood samples were collected from the infants on 
filter paper on the day of birth, at 1 week, and at 
1, 2, 3, 4, 4.5, 5, 6, 9, 12, 15, 18, 21, and 24 
months of age. Clinic visits were scheduled at 
these time points, and information about infant-
feeding practices was obtained by different mem-
bers of the study staff from those performing the 
counseling. Breast-feeding duration was defined 
as the time from birth until the exact age that 
breast-feeding was first reported to have stopped. 
Children who died were assumed to have been 
breast-fed up to the date of death unless clinical 
records indicated that breast-feeding had been 
stopped before the illness that preceded the child’s 
death. Home visits were scheduled at 4 days after 
birth and at time points that were interspersed 
between clinic visits so that contact occurred ev-
ery 2 weeks for the first 5 months. The infants in 
the study, including those whose mothers died 
and those whose mothers did not adhere to the 
feeding protocol, were followed on this schedule 
of home and clinic visits through 24 months. 
Home-visit teams tracked the participants who 
did not return for appointments. Information 
about children’s deaths was sought from hospi-
tal and clinic records and from interviews with 
caretakers and health care personnel. The cir-
cumstances of all deaths were reviewed to iden-
tify the causes of death.

Clinical Care and Treatment

Routine antenatal care included screening for 
syphilis with the use of rapid plasma reagin tests 
and the treatment of women who had a positive 
test and their partners with penicillin; prenatal 
multivitamins including iron; and malaria pro-
phylaxis. Antiretroviral therapy became available 
in the public sector only after May 2004.26 En-
rolled women who were eligible for treatment ac-
cording to Zambian guidelines and who provided 
consent were started on first-line regimens. Co-
trimoxazole was given to all infants (infected and 
uninfected) between 6 weeks and 12 months of 
age and, after November 2003, to women with CD4 
cell counts of less than 200 per cubic millimeter.27 
The children’s growth was monitored monthly, 
and in both study groups, children with evidence 
of failure to thrive were provided with nutritional 
supplements.
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Figure 1. Study Enrollment, Randomization, and Outcomes. 
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Table 1. Baseline Characteristics of the 958 HIV-Infected Women and Their Infants According to Study Group.*

Characteristic
Intervention Group 

(N = 481)
Control Group 

(N = 477) P Value

Maternal CD4 cell count 

Median — cells/mm3 325 332 0.30

<200 cells/mm3 — no. (%) 120 (24.9) 108 (22.6)

200–349 cells/mm3 — no. (%) 150 (31.2) 144 (30.2)

350–499 cells/mm3 — no. (%) 115 (23.9) 113 (23.7)

≥500 cells/mm3 — no. (%) 96 (20.0) 112 (23.5) 0.56

Maternal plasma viral load 

Median — copies/ml 41,374 36,054 0.88

<1000 copies/ml — no./total no. (%) 35/480 (7.3) 29/476 (6.1)

1000–9999 copies/ml — no./total no. (%) 90/480 (18.8) 88/476 (18.5)

10,000–99,999 copies/ml — no./total no. (%) 213/480 (44.4) 210/476 (44.1)

≥100,000 copies/ml — no./total no. (%) 142/480 (29.6) 149/476 (31.3) 0.86

Hemoglobin — no./total no. (%) 0.23

<10 g/dl 128/476 (26.9) 143/470 (30.4)

≥10 g/dl 348/476 (73.1) 327/470 (69.6)

Antiretroviral therapy — no. (%) 0.76

Eligible 177 (36.8) 171 (35.8)

Not eligible 304 (63.2) 306 (64.2)

Body-mass index 1 mo post partum — no./total no. (%)† 0.76

<18.5 68/476 (14.3) 71/474 (15.0)

≥18.5 408/476 (85.7) 403/474 (85.0)

Mean age — yr 26.1 26.2 0.73

Parity — no. (%)

First child 73 (15.2) 68 (14.3)

