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François Rouet,2 Laurence Dequae-Merchadoux,3 François Dabis,3 Christine Rouzioux,4 and Philippe Van de Perre,1,a

for the Diminution de la Transmission Mere-Enfant Study Groupb

1Centre MURAZ, 01BP390 Bobo-Dioulasso, Burkina Faso; 2PAC-CI Programme, Abidjan, Côte d’Ivoire; 3Institut National de la Santé et de la
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Perinatal zidovudine (ZDV) prophylaxis decreases rates of perinatal transmission of human immunodeficiency
virus type 1 (HIV-1). Its relationship with levels of HIV-1 RNA in breast milk and postnatal transmission in
breast-fed African children is unknown. At day 8 after delivery, levels of HIV-1 RNA in breast milk from 28
women who transmitted HIV-1 (Ts) postnatally and from 130 women who did not transmit HIV-1 (NTs) were
lower for women receiving ZDV than for women receiving placebo. Levels of HIV-1 RNA in breast milk
remained low over time in NTs but increased by 8–16-fold in Ts treated with ZDV from baseline to days 45/
90 after delivery. Levels of HIV-1 RNA in breast milk at day 8 after delivery and the increase in levels of HIV-
1 RNA in breast milk from day 8 to days 45/90 after delivery were independently associated with postnatal
transmission. An increase in the levels of HIV-1 RNA in breast milk from day 8 to 45 after delivery was
associated with maternal ZDV prophylaxis. The rebound in levels of HIV-1 RNA in breast milk after discon-
tinuation of maternal antiretrovirals needs to be further explored—it may justify prolonging antiretroviral
prophylaxis during the entire breast-feeding period.

In 2001, 1800,000 children were infected with HIV-1

worldwide, and nearly 580,000 died of HIV-1–related

disease, particularly in resource-poor nations [1]. Breast-

feeding accounts for one- to two-thirds of all mother-

to-child transmission (MTCT) [2–5], although a sig-

nificant part of MTCT occurs late in utero or during

labor and delivery, with or without prophylaxis. De-
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tection of cell-free HIV-1 RNA in breast milk has been

associated with MTCT in some [6–9] but not all [10]

studies. Breast-fed infant children of HIV-1–infected

mothers have been estimated to ingest ∼322,000 free

viral particles [6] and ∼25,000 infected cells [11] daily.

Ingestion of 1 L of breast milk from an HIV-1–infected

woman exposes infants to a risk of acquiring HIV-1

infection that has been proposed as the equivalent to

an unprotected sex act for adults [9]. In 1998, short

courses of maternal zidovudine (ZDV) were confirmed

to reduce MTCT in non-breast-fed infants in Thailand

[12]. Because alternatives to breast-feeding are difficult

to apply in much of Africa, in 1999, the short-term

efficacy of a similar ZDV regimen was demonstrated

among breast-feeding mothers in Côte d’Ivoire and Bur-

kina Faso [13–15]. However, the efficacy of such short-

course regimens may diminish over time in breast-fed

infants [16]. Whether such short-course antiretroviral

regimens reduce levels of HIV-1 RNA in breast milk as

well as in plasma and the duration of this reduction

need to be determined [8]. Therefore, we compared
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Table 1. Definition of the timing of transmission of HIV-1.

Perioda D1/D8 D45 D90 D180

Perinatal Positive Positive Positive Positive
Early postnatal Negative Negative or positive Positive Positive
Late postnatal Negative Negative Negative with positive result later Positive or negative with positive result later

a Infection determined by the presence of HIV-1 RNA in plasma from infants, by use of reverse-transcription polymerase chain reaction.

levels of HIV-1 RNA in breast milk over time in both women

who transmitted HIV-1 (Ts) and women who did not transmit

HIV-1 (NTs) to their infants by breast-feeding, after they had

received either short-course perinatal ZDV prophylaxis or pla-

cebo [14].

