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Abstract
Objective—To better understand the dynamics of breast milk HIV shedding and its relation to
postnatal HIV transmission, we investigated the temporal and lateral relations of breast milk viral
shedding and sodium concentrations in HIV-positive women.

Design—This was a longitudinal cohort study in Lusaka, Zambia.

Method—We examined patterns of HIV shedding in breast milk over the first 4 months of breast-
feeding and their correlations with postnatal HIV transmission among 138 breast-feeding mothers.
Sodium concentration in breast milk was also examined in the same samples and in breast milk from
23 HIV-negative controls.

Results—Higher breast milk viral load at 1 week, 1 month, and 4 months and consistent viral
shedding in breast milk were significantly associated with increased risk of HIV transmission.
Elevated breast milk sodium concentration ($13 mmol/L) at 4 months was associated with HIV
transmission, low maternal CD4 cell count, and high maternal plasma viral load. Elevated sodium
concentration at 1 week postpartum was common and was not associated with any of these
parameters.
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Conclusions—Consistent viral shedding and high breast milk viral load are strong predictors of
mother-to-child HIV transmission. Although sodium concentrations later in breast-feeding correlate
with breast milk viral load, increased breast milk sodium is normal in early lactation and does not
predict HIV transmission.
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In low-resource settings in which the HIV/AIDS epidemic predominates, most HIV-infected
women breast-feed their children because breast milk alternatives are unavailable,
unaffordable, or unsafe.1–3 Short-course regimens of antiretroviral drugs recommended for
use in these settings reduce only slightly, if at all, risks of early postnatal HIV transmission.
4–6 Improved understanding of the biology of breast-feeding transmission and associated risk
factors may strengthen counseling programs, enabling women to make informed choices, and
may assist with the design of new strategies to reduce postnatal transmission. These include,
for example, new laboratory tests or risk assessment algorithms applied in clinical settings to
identify women at highest risk of transmitting HIV to their children.

The quantity of HIV, cell-associated and cell-free virus, detectable in breast milk has been
identified as a strong correlate of mother-to-child transmission (MTCT) of HIV.7–13 Although
discrepancies between breast milk viral load from left and right breasts have been described,
14 there are only limited data on the magnitude and frequency of these differences and their
consequence on HIV transmission. There is also evidence that mastitis and other clinical breast
pathologic conditions increase the risk of MTCT.15,16 Subclinical mastitis, defined by elevated
sodium concentration in mature breast milk, has been correlated with increased breast milk
viral shedding17–19 and shown to be a predictor of postnatal transmission.20 Breast-feeding is
a dynamic process, with changes in breast milk composition and volume over time as lactation
is established; however, little is known about these changes in the presence of HIV.21 To date,
no studies have examined lateral or temporal variation of sodium levels in relation to HIV
transmission.

To better understand the role of viral shedding, which is defined here as the quantity of HIV
RNA detected in breast milk, and elevated sodium in MTCT, we investigated lateral (between
breasts) and temporal (over the first 4 months) dynamics of viral load and sodium
concentrations in breast milk in relation to HIV transmission. This analysis is possible in our
cohort because breast milk samples were simultaneously taken from both breasts during
multiple visits, along with sequential and frequent infant dried blood spot samples to determine
timing of HIV infection.

METHODS
This study includes the first 171 women recruited as part of the Zambia Exclusive Breast-
Feeding Study (ZEBS) who had live births during the first 9 months of the study (April 2001
to January 2002); details of the ZEBS are described elsewhere.22 Briefly, HIV-positive
pregnant women were enrolled into a randomized clinical trial designed to assess the impact
on HIV transmission and child mortality of exclusive breast-feeding for 4 months with abrupt
weaning (group A) versus exclusive breast-feeding for 6 months with normal weaning with
the full duration of breast-feeding based on the mother’s informed choice (group B). All women
and children were given single-dose nevirapine (NVP) to reduce the risk of intrapartum
transmission. Women were randomized to group A or group B and were seen every week to 1
month, every month to 6 months, and then every 3 months until 24 months postpartum. A small
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number of HIV-negative women were also enrolled. All women signed informed consent forms
approved by all the human subjects review boards of the investigators’ institutions.

The 171 women included 148 HIV-infected and 23 HIV-uninfected women. Of the 149
children (1 twin pair) born to 148 HIV-infected women, 2 children had no samples for HIV
testing, 1 child of the twin pair was selected for inclusion (HIV status of the pair was
concordant), and 8 children were excluded because maternal breast milk samples were not
collected. Thus, 138 children born to HIV-infected women were included in the analysis.
During the same time period, 23 HIV-negative women delivered and completed follow-up
(Fig. 1).

Of the 138 children born to HIV-infected women, 32 (23.2%) tested positive for HIV-1 DNA
by polymerase chain reaction (PCR) assay on dried blood spots collected through 24 months
of age. Seven children had positive results within 48 hours of birth and were presumed to be
infected in utero.23 Twenty had their first positive test result by 70 days of age, with an earlier
HIV-negative result (range: 0 to 35 days) and were presumed to be infected intrapartum or in
the early postnatal period. Five children had their first positive test result at >71 days of age
and were presumed to be infected through breast-feeding; the last HIV-negative result occurred
for these 5 children at 3 months, 4 months, 6 months (2 children), and 15 months.

