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Abstract
α-Defensins are proteins exhibiting in vitro anti-HIV-1 activity that may protect against mother-
to-child transmission of HIV-1 via breast milk. Correlates of α-defensins in breast milk and
transmission risk were determined in a cohort of HIV-1-infected pregnant women in Nairobi
followed for 12 months postpartum with their infants. Maternal blood was collected antenatally
and at delivery for HIV-1 viral load and infant HIV-1 infection status was determined <48 h after
birth and at months 1, 3, 6, 9, and 12. Breast milk specimens collected at month 1 were assayed
for α-defensins, HIV-1 RNA, subclinical mastitis, and CC and CXC chemokines. We detected α-
defensins in breast milk specimens from 108 (42%) of 260 HIV-1-infected women. Women with
detectable α-defensins (≥50 pg/ml) had a median concentration of 320 pg/ml and significantly
higher mean breast milk HIV-1 RNA levels than women with undetectable α-defensins (2.9 log10
copies/ml versus 2.5 log10 copies/ml, p = 0.003). Increased α-defensins concentrations in breast
milk were also associated with subclinical mastitis (Na+/K+ ratio > 1) and increased breast milk
chemokine levels. Overall, 40 (15%) infants were HIV-1 uninfected at birth and subsequently
acquired HIV-1. There was no significant association between month 1 α-defensins and risk of
HIV-1 transmission. In conclusion, α-defensins were associated with breast milk HIV-1 viral load,
chemokine levels, and subclinical mastitis, all of which may alter risk of infant HIV-1 acquisition.
Despite these associations there was no significant relationship between breast milk α-defensins
and mother-to-child transmission, suggesting a complex interplay between breast milk HIV-1,
inflammation, and antiinfective factors.
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INTRODUCTION
More than two-thirds of mother-to-child human immunodeficiency virus type 1 (HIV-1)
transmission occurs intrapartum or in the postpartum period as a result of infant mucosal
exposure to maternal cervicovaginal fluids, blood, and breast milk.1,2 Studies suggest that
breastfeeding alone increases the risk of vertical transmission by ~10–14% above baseline
among women with established HIV-1 infection and by ~30% for women who become
acutely infected postpartum.3–5 Interventions to protect the infant against HIV-1 acquisition
during the breastfeeding period could greatly reduce HIV-1 infections in children born in
settings where replacement feeding may not be affordable, feasible, or safe.6

Both cell-free and cell-associated virus have been associated with risk of breast milk
transmission and the risk varies with the amount of virus in breast milk, the duration of
breastfeeding, and the presence of subclinical and clinical mastitis.7–14 The probability of
breast milk HIV-1 transmission may also be modified by local immune responses in the
breast and antiinfective substances in breast milk, including defensins and chemokines.12,15

We recently documented the relationship between CCR5 (MIP-1α, MIP-1β, and RANTES)
and CXCR4 (SDF-1α) chemokines and breast milk transmission of HIV-1 showing that
high levels of MIP-1β and SDF-1α were associated with reduced risk, whereas high levels
of RANTES were associated with increased transmission.16 α, β, and θ-defensins possess
potent antimicrobial activity and contribute to innate immunity as well as regulation of
adaptive immune responses by induction of cytokine production and chemotactic effects on
leukocytes and dendritic cells.17–20 α-defensins 1–3 have recently been the focus of much
research due to their potential for utilization as antimicrobial agents and immunomodulators.

α-defensins which are found in large quantities in the storage granules of neutrophils as well
as in natural killer (NK) cells, B and T lymphocytes, macrophages, and epithelial cells have
been detected in breast milk.15,21,22 Increasing evidence supports a role for α-defensins in
inhibiting HIV-1 infection,23–28 and several different mechanisms have been proposed,
including direct activity on HIV-1 virions, inhibition of viral replication following HIV-1
entry into cells, and upregulation of CC chemokines.25–27 A recent study among 23 HIV-1-
infected infants suggested that increased α-defensins in breast milk collected at 1 week
postpartum were associated with reduced risk of infant HIV-1 acquisition after adjusting for
breast milk HIV-1 RNA.22 To further examine associations between α-defensins and
vertical HIV-1 transmission, we measured α-defensins in breast milk specimens collected
from HIV-1–infected women and defined correlates of elevated α-defensins and the
relationship between defensins and infant HIV-1 acquisition during 1 year of follow-up.