Second or third child 222 (46.2) 224 (47.0)

≥Fourth child 186 (38.7) 185 (38.8) 0.92

Death of one or more previous children — no./total no. (%)‡ 180/401 (44.9) 174/404 (43.1) 0.60

Median duration of breast-feeding for last child — mo§ 18 18 0.65

Positive rapid plasma reagin test — no./total no. (%) 81/451 (18.0) 76/450 (16.9) 0.67

HIV status disclosed to partner — no. (%) 265 (55.1) 281 (58.9) 0.23

Marital status — no. (%) 0.85

Married 405 (84.2) 407 (85.3)

Single 46 (9.6) 44 (9.2)

Widowed, divorced, or separated 30 (6.2) 26 (5.5)

Education — no. (%) 0.56

No school 28 (5.8) 27 (5.7)

Primary school (<8 yr) 253 (52.6) 237 (49.7)

Some high school (≥8 yr) 153 (31.8) 172 (36.1)

High school completed or more 47 (9.8) 41 (8.6)
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Table 1. (Continued.)

Characteristic
Intervention Group 

(N = 481)
Control Group 

(N = 477) P Value

Domestic water source — no. (%) 0.42

Tap within dwelling 32 (6.7) 30 (6.3)

Tap on property outside 47 (9.8) 51 (10.7)

Community tap 382 (79.4) 385 (80.7)

Other 20 (4.2) 11 (2.3)

Electricity in the home — no. (%) 0.81

Yes 190 (39.5) 192 (40.3)

No 291 (60.5) 285 (59.7)

Cooking facilities — no./total no. (%) 0.99

Stove or hotplate 167/481 (34.7) 165/476 (34.7)

Charcoal or wood 314/481 (65.3) 311/476 (65.3)

No food at home on ≥1 day in previous mo — no. (%) 113 (23.5) 106 (22.2) 0.64

Full-time paid job — no. (%) 40 (8.3) 30 (6.3) 0.23

Treatment with nevirapine — no. (%)

Mother (single dose before delivery) 464 (96.5) 462 (96.9) 0.74

Infant 446 (92.7) 446 (93.5) 0.64

Place of birth — no. (%) 0.66

Home 42 (8.7) 49 (10.3)

Clinic 366 (76.1) 360 (75.5)

Hospital 67 (13.9) 65 (13.6)

Other 6 (1.2) 3 (0.6)

Infant sex — no./total no. (%) 0.35

Male 255/481 (53.0) 238/476 (50.0)

Female 226/481 (47.0) 238/476 (50.0)

Mode of delivery — no. (%) 0.52

Vaginal 469 (97.5) 468 (98.1)

Cesarean 12 (2.5) 9 (1.9)

Birth weight 

Mean — g 2992 3006 0.68

<2500 g — no./total no. (%) 51/471 (10.8) 54/466 (11.6)

≥2500 g — no./total no. (%) 420/471 (89.2) 412/466 (88.4) 0.71

Multiple birth — no. (%) 11 (2.3) 7 (1.5) 0.35

*	Maternal CD4 cell counts, viral load, hemoglobin, rapid plasma reagin status, and eligibility for antiretroviral therapy 
(i.e., a CD4 cell count of <200 per cubic millimeter or a CD4 cell count of <350 per cubic millimeter and World Health 
Organization stage III conditions) were determined on the basis of blood samples and clinical history obtained at en-
rollment during pregnancy; social and economic characteristics were also measured at this time.