Maternal blood samples were collected at study enrollment during pregnancy and were tested
for HIV-1 RNA levels (Amplicor 1.5 RNA Kit; Roche Molecular Systems, Branchburg, NJ),
CD4 cell count (FacsCount; Becton Dickinson, San Jose, CA), and hemoglobin (β-Hemoglobin
System; HemoCue, Lake Forest, CA). Breast milk samples were collected at every clinic visit
while the mother continued to breast-feed; this analysis focuses on samples collected at 1 week,
1 month, and 4 months postpartum. Breast milk HIV-1 RNA quantification was performed
using the Amplicor 1.5 RNA Kit, with a lower limit of detection of 50 copies/mL.24 Median
levels of HIV reported here are calculated from the samples with detectable virus. Sodium
concentrations in breast milk were assessed with an ion-selective electrode (Beckman Coulter
Synchron LX 20; Beckman Coulter, Fullerton, CA). Conventionally, the lower limit of
detection of the sodium assay is 13 mmol/L; however, Neville et al25 validated the ion-selective
electrode method with flame photometry to a lower limit of 5 mmol/L in breast milk. Because
of changes in laboratory reporting, exact sodium levels <13 mmol/L were not available on 10
(8.2%) women at 1 week, on 17 (20%) women at 1 month, and on 5 (4.3%) women at 4 months.
The median value (<13 mmol/L) for the appropriate time point was used in place of the 32
samples missing exact sodium levels.

Of all women in this analysis who completed the relevant visits, 80.2% (122 of 152) of 1-week,
61.2% (85 of 139) of 1-month, and 89.1% (115 of 129) of 4-month samples had sodium
measured. Of the HIV-infected women who completed visits, 80.3% (106 of 132) of 1-week,
62.2% (74 of 119) of 1-month, and 89.9% (98 of 109) of 4-month samples had viral load
measured. Breast milk from the right breast was selected if available for each time point. A
subset of milk samples from both breasts was tested for viral load and sodium to examine
laterality (viral load: 101 pairs at 1 week, 64 pairs at 1 month, and 17 pairs at 4 months; sodium:
118 pairs at 1 week, 75 pairs at 1 month, and 18 pairs at 4 months).

Categoric variables were compared across groups using χ2 tests; continuous variables were
compared with Kruskal-Wallis tests. Spearman rank order correlations were used to describe
relations between continuous variables. Multivariate analysis of variables measured at 1 point
in time only was performed using linear or logistic regression, as appropriate. If variables were
measured at more than 1 time point in the same individual, generalized estimating equations
(GEEs; proc genmod in SAS) were used. Data analysis was completed using SAS version 9.1
(SAS Institute, Cary, NC).
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RESULTS
Descriptive Characteristics

The study included 138 HIV-infected and 23 HIV-uninfected mothers and their infants. HIV-
uninfected women were of similar age but had lower parity than HIV-infected women. Among
HIV-infected women at study enrollment, the median CD4 count was 367 cells/μL
(interquartile range [IQR]: 227 to 530 cells/μL) and the median plasma viral load (pVL) was
45,418 copies/mL (IQR: 10,254 to 142,345 copies/mL). Transmitting (n = 32) and
nontransmitting (n = 106) HIV-infected women had similar clinical characteristics; however,
transmitters were more likely to have CD4 counts <200 cells/μL(P < 0.0001), hemoglobin <10
g/dL (P = 0.001), and pVL ≥100,000 copies/mL compared with nontransmitters (P = 0.0002)
(Table 1).

Laterality of Breast Milk Viral Shedding
To compare breast milk composition between breasts, we examined breast milk viral load and
sodium levels between left and right breasts. The consistency of viral shedding across left and
right breasts within individual women at each visit was investigated (Table 2A; Fig. 2A). In
HIV-infected women, breast milk viral loads of the right and left breasts were significantly
correlated at all visits (1 week: n = 101, ρ = 0.78, P < 0.0001; 1 month: n = 65, ρ = 0.75, P <
0.0001; 4 months: n = 17, ρ = 0.88, P < 0.0001). At all visits, viral load in either breast was
significantly correlated with maternal pVL and CD4 cell count at enrollment (data not shown).
Detectable viral load was found in both breasts (laterally concordant viral shedders [CSs]) in
34.7% of women at 1 week, in 56.9% at 1 month, and in 64.7% at 4 months, whereas
approximately a third of all women at each time point had a nondetectable viral load (viral load
<50 copies/mL) in both breasts (concordant viral nonshedders [CNSs]). The proportion of
women who had detectable virus in only 1 breast (discordant viral shedders [DSs]) was 19.8%
at 1 week, 15.4% at 1 month, and 5.9% at 4 months. Median breast milk viral loads were similar
across time in those who had detectable viral loads in 1 or both breasts (see Table 2A).

Laterally CSs were compared with 2 groups: DSs and CNSs. At 1 week, CSs had a lower CD4
count (<200 cells/μL; P = 0.022) and were more likely to have a maternal pVL > 100,000
copies/mL (P = 0.009) than DSs. Similar but nonsignificant associations comparing CSs with
DSs with respect to pVL and CD4 cell count were observed at 1 and 4 months. CSs were more
likely than CNSs to have a low CD4 count (<200 cells/μL) and high pVL (>100,000 copies/
mL) at 1 week (CD4 cell count, P < 0.0001; pVL, P < 0.0001), 1 month (CD4 cell count, P =
0.0046; pVL, P = 0.017), and 4 months (CD4 cell count, P = 0.06; pVL, P = 0.005).

Among a subgroup of HIV-infected and uninfected women, sodium levels were significantly
correlated across breasts at the 1-week and 1-month visits (see Table 2B; see Fig. 2B). Only
18 sodium levels from both breasts were available at the 4-month visit, limiting our capacity
to distinguish if lateral correlation was present at this time point.

Breast Milk Viral Shedding Over Time
Of the 138 HIV-infected women, breast milk viral load was detectable in 44.3% of 1-week
samples (n = 106, median = 487), 67.6% of 1-month samples (n = 74, median = 774), and
57.1% of 4-month samples (n = 98, median = 364). Breast milk viral shedding at 1 week was
correlated with shedding at 1 month (n = 50, ρ = 0.67, P < 0.0001) and 4 months (n = 71, ρ =
0.51, P < 0.0001), and 1-month viral shedding correlated with shedding at 4 months (n = 54,
ρ = 0.69, P < 0.0001). Maternal CD4 cell count but not pVL was significantly correlated with
breast milk viral load at 1 week (CD4 cell count: ρ = −0.21, P = 0.03; pVL: ρ = −0.038, P =
0.70). Both factors were significantly associated with breast milk viral load at 1 month (CD4
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cell count: ρ = −0.38, P = 0.0008; pVL: ρ = 0.25, P = 0.03), however, and most strongly at 4
months (CD4 cell count: ρ = −0.30, P = 0.0025; pVL: ρ = 0.33, P = 0.0010).

