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Abstract
Breast-feeding may be an important route of human immunodeficiency virus type 1 (HIV-1)
vertical transmission in settings where it is routinely practiced. To define the prevalence and
quantity of HIV-1 in cell-free breast milk, samples from HIV-1-seropositive women were
analyzed by quantitative competitive reverse transcription-polymerase chain reaction (QC-RT-
PCR). HIV-1 RNA was detected in 29 (39%) of 75 specimens tested. Of these 29 specimens, 16
(55%) had levels that were near the detection limit of the assay (240 copies/mL), while 6 (21%)
had >900 copies/mL. The maximum concentration of HIV-1 RNA detected was 8100 copies/mL.
The prevalence of cell-free HIV-1 was higher in mature milk (47%) than in colostrum (27%, P =
0.1). Because mature milk is consumed in large quantities, these data suggest that cell-free HIV-1
in breast milk may contribute to vertical transmission of HIV-1.

Breast-feeding is associated with lower infant morbidity and mortality than is formula-
feeding and is the recommended form of infant feeding worldwide [1]. After the onset of the
human immunodeficiency virus type 1 (HIV-1) pandemic, the possibility of vertical
transmission through breast-feeding raised concerns about this universal recommendation.
Postpartum transmission of HIV-1, probably through breast-feeding, has been described in
both case reports and prospective studies [2]. As a result, advice on breast-feeding for
HIV-1–infected women has been modified on a regional basis. For example, in the United
States, where formula and potable water are readily available, mothers infected with HIV-1
are counseled to formula-feed their infants [3]. The World Health Organization initially
recommended breast-feeding by HIV-1–seropositive mothers in settings where infectious
diseases are a major cause of infant mortality, and the risk of formula-feeding may be
considerable [4]. These recommendations were adapted in 1996 in an interim statement by
the Joint United Nations Programme on HIV/AIDS, which considered the growing evidence
that breast milk HIV-1 transmission was appreciable [5]. The new recommendations advise
counseling of HIV-1-infected women on the risks of HIV-1 transmission through breast
milk and the risks and possible benefits of other methods of infant feeding. The risk of
HIV-1 vertical transmission in breast-feeding compared with formula-feeding mother-infant
pairs has been difficult to determine because in most populations a single form of feeding
predominates. A metanalysis of six studies involving women with established HIV-1
infection estimated that breast-feeding was associated with a 14% risk of transmission.
Similar analysis of four studies among women who acquired HIV-1 infection in the
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postpartum period found that the risk of transmission to infants through breast-feeding was
29% [6].

Breast milk has been demonstrated to be the major route of perinatal transmission for human
T cell leukemia virus and to be a route of transmission for animal retroviruses in
experimental and natural settings [2, 7, 8]. For example, simian immunodeficiency virus
(SIV) can be transmitted to neonatal macaques by oral feeding of cell-free virus [9].
Experimental transmission of feline immunodeficiency virus (FIV) has been demonstrated
by oral administration of either cell-free FIV, FIV-infected peripheral blood mononuclear
cells, or milk from a queen infected with FIV after delivery [10–12]. Neither the relative
importance of cell-free versus cell-associated virus nor the impact of inoculum size was
specifically evaluated in these models.

Breast milk contains 104–106 cells/mL, including macrophages, lymphocytes, and ductal
epithelial cells. Although all of these cell types are susceptible to HIV-1 infection in vitro
[13], there are few convincing reports that HIV-1 can be cultured from breast milk [14,15].
However, HIV-1 proviral DNA has frequently been detected in breast milk cells using the
polymerase chain reaction (PCR). The prevalence of HIV-1 DNA detection ranged from
44% to 58% in four published studies [16–19]. In a study of women in Kenya, the frequency
of infected cells ranged from as few as 1 in 104 cells to as many as 1 in 3 cells. In the same
cohort, the detection of HIV-1–infected cells was more likely in women with low CD4+

lymphocyte counts and low vitamin A levels. There are no published data on the prevalence
or quantity of cell-free HIV-1 in breast milk or on its relationship to the number of infected
breast milk cells. The following study was undertaken to complement and extend the data on
breast milk cells by describing the prevalence and quantity of cell-free HIV-1 in the breast
milk of women with established HIV-1 infection.

Methods
Study participants and procedures

Breast milk and blood samples were obtained from HIV-1–seropositive women participating
in a randomized clinical trial of breast- versus formula-feeding in Nairobi, Kenya [16]. At
32 weeks of gestation, women underwent a standardized evaluation of demographic, social,
sexual, and obstetrical history and a physical examination. At that time, heparinized blood
was obtained for white blood cell and differential counts and CD4 and CD8 lymphocyte
counts using monoclonal antibodies (Becton Dickinson, San Jose, CA) and flow cytometry
(FACscan; Becton Dickinson). Women provided samples of manually expressed breast milk
within a few days of delivery and at 6- to 12-week intervals thereafter.

Processing of breast milk
The aqueous supernatant fraction of breast milk was prepared by centrifugation of freshly
expressed milk at 710 g for 20 min. The lipid layer was removed and discarded. The
remaining supernatant was stored at −70°C or in liquid nitrogen until used. Prior to RNA
extraction, the breast milk supernatant was centrifiiged at 10,000 g for 5 min to remove any
remaining cells.