SUBJECTS, MATERIALS, AND METHODS

Study population. The Diminution de la Transmission Mere-

Enfant (DITRAME) Agence Nationale de Recherches sur le

SIDA (ANRS) 049a trial was conducted in 2 large cities in west

Africa: Abidjan, Côte d’Ivoire, and Bobo-Dioulasso, Burkina Fa-

so. The trial protocol was approved by the ANRS ethical review

boards, the Ethical Committee of the Côte d’Ivoire National

Ministry of Health, the Centre MURAZ Ethical Committee, and

the Ministry of Health of Burkina Faso. Written, informed con-

sent was obtained from all participants. The methodology of this

randomized, double-blind, placebo-controlled trial has been de-

scribed elsewhere [14]. In brief, eligible HIV-1–infected preg-

nant women were randomized at 36–38 weeks of gestation to

receive either ZDV (250–300 mg twice daily) or a matching

placebo until the beginning of labor, then a single oral dose of

500/600 mg until delivery, and a 7-day postnatal prophylactic

treatment of 500/600 mg once daily. No prophylaxis was given

to neonates. Adherence to prophylaxis was estimated by regular

pill counts and repeated measurements of maternal red cell cor-

puscular volume. Prophylaxis adherence 180% of maximum

drug use was 75% during the prenatal period, 81% during labor,

and 83% during the postnatal period [14]. At enrollment, only

2 women fulfilled the clinical definition of AIDS, and 7.7% had

CD4+ cell counts !200 CD4+ cells/mm3. Five women died by

6 months after delivery [14]. The median duration of breast-

feeding was 8.1 months in women from Abidjan (interquartile

range [IQR], 7–10 months) and 19.4 months in women from

Bobo-Dioulasso (IQR, 18–22 months). The postnatal transmis-

sion rate estimated at 24 months of age was similar in the 2

populations (10.5 [95% confidence interval {CI}, 4.8–16.2]/100

child-years of breast-feeding in Abidjan and 7.4 [95% CI, 3.2–

11.6]/100 child-years of breast-feeding in Bobo-Dioulasso) [17].

The present study is a nested case-control study of Ts and NTs

within the DITRAME prospective cohort of HIV-1–infected

pregnant women and their live-born children. All women from

whom breast milk samples were available at day 8 after delivery

(11 mL) were included. HIV-1 RNA was measured in breast-

milk samples from Ts and randomly selected NTs who were

comparable for study site (Abidjan vs. Bobo-Dioulasso) and

treatment allocation (ZDV vs. placebo).

Laboratory analysis and definition of timing of transmis-

sion. Blood samples from infants were collected at days 1–8,

45, 90, 180, and every 3 months until at least 18 months of

age or 3 months after complete cessation of breast-feeding if

the child was still breast-feeding at 18 months of age. Samples

were stored at �80�C. Cells and plasma samples collected at

day 180 after delivery, or an earlier sample when samples from

day 180 were not available, were systematically processed by

use of polymerase chain reaction (PCR) or by use of reverse-

transcription (RT) PCR if the serologic test at 15 months of

age was positive (after the loss of HIV-1 maternal antibodies).

If the first sample tested was found to be positive, the same

test was then applied to all the preceding available samples.

Noncommercial DNA PCR was used in Abidjan, as described

elsewhere [14]. In Bobo-Dioulasso, blood samples were analyzed

first by noncommercial DNA PCR of cells and commercial quan-

titative plasma RNA RT-PCR (Amplicor HIV Monitor, version

1.5; Roche Diagnostics Systems), which gave concordant results,

and then by plasma RNA RT-PCR only. Serum samples col-

lected between 9 and 15 months of age were screened for HIV-

1 and HIV-2 antibodies by use of a commercial ELISA (Ge-

nelavia Mixt [Diagnostics Pasteur] or Murex ICE 1-O-2 [Murex

Biotech]). A synthetic peptide ELISA (Peptilav 1–2; Diagnostics

Pasteur) was used to confirm results on the same sample. A

positive antibody test at 15 months of age or later was also

considered to be diagnostic for HIV-1 infection. Children who

had no sample available for PCR and could not be followed

beyond 6 months of age were considered to be of indeterminate

HIV-1 status. The diagnosis of pediatric HIV-1 infection was

considered on the basis of 1 positive PCR result or by a positive

RT-PCR result [18]. Postnatal transmission of HIV-1 (early/

late) was diagnosed on the basis of the sequence of results on

�2 PCRs using blood mononuclear cells from infants, RT-PCR

using plasma, or serologic testing at 18 months of age and later

(table 1).