In regression models, after adjusting for pVL, CD4 cell count predicted breast milk viral load
at 1 week (P = 0.058) and 1 month (P = 0.0007). After adjustment for maternal CD4 cell count,
pVL predicted breast milk viral load at 1 month (P = 0.0181) and 4 months (P < 0.0001).

Of the 104 HIV-infected women with multiple breast milk viral load measurements over time,
39.4% had detectable virus in every breast milk sample, 30.8% had inconsistent viral shedding
patterns, and 29.8% had an undetectable viral load in all the samples tested. Breast milk viral
load from temporally consistent shedders was higher (median = 523 copies/mL at 1 week,
median = 5775 copies/mL at 1 month, and median = 609 copies/mL at 4 months) than from
inconsistent shedders (median = 180 copies/mL at 1 week [P = 0.25], median = 324 copies/
mL at 1 month [P = 0.01], and median = 322 copies/mL at 4 months [P = 0.15]). Compared
with inconsistent shedders, women who consistently shed virus in breast milk were more likely
to have CD4 counts <200 cells/μL (46.3% vs. 12.5%; P = 0.0042) and pVLs >100,000 copies/
mL (58.5% vs. 21.9%; P = 0.013). This was even more pronounced when comparing consistent
shedders with consistent nonshedders (CD4 count <200 cells/μL [46.3% vs. 0%], P < 0.0001;
pVL >100,000 copies/mL [58.5% vs. 4.4%], P < 0.0001).

Elevated Sodium in Breast Milk
Among 161 (HIV-infected and HIV-uninfected) women, the proportion with elevated breast
milk sodium ($13 mmol/L) declined sharply from 41.8% at 1 week to 20.0% at 1 month and
further to 8.7% at 4 months. During the first week of lactation, sodium levels <16 mmol/L are
considered normal; at this threshold, 30.3% had elevated sodium levels at 1 week (Table 3).
26 Sodium levels at 1 week and 1 month were positively correlated with 4-month levels (1
week to 4 months: n = 85, ρ = 0.30, P = 0.04; 1 month to 4 months: n = 61, ρ = 0.32, P = 0.01).
Sodium levels at 1 week were positively correlated with 1-month levels (n = 57, ρ = 0.27, P =
0.04).

Regardless of sampling time, breast milk sodium levels did not differ by maternal HIV infection
status (see Table 3). The slightly higher proportion of HIV-negative women with elevated
sodium at 4 months was probably explained by a small excess of HIV-negative mothers with
first-born children. In our cohort, lower parity was associated with increased risk of elevated
sodium in breast milk.

Among HIV-infected women (n = 138), breast milk sodium concentrations were moderately
correlated with breast milk viral load at all visits (1 week: n = 104, ρ = 0.29, P = 0.003; 1
month: n = 69, ρ = 0.35, P = 0.003), with the strongest correlation observed at the 4-month
visit (n = 97, ρ = 0.42, P < 0.0001). Lower CD4 cell count and higher pVL were associated
with elevated sodium in breast milk at 1 and 4 months, but neither was at 1 week (see Table
3).

Breast problems (defined as engorgement, red/shiny breasts, cracked/bleeding nipples, painful
breast[s], blocked duct[s], abscess, and/or symptoms of Candida) were detected in 15 (11.3%)
of 132 HIV-positive women at the 1-week postpartum visit. Breast problems were unilateral
in 10 of 15 women at 1 week and in all women at 1 month (n = 11) and 4 months (n = 3). Of
these HIV-infected women with breast problems, 13 of 15 had their sodium level assessed at
1 week, 7 of 11 at 1 month, and 2 of 3 at 4 months. At 1 and 4 months postpartum, elevated
sodium was more common (20.3% at 1 month and 7.2% at 4 months) than reported or observed
breast problems (9.5% at 1 month and 2.8% at 4 months) (see Table 3). Strong associations
were observed between elevated sodium and clinical breast problems at 4 months, but there
were no significant associations at the earlier visits.
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Mother-to-Child Transmission of HIV
Breast milk viral shedding at all visits was significantly related to MTCT of HIV (Table 4). In
3 separate multivariate logistic regression models for each visit adjusting for CD4 cell count
and pVL, detectable breast milk viral load at 1 week (odds ratio [OR] = 3.50, 95% confidence
interval [CI]: 1.71 to 7.17), at 1 month (OR = 3.22, 95% CI: 1.52 to 6.80), and at 4 months
(OR = 5.49, 95% CI: 2.13 to 14.23) was associated with HIV transmission. CD4 cell count
was also significantly associated with transmission after adjusting for breast milk viral load at
1 week and 4 months (1 week: β = −0.004, P = 0.013; 4 months: β = −0.0052, P = 0.037). pVL
was not associated with transmission after adjusting for CD4 cell count and breast milk viral
load in these models.

Consistency of viral shedding laterally across breasts and temporally across visits was
associated with increased risk of transmission (see Table 4). Women with detectable viral loads
in both breasts at more than 1 time point were more likely to transmit HIV to their children
(OR = 3.4, 95% CI: 1.08 to 10.79; P = 0.03). In a regression model, including multiple time
points, detectable breast milk viral load at more than 1 time point was predictive of transmission
(OR = 3.35, β = 1.21; P = 0.0393) independent of breast milk viral load at individual time
points.

Elevated breast milk sodium at 4 months was related to HIV transmission (P = 0.001), but
elevated sodium at 1 week and 1 month was not. Excluding women with breast problems, the
significant association between elevated sodium at 4 months and transmission remained (P =
0.002). There was a nonsignificant trend toward increased HIV transmission with unilateral
breast problems.

