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Abstract
Objectives—To test whether secretory immunoglobulin A (sIgA) to human immunodeficiency
virus (HIV) antigens in breast milk of HIV-positive women is associated with protection against HIV
transmission among breast-fed infants.

Study design—Nested, case-control design in which HIV-specific sIgA was measured in breast
milk collected from 90 HIV-positive women enrolled in a study in Lusaka, Zambia. Milk samples
were selected to include 26 HIV-positive mothers with infected infants (transmitters) and 64 mothers
with uninfected infants (nontransmitters).

Results—HIV-specific sIgA was detected more often in breast milk of transmitting mothers
(76.9%) than in breast milk of nontransmitting mothers (46.9%, P = .009). There were no significant
associations between HIV-specific sIgA in breast milk and other maternal factors, including HIV
RNA quantities in breast milk, CD4 count, and plasma RNA quantities.

Conclusions—HIV-specific sIgA in breast milk does not appear to be a protective factor against
HIV transmission among breast-fed infants.

Human immunodeficiency virus (HIV) can be transmitted from an HIV-infected mother to her
child through breast-feeding. This poses a serious dilemma for health policy–makers. Although
complete avoidance of breast-feeding would eliminate the risk of breast-feeding–associated
transmission, breast milk substitutes are unaffordable, unavailable, unacceptable, and unsafe
for many HIV-infected women in low resource settings. The quantity of viral RNA and cell-
associated viral DNA in breast milk from HIV-positive women strongly predicts mother-to-
child transmission among breast-fed infants.1–3 What is puzzling, however, is why the majority
of breast-fed infants born to HIV-positive mothers remain uninfected despite prolonged
exposure. Although breast milk is clearly a route of transmission, human milk is also a rich
source of a multitude of innate and specific immune factors that may play a role in modulating
the risk of infection.4 Better understanding of anti-infective properties of breast milk may assist
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with development of interventions to reduce risk of transmission while preserving other health
benefits of breast-feeding.

Secretory immunoglobulin A (sIgA) is the predominant immunoglobulin in breast milk and is
associated with passive immunity to other (non-HIV) pathogens among breast-fed infants.5
HIV-specific IgA antibodies are detected in breast milk of a high proportion of HIV-positive,
lactating women.6–8 In an in vitro model, sIgA purified from colostrum was able to block one
of the pathways involved in HIV penetration across mucosa, that is, transcytosis through
epithelial cells,9 suggesting that sIgA may be related to decreased infectivity of breast milk.
Although persistence of HIV-specific IgA and IgM in breast milk was associated with reduced
transmission in one study in Rwanda,10 no protective association was observed in two other
studies.8,11

HIV-specific sIgA has been detected frequently in cervicovaginal samples from exposed but
persistently uninfected cohorts of high-risk women,12–14 suggesting a role for these mucosal
responses in resistance to HIV. Purified sIgA from exposed-uninfected women has been shown
to neutralize a variety of HIV subtypes and phenotypes15,16 and to block transcytosis.17

However, one study among uninfected sex workers from the Gambia found no evidence of
specific mucosal antibody responses.18 Given these inconsistent findings, we investigated
within our cohort of breast-feeding infants born to HIV-positive mothers in Zambia whether
detection of HIV-specific sIgA was associated with lower risk of transmission.