†	The body-mass index is the weight in kilograms divided by the square of the height in meters.
‡	Of 408 women in the intervention group and 409 women in the control group who had a previous live birth, data on 

the death of one or more previous children were available for 401 women and 404 women, respectively.
§	Of 408 women in the intervention group and 409 women in the control group who had a previous live birth, data on 

the median duration of breast-feeding for last child were available for 394 women and 389 women, respectively.
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Laboratory Studies

Maternal blood collected at enrollment was test-
ed for CD4 and CD8 cell counts (FACSCount, BD 
Biosciences), hemoglobin (HemoCue system, He-
moCue), and viral load (Amplicor HIV-1 Monitor 
Test, v1.5, Roche). Infant heel-stick samples were 
tested in batches for HIV-1 DNA by polymerase 
chain reaction (PCR).28 All positive results were 
confirmed in two or more samples, if available; 
if only one sample was available, it was retested 
for confirmation. To rule out false negative test 
results due to an inadequate sample, amplifica-
tion of the beta-globin gene was performed. Infant 
diagnostic services were not available in Zambia 
during the time the study was conducted, so sam-

ples were tested in the United States. When the 
results became available, women were given the 
opportunity to learn their child’s infection status 
and were recounseled about feeding choices.

Statistical analysis

The study was powered to detect a reduction of 
50% or more in the combined outcome of HIV 
infection or death among the subjects who un-
derwent randomization.23 All mother–child pairs 
randomly assigned to study groups (with the 
first-born infant selected in the case of multiple 
births) were included in the intention-to-treat 
analysis. Categorical characteristics were compared 
between groups with the use of chi-square tests, 

Table 2. Mortality Rates and Breast-Feeding Duration in the Overall Cohort, Rates of HIV Infection or Death  
among Children Uninfected and Still Breast-Fed at 4 Months, and Mortality among Children Infected by 4 Months  
in the Intervention and Control Groups.*

Subjects
Intervention 

Group Control Group P Value

Overall cohort

No. of mother–child pairs 481 477

Children who died — no. (cumulative mortality rate) 0.96

<4 mo 21 (0.046) 22 (0.048)

<12 mo 79 (0.185) 60 (0.139)

<24 mo 100 (0.239) 102 (0.246)

Mothers who stopped breast-feeding — no. (cumulative  
probability)

<0.0001

<4 mo 37 (0.084) 18 (0.040)

≤4 mo 270 (0.642) 26 (0.060)

≤5 mo 289 (0.690) 32 (0.074)

≤12 mo 309 (0.746) 129 (0.343)

≤18 mo 350 (0.872) 261 (0.756)

Children uninfected with HIV and still breast-feeding at 4 mo

No. of children 328 333

Children who died or acquired HIV — no. (cumulative probability) 0.27

<12 mo 31 (0.098) 37 (0.117)

<18 mo 43 (0.137) 58 (0.186)

<24 mo 50 (0.161) 60 (0.193)

Children infected with HIV by 4 mo

No. of children 71 81

Children who died — no. (cumulative mortality rate) 0.02

<4 mo 9 (0.132) 11 (0.138)

<12 mo 40 (0.630) 29 (0.395)

<24 mo 48 (0.771) 43 (0.611)

*	All rates and probabilities were calculated with Kaplan−Meier methods. P values are based on the log-rank test.
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normally distributed continuous variables with the 
use of t-tests, and nonnormal continuous vari-
ables with the use of Wilcoxon tests. Child death, 
HIV-free survival, HIV transmission, and breast-
feeding duration were treated as time-to-event 
variables and were analyzed with Kaplan–Meier 
methods and log-rank tests. The results of these 
analyses are expressed as Kaplan–Meier proba-
bilities of the end points by a specified time per 
100 study participants. For HIV transmission, the 
midpoint between the last negative and the first 
positive PCR test was imputed as the event time. 
For an analysis of death among uninfected chil-
dren, data were censored at the time of the last 
negative test.

R esult s

Study Population

Of the 1435 HIV-infected pregnant women en-
rolled in the study, 958 women and their infants 
were randomly assigned to a study group (Fig. 1). 
Of those assigned to study groups, 84% in the 
intervention group and 86% in the control group 
were followed to 24 months or reached the study 
end points of HIV infection or death. The charac-
teristics of the women who were assigned to the 
two groups were similar at baseline (Table 1). 
Child mortality rates were similar by 24 months 
in the two groups: 23.9% in the intervention 
group and 24.6% in the control group (P = 0.96) 
(Table 2 and Fig. 2A). Maternal mortality through 
24 months was 9.0% in the intervention group 
and 8.7% in the control group (P = 0.85).