Breast milk viral load was elevated among all transmitters regardless of the route of
transmission (Table 5). There was a suggestion that the association between breast milk viral
shedding and intrauterine transmission was slightly weaker than that observed for intrapartum
and postnatal transmission. Nearly all (93% to 100%) transmitting mothers whose children had
negative results by PCR at birth had high levels of HIV in breast milk at 1 and 4 months
postpartum.

DISCUSSION
Our data examining breast milk viral shedding and sodium concentrations at multiple visits
over the first 4 months of breast-feeding provide a more refined understanding of the role of
elevated sodium concentrations and the influence of breast milk viral load in postnatal HIV
transmission. Many studies have identified the importance of breast milk viral load on the risk
of postnatal MTCT of HIV, demonstrating that high viral load increases the risk of
transmission.9,11,13,20 This analysis has the added benefit of assessing the temporal and lateral
dynamics of breast milk HIV RNA and sodium levels, however. Breast milk composition and
breast permeability change dramatically from the early breast-feeding period to mature milk;
understanding these changes in relation to HIV over time is important to the development of
appropriate counseling and risk analysis.

In our cohort, breast milk HIV viral load was strongly correlated between breasts and consistent
viral shedding was the most predictive marker of transmission. Because of the relatively
common occurrence of intermittent viral shedding even among transmitting women, however,
the clinical utility of a single breast milk viral load measurement is limited.

Breast milk sodium levels reflect epithelial permeability and have been shown to be elevated
when milk volumes are low, such as during the first week of lactation, weaning, and with breast
inflammation. More than 40% of women reported here had sodium concentrations >13 mmol/
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L at 1 week postpartum (30.3% at the 16-mmol/L cutoff). Because of the dynamic nature of
breast milk composition during the first days of lactation, sodium at 1 week was not associated
with maternal CD4 cell count, maternal pVL, or HIV transmission. As breast-feeding stabilizes,
sodium levels recede and become strongly associated with breast milk viral shedding and HIV
transmission at 4 months, irrespective of CD4 cell count and pVL. In mature milk, sodium
levels average 6 mmol/L and persistently elevated concentrations during later breast-feeding
signify inflammatory processes that may manifest as clinically detectable breast pathologic
conditions in some women.21,25 We observed elevated sodium levels in the absence of
observed or recently reported breast problems in a substantial proportion of women, indicating
the presence of subclinical mastitis. Thus, breast milk sodium measurement at later postnatal
ages may be a sensitive, more rapid, and less costly surrogate marker of viral shedding in milk
than direct HIV viral load testing. The pattern of breast milk sodium at 1 month was
intermediate between the 1-week and 4-month observations, suggesting that sodium levels are
less useful potential surrogates for subclinical mastitis, increased viral load, and risk of HIV
transmission.

We expected to observe increased breast milk viral shedding at 1 week with increased
mammary gland permeability during the establishment of lactation, but we did not. Because
concentrations of innate immune factors in breast milk tend to be highest in early versus later
milk,27 these anti-infective soluble factors may help to counteract the increased permeability
that exists at this time, which would ordinarily result in higher breast milk viral load.

Alternatively, low viral load at 1 week might be explained by the continued antiviral activity
of short-course NVP taken during labor on breast milk viral load at 1 week. NVP (half-life of
6 days) was consumed during labor by 93% of the HIV-infected women in the cohort, thus
suppressing the 1-week breast milk viral load sample.28 Long-term highly active antiretroviral
therapy (HAART) has been shown to reduce breast milk viral load, and breast milk viral load
reductions from single-dose NVP have been reported in a study in Kenya.29–31 Although
these data do not establish the impact of NVP on breast milk viral load at the 1-week visit, we
observed similar proportions of undetectable breast milk viral load compared with other studies
among similar populations in the absence of NVP exposure.7,12,32

Studies in Malawi and South Africa have reported associations between elevated breast milk
sodium levels and increased risk of HIV transmission; however, they did not report the temporal
variations.12,20 In the Malawi study, only sodium levels from 1 point in time (6 weeks
postpartum) were available and clinical data on breast problems were not reported.20 In the
South African study, sodium levels were aggregated over the first 14 weeks of breast-feeding
without distinguishing between earlier and later samples.12 Our data refine these observations
to highlight the developmental specificity of sodium as a marker in breast milk in relation to
HIV transmission. Elevated sodium in early milk (1) reflects the physiologic onset of normal
lactation, (2) is a poor predictor of HIV transmission, and (3) may correlate with soluble anti-
infective factors of breast milk. Elevated sodium in later milk likely reflects clinical or
subclinical mucosal pathologic change linked to an increased risk of HIV transmission. Later
but not earlier measurements of sodium may be a useful and simple predictor of increased risk
of postnatal HIV transmission.

Several studies that have measured viral shedding in mucosal compartments, including breast
milk and genital tract secretions, have observed stronger associations between viral shedding
at the mucosa and MTCT of HIV than between systemic pVL and transmission.33–35 In
addition, others have shown cell-associated virus to be a stronger predictor of transmission.
13 In our cohort, breast milk viral shedding at 1 week, 1 month, and 4 months was associated
with increased risk of HIV transmission through all routes: in utero, intrapartum, and
postpartum transmission. High breast milk viral loads may be an indicator of greater mucosal
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shedding at other sites. It is perhaps for this reason that breast milk viral load correlated more
strongly than pVL with intrapartum HIV transmission, which is also thought to be attributable
to exposure to HIV in mucosal fluids.36–38

Our findings demonstrate the capacity of the breast epithelium to prevent entry of HIV into
breast milk in approximately one third of untreated women at individual times. If present,
however, HIV remains in milk at relatively stable levels across breasts and over time. Breast
milk viral load levels were highly concordant across breasts at each time point, suggesting the
influence of systemic factors rather than local factors or inflammation in the regulation of breast
epithelial cell permeability to HIV. Similarly, sodium levels were correlated across breasts but
not strongly, suggesting the impact of local factors on sodium level. Our data confirm previous
findings of escalation of HIV transmission with increased breast milk viral loads. Elevated
sodium concentration in breast milk during established breast-feeding but not early (<1 month)
breast-feeding was also a significant predictor of HIV transmission. It is important to
investigate interventions, such as good lactation practices, that may reduce the likelihood of
inflammatory breast pathologic findings associated with elevated sodium and viral load.
Simple methods to determine sodium concentrations in breast milk at later postnatal ages may
also be helpful to guide in counseling breast-feeding HIV-infected women.
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FIGURE 1.
Flow diagram of mother-infant pairs included in the analysis of breast milk viral load and
sodium at 1 week, 1 month, and 4 months postpartum.
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FIGURE 2.
Laterality of breast milk HIV viral load (A) and breast milk sodium levels (B), right versus left
breast, at 1 week, 1 month, and 4 months postpartum.