MATERIALS AND METHODS
Recruitment and follow-up

This study was nested in a prospective cohort study examining immune responses in infants
born to HIV-1–infected women. Between July 1999 and December 2003, pregnant women
attending antenatal clinics in Nairobi were offered HIV-1 counseling and testing, and those
found to be HIV-1 infected were invited to consent for study participation. All enrollees
received short-course zidovudine (AZT) 300 mg twice daily beginning at 34–36 weeks
gestation through delivery.29 Women were counseled regarding infant feeding options and
self-selected whether to breastfeed or practice replacement feeding. In this study, we focus
on the women who opted to breastfeed their infants.

Mother–infant pairs were seen within 48 h of delivery, at 2 weeks postpartum, and monthly
thereafter until 12 months postpartum. Maternal blood was obtained at 32 weeks gestation,
at delivery, and at 1 month postpartum. Breast milk was obtained by manual self-expression
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at 2 weeks and 1 month postpartum. To determine infant HIV-1 infection status, peripheral
blood was obtained from infants at birth and at 1, 3, 6, 9, and 12 months of age for HIV-1
DNA and HIV-1 RNA assays.

Laboratory assays
Infant and maternal plasma HIV-1 viral loads were determined using the Gen-Probe HIV-1
viral load assay (Gen-Probe Incorporated, San Diego, CA).30,31 Infant plasma specimens
were defined as positive if >100 HIV-1 RNA copies/ml and >50 HIV-1 RNA copies/
reaction were detected. In addition, infant blood blotted onto filter paper specimens was
assayed for HIV-1 gag DNA using a nested PCR method.31 Infants were considered to be
infected if they had (1) a positive filter paper DNA or plasma RNA assay on two
consecutive visits, or (2) a single filter paper or plasma RNA assay if this was the last
available sample.

Breast milk was fractionated when fresh into supernatant and cellular components using
centrifugation at 710 g for 20 min and the fractions were frozen for future assays. The breast
milk supernatant was stored at −80°C until assayed for α-defensins 1–3 using a commercial
enzyme-linked immunosorbent assay (ELISA) kit (Hycult Biotechnology b.v., Netherlands).
Validation assays conducted yielded an intraassay coefficient of variation (CV) of 9%.

Breast milk supernatant was tested for CC (MIP-1α, MIP-1β, RANTES) and CXC (SDF-1)
chemokines using a commercial ELISA (R&D Systems, Minneapolis, MN). Breast milk
HIV-1 RNA levels were determined on a different aliquot of breast milk supernatant using
the Gen-Probe HIV-1 viral load assay.32 Samples of whole breast milk were also stored at
−80°C and these were analyzed for sodium (Na+) and potassium (K+) using ion-selective
electrodes (Olympus Diagnostica GMBH Olympus AU400 analyzer, Hamburg, Germany).
Severe subclinical mastitis was defined as an Na+/K+ ratio >1, as previously described.14

Statistical analysis
Statistical analyses were conducted using Stata 8.2 (Stata Corporation, College Station, TX).
Variables that were not normally distributed were log10 transformed and geometric means
and 95% confidence intervals (CI) reported. Univariate and multivariate analyses were
carried out using linear regression for continuous variables and logistic regression for
categorical variables to investigate factors associated with α-defensins levels. To determine
whether detection of α-defensins in breast milk obtained at month 1 was associated with
subsequent infant HIV-1 infection logistic regression was performed with infant infection
after birth as the outcome. A second analysis with Cox proportional hazards regression for
interval-censored data and time to HIV-1 infection as the outcome was also performed. In
this model, we included breastfeeding duration to account for varying breast milk
transmission risk to the infants. Infants who died during follow-up were censored at the last
visit with known HIV-1 status.

RESULTS
Cohort characteristics and follow up

Of 280 breastfeeding women who provided a breast milk sample at the month 1 postpartum
visit, 20 women were excluded from the analysis because their infants had positive HIV-1
DNA or RNA assays <48 h after delivery. Thus, 260 women whose infants were HIV-1
uninfected at birth formed the study population (Fig. 1). Women had a median age of 24
years (range 18–39), 215 (83%) were in monogamous marital relationships, and the median
duration of the current partnership was 3 years (range 1–23 years). Mean duration of AZT
use prior to delivery was 29 days, and 227 (87%) women used AZT antenatally for 14 days
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or more. Two hundred and fifteen (83%) women had spontaneous vaginal deliveries, 45
(17%) delivered by cesarean section, with only 8 (18%) among these performed prior to the
onset of labor. Twenty-seven (10%) women were diagnosed as having clinical mastitis
between delivery and month 1, and 92 (37%) had subclinical mastitis at the month 1 visit.