Adherence to the Intervention

In the intervention group, 69.0% of the women 
stopped breast-feeding by the end of 5 months. 
Of those who stopped, 68.8% reported stopping 
immediately or within 2 days, 25.1% within 2 to 
7 days, and 6.1% in 7 days or more. In the control 
group, 7.4% of the women stopped breast-feed-
ing by the end of 5 months, and 34.3% by the end 
of 12 months. The median duration of breast-
feeding was 4 months (interquartile range, 4 to 
14) in the intervention group and 16 months (in-
terquartile range, 11 to 19) in the control group 
(P<0.001) (Fig. 2B). 

HIV-free Survival at 24 Months

There was no significant difference in HIV-free 
survival between the two groups according to the 

intention-to-treat analysis: at 24 months of age, 
68.4% of the children in the intervention group, 
as compared with 64.0% of those in the control 
group, were alive and not infected with HIV 
(P = 0.13). The rate of HIV transmission was 
slightly lower in the intervention group than in 
the control group (21.4% vs. 25.8%, P = 0.11), and 
the mortality rate for uninfected children was simi-
lar in the intervention and the control groups 
(13.6% and 14.4%, respectively; P = 0.81).

Since the feeding practices in the two groups 
were intentionally the same through 4 months, we 
restricted the analysis to children who survived 

Figure 2. Probability of Child Survival to 24 Months and Duration of Breast-
Feeding, According to Study Group.

Panel A shows survival to 24 months among 481 children assigned to the 
intervention group, whose mothers were counseled to wean abruptly at  
4 months, and among 477 children assigned to the control group, whose 
mothers were counseled to breast-feed longer than 4 months and to wean 
according to standard practice. Panel B shows the duration of breast-feed-
ing according to the study-group assignment.
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without HIV infection (as determined by a nega-
tive PCR test at 4 months or later) and who were 
still being breast-fed at 4 months, in order to 
maximize the opportunity to detect differences 
between the groups. In this subgroup, prerandom-
ization characteristics that were possibly related 
to HIV-free survival were balanced between the 
study groups (data not shown), but the women in 
this subgroup had less advanced HIV disease than 
the women in the overall study population, since 
women with more advanced HIV disease were 

more likely to have infants who were infected by 
4 months and were therefore not included in this 
subgroup. The overall proportions of subjects who 
were excluded were similar in the two groups, 
but there were differences in the reasons for the 
exclusions (Fig. 1). The proportion of children who 
were excluded because of HIV transmission that 
occurred before 4 months of age (acquired intra-
uterine or intrapartum transmission or transmis-
sion through breast-feeding before the intervention 
could take effect) was similar in the intervention 
group (transmission rate, 15.6%; 71 children) 
and the control group (transmission rate, 17.6%; 
81 children), but more children in the control 
group than in the intervention group were ex-
cluded because of HIV detected within the first 
3 days of life (rate of acquired intrauterine trans-
mission, 7.3% vs. 4.4%; P = 0.05). More children 
in the intervention group than in the control 
group were excluded because their mothers had 
stopped breast-feeding them before 4 months 
(8.4% vs. 4.0%, P = 0.01).