Semrau et al. Page 12

J Acquir Immune Defic Syndr. Author manuscript; available in PMC 2010 February 15.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

Semrau et al. Page 13

TA
B

LE
 1

D
es

cr
ip

tiv
e 

C
ha

ra
ct

er
is

tic
s o

f 1
38

 H
IV

-P
os

iti
ve

 W
om

en
 (3

2 
W

ho
 T

ra
ns

m
itt

ed
 a

nd
 1

06
 W

ho
 D

id
 N

ot
) a

nd
 2

3 
H

IV
-N

eg
at

iv
e 

W
om

en
 R

ec
ru

ite
d 

in
 L

us
ak

a,
Za

m
bi

a

T
ra

ns
m

itt
er

s (
n 

= 
32

)
N

on
tr

an
sm

itt
er

s (
n 

= 
10

6)
P*

C
on

tr
ol

s (
n 

= 
23

)
P†

M
at

er
na

l a
ge

 (y
)

 
<2

0
3 

(9
.4

)
13

 (1
2.

3)
6 

(2
6.

1)

 
20

 to
 2

9
19

 (5
9.

4)
76

 (7
1.

7)
12

 (5
2.

2)

 
≥3

0
10

 (3
1.

3)
17

 (1
6.

0)
0.

16
5 

(2
1.

7)
0.

14

Pa
rit

y

 
Fi

rs
t c

hi
ld

5 
(1

5.
6)

19
 (1

7.
9)

9 
(3

9.
1)

 
Se

co
nd

 o
r t

hi
rd

 c
hi

ld
21

 (6
5.

6)
70

 (6
6.

0)
10

 (4
3.

5)

 
Fo

ur
th

 o
r g

re
at

er
 c

hi
ld

6 
(1

8.
8)

17
 (1

6.
0)

0.
91

4 
(1

7.
4)

0.
04

6

Lo
w

 h
em

og
lo

bi
n 

(<
10

 g
/d

L)
18

 (5
6.

3)
27

 (2
5.

5)
0.

00
1

2 
(8

.7
)

0.
02

Lo
w

 B
M

I a
t 1

 m
o 

po
st

pa
rtu

m
 (<

18
.5

 k
g/

m
2 )

5 
(1

5.
6)

16
 (1

5.
1)

0.
97

3 
(1

3.
0)

0.
85

Lo
w

 b
irt

h 
w

ei
gh

t (
<2

50
0 

g)
5 

(1
5.

6)
10

 (9
.4

)
0.

27
4 

(1
7.

4)
0.

39

A
m

on
g 

H
IV

+  
w

om
en

 o
nl

y

 
C

D
4 

co
un

t (
ce

lls
/μ

L)

 
 

<2
00

14
 (4

3.
8)

15
 (1

4.
2)

 
 

20
0 

to
 3

49
12

 (3
7.

5)
24

 (2
2.

6)

 
 

35
0 

to
 4

99
4 

(1
2.

5)
29

 (2
7.

4)

 
 
≥5

00
2 

(6
.3

)
38

 (3
5.

9)
<0

.0
00

1

 
M

ed
ia

n 
(I

Q
R

)
22

4 
(1

36
 to

 3
24

)
41

3 
(2

90
 to

 5
65

)
<0

.0
00

1 
(K

W
 te

st
)

 
pV

L 
(c

op
ie

s/
m

L)

 
 

<1
0,

00
0

3 
(9

.4
)

30
 (2

8.
3)

 
 

10
,0

00
 to

 9
9,

99
9

9 
(2

8.
1)

51
 (4

8.
0)

 
 
≥1

00
,0

00
20

 (6
2.

5)
25

 (2
3.

6)
0.

00
02

M
ed

ia
n 

(I
Q

R
)

13
6,

78
2 

(4
1,

55
1 

to
 2

13
,5

08
)

33
,2

01
 (7

63
8 

to
 8

6,
02

2)
0.

00
04

H
IV

/A
ID

S 
st

ag
e 

II
I‡

17
 (5

3.
3)

49
 (3

0.
4)

0.
29

R
ec

ei
ve

d 
N

V
P 

at
 d

el
iv

er
y

29
 (9

0.
6)

10
0 

(9
4.

3)
0.

46

B
M

I i
nd

ic
at

es
 b

od
y 

m
as

s i
nd

ex
; K

W
, K

ru
sk

al
-W

al
lis

.

* C
om

pa
rin

g 
tra

ns
m

itt
in

g 
an

d 
no

nt
ra

ns
m

itt
in

g 
H

IV
-p

os
iti

ve
 m

ot
he

rs
.

J Acquir Immune Defic Syndr. Author manuscript; available in PMC 2010 February 15.



N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

Semrau et al. Page 14
† C

om
pa

rin
g 

H
IV

-p
os

iti
ve

 a
nd

 H
IV

-n
eg

at
iv

e 
m

ot
he

rs
.