METHODS
Breast milk samples were collected by manual expression from 100 HIV-positive women. All
women were participants in the Zambia Exclusive Breast-feeding Study (ZEBS), which was
a clinical trial undertaken in Lusaka, Zambia, to test the safety and efficacy of short, exclusive
breast-feeding for reduction of HIV transmission and infant mortality rates.19 In brief, HIV-
infected pregnant women who intended to breast-feed were recruited during pregnancy. They
and their infants were given single-dose nevirapine for prevention of transmission. Women
were counseled to breast-feed exclusively until the child was 4 months of age. Half of the
women were randomly assigned to abruptly stop all breast-feeding at 4 months and the other
half to continue with exclusive breast-feeding to 6 months, with gradual weaning and continued
breast-feeding for a duration based on the mother’s informed choice. Infants were followed
with regular study visits for up to 24 months after delivery to determine HIV transmission.
Infant heel-stick blood samples were collected at birth, at monthly intervals to 6 months, and
at 3-month intervals to 24 months. These samples were tested for HIV-1 DNA by using real-
time polymerase chain reaction (PCR)20 to determine the child’s HIV status. CD4 counts
(FACSCount system, BD Immunocytometry Systems, San Jose, Calif) and plasma viral load
(Roche Amplicor® version 1.5, Roche, Branchburg, NJ) were measured in maternal samples
collected at enrollment during pregnancy. All participants signed informed consent for
participation in the study, which was approved by the institutional review boards of the
institutions of the investigators.

Breast milk samples collected at the visit scheduled 1 week after delivery were tested if
available, and, if not, the sample collected 5 weeks after delivery was tested. Milk was
processed within 4 hours of collection and was kept cold until processing. The milk was
centrifuged at 400g and the cell pellet removed. The supernatant and lipid portions of the milk
were mixed together before aliquoting and were stored at −70°C until use. The fluid portions
of breast milk samples were tested to quantify HIV-1 RNA by using an ultrasensitive assay
with a lower limit of detection of 50 copies/mL (Roche Amplicor® version 1.5, Roche,
Branchburg, NJ).20

Kuhn et al. Page 2

J Pediatr. Author manuscript; available in PMC 2010 January 26.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



Breast milk concentration of sIgA was measured after the thawed, stored samples had been
centrifuged at 25,000 RCF for 30 minutes at 4°C to remove the lipid layer.21 All samples were
processed in the same way without access to information about the other laboratory and clinical
findings. The supernatants were diluted 1:5000 in sterile saline solution or PBS just before use.
Concentration of HIV-specific sIgA was measured with the use of a modified Calypte
Biomedical HIV-1 enzyme immunoassay (Calypte Biomedical Corporation, Berkeley, Calif),
based on a recombinant HIV-1 envelope protein, as previously described.12,13,22 Samples with
25 μL of sample buffer are added to the well and incubated at 37°C for 1 hour. If antibodies
to HIV envelope proteins are present in the sample, they bind to the antigen immobilized to
the well. The sample buffer significantly reduces the non-specific binding of antibodies and
other proteins to the wells. A wash step removes the unbound material. Antibodies are detected
through the use of a modified enzyme immunoassay. In the first step, samples are incubated 1
hour in the Calypte Biomedical HIV-1–coated microtiter strips with their buffer. After
absorption of antibodies, a washing step is performed. A specific horseradish peroxidase–
conjugated anti-human IgA, (Jackson ImmunoResearch Lab, West Grove, Pa) is added to each
well and incubated. After a second washing step, TMB, as chromogen and urea hydrogen
peroxide, as substrate for peroxidase, are added. Stop solution containing 1 mol/L H2SO4
blocks the reaction. The absorbance values are determined at 450 nm. The distribution of sIgA
among the HIV-negative controls was examined, and a value greater than 2 standard deviations
above the mean absorbance value was considered a cut-off to define a positive HIV-specific
IgA value (337 units).

Using a case-control design, breast milk samples were selected to include 36 HIV-positive
women who transmitted HIV to their infants and a random sample of 64 women who did not
transmit. A child with a confirmed positive HIV DNA PCR test at any time during follow-up
was defined as HIV-infected. Ten of the infected infants with a positive PCR at birth were
presumed to have intrauterine-acquired HIV infection and were excluded from this analysis.
Of the remaining 26 infants, 22 were positive by their 2-month visit and 4 were positive at later
visits. Children with a negative PCR test at 24 months (or at least 1 month after all breast-
feeding had ended for those without 24-month samples) and who had no positive PCR tests
were defined as uninfected. Breast milk was also collected and tested from 17 HIV-negative
women from the same community as control.