Breast-milk samples were obtained by manual expression of

either the left or the right breast at the end of breast-feeding

at days 8, 45, and 90 after delivery. Samples were centrifuged

at 2000 g for 10 min within 5 h of collection, to separate 3

layers: lipids, aqueous supernatant (lactoserum or whey), and
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cells. The lipid layer was discarded. Whey was stored at �80�C.

Cells were washed in PBS 3 times and then were stored as dry

pellets at �80�C.

We quantified cell-free HIV-1 in breast-milk whey after a

Boom extraction of RNA, which eliminates breast-milk inhib-

itors of PCR [19, 20] and allows the use of a greater volume

of breast milk. In brief, RNA was purified from 800 mL of breast

milk in the presence of an internal RNA standard. In conditions

of high-salt concentration, nucleic acids bind to silica particles

and, after washing, can be eluated. An aliquot was amplified

by use of PCR, after RT, with Thermus thermophilus HB8 (Tth)

DNA polymerase in the presence of dUTP and Uracil-N-gly-

cosylase (AmpErase). The quantitation of HIV-1 RNA copies

and the threshold of the reaction is a function of the amplification

of a known number of copies of the internal standard that is

revealed by ELISA.

We used quantitative competitive RT-PCR (Amplicor 1.5 kit;

Roche Molecular Systems), in accordance with the manufac-

turer’s recommendations, and the Nuclisens Kit (Organon Tek-

nika). Maternal levels of HIV-1 RNA in plasma have been re-

ported elsewhere [21].

Statistical analysis. Comparisons of levels of HIV-1 RNA

in breast milk between Ts and NTs and between treatment groups

were made by use of the Wilcoxon nonparametric test. Median

CD4+ cell counts and maternal age were described and compared

by use of the Wilcoxon nonparametric test. Univariate logistic

regression analysis estimated the odds ratios (ORs) for postnatal

transmission of HIV-1 according to (1) the levels of HIV-1 RNA

in breast milk at days 8 and 45 after delivery, (2) the difference

between these 2 time points, and (3) the maternal plasma viral

load at day 8 after delivery and the median CD4+ cell count at

study entry. In univariate analysis, variables associated with

MTCT of HIV-1 with , as well as variables similarly as-P ! .25

sociated with study site and treatment allocation, were included

in a multivariate logistic regression stepwise-descendant model.

An additional multivariate logistic regression analysis was per-

formed to measure the determinants of an increase in log10 HIV-

1 RNA in breast milk between days 8 and 45 after delivery.

RESULTS

Rates of MTCT over time. From September 1995 to February

1998, 421 women were enrolled in the study and were delivered

of 401 live children (200 ZDV; 201 placebo). Ten children with

indeterminate HIV-1 status and 7 mothers with indetermi-

nate CD4+ cell counts (including 1 T) were excluded from the

DITRAME ANRS 049a analysis. Among the remaining 384

mother-child pairs, 98 mothers (25.5%) transmitted and 286

mothers did not transmit HIV-1 within the first 24 months

after delivery. According to our definition (table 1), 61 trans-

missions (62.2%) occurred pre- or perinatally, and 37 (37.8%)

occurred postnatally. Thus, 9.6% of all women in this cohort

(37/384) transmitted HIV-1 postnatally, of which 23 transmis-

sions (62.2%) occurred during the early postnatal period and

14 (37.8%) occurred during the late postnatal period.

Of the 98 Ts, 68 (69.4%; 40 [65.6%] of 61 perinatal Ts and

28 [75.7%] of 37 postnatal Ts) had available breast-milk sam-

ples collected at day 8 after delivery. From the 286 NTs, we

randomly selected 130 women to be comparable to the 68 Ts,

in terms of study site (Abidjan vs. Bobo-Dioulasso; )P p .13

and treatment allocation (ZDV vs. placebo; ), for theP p .74

substudy of virologic outcomes. The present study focused on

postnatal transmission; therefore, we analyzed a selection of

158 women that included 28 postnatal Ts and 130 NTs.

