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Abstract
Exclusive breastfeeding has been associated with a reduced risk of late vertical HIV transmission
as compared to an infant diet composed of breast milk mixed with supplemental foods or liquids.
Hypothesized mechanisms include increased infectivity of breast milk from mothers who practice
mixed breastfeeding (MBF), or mechanisms such as increased gastrointestinal permeability in the
infant caused by mixed feeding. It has been proposed that MBF may result in subclinical mastitis
and higher breast milk HIV titers. However, little is known about the relationship between feeding
strategy and breast milk viral load. We measured the HIV-1 concentration in breast milk in a sub-
cohort of women enrolled in a mother-to-child HIV transmission prevention trial (the "Mashi"
study). We report no observed relationship between MBF and measured breast milk viral RNA
load. Our findings suggest that the increased transmission risk associated with higher breast milk
HIV-1 RNA during MBF is unlikely.
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Introduction
Breastfeeding is known to improve infant health and survival in the developing world.[1–10]
Despite the increased risk of vertical HIV transmission associated with breastfeeding,[11–
12] breastfeeding by HIV-infected women continues to be a preferred source of infant
nutrition in resource-poor settings because of the established benefits to infant health.
[1,7,13] In addition, in the past decade, several studies have demonstrated that exclusive
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breast feeding (EBF) reduces mother-to-child HIV transmission (MTCT) during the
breastfeeding period compared with a mixed diet.[4,6,13–14] As a result, the WHO now
recommends EBF for six months for the majority of HIV-infected women in resource-poor
settings unless 100% replacement feeding is acceptable, feasible, affordable, sustainable,
and safe before that time.[15–16] The mechanism of this protection is unclear, but several
have been hypothesized. One hypothesized mechanism is that increased mucosal
inflammation occurs in the gastrointestinal (GI) tract from early exposure to allergens and
pathogens in mixed-fed babies.[11,17] Mixed feeding has been associated with a higher
incidence of diarrhea as compared to exclusive breastfeeding,[2] and resultant increased
mucosal permeability may increase the risk of trans-mucosal HIV acquisition.

A different hypothesis for the greater risk of a mixed feeding strategy is that increased levels
of breast milk HIV-1 RNA might occur in women who practice mixed feeding compared to
exclusive breastfeeding. Abrupt weaning of breast feeding has been associated with a
significant increase in breast milk HIV-1 RNA,[18] suggesting that re-initiation of breast
milk feeding may increase the risk of mother to child transmission (MTCT) of HIV. It has
been hypothesized that exclusive breastfeeding might contribute to maintenance of healthy
mammary epithelium.[19] Additionally, subclinical mastitis associated with stasis from
incomplete emptying of milk ducts is also a hypothesized mechanism for a possible increase
in breast milk HIV-1 RNA.[20] Only one previous study has directly evaluated the
association between mixed feeding and breast milk HIV-1 RNA.[14] We therefore studied
breast milk HIV-1 RNA levels of women who either exclusively breast fed or practiced
mixed feeding in the setting of a clinical trial among HIV-infected women in Botswana.

Methods
Participants and Approvals

This study of breast milk HIV-1 RNA was conducted as a sub-study to the Mashi study, the
design of which has been described previously.[21] The Mashi trial was conducted in
Botswana, and completed enrollment of 1200 HIV-infected pregnant women in October
2003. It employed a factorial design to determine (1) if single dose nevirapine (NVP) given
to mothers and infants provides additional MTCT prevention in the setting of short-course
maternal and infant ZDV,[22] and (2) if prophylactic ZDV given to breastfeeding infants for
6 months prevents breastfeeding-related MTCT.[21] Mothers received antenatal ZDV from
34 weeks gestation, and intrapartum ZDV plus either single-dose NVP or placebo. Infants
initially received single-dose NVP or placebo at birth and ZDV prophylaxis for 1 month
(formula arm) or 6 months (breastfeeding arm). After 17 months of enrollment, the study
was modified after a Data Safety and Monitoring Board review of external data and all
infants received single-dose NVP. In October 2002, highly active antiretroviral therapy
(HAART) became available through the Botswana Government Antiretroviral Treatment
Program, and was offered to women with CD4 counts < 200 cells/mm3 or AIDS either in the
antenatal or postnatal period. Only women who were not receiving HAART were included
in this sub-study of breast milk HIV-1 RNA. Informed consent was obtained from all
participants; approval for the study was granted by human subjects committees in Botswana
and at the Harvard School of Public Health; and human experimentation guidelines of the
US Department of Health and Human Services were followed in conducting this trial.

Specimen Collection and Laboratory Analysis
Breast milk was collected at birth and 2 weeks, 2 months, and 5 months postpartum from
women in the breastfeeding arm of the study. Birth samples were excluded from this
analysis because of limited availability.
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Breast milk was centrifuged at 400 g for 20 min. The fat/lipid layer was removed and
discarded. The breast milk fluid (supernatant) layer was aspirated, aliquoted, and stored at
−70°C. Breast milk viral RNA was extracted using the High Pure System Viral Nucleic
Acid Kit (Roche) for manual specimen preparation according to manufacturer’s instructions.
Cell-free HIV-1 viral load was measured in breast milk samples using the COBAS®
TaqMan Analyzer (Roche Diagnostics Corporation, Indianapolis, USA). The lower limit of
detection was 40 copies/ml HIV-1 RNA.