The proportions of transmitters and nontransmitters with detectable HIV-specific IgA were
compared through the use of χ2 tests. For other comparisons between groups, Wilcoxon tests
were used for continuous variables and χ2 tests for categorical variables. Multivariable analysis
was done with the use of logistic regression.

RESULTS
HIV-specific sIgA was detected more often in breast milk of transmitting mothers than in breast
milk of nontransmitting mothers. Twenty of 26 (76.9%) HIV-positive mothers with infected
children had detectable HIV-specific sIgA in their breast milk compared with 30 of 64 (46.9%)
of mothers of uninfected children (P = .009) (Table I). Differences in the timing of sample
collection between transmitting and nontransmitting mothers did not account for the
association, and there continued to be a significantly greater likelihood of detecting HIV-
specific sIgA in breast milk of transmitters (19/24, 79.2%) than of nontransmitters (23/47,
48.9%) when the analysis was confined to 1-week samples only (P = .01).

HIV-specific sIgA was detected more often in breast milk of mothers of low-birth-weight
(<2500 grams) infants (10/11, 90.9%) than in breast milk of mothers of normal-weight infants
(>2500 grams) (39/78, 50.0%) (P = .01). The greater likelihood of detecting HIV-specific sIgA
among the transmitters persisted after stratification for birth weight. Other clinical
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characteristics were not significantly associated with detection of HIV-specific sIgA (Table
II).

Quantities of HIV RNA measured in breast milk and the proportions with detectable HIV RNA
in milk were similar among those with and without HIV-specific sIgA in the study population
overall. Within the subgroup of transmitting mothers, there was a nonsignificant trend toward
lower HIV RNA quantities in breast milk (median, 427 copies/mL; n = 20) in the presence of
detectable HIV-specific IgA than in its absence (median, 5754 copies/mL; n = 6), but within
the subgroup of nontransmitting mothers, the median HIV RNA quantities were <50 copies/
mL regardless of whether or not HIV-specific IgA was detected (Figure). Detection of HIV
RNA in breast milk was strongly related to transmission, with 92.3% of transmitting mothers
having HIV RNA quantities >50 copies/mL in breast milk compared with 39.1% of
nontransmitting mothers (P < .001). Restricting to mothers with detectable HIV RNA in breast
milk, median RNA quantities were significantly higher (1687 copies/mL, n = 24) among
transmitters than among nontransmitters (240 copies/mL, n = 26, P = .04). Higher
concentrations of HIV RNA in breast milk were significantly correlated with plasma viral load
and lower maternal CD4 count.

Neither maternal CD4 count nor plasma viral load was associated with detection of HIV-
specific IgA in breast milk. Breast milk from 15 of 25 (60.0%) women with CD4 counts less
than 200 cells/mm3 had detectable sIgA compared with 26 of 43 (60.5%) with CD4 counts
between 200 and 499 and 9 of 22 (40.9%) with CD4 counts of 500 cells/mm3 or greater. For
women with plasma HIV RNA quantities less than 50,000 copies/mL, sIgA was detected
among 24 of 41 (48.0%) compared with 26 of 49 (53.1%) women with higher plasma viral
loads (Table II). There continued to be no association among transmitters and nontransmitters
separately.

In a multivariable logistic regression model, HIV-specific IgA in breast milk remained
significantly associated with transmission (odds ratio [OR], 6.93; 95% CI, 1.54 to 31.1) after
adjusting for breast milk HIV RNA quantity (OR, 4.78 for each log10 increase; 95 CI, 2.03 to
11.21) and maternal CD4 count (OR, 0.48 for each 100 increase in CD4 count; 95% CI, 0.30
to 0.77). Maternal viral load was excluded because it was not associated with transmission,
once breast milk RNA quantity was taken into account. However, if this variable was included,
there was no change in the association between HIV-specific IgA and transmission.