Effect of ZDV prophylaxis on levels of free HIV-1 RNA in

breast milk over time. From Ts and NTs selected for our breast-

milk studies, 314 breast-milk samples were available for mea-

surements of HIV-1 RNA: 158 collected at day 8 after delivery

(28 from Ts and 130 from NTs), 104 collected at day 45 after

delivery (22 from Ts and 82 from NTs), and 52 collected at day

90 after delivery (6 from Ts and 46 from NTs). The reasons for

missing breast-milk measurements were as follows: 110 insuffi-

cient amounts, 37 missing samples, 3 children weaned by day

45 after delivery, 1 woman lost to follow-up at day 45 after

delivery, and 5 women lost to follow-up at day 90 after delivery.

Levels of HIV-1 RNA in breast milk ranged from below the limit

of detection (5 copies/mL) to 21,161 copies/mL. Levels of HIV-

1 RNA in breast milk were routinely quite low, with only 8.9%

of samples (14/158) at day 8 after delivery, 6.7% of samples (7/

104) at day 45 after delivery, and 5.8% of samples (3/52) at day

90 after delivery having 11000 copies/mL.

Among breast-milk samples collected at day 8 after delivery,

just as maternal ZDV prophylaxis was interrupted, HIV-1 RNA

was more often detectable in breast-milk samples from women

who received placebo (54.1% [53/98]; 95% CI, 43.7%–64.2%)

than in those from ZDV-treated women (33.3% [20/60]; 95%

CI, 21.7%–46.7%; ). Levels of HIV-1 RNA in breastP p .011

milk were lower for ZDV-treated women (median, 25 copies/

mL; range, 6–1982 copies/mL) than for women who received

placebo (median, 53 copies/mL; range, 5–21,161 copies/mL;

). Among breast-milk samples collected at day 45 afterP p .012

delivery, levels of HIV-1 RNA were similar for ZDV-treated

women (median, 27 copies/mL; range, 10–6567 copies/mL) and

for women who received placebo (median, 25 copies/mL; range,

5–12,537 copies/mL).

Relationship of postnatal transmission of HIV-1 with levels

of HIV-1 RNA in breast milk over time. At days 8, 45, and

90 after delivery, HIV-1 RNA was more frequently detected in

breast milk from Ts (78.6% [22/28], 81.8% [18/22], and 100%

[6/6], respectively) than in breast milk from NTs (39.2% [51/

130] [ ], 46.3% [38/82] [ ], and 41.3% [19/P � .0002 P p .003
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Table 2. Univariate analysis of determinants of postnatal mother-to-child transmission of HIV-1.

Variable

Postnatal
transmitting

mothers
(n p 20)

Nontransmitting
mothers
(n p 60) OR (95% CI) P

Abidjan site, % 70.0 70.0 1.0 (0.33–3.02) 1.0
Maternal ZDV prophylaxis, % 50.0 38.3 1.6 (0.58–4.46) .36
CD4+ cell count at study entry, median [range], � 106/L 335 [123–1355] 504 [93–1176] 1.30a (1.03–1.64) .03
Maternal log10 HIV-1 RNA in plasma at day 8 after delivery, mean [SE] 4.61 [0.57] 3.77 [0.90] 4.51b (1.85–11.00) .001
Log10 HIV-1 RNA in breast milk at day 8 after delivery, mean [SE] 2.37 [0.99] 1.75 [0.65] 2.71b (1.37–5.37) .0042
Difference in log10 HIV-1 RNA in breast milk between days 8 and 45

after delivery, mean [SE] +0.11 [1.11] �0.21 [0.74] 4.87c (2.05–11.58) .0003

NOTE. CI, confidence interval; OR, odds ratio; ZDV, zidovudine.
a Per 100 cell decrement in CD4+ T cells.
b Per log10 increment in level of HIV-1 RNA in breast milk.
c For 1 log increase, adjusted on initial value.

Table 3. Multivariate analysis of determinants of postnatal mother-to-child transmission of HIV-1.