‡ W
or

ld
 H

ea
lth

 O
rg

an
iz

at
io

n 
cl

in
ic

al
 c

rit
er

ia
 st

ag
e 

II
I d

is
ea

se
: d

ia
rr

he
a,

 c
ou

gh
, f

ev
er

 >
30

 d
ay

s, 
tu

be
rc

ul
os

is
, o

ra
l c

an
di

di
as

is
, a

nd
 se

ve
re

 w
ei

gh
t l

os
s.

J Acquir Immune Defic Syndr. Author manuscript; available in PMC 2010 February 15.



N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

Semrau et al. Page 15

TA
B

LE
 2

La
te

ra
lit

y 
of

 B
re

as
t M

ilk
 H

IV
 V

ira
l L

oa
d 

(A
) a

nd
 B

re
as

t M
ilk

 S
od

iu
m

 L
ev

el
s (

B
), 

R
ig

ht
 V

er
su

s L
ef

t B
re

as
t, 

at
 1

 W
ee

k,
 1

 M
on

th
, a

nd
 4

 M
on

th
s P

os
tp

ar
tu

m

1 
W

k 
(n

 =
 1

01
)

1 
M

o 
(n

 =
 6

5)
4 

M
o 

(n
 =

 1
7)

D
et

ec
ta

bl
e 

V
ir

al
 L

oa
d

n 
(%

)
M

ed
ia

n 
(R

, L
) C

op
ie

s/
m

L
n 

(%
)

M
ed

ia
n 

(R
, L

) C
op

ie
s/

m
L

n 
(%

)
M

ed
ia

n 
(R

, L
) C

op
ie

s/
m

L

B
ot

h 
br

ea
st

s
35

 (3
4.

7)
54

4,
 1

24
1

37
 (5

6.
9)

66
6,

 1
13

6
11

 (6
4.

7)
28

9,
 4

64

Si
ng

le
 b

re
as

t
20

 (1
9.

8)
11

8,
 7

4
10

 (1
5.

4)
25

3,
 4

29
1 

(5
.9

)
71

N
ei

th
er

 b
re

as
t

46
 (4

5.
4)

—
18

 (2
7.

7)
—

5 
(2

9.
4)

—

1 
W

k 
(n

 =
 1

19
)

1 
M

o 
(n

 =
 7

7)
4 

M
o 

(n
 =

 1
8)

E
le

va
te

d 
So

di
um

 (m
m

ol
/L

)
n 

(%
)

M
ed

ia
n 

(R
, L

)
n 

(%
)

M
ed

ia
n 

(R
, L

)
n 

(%
)

M
ed

ia
n 

(R
, L

)

B
ot

h 
br

ea
st

s
31

 (2
6.

1)
18

, 2
1

3 
(5

.9
)

14
, 1

6

Si
ng

le
 b

re
as

t
38

 (3
1.

9)
13

,1
3

25
 (3

2.
5)

13
, 1

3

N
ei

th
er

 b
re

as
t

50
 (4

2.
0)

8,
 7

49
 (6

3.
6)

7,
 7

18
 (1

00
)

5.
5,

 6

L 
in

di
ca

te
s l

ef
t; 

R
, r

ig
ht

.

J Acquir Immune Defic Syndr. Author manuscript; available in PMC 2010 February 15.



N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

Semrau et al. Page 16

TA
B

LE
 3

Pr
ed

ic
to

rs
 o

f E
le

va
te

d 
So

di
um

 in
 B

re
as

t M
ilk

 o
f 1

38
 H

IV
-P

os
iti

ve
 a

nd
 2

3 
H

IV
-N

eg
at

iv
e 

B
re

as
t-F

ee
di

ng
 W

om
en

n 
(%

) i
n 

E
ac

h 
C

at
eg

or
y 

W
ith

 E
le

va
te

d 
So

di
um

1 
W

k,
 n

 =
 1

22

≥1
3 

m
m

ol
/L

, n
 (%

)
<1

6 
m

m
ol

/L
, n

 (%
)

1 
M

o,
 n

 =
 8

5 
(>

13
 m

m
ol

/L
), 

n 
(%

)
4 

M
o,

 n
 =

 1
15

 (>
13

 m
m

ol
/L

), 
n 

(%
)

M
at

er
na

l H
IV

 st
at

us

 
Po

si
tiv

e
43

/1
06

 (4
0.

6)
30

/1
06

 (2
8.

3)
15

/7
4 

(2
0.

3)
7/

97
 (7

.2
)

 
N

eg
at

iv
e

8/
16

 (5
0)

7/
16

 (4
3.

8)
2/

11
 (1

8.
2)

3/
18

 (1
6.

7)

B
re

as
t p

ro
bl

em
s

 
Y

es
8/

16
 (5

6.
2)

7/
16

 (4
3.

8)
3/

8 
(3

7.
5)

1/
2 

(5
0)

 
N

o
43

/1
06

 (4
0.

6)
30

/1
06

 (2
8.

3)
14

/7
7 

(1
8.

2)
9/

11
3 

(7
.9

)*

H
IV

-P
os

iti
ve

 M
ot

he
rs

 O
nl

y

n 
= 

10
6

n 
= 

10
6

n 
= 

74
n 

= 
97

C
D

4 
co

un
t (

ce
lls

/μ
L)

 
<2

00
11

/2
8 

(3
9.

3)
7/

28
 (2

5.
0)

4/
12

 (3
3.

3)
1/

19
 (5

.3
)

 
20

0 
to

 3
49

7/
24

 (2
9.

2)
6/

24
 (2

5.
0)

6/
22

 (2
7.

3)
6/

25
 (2

4.
0)

 
35

0 
to

 4
99

12
/2

5 
(4

8.
0)

8/
25

 (3
2.

0)
4/

16
 (2

5.
0)

0/
22

 (0
)

 
≥5

00
13

/2
9 

(4
4.

8)
9/

29
 (3

1.
0)

1/
24

 (4
.2

)
0/

31
 (0

)*

pV
L 

(c
op

ie
s/

m
L)

 
<1

0,
00

0
13

/2
6 

(5
0.