Forty (15%) of the 260 infants acquired HIV-1 over the course of follow-up. Twenty-nine
(73%) became infected between birth and 1 month of age, and 11 (27%) became infected
between the ages of 1 and 12 months. Twenty-four (9%) infants died during follow-up with
13 (54%) among these being HIV-1 infected and 11 (46%) HIV-1 uninfected. Excluding
infants who died during follow-up, the mean duration of follow-up was 10 months and 173
(73%) were followed up to the age of 12 months.

Maternal immune status and viral load
At 1 month postpartum, mean maternal CD4+ T cell count was 600 cells/µl and mean
maternal CD4 percent was 24%. Thirty-one (14%) women were severely immunosuppressed
with CD4 count <200 and/or CD4 percent less than 15. Virus was undetectable in the breast
milk of 35 (13%) women and plasma and breast milk viral loads were positively correlated
(R = 0.6; p < 0.0001). Mean maternal plasma viral load was 4.7 log10 copies/ml and mean
breast milk viral load was 2.9 log10 copies/ml among women with detectable breast milk
virus.

Correlates of α-defensins in breast milk
We detected α-defensins in breast milk specimens from 108 (42%) of the 260 women.
Among women with detectable α-defensins (≥41 pg/ml), the median α-defensins
concentration was 320 pg/ml (range 44–9992 pg/ml) and 13 (12%) women had α-defensins
levels >2500 pg/ml.

Levels of breast milk α-defensins were positively correlated with breast milk HIV-1 RNA
concentrations (p < 0.001). For every one log increase in α-defensins, breast milk viral load
increased 0.2-fold (Table 1). Other correlates of elevated α-defensins in breast milk were
subclinical mastitis, lower parity, and higher CD4 percent (Table 1). In multivariate analysis
adjusting for HIV-1 RNA in breast milk, subclinical mastitis, lower parity, and higher CD4
percent remained independently associated with α-defensins levels (p = 0.006, p = 0.01, and
p < 0.001, respectively) (Table 1).

When women with detectable breast milk α-defensins were compared with women in whom
defensins were not detected, we found higher mean breast milk HIV-1 RNA among those
with detectable versus those with undetectable levels of α-defensins (2.9 log10 copies/ml
versus 2.5 log10 copies/ml, p = 0.003) (Table 2). CC chemokines (MIP-1α, MIP-1β, and
RANTES) and the CXC chemokine (SDF-1) were also significantly elevated in breast milk
specimens with detectable α-defensins (Table 2). The strongest associations were found
between α-defensins and the CC chemokines, especially MIP-1α and MIP-1β (Table 2).

HIV-1 transmission risk and breast milk α-defensins
Both maternal breast milk HIV-1 RNA and plasma viral load were independently associated
with HIV-1 transmission to infants after birth (p < 0.01 for both) (Farquhar et al., in
preparation). Thus, in our analysis of the role of α-defensins in breast milk HIV-1
transmission, we adjusted for breast milk HIV-1 viral load. We did not observe a
significantly protective effect of α-defensins against infant HIV-1 acquisition (HR 0.7; 95%
CI 0.5–1.2; p = 0.2). However, we did observe that when women with detectable α-
defensins were compared with women with undetectable α-defensins, the effect of breast
milk HIV-1 on transmission risk was attenuated in women with detectable α-defensins. The
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hazard of infection increased more than 2-fold for every one log increase in breast milk viral
load for women with undetectable α-defensins (HR 2.9; 95% CI 1.9–4.4; p < 0.001),
whereas for women with detectable α-defensins the change in infection risk for each one log
increase in breast milk HIV-1 RNA was less but remained significant (HR 1.7; 95% CI
1.06–2.8; p = 0.03). There was no difference in breast milk α-defensin levels for infants
infected early versus those infected after the first month.

DISCUSSION
α-defensins are known to have significant antiinfective properties but their role in breast
milk HIV-1 transmission is less well understood. In this Kenyan cohort, α-defensins were
detected in 108 (42%) breast milk samples collected from HIV-1-infected women at 1
month postpartum. Levels were in the range of what has been reported as peak
concentrations for chemotactic activity (102–105 pg/ml)33 and lower than those
demonstrated to inhibit HIV-1 in vitro (MIC50: 0.28–2 × 108 pg/ml).23,24 We found that
women with detectable α-defensins had ~0.5 log10 higher HIV-1 concentrations in breast
milk than women with undetectable α-defensins. These observations are consistent with a
recent report by Kuhn et al.22 and may be secondary to the chemoattractant properties of α-
defensins. Elevations in α-defensins within the breast milk compartment could result in an
influx of immunologically active cells that would be more readily infected by HIV-1 and
this could in turn result in increased HIV-1 replication. However, a healthier immune system
among women with detectable α-defensins, as shown by a higher CD4 percent, resulted in
attenuation of transmission risk in spite of higher breast milk HIV-1 levels in these women.
This highlights the multifactorial nature of host–viral interactions in determining
transmission risk and the importance of holistic approaches to understanding determinants of
HIV-1 transmission.