Variable OR (95% CI) P

Abidjan site 0.56 (0.12–2.61) .46
Maternal ZDV prophylaxis 3.92 (0.79–19.5) .095
CD4+ cell count at study entry 1.04a (0.81–1.33) .77
Maternal log10 HIV-1 RNA in plasma at day 8 after delivery 2.78b (0.98–7.93) .056
Log10 HIV-1 RNA in breast milk at day 8 after delivery 6.24b (1.57–24.84) .0093
Difference in log10 HIV-1 RNA in breast milk between days 8 and 45 after delivery 3.77b (1.49–9.56) .0052

NOTE. CI, confidence interval; OR, odds ratio; ZDV, zidovudine.
a Per 100 cell decrement in CD4+ T cells.
b Per log10 increment in level of HIV-1 RNA in breast milk.

46] [ ], respectively). At each time point (days 8, 45,P p .0087

and 90 after delivery), median levels of HIV-1 RNA were sig-

nificantly higher in breast milk from Ts than in breast milk

from NTs: 197 copies/mL (IQR, 49–1684 copies/mL), 413 cop-

ies/mL (IQR, 72–796 copies/mL), and 191 copies/mL (IQR,

55–1620 copies/mL), respectively, for Ts, versus 32 copies/mL

(IQR, 13–83 copies/mL) ( ), 20 copies/mL (IQR, 12–P ! .0001

54 copies/mL) ( ), and 15 copies/mL (IQR, 9–37 cop-P ! .0001

ies/mL) ( ), respectively, for NTs.P p .0019

Among 80 women (20 Ts and 60 NTs [matched controls],

the 2 groups being strictly comparable for variables unrelated

to selection criteria) for whom complete data sets on relevant

potential determinants were available, univariate analysis re-

vealed 4 immunologic and virologic factors associated with

postnatal transmission of HIV-1: (1) median maternal CD4+

cell count, (2) mean maternal plasma viral load at day 8 after

delivery, (3) mean copies of HIV-1 RNA in breast milk at day

8 after delivery, and (4) the mean difference in log10 HIV-1

RNA in breast milk between days 8 and 45 after delivery (table

2). In multivariate analysis, both the mean log10 HIV-1 RNA

in breast milk at day 8 after delivery and the mean difference

in log10 HIV-1 RNA in breast milk between days 8 and 45 after

delivery remained significantly and independently associated

with postnatal transmission of HIV-1 (table 3). Levels of HIV-

1 RNA in plasma also showed a strong trend toward signifi-

cance. However, because only breast milk, and not blood, was

transferred from mother to child after birth, this association

with plasma levels likely relates to the correlation between levels

of virus in plasma and breast milk. Previous maternal ZDV

prophylaxis (interrupted at day 7 after delivery) was the only

factor associated with an increase of 0.5 log10 HIV-1 RNA in

breast milk between days 8 and 45 after delivery, with ORs of

4.67 by univariate analysis ( ) and 5.66 by multivariateP p .017

analysis (95% CI, 1.52–21.1; ).P p .0098

Comparison of levels of HIV-1 RNA in Ts and NTs, ac-

cording to treatment group. ZDV prophylaxis was associated

with significant differences in the levels and kinetics of HIV-1

RNA in breast milk. At day 8 after delivery, the virus was

detected more frequently in breast milk from women who re-

ceived placebo than in breast milk from ZDV-treated women.

This difference was no longer observed later during follow-up

(table 4). Among Ts at day 8 after delivery, the median level

of HIV-1 RNA in breast milk was 56 copies/mL for ZDV-treated

women and was significantly higher (1608 copies/mL; P p

) for women who received placebo. Among Ts at day 45.0015

after delivery, the median level of HIV-1 RNA in breast milk
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Table 4. Frequency of detection of HIV-1 RNA in breast milk, by
time, treatment group, and transmission.