Classification of Feeding Strategies
Infants born to mothers randomized to the breast feeding arm were categorized as
exclusively breast-fed (EBF) or mixed-breast-fed (MBF) based on information reported by
the mother at birth and at subsequent monthly follow-up visits. For a given 1-month interval,
if women self-reported EBF with no formula, solids (fruit or cereal), milk (cow’s milk or
other), or liquids (water or juice), then the infant was classified as EBF. All other infants
with any non-breast milk consumption reported were classified as MBF. One reported
consumption of non-milk liquid (water or juice) was allowed for the infant to remain
classified as EBF. However, once this allowance was exceeded, the infant would be
subsequently classified as MBF. The feeding strategies for the individual time intervals were
then used to derive the cumulative feeding strategies over time.

Statistical Analyses
Statistical analyses were performed using SAS V9.1 (SAS Institute Inc., Cary, NC) and
SPSS version 13 (SPSS Inc. Chicago Illinois). HIV-1 RNA levels in plasma were
transformed by log10 for analyses. Wilcoxon sum-rank tests were used to compare the
distributions of age, CD4 counts, and breast milk HIV-1 RNA levels at baseline. Mean BM
HIV-1 RNA levels at each time point (2 weeks, 2 months, or 5 months) were compared
using a one-way analysis of variance test. The Wilcoxon signed rank test was used to
examine changes in BM HIV-1 RNA levels over time. Comparison of mastitis occurrence
between the feeding arms was done using Fisher's exact test.

Results
A subset of 261 women with quantified HIV-1 RNA in breast milk and feeding data
available were included in this study from the breastfeeding arm of the Mashi Study. At two
weeks, 85% of women were exclusively breastfeeding, but at later time points there was a
transition to mixed feeding, it being difficult in this population, as in many, to change
prevailing mixed feeding practices to exclusive breastfeeding. There were no baseline
differences in age, CD4, HIV-1 RNA levels or Mashi drug randomization between women
who were EBF or MBF (Table 1). No significant differences in breast milk HIV-1 RNA
levels were observed between EBF and MBF groups at either 2 weeks, 2 months, or 5
months postpartum (p=0.57, p=0.35, p=0.88, respectively) (Table 2). Among both feeding
groups, the mean breast milk HIV-1 RNA decreased slightly between 2 weeks and 5 months
postpartum but the difference did not reach statistical significance (p=0.59). There were no
significant differences in the proportions of women experiencing clinical mastitis at any of
the visits. The receipt of AZT/SD NVP or AZT alone (placebo) did not affect RNA levels in
EBF and MBF groups at the 2-week, 2-month or 5-month time points (p=0.89, 0.22, 0.81,
respectively).

Discussion
This study compared breast milk HIV-1 RNA levels among EBF (exclusive breast feeding)
and MBF (mixed breast feeding) women and found no significant difference between
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groups. Although prior studies have shown increased breast milk viral load after abrupt
weaning and increased indicators of mastitis (a potential risk factor for MTCT) in MBF
women,[7,23] our study findings did not support the hypothesis that MBF might be
associated with higher maternal breast milk HIV-1 RNA levels.

Our findings are consistent with one other recently published study[14] which also
demonstrated no association between MBF and HIV-1 RNA or mastitis among women in
Zimbabwe. In contrast with several other studies,[4,8,18] no excess risk for late MTCT was
detected among MBF women in the Mashi Study. This may have been related to the small
number of late transmissions in Mashi compared with other trials, since Mashi had a short
overall duration of breastfeeding (6 months), and extensive maternal and infant prophylaxis
(including 6 months of infant ZDV prophylaxis). However, the Mashi study was similar to
other reports[24–26] associating MTCT risk with higher HIV-1 RNA in maternal blood and
in breast milk.[27]

Short-course antiretroviral prophylaxis has been shown to decrease breast milk viral load
during the early postpartum period.[28–32] Although we did not observe any effect of NVP/
AZT or AZT alone on breast milk HIV-1 RNA levels in EBF and MBF groups at the 2
week, 2 month and 5 month time -points studied, this could have been due to the small
sample size, ARV regimen or analyzed timepoints. Previous studies have shown a
statistically significant decrease in breast milk viral load from NVP at early timepoints
between 1 and 3 weeks postpartum.[28,32]

Our study did have limitations. First, sample availability was limited, and we evaluated only
3 timepoints in the postpartum period, which could have missed differences at other times.
Second, the extent of MBF was not quantified, and it is possible that – similar to previous
findings following abrupt weaning[7,18] – higher HIV-1 RNA levels could be associated
with extremely intermittent breast feeding. Third, we evaluated exclusively HIV-1 RNA and
cannot exclude other mechanisms within the breast milk of MBF women that might
facilitate MTCT. Results from DNA would also have been valuable as data from several
studies suggested that cell associated viral DNA was predictive of transmission.[2425,33]
Unfortunately, sufficient paired DNA samples were not available for analysis. Finally,
because our main MTCT results did not demonstrate an increased transmission risk from
MBF,[27] it is not possible to draw direct conclusions regarding the relationship of breast
milk HIV-1 RNA and MTCT risk caused by MBF practices. It is possible that other factors
in our study setting masked the mechanisms of risk that have been associated with MBF in
other settings.

In conclusion, we found no association between MBF and breast milk HIV-1 RNA levels
among breastfeeding women in the Mashi Study. We agree with WHO recommendations
that HIV-infected women who choose to breastfeed should do so exclusively because of its
important health benefits, including the prevention of late MTCT.
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Table 1

Baseline characteristics by overall feeding strategy

Randomization arm EBF MBF P-value

AZT/NVP 29 103 <0.001a

AZT/Placebo 28 101 <0.001a

P-value 0.8875a 0.9211a

Median Age 27 (19–41) 25 (19–42) 0.330b

Median baseline CD4 424 387 0.332b

Median baseline plasma VL 4.44 4.32 0.153b

a
z-statistic (comparing proportions)

b
Wilcoxon Rank Sum Test
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