Nucleic acid isolation
RNA was extracted from the breast milk supernatant using RNAzol LS (TelTest,
Friendswood, TX) according to the manufacturer’s instructions. Twenty micrograms of
glycogen (Boeringer Mannheim, Indianapolis) were added prior to isopropanol precipitation
to maximize recovery of RNA. RNA samples were resuspended in diethylpyrocarbonate-
treated water and used immediately for cDNA synthesis.
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Quantitative competitive reverse transcription-PCR (QC-RT-PCR)
Primers and protocols for QC-RT-PCR were identical to those described by Piatak et al.
[20], except that a different competitor RNA was used. The competitor plasmid, pGGD, was
constructed by first inserting the 622-bp Hindill fragment of HIV-1Lai (nt 632–1259) into
the Hindlll site of pGEM-1 (Promega, Madison, WI). Subsequently, the 71-bp Pstl-Styl
fragment (nt 966–1027) within the HIV-1 insert was deleted to produce pGGD. Competitor
RNA was generated by in vitro transcription of pGGD with the Ribomax Kit (Promega),
following the manufacturer’s instructions. The competitor RNA was quantitated by
spectrophotometry, diluted, and stored in individual PCR tubes at −70°C until used.

For each quantitative assay, RNA extracted from 250 to 425 μL of breast milk supernatant
was resuspended in 60 μL of diethyl-pyrocarbonate-treated water. Ten microliters of this
RNA solution was added to each of 5 tubes containing 0, 0, 10, 33, and 100 copies of
competitor RNA, respectively. For cDNA synthesis, 15 μL of a master cDNA reaction mix
was added to each tube to produce a 30-μL final volume with the following concentrations:
10 mM Tris (pH 8.3), 50 mMKCl, 5 mMMgCl2,5 mMdithiothrei-tol, 1 mM each dNTP, 5
ng/μL random hexamers, 0.5 U/μL RNAse Inhibitor (US Biochemical, Cleveland, OH), and
1 U/μL Superscript II reverse transcriptase (Life Technologies Gibco BRL, Grand Island,
NY). One of the two tubes with 0 copies of competitor RNA, which was designated as a
control to detect HIV-1 DNA, received all of the components of the cocktail except for
reverse transcriptase. After a 30-min incubation at 42°C, cDNA synthesis was halted by
heating to 95°C for 5 min. PCR amplification was initiated after adding 30 μL of a solution
containing 10 mM Tris (pH 8.3), 50 mMKCl, 2.5 units of Taq polymerase (Perkin-Elmer,
Foster City, CA), and 0.5 μg of primers GL4 (5′-CATICTATT-
TGTTCITGAAGGGTACTAG-3′) and GL6 (5′-GCITTIAGC-
CCIGAAGTIATACCCATG-3′; I = inosine). After a 5-min dena-turation at 94°C, PCR
amplification was carried out for 45 cycles of 94°C for 1 min, 50°C for 2 min, and 72°C for
1 min. PCR products were analyzed by gel electrophoresis through 3% agarose followed by
ethidium bromide staining. Quantitative RNA levels were determined by comparing the
intensity of wild type and competitor product bands [20] using NIH Image software (NIH,
Bethesda, MD). The quantity of competitor in the reaction that produces wild type and
competitor bands of equal intensity approximates the amount of wild type RNA in the
reaction. After correcting for the volume of milk extracted and the fraction of total RNA
used per reaction, the concentration of HIV-1 RNA in milk was calculated. When wild type
RNA was present in very small amounts, it could be detected in the reaction lacking
competitor but not in the reaction with the lowest concentration of competitor. These
samples were scored as ”detected/not quantified.”

HIV-1 stability in breast milk
To demonstrate the efficiency of extraction of HIV-1 from breast milk, serial dilutions of a
cell-free HIV-1LAI stock were made in PBS, plasma, and cell-free breast milk. Plasma and
cell-free breast milk were from HIV-1–seronegative donors. RNA extraction and QC-RT-
PCR were then performed on samples of each diluent. The stability of HIV-1 virions in
breast milk was studied by incubating breast milk containing HIV-1 for 0–16 h at room
temperature prior to RNA extraction and QC-RT-PCR.

Southern hybridization
In a minority (18/90) of the breast milk samples, RT-PCR in the absence of competitor
produced DNA products of an ambiguous size, smaller than the expected wild type product
but larger than the competitor. Southern hybrid-ization/autoradiography of these PCR
products following standard methods was used to clarify their origin [21]. For these
analyses, a 32P-labeled probe was synthesized by random priming of an HIV-1 gag fragment
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(nt 905–1044, HIV-1LAI) using the Megaprime kit (Amersham, Arlington Heights, IL),
following the manufacturer’s instructions. This fragment is internal to the PCR primers used
for this assay. Hybridization to the HIV-1–specific probe was used to determine whether the
ambiguously sized products were derived from HIV-1.