0)
9/

26
 (3

4.
6)

0/
18

 (0
)

0/
23

 (0
)

 
10

,0
00

 to
 9

9,
99

9
18

/4
4 

(4
0.

9)
12

/4
4 

(2
7.

3)
7/

36
 (1

9.
4)

2/
43

 (4
.7

)

 
≥1

00
,0

00
12

/3
6 

(3
3.

3)
9/

36
 (2

5.
0)

8/
20

 (4
0.

0)
†

5/
31

 (1
6.

1)
*

B
re

as
t m

ilk
 v

ira
l l

oa
d

 
(c

op
ie

s/
m

L)
‡

 
 

<5
0

18
/5

8 
(3

1.
0)

10
/5

8 
(1

7.
2)

2/
24

 (8
.3

)
0/

42
 (0

)

 
 
≥5

0
25

/4
6 

(5
4.

3)
*

20
/4

6 
(4

3.
5)

*
12

/4
5 

(2
6.

7)
7/

55
 (1

2.
7)

*

Pa
rit

y

 
Fi

rs
t c

hi
ld

7/
17

 (4
1.

2)
4/

17
 (2

3.
5)

4/
9 

(4
4.

4)
3/

12
 (2

5.
0)

 
Se

co
nd

 o
r t

hi
rd

 c
hi

ld
33

/7
4 

(4
4.

6)
24

/7
4 

(3
2.

4)
11

/5
1 

(2
1.

6)
4/

65
 (6

.2
)

J Acquir Immune Defic Syndr. Author manuscript; available in PMC 2010 February 15.



N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

Semrau et al. Page 17
H

IV
-P

os
iti

ve
 M

ot
he

rs
 O

nl
y

n 
= 

10
6

n 
= 

10
6

n 
= 

74
n 

= 
97

 
Fo

ur
th

 o
r g

re
at

er
 c

hi
ld

3/
15

 (2
0.

0)
2/

15
 (1

3.
3)

0/
14

 (0
)†

0/
20

 (0
)†

B
re

as
t p

ro
bl

em
s§

 
Y

es
6/

13
 (4

6.
2)

4/
13

 (3
0.

7)
2/

7 
(2

8.
6)

1/
2 

(5
0.

0)

 
N

o
37

/9
3 

(3
9.

8)
26

/9
3 

(2
8.

0)
13

/6
7 

(1
9.

4)
6/

95
 (6

.3
)†

* P 
< 

0.
05

† P 
< 

0.
01

.

‡ B
re

as
t m

ilk
 v

ira
l l

oa
d 

in
fo

rm
at

io
n 

is
 m

is
si

ng
 fo

r 2
 1

-w
ee

k 
sa

m
pl

es
 a

nd
 5

 1
-m

on
th

 sa
m

pl
es

.

§ D
ef

in
ed

 a
s e

ng
or

ge
m

en
t, 

re
d/

sh
in

y 
br

ea
st

s, 
cr

ac
ke

d/
bl

ee
di

ng
 n

ip
pl

es
, p

ai
nf

ul
 b

re
as

t(s
), 

bl
oc

ke
d 

du
ct

(s
), 

ab
sc

es
s, 

an
d/

or
 sy

m
pt

om
s o

f C
an

di
da

.

J Acquir Immune Defic Syndr. Author manuscript; available in PMC 2010 February 15.



N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

Semrau et al. Page 18

TA
B

LE
 4

B
re

as
t M

ilk
 H

IV
 V

ira
l L

oa
d 

an
d 

So
di

um
 C

on
ce

nt
ra

tio
n 

at
 1

 W
ee

k,
 1

 M
on

th
, a

nd
 4

 M
on

th
s a

s P
re

di
ct

or
s o

f M
TC

T 
of

 H
IV

 A
m

on
g 

13
8 

H
IV

-I
nf

ec
te

d 
B

re
as

t-
Fe

ed
in

g 
W

om
en

1 
W

k
1 

M
o

4 
M

o

B
re

as
t M

ilk
 C

ha
ra

ct
er

is
tic

n 
(%

)
T

ot
al

n 
(%

)
W

ho
 T

ra
ns

m
itt

ed
n 

(%
)

T
ot

al
n 

(%
) W

ho
T

ra
ns

m
itt

ed
n 

(%
)

T
ot

al
n 

(%
)

W
ho

 T
ra

ns
m

itt
ed

B
re

as
t m

ilk
 R

N
A

 
<5

0 
co

pi
es

/m
L

59
 (5

6)
6 

(1
0.

1)
24

 (6
8)

3 
(1

2.
5)

42
 (4

3)
1 

(2
.4

)

 
≥5

0 
co

pi
es

/m
L

47
 (4

4)
22

 (4
6.

8)
*

50
 (3

2)
19

 (3
8.

0)
‡

56
 (5

7)
21

 (3
7.

5)
*

La
te

ra
l c

on
si

st
en

cy

 
B

re
as

t m
ilk

 v
ira

l l
oa

d 
de

te
ct

ab
le

 in
bo

th
 b

re
as

ts
35

 (3
5)

18
 (5

1.
4)

37
 (5

7)
11

 (2
9.

7)
11

 (6
5)

5 
(4

5.
5)

 
O

nl
y 

1
20

 (2
0)

5 
(2

5.
0)

10
 (1

5)
2 

(2
0.

0)
1 

(6
)

0 
(0

)

 
N

ei
th

er
46

 (4
7)

3 
(6

.5
)*

18
 (2

8)
1 

(5
.6

)‡
5 

(2
9)

0 
(0

)

B
re

as
t m

ilk
 so

di
um

 
<1

3 
m

m
ol

/L
63

 (5
9)

16
 (2

5.
4)

59
 (8

0)
12

 (2
0.

4)
90

 (9
3)

16
 (1

7.
8)

 
≥1

3 
m

m
ol

/L
43

 (4
1)

12
 (2

7.
9)

15
 (2

0)
5 

(3
3.