DISCUSSION
We hypothesized a priori that HIV-specific sIgA in breast milk may be a protective factor in
breast milk of HIV-positive mothers that may help to account for the relative inefficiency of
HIV transmission through this route. Our data did not support this hypothesis, and HIV-specific
sIgA was detected more frequently among transmitting compared with nontransmitting
mothers. Our results are in contrast to studies among HIV-exposed but uninfected persons that
have suggested a protective effect of IgA against HIV.12 We did not measure the neutralizing
activity of the milk-derived IgA in these samples (because of small volume of samples).
However, in previous studies measuring HIV-specific sIgA with this same method among
exposed-uninfected adults, mucosal and systemic IgA are characterized by cross-clade HIV-1–
specific neutralizing activity.15,16,23–25 The sIgA that we measured in milk may be
qualitatively or quantitatively different from that among exposed-uninfected adults and may
be inadequate to reduce the infectivity of milk or to offer sufficient passive immunity to the
breast-feeding infant. In this regard, it is important to underline that IgA with capacity to
neutralize primary HIV isolates detected among exposed-uninfected adults, in contrast to that
among chronically infected adults, recognizes well-defined epitopes within gp41 restricted to
aa 582–588 (QARILAV) and corresponds to the leucin-zip motif in the alpha-helic region.16,
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26,27 Limitations in the quantity of available material prevented us from mapping the epitope
specificities of the nonprotective milk IgA.

We observed a significant association between detection of HIV-specific sIgA and low birth
weight. This is consistent with findings that total sIgA concentration is greater in the milk of
mothers of preterm infants.28 Hypothetically, this association could have masked a protective
effect of HIV-specific sIgA in our study. However, even after stratification for birth weight,
transmitters continued to be more likely than nontransmitters to have detectable HIV-specific
sIgA. Since preterm and low-birth-weight infants are generally found to be at greater risk of
acquisition, these findings are consistent with the notion that this compensatory mechanism in
preterm infants does not appear to help to protect them from acquisition of HIV. We measured
HIV-specific sIgA in milk at 1 and 5 weeks after birth and not at later ages. It is theoretically
possible that persistence of HIV-specific sIgA in later milk may be more informative than
measurements in early samples.

A possible reason for our findings may be that more active viral replication at mucosal sites
or greater viral diversity is associated both with increased sIgA detection and with HIV
transmissibility. In addition, under certain circumstances, IgA from HIV-infected individuals
can enhance HIV infection in vitro.29

We excluded infected children who had detectable HIV DNA in their samples collected on the
day of birth, generally assumed to indicate intrauterine transmission,30 which is unlikely to be
influenced by postnatal factors. All infants were breast-fed, and most infected infants in our
study had detectable infection by 2 months of age, making it difficult to distinguish postpartum-
and intrapartum-acquired infections. Failure to include sufficiently large numbers of late
postnatal infections may have limited our capacity to uncover associations unique to breast-
feeding transmission. However, both postnatal and intrapartum transmission involve exposure
to maternal mucosal fluids and are thought to occur across mucosal surfaces31 and thus may
be influenced by immune factors in mucosal compartments.

We did not observe declines in the detection of HIV-specific sIgA among women with low
CD4 counts or high plasma viral load. In contrast to observations among uninfected individuals,
there usually is a predominance of IgG with defects in sIgA among individuals with HIV
infection in mucosal compartments.32,33 We might have expected, therefore, that the deficits
in sIgA production would increase with advanced disease and increasing systemic
immunosuppression. We did not find this association. It is possible that local immune responses
in breast milk are preserved despite systemic immunosuppression. Alternatively, true deficits
may have been counterbalanced by increased likelihood of detection with longer and more
extensive systemic viral infection.