We also found a strong association between breast milk defensins levels and subclinical
mastitis after adjusting for breast milk HIV-1 RNA (p = 0.006), suggesting that subclinical
mastitis may be one explanation for elevated α-defensins in these women. The association
with mastitis is not surprising considering that α-defensins are produced by neutrophils
which are present in large numbers as part of the inflammatory response during mastitis.
While the nature of subclinical mastitis has not been well defined, a high prevalence in
resource-limited settings has been associated with nutritional deficiencies, bacterial
infection, and poor lactation practices.14,34–36 Additional investigation into the etiology of
subclinical mastitis and associated factors may contribute to mother-to-child HIV-1
transmission prevention efforts and further clarify the role of α-defensins in HIV-1-infected
breastfeeding women.

A novel finding in this study was that CC and CXC chemokines were positively associated
with α-defensin concentrations in breast milk. Guo et al.27 reported that α-defensins up-
regulate expression of CC chemokines in macrophages, the predominant cell type in breast
milk, and this could be one mechanism for the strong associations we observed in our study.
Alternatively, increases in both α-defensins and chemokines could be manifestations of an
immune response to HIV-1 infection as levels of these factors were higher in women with a
healthier immune system. Comparing breast milk from women with and without HIV-1
infection as well as prospectively following women and assessing clinical or subclinical
mastitis may help answer these questions. Studies aimed at defining the direction of the
association are important given our recently published study reporting that breast milk
MIP-1β and SDF-1 are associated with significant reductions in HIV-1 transmission risk
postpartum.16
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A limitation of our study was that some of the infants diagnosed to be HIV-1 uninfected at
birth and infected at 1 month postpartum may have been infected intrapartum. Our inability
to identify these infections may have resulted in misclassification of breast milk exposure,
and may have reduced our ability to detect a protective effect for α-defensins. Additionally,
we assayed specimens collected at month 1, which may be less relevant than earlier time
points for early breast milk transmission events. In the study by Kuhn et al.22 where
specimens were collected at week 1 postpartum, a much greater proportion of women (79%
versus 42%) had detectable defensins, which also suggests that there are differences in
breast milk α-defensin levels during the first month postpartum. In-depth examination of α-
defensin levels in breast milk samples collected very early postpartum, the time when most
HIV-1 transmissions occur, could therefore provide additional insight into the role α-
defensins play in prevention of HIV-1 transmission via breast milk.
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FIG. 1.
Study population. 1Shading indicates population of interest. 2Infants with positive HIV-1
DNA or RNA assays at <48 h were considered infected in utero and defined as being HIV-1
infected at birth.
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Table 1

Correlates of α-Defensins in Month 1 Breast Milk Specimens Obtained from HIV-1-Infected Mothers

Variable
Regression
coefficient p value

Univariate analysis

    Breast milk HIV-1 RNA (log10 copies/ml)   0.17 <0.001

    Maternal CD4 percent   0.01   0.02

    Maternal age −0.02   0.13

    Parity −0.08   0.01

    Subclinical mastitis at month 1   0.22   0.01

Multivariate analysis

    Breast milk HIV-1 RNA (log10 copies/ml)   0.18   0.001

    Maternal CD4 percent   0.02 <0.001

    Parity −0.09   0.01

    Subclinical mastitis at month 1   0.25   0.006
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Table 2

Comparison between Women with Detectable and Undetectable α-Defensins Levels at 1 Month Postpartum

Breast milk
defensins
(N = 260)

Detectable
[N = 108 (42%)]

Undetectable
[N = 152 (58%)] p value

Mean (95% confidence interval)

Breast milk HIV-1 RNA (log10 copies/ml) 2.9 (2.7–3.1) 2.5 (2.4–2.7)   0.003

CD4 percent 26.2 (24.6–27.9) 23.1 (21.5–24.8)   0.01

RANTES (log10 pg/ml) 2.3 (2.2–2.4) 2.1 (2.0–2.2)   0.004

MIP-1α (log10 pg/ml) 1.5 (1.4–1.6) 1.2 (1.2–1.3) <0.001

MIP-1β (log10 pg/ml) 1.9 (1.8–2.0) 1.6 (1.5–1.6) <0.001

SDF-1 (log10 pg/ml) 2.4 (2.1–2.5) 2.1 (2.0–2.20)   0.01
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