Among uninfected children who were still 
being breast-fed at 4 months, there was no sig-
nificant difference between the groups in HIV-
free survival at 24 months: 83.9% of the children 
in the intervention group survived to 24 months 
without HIV infection, as compared with 80.7% 
in the control group (P = 0.27) (Fig. 3A). Between 
4 and 24 months, rates of postnatal HIV trans-
mission were not significantly different (6.2% in 
the intervention group and 8.8% in the control 
group, P = 0.19), and mortality among uninfected 
children was similar in the two groups (10.7% in 
the intervention group and 11.7% in the control 
group, P = 0.71). The causes of death among un-
infected children were predominantly diarrheal 
disease, which accounted for 59% of the deaths 
in the intervention group and 62% of those in the 
control group, and respiratory infections, which 
accounted for 44% and 50% of deaths in the two 
groups, respectively (more than one cause of death 
could be assigned). Nineteen percent of the chil-
dren in the intervention group and 15% of those 
in the control group died from other causes (in-
cluding malaria, malnutrition, measles, injury, and 
unknown causes). There was no significant dif-
ference in HIV-free survival between the groups 
when they were stratified according to the clini-
cal site or evidence of an interaction between base-
line characteristics and intervention group.

Figure 3. Cumulative Probability of HIV-free Survival among Uninfected 
Children and of Survival among Infected Children, According to Study 
Group.

Panel A shows HIV-free survival from 4 to 24 months among children who 
were uninfected and still breast-feeding at 4 months of age (328 children 
assigned to the intervention group and 333 assigned to the control group). 
Panel B shows survival to 24 months among children who had HIV infec-
tion by 4 months of age (71 children assigned to the intervention group 
and 81 assigned to the control group).
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Effects of Antiretroviral Therapy

The introduction of antiretroviral therapy toward 
the end of the study did not explain the absence 
of significant differences between the groups. 
Only 6 women started antiretroviral therapy be-
fore delivery (2 in the intervention group and 4 in 
the control group), and 107 women started treat-
ment before 24 months (55 in the intervention 
group and 52 in the control group), a median of 
16 months after delivery (interquartile range, 10 
to 19) in the intervention group and 17 months 
(interquartile range, 11 to 21) in the control group. 
If maternal and infant follow-up time was cen-
sored once therapy was initiated, there was still 
no significant difference between the groups in 
the rate of HIV-free survival (84.5% in the inter-
vention group and 80.9% in the control group, 
P = 0.20).

Mortality among HIV-infected Children

We examined the effects of the random assignment 
to a study group on 152 children with confirmed 
HIV infection before 4 months of age. The prog-
nosis was poor in both groups, with cumulative 
mortality rates by 24 months of 77.1% in the in-
tervention group (median survival, 8 months) and 
61.1% in the control group (median survival, 17 
months) (P = 0.02) (Table 2). There was no signifi-
cant difference in mortality between the groups 
until 4 months of age, but among children who 
were alive at 4 months, mortality rates by 24 months 
were 73.6% in the intervention group and 54.8% 
in the control group (P = 0.007) (Fig. 3B).

Discussion

There was no significant benefit in HIV-free 
survival to 24 months among the infants of HIV-
infected mothers who were encouraged to stop 
breast-feeding abruptly at 4 months as compared 
with the infants of mothers who were encour-
aged to wean their infants according to the stan-
dard practice and who continued breast-feeding 
for a median of 16 months. Early cessation of 
breast-feeding has substantial programmatic costs, 
including the provision of breast-milk substitutes, 
and carries risks that are difficult to quantify, 
including the disclosure of HIV status, stigmati-
zation, increased fertility, and possible spillover 
effect in the uninfected population. The costs and 
risks of terminating breast-feeding early may be 
justifiable if a net benefit with respect to child 

health can be achieved, but radical changes in 
usual breast-feeding practices should not be en-
couraged in the absence of demonstrated bene-
fits for HIV-free survival.

Early cessation of breast-feeding was not uni-
versally accepted in the study population. Despite 
consenting to this practice at enrollment, receiv-
ing intensive counseling, and being provided with 
formula and complementary foods, only approxi-
mately 70% of the women in the intervention 
group weaned their infants early. This finding 
is not surprising, since prolonged breast-feeding 
is the norm in Zambia. A limitation of our 
study is the incomplete compliance with early 
weaning, as well as the termination of breast-
feeding earlier than expected in the control group 
(one third of the women stopping breast-feeding 
before 1 year). These observations highlight the 
difficulty of promoting the practice of early ter-
mination of breast-feeding and complicate the in-
terpretation of the results. The failure of women 
in the intervention group to stop breast-feeding 
may have minimized the differences in HIV trans-
mission between the two groups and may have 
made the benefit with respect to HIV prevention 
too small to offset the increased mortality due to 
early weaning.