Treatment group,
transmitter status Day 8 Day 45 Day 90

Placebo
Yes 14/15 (93.3a) 10/12 (83.3) 4/4 (100.0)
No 39/83 (47.0b) 29/58 (50.0) 16/36 (44.4)

ZDV
Yes 8/13 (61.5a) 8/10 (80.0) 2/2 (100.0)
No 12/45 (25.5b) 9/24 (37.5) 3/10 (30.0)

NOTE. Data are no. of detections/total no. tested (%). ZDV, zidovudine.
a , for placebo group vs. ZDV group.P p .069
b , for placebo group versus ZDV group.P p .016

increased to 471 copies/mL for ZDV-treated women and de-

creased to 346 copies/mL for women who received placebo

( ). Among NTs at day 45 after delivery, the medianP p .72

level of HIV-1 RNA in breast milk was ∼20 copies/mL for both

treatment groups.

DISCUSSION

Postnatal transmission by breast-feeding accounts for up to

one-third of all MTCT, but the determinants of infection and

the effect of perinatal antiretroviral therapy or prophylaxis on

these rates and determinants have not been well characterized.

Using clear definitions of postnatal infection and prospectively

collected specimens, we generated data that reveal 3 distinct

and novel observations: (1) maternal ZDV prophylaxis has a

significant effect on levels of HIV-1 RNA in breast milk; (2)

ZDV prophylaxis and withdrawal have a significant effect on

the temporal evolution of expression of HIV-1 RNA in breast

milk, with a viral burst on interruption of treatment; and (3)

both baseline levels of HIV-1 RNA in breast milk and the

increment in viral RNA in breast milk are significantly associ-

ated with postnatal MTCT of HIV-1.

In contrast to previous reports [6–9], with the notable ex-

ception of a recent inconclusive report on 6 postnatally infected

children [10], our study clearly has separated the independent

role that levels of HIV-1 RNA in breast milk play in postnatal

transmission from the role that they play in overall MTCT. This

distinction is important, since levels in breast milk would have

little effect on transmission that occurs before breast-feeding

has been initiated. The present study is unique in that it has

represented the largest reported cohort of mother-child pairs

with confirmed postnatal transmission and has provided direct

comparisons of cell-free HIV-1 RNA in breast milk from post-

natal Ts and NTs and the relationship of breast-milk HIV-1

RNA to transmission.

Cell-free HIV-1 RNA is a critical viral compartment in breast

milk [6–9]. In the present study, levels of HIV-1 RNA in breast

milk were measured after a Boom extraction [19]. This ex-

traction procedure increased the sensitivity of viral detection

in milk to ∼10 copies/mL by eliminating PCR inhibitors and

increasing the volume analyzed (in our experience, up to 800

mL). This increased sensitivity allowed us to recognize that 4

women in our cohort, including 2 who had received perinatal

ZDV, transmitted the virus postnatally despite the presence of

�50 HIV-1 copies/mL in their breast milk around the time of

transmission (data not shown). That transmission of HIV-1 by

breast-feeding can occur despite very low HIV-1 RNA copy

numbers in breast milk suggests that the ability of the virus to

cross the epithelium and its replicative capacity, rather than

just its concentration in breast milk, may be important deter-

minants of transmission. Other factors that may also effect

successful transmission in the presence of only very low levels

of cell-free HIV-1 RNA are the contribution of cell-associated

HIV-1 [11, 22], the ability of infected cells to cross the epi-

thelium, and the contribution of HIV-1 RNA and infected cells

in the lipid layer of breast milk [23]. These considerations

suggest that HIV-1 may be sequestered in different strata of

the breast-milk compartment. Considering this compartmen-

talization, in some women, maternal plasma viral load may

well reflect the total breast-milk viral exposure, rather than just

the cell-free whey viral exposure.

The present study has demonstrated that the use of maternal

ZDV prophylaxis is associated with decreased levels of HIV-1

RNA, not only in plasma, but also in the breast-milk com-

partment. This observation suggests that maternal antiretroviral

treatment or prophylaxis that is prolonged during the breast-

feeding period could durably mitigate viral replication in breast

milk and therefore substantially reduce the risk of postnatal

transmission to infants. An apparently low rate of early post-

natal transmission of HIV-1, by the use of the relatively long-

acting drug nevirapine, in HIVNET 012 [24] was suggestive of

such an effect of antiretrovirals after delivery, and several clin-

ical trials to test this hypothesis are ongoing.