Although the immunomodulatory properties of breast milk have been long appreciated with
reference to pediatric infectious disease,34 only a limited number of milk factors have been
investigated in relation to HIV transmission.4 We previously observed associations between
higher concentrations of alpha-defensins in breast milk and reduced HIV transmission.35

Several experimental studies have described HIV inhibitory factors in breast milk,36–39 yet
clinical studies have not observed consistent correlations between concentrations of innate
immune factors in breast milk, such as secretory leukocyte inhibitor (SLPI), lactoferrin,
lysozyme, interleukin-8 and chemokines, and reduced vertical HIV transmission.40–42 A
specific oligosaccharide epitope in breast milk, Lewis X component, was recently discovered
to be able to bind to dendritic cell–specific ICAM3-grabbing nonintegrin (DC-SIGN), thereby
inhibiting HIV transfer to CD4 cells.43 Further study of other breast milk parameters, including
of HIV-specific cellular immune responses44,45 and innate immune factors, remains important
to further understanding of how to make breast-feeding safer.
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Figure.
Breast milk HIV RNA concentrations among 26 HIV-positive transmitter mothers (solid dots)
and 64 nontransmitter mothers (open circles) by whether or not HIV-specific sIgA could be
detected in the milk.
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Table I

Characteristics of the mother-child pairs and HIV-specific sIgA in breast milk of 90 HIV-positive mothers in
Lusaka, Zambia

Transmitting mothers n
= 26

Nontransmitting mothers n
= 64 P value

Samples collected at:

 1-week visit 24 47 .05

 5-week visit 2 17

n (%) birth weight <2500 grams 4/25 (16.0) 7/64 (10.9) .51

n (%) firstborn child (7.7) 11 (17.2)

 2nd–4th child 18 (69.2) 39 (60.9)

 5th + child 6 (23.1) 14 (21.9) .51

Mean (standard deviation)
maternal age in years

26.5 (4.9) 25.2 (5.1) .25

Mean (standard deviation)
maternal CD4 count

210 (101) 410 (202) <.0001

n (%) CD4 count <200 12 (46.2) 13 (20.3)

 200–499 14 (53.8) 29 (45.3)

 ≥500 0 22 (34.4) .001

Median viral load 135,232 47,196 .03

n (%) Maternal plasma viral load

 <50,000 copies/mL 7 (26.9) 34 (53.1)

 ≥50,000 copies/mL 19 (73.1) 30 (46.9) .02

n (%) Breast milk viral load

 <50 copies/mL 2 (7.7) 39 (60.9)

 ≥50 copies/mL 24 (92.3) 25 (39.1) <.0001

Median copy number if detectable 1687 240 .04

n (%) Any breast problems
(mastitis, abscess, cracked
nipples)

2 (7.7) 1 (1.6) .14

n (%) positive for HIV-specific
sIgA in breast Milk

20 (76.9) 30 (46.9) .009
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Table II

Factors associated with detection of HIV-specific sIgA in breast milk of 90 HIV-positive mothers in Lusaka,
Zambia

n n (%) with detectable HIV-specific sIgA P value

Sample collected at 1-week visit 71 42 (59.2)

 5-week visit 19 8 (42.1) .18

Birth weight <2500 grams 11 10 (90.9)

 ≥2500 grams 78 39 (50.0) .01

Firstborn child 13 9 (69.2)

 2nd–4th child 57 32 (56.1)

 5th + child 20 9 (45.0) .39

Maternal age <20 years 10 6 (60.0)

 20–29 years 59 35 (59.3)

 ≥30 years 21 9 (42.9) .41

Maternal CD4 count <200 25 15 (60.0)

 200–499 43 26 (60.5)

 ≥500 22 9 (40.9) .28

Maternal plasma viral load

 <50,000 copies/mL 41 24 (58.5)

 ≥50,000 copies/mL 49 26 (53.1) .60

Breast milk viral load

 <50 copies/mL 41 23 (56.1)

 ≥50 copies/mL 49 27 (55.1) .92
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