The difference between the two groups in the 
rate of HIV transmission was less than expect-
ed,6-8 despite different feeding practices. We hy-
pothesize that rapid weaning may be partially 
responsible. Abrupt weaning is associated with 
elevations in HIV levels in breast milk and with 
mastitis.29 Consequently, any exposure to breast 
milk during this period may be associated with 
an increased risk of infection. We underestimated 
the difficulty of completely eliminating all breast-
milk exposures in this context even among women 
who were highly motivated to wean their infants. 
It is possible that more gradual weaning could 
reduce the risk of infection, but this possibility 
should be empirically evaluated. Estimates of re-
ductions in transmission were based on extrapo-
lation from observational studies (not from trials 
involving attempts to modify feeding practices) 
and may have overestimated the benefits of early 
weaning.30 If the weaning period itself is a time 
when the level of infectivity is elevated, then trun-
cating breast-feeding early may have less effect 
than anticipated. In a post hoc calculation, our 
study had sufficient power to detect decreases in 
HIV transmission of 8% or more. A smaller ben-
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efit would not have been detectable, since we ex-
pected the benefit of early weaning to be greater 
than this.

Children who were already infected with HIV 
before weaning had significantly worse outcomes 
if they were assigned to the intervention group. 
We did not anticipate this finding and had ini-
tially expected that the progression of HIV dis-
ease would override any benefits of breast milk. 
Theoretically, since formula and weaning cereal 
were nutritionally replete and fortified with mi-
cronutrients, they may have conferred an advan-
tage for HIV-infected children. Our observation of 
a clear benefit of breast-feeding for HIV-infected 
children highlights the importance of strength-
ening infant diagnostic services to triage HIV-
infected children into HIV care and treatment31 
and to provide encouragement for continued 
breast-feeding of infected children. Our data dem-
onstrate the survival benefits, in this setting, of 
continued breast-feeding into the second year of 
life for HIV-infected children. Infant-feeding poli-
cies for HIV-infected women should take into 
consideration the special needs of HIV-infected 
children, since in most circumstances, their sta-
tus will be unknown in early infancy.

Our results differ from those of a trial in 
Kenya32,33 but are consistent with those of a trial 
in Botswana, which showed that avoidance of all 
breast-feeding had no benefit with respect to HIV-
free survival.34 Our data are consistent with re-
cently updated recommendations from the World 
Health Organization that advise continued breast-
feeding with complementary foods after 6 months 
“if replacement feeding is still not acceptable, 
feasible, affordable, sustainable and safe.”35 We 

intentionally studied women in a region where 
economic circumstances were insufficient to en-
sure safe replacement feeding, so that our results 
would be generalizable to the populations that 
are most affected by the epidemic of HIV and the 
acquired immunodeficiency syndrome in sub-
Saharan Africa. Our results are applicable only 
to settings where the safety of replacement feed-
ing cannot be ensured.

In the context of a clinical trial that included 
intensive counseling, provision of formula and 
complementary foods, use of cotrimoxazole, and 
modest bolstering of the health care infrastruc-
ture, abrupt cessation of breast-feeding at 4 months 
did not improve the outcomes for children born 
to HIV-infected mothers. These results suggest 
that early, abrupt cessation of breast-feeding for 
HIV-infected women in low-resource settings 
should be avoided.
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Zambia . In the Results section, in the third paragraph under HIV-

free Survival at 24 Months (page 138), the second sentence should

have ended with `̀ (10.7% in the intervention group and 11.7% in the
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