The present study has shown that levels of cell-free HIV-1

RNA in breast milk are closely and independently associated

with postnatal MTCT of HIV-1. Such transmission accounted

for at least 37.8% of all transmissions in the present study. We

did not identify a consistent threshold level of HIV-1 RNA in

breast milk below which no postnatal transmission occurred

(data not shown), as noted in the 4 cases above. Although

higher maternal plasma HIV-1 levels are well recognized as risks

for perinatal transmission, we have confirmed this association

for postnatal transmission.

Among the most-striking findings of the present study is the

effect of ZDV on the evolution of HIV-1 RNA in breast milk

over time. Among postnatal Ts who received placebo, the me-

dian level of HIV-1 RNA in breast milk decreased steadily over

time. This progressive decrease in levels of HIV-1 RNA in breast

milk, noted in a previous report [8], may relate to the release

of increased amounts of virus by the increased cellular content
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observed in human breast milk during earlier phases of lac-

tation [25]. Changes in maternal immune response during the

postnatal period and alleviation of gestational Th2-driven im-

mune suppression [26] could also explain this decrease over

time, as has been shown for HIV-1 in cervicovaginal secretions

[27] and for other infectious agents, such as malaria parasitemia

[28]. By sharp contrast, among ZDV-treated postnatal Ts, me-

dian levels of HIV-1 RNA in breast milk increased from days

8 to 45/90 after delivery. Multivariate analysis revealed an as-

sociation between the magnitude of the increase in log10 HIV-

1 RNA in breast milk (day 45 minus day 8) and postnatal

transmission. Previous maternal ZDV prophylaxis (interrupted

at day 7 after delivery) was the only factor significantly and

independently associated with this increase in levels of HIV-1

RNA in breast milk between days 8 and 45 after delivery. These

data demonstrate the existence of viral rebound in breast milk

in some women after ZDV withdrawal, as has been frequently

observed in plasma a few weeks after various antiretroviral

regimens were stopped [29–31]. The high viremic burst ob-

served in these patients with profound pretreatment immu-

nosuppression and experience with highly active antiretroviral

regimens contrasts with the low-level increase in levels of HIV-

1 RNA in breast milk observed in the present study. This dif-

ference is most probably due to a better immune status of our

study participants and to their ZDV monoprophylaxis regimen.

In our clinical trial protocol, maternal ZDV prophylaxis was

interrupted at day 7 after delivery. Consistent with the temporal

evolution of viral rebound observed in levels of plasma by other

investigators [29–31], the increase in HIV-1 RNA was observed

in breast-milk samples collected at day 45 after delivery from

ZDV-treated Ts, after they had discontinued therapy. In the

present study, the observed minimal rebound of viral load in

breast milk contrasts with the high rebound observed in pa-

tients with profound pretreatment immunosuppression.

Recent data have shown that, by 24 months of age, some of

the benefits of a short-course perinatal ZDV regimen have been

lost due to transmission by breast-feeding [16]. No increase in

postnatal transmission was observed when comparing infant

children of ZDV-treated women with those of untreated women,

all of whom were from the DITRAME cohort [15, 16, 17]. In

the present study, which followed mother-child pairs from the

DITRAME cohort, although an increased level of HIV-1 RNA

in breast milk was independently associated with postnatal

transmission and although this viral rebound was associated

with previous ZDV prophylaxis, maternal ZDV prophylaxis was

not associated with an additional risk of postnatal transmission

[17]. However, it can be anticipated that interruption of more-

suppressive prophylactic drug regimens or of highly active an-

tiretroviral therapy during lactation may substantially increase

the risk of transmission by breast-feeding [32]. Thus, strategies

that limit postnatal breast-feeding or maintain effective anti-

retroviral therapy in the mother and/or infant for the duration

of breast-feeding may have a significant effect on postnatal

transmission and the overall rate of MTCT of HIV-1. The re-

sults of the present study, which has shown an effect of postna-

tal maternal ZDV prophylaxis on early levels of HIV-1 RNA

in breast milk, suggest that longer-term maternal antiretrovi-

ral prophylaxis may be an option to prevent transmission by

breast-feeding during the early postnatal period, when levels of

HIV-1 RNA in breast milk are the highest.
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