3)
7 

(7
)

5 
(7

1.
4)

*

B
re

as
t p

ro
bl

em
s

 
U

ni
la

te
ra

l
10

 (9
)

5 
(5

0.
0)

11
 (9

)
4 

(3
6.

4)
3 

(3
)

2 
(6

6.
7)

 
B

ila
te

ra
l

5 
(4

)
1 

(2
0.

0)
0 

(0
)

0 
(0

)
0 

(0
)

0 
(0

)

 
N

on
e

11
7 

(8
7)

25
 (2

1.
4)

10
8 

(9
1)

26
 (2

4.
1)

10
4 

(9
7)

25
 (2

4.
0)

D
et

ec
ta

bl
e 

br
ea

st
 m

ilk
 v

ira
l l

oa
d 

in
 b

ot
h

 
br

ea
st

s a
t >

1 
tim

e 
po

in
t

 
 

Y
es

15
 (1

1)
8 

(5
3.

3)
—

—
—

—

 
 

N
o

12
3 

(8
9)

24
 (1

9.
5)

†

B
re

as
t m

ilk
 v

ira
l s

he
dd

in
g 

(o
ve

r t
im

e)

 
N

ev
er

 d
et

ec
ta

bl
e 

vi
ra

l l
oa

d
31

 (3
0)

2 
(6

.5
)

—
—

—
—

 
In

te
rm

itt
en

tly
 d

et
ec

ta
bl

e 
vi

ra
l l

oa
d

32
 (3

1)
5 

(1
5.

6)

 
C

on
si

st
en

tly
 d

et
ec

ta
bl

e 
vi

ra
l l

oa
d

41
 (3

9)
20

 (4
8.

8)
*

* P 
< 

0.
00

01

† P 
< 

0.
01

J Acquir Immune Defic Syndr. Author manuscript; available in PMC 2010 February 15.



N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

Semrau et al. Page 19
‡ P 

< 
0.

05

J Acquir Immune Defic Syndr. Author manuscript; available in PMC 2010 February 15.



N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

Semrau et al. Page 20

TA
B

LE
 5

B
re

as
t M

ilk
 V

ira
l S

he
dd

in
g 

by
 T

im
in

g 
of

 In
fa

nt
 In

fe
ct

io
n 

in
 a

 C
oh

or
t o

f 1
38

 H
IV

-I
nf

ec
te

d 
Za

m
bi

an
 B

re
as

t-F
ee

di
ng

 W
om

en

B
re

as
t M

ilk
 V

ir
al

 S
he

dd
in

g 
(H

IV
 R

N
A

 C
op

ie
s/

m
L

)

1 
W

k,
 n

 =
 1

06
1 

M
o,

 n
 =

 7
4

4 
M

o,
 n

 =
 9

8

n 
(%

) >
50

 o
f

T
ho

se
 T

es
te

d*
M

ed
ia

n†
n 

(%
) >

50
 o

f
T

ho
se

 T
es

te
d*

M
ed

ia
n†

n 
(%

) >
50

 o
f

T
ho

se
 T

es
te

d*
M

ed
ia

n†

A
ll 

in
fe

ct
ed

22
/2

8 
(7

8.
6)

18
30

19
/2

2 
(8

6.
4)

18
,2

77
21

/2
2 

(9
5.

5)
40

37

In
 u

te
ro

‡
3/

6 
(5

0.
0)

11
,2

74
3/

5 
(6

0.
0)

18
,2

77
4/

4 
(1

00
)

49
68

In
tra

pa
rtu

m
/e

ar
ly

 p
os

tp
ar

tu
m

§
15

/1
7 

(8
8.

2)
69

4
14

/1
5 

(9
3.

3)
21

,4
37

12
/1

3 
(9

2.
3)

22
27

Po
st

pa
rtu

m
∥

4/
5 

(8
0.

0)
53

94
2/

2 
(1

00
)

22
18

5/
5 

(1
00

)
10

,5
70

U
ni

nf
ec

te
d

25
/7

8 
(3

2.
1)

23
5

31
/5

2 
(5

9.
6)

31
4

35
/7

6 
(4

6.
1)

18
9

P 
va

lu
e*

<0
.0

01
0.

02
8

0.
02

4
<0

.0
00

1
<0

.0
01

<0
.0

00
1

* C
om

pa
rin

g 
“a

ll 
in

fe
ct

ed
” 

w
ith

 “
un

in
fe

ct
ed

” 
us

in
g 
χ2

 te
st

 to
 c

om
pa

re
 n

um
be

r d
et

ec
ta

bl
e 

an
d 

K
ru

sk
al

-W
al

lis
 te

st
 to

 c
al

cu
la

te
 m

ed
ia

n 
br

ea
st

 m
ilk

 v
ira

l l
oa

d.

† M
ed

ia
n 

ca
lc

ul
at

ed
 a

m
on

g 
sa

m
pl

es
 w

ith
 d

et
ec

ta
bl

e 
vi

ru
s o

nl
y.

‡ In
 u

te
ro

 in
di

ca
te

s H
IV

-p
os

iti
ve

 re
su

lt 
w

ith
in

 4
8 

ho
ur

s o
f b

irt
h.

§ In
tra

pa
rtu

m
/e

ar
ly

 p
os

tp
ar

tu
m

 in
di

ca
te

s f
irs

t H
IV

 te
st

 b
y 

70
 d

ay
s, 

w
ith

 H
IV

-n
eg

at
iv

e 
re

su
lt 

at
 e

ar
lie

r t
im

e 
po

in
t (

ra
ng

e:
 0

 to
 3

5 
da

ys
).

∥ Po
st

pa
rtu

m
 in

di
ca

te
s f

irs
t p

os
iti

ve
 H

IV
 te

st
 re

su
lt 

at
 7

1 
da

ys
 o

r o
ld

er
 a

nd
 H

IV
-n

eg
at

iv
e 

te
st

 re
su

lt 
at

 e
ar

lie
r t

im
e 

po
in

t.

J Acquir Immune Defic Syndr. Author manuscript; available in PMC 2010 February 15.