Analysis of cell-associated HIV-1 in breast milk
In a previous study, HIV-1 DNA in breast milk cells was analyzed using nested PCR with
primers in the gag region of HIV-1 [16]. HIV-1 DNA data were available for the cellular
component in 73 (97%) of the 75 breast milk supernatant specimens analyzed in the current
study.

Data analysis
Data were analyzed using the SPSS-PC (SPSS, Chicago) statistical program. The Mann-
Whitney test was used to compare continuous variables; Yates’s corrected χ2 and Fisher’s
exact tests were used for categorical variables.

Results
Characteristics of the study population

The study population from which this sample was drawn has been previously described [16].
It consists of HIV-1–seropositive women enrolled in an ongoing clinical trial of breast-
versus formula-feeding in Nairobi, Kenya. For this study, samples from 90 women were
analyzed. Fifteen samples were excluded from further analysis because HIV-1 PCR product
was detected in the absence of reverse transcription, suggesting that HIV-1 DNA from
infected cells was present in the samples. The remaining 75 women had a median age of 23
years (range, 17–34); 69% were married, and the median lifetime number of sex partners
was 3. HIV-related immunosuppression was assessed using clinical criteria and absolute
CD4 lymphocyte counts. Using the modified World Health Organization clinical case
definition [22], none of the women had AIDS. Of the 74 women with clinical data available,
27 (36%) had HIV-related symptoms (fever or cough for > 1 month, >10% loss of body
weight, or history of skin rash or shingles); 5 (7%) of 68 women had clinical signs of HIV
(rash, herpes zoster, thrush or oral ulcers). Of 64 women with available CD4 lymphocyte
counts, 13% had <200 cells/mm3, 59% had 200–499 cells/mm3, and 28% had ≥500 cells/
mm3.

QC-RT-PCR assay of cell-free breast milk
The QC-RT-PCR assay described here was sensitive for the detection of HIV-1 in breast
milk. Ten copies of HIV-1 RNA target produced by in vitro transcription were routinely
amplified at levels that could be visualized on an ethidium bromide–stained gel. Equal
efficiency of extraction of viral RNA from PBS, plasma, and breast milk was demonstrated
by spiking samples with identical amounts of HIV-1 and performing the standard QC-RT-
PCR assay. The concentration of HIV-1 determined by QC-RT-PCR was identical in all
three diluents (data not shown). The stability of HIV-1 in breast milk was demonstrated by
incubating identical samples of HIV-1-spiked breast milk for 0 or 16 h at room temperature.
As illustrated in figure 1 A, no loss in quantitative signal was noted.

Results from a typical assay with patient specimens is illustrated in figure 1B. The specimen
from subject MM 97 had no detectable HIV-1 RNA, and that from subject MM 06 contained
~ 10 copies/reaction, corresponding to 240 copies/mL. Because QC-RT-PCR incorporates
an internal control in each reaction, the lower limit of detection of the assay was determined
for each specimen. For the 46 samples in which no HIV-1 was detected, the lower limit
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ranged from <240 copies/mL to <1500 copies/mL. In 38 (82%) of these 46 samples, the
lower limit of detection was <500 copies/mL, and in 16 (35%) it was <240 copies/mL.

Prevalence and correlates of cell-free HIV-1 in breast milk
Samples from the 75 women included in this study consisted of 30 obtained during the first
postpartum week (colostrum), 23 from days 8 to 90, and 22 from 3 and 12 months. HIV-1
RNA was detected in 29 (39%) of the 75 specimens. The association between the detection
of HIV-1 RNA and the time after delivery is illustrated in figure 2. The prevalence of HIV-1
RNA was lower in the first postpartum week than at later times (27% vs. 47%, P = .1).
During the first week, the prevalence of HIV-1 RNA in breast milk was similar on days 0–3
(29%) and days 4–7 (23%). In 13 (45%) of the 29 samples with detectable HIV-1 RNA, the
concentration was high enough that a quantitative level could be determined. Among these
13 specimens, the range of HIV-1 levels was 240–8100 copies/mL with a mean of 1687
copies/mL (SD = 2087) and a median of 946 copies/mL.

Detection of HIV-1 RNA in breast milk supernatant was not related to absolute CD4 or CD8
lymphocyte count or CD4:CD8 ratio (table 1). There was a trend for women with detectable
HIV-1 RNA in breast milk supernatant to have a higher concentration of HIV-1–infected
cells in the cellular specimen from the same sample (313 infected cells/104 cells vs. 100
infected cells/104 cells, P = .1). There was no significant association between the detection
of cell-free HIV-1 in breast milk and age, HIV-1–related signs or symptoms, or vitamin A
levels. Small sample size, however, limited the power of this study to evaluate such
associations.

Discussion
This is the first study to describe the quantity of cell-free HIV-1 in breast milk using a
highly sensitive PCR assay for viral RNA. The concentration of cell-free HIV-1 has been
extensively studied in blood. If no antiretroviral drugs are used, the plasma of most HIV-1-
infected persons contains 10,000– to 1,000,000 copies of HIV-l/mL [23], while the breast
milk samples tested here contained <240 to 8100 copies/mL. This difference is not
surprising for a number of reasons: Breast milk is produced in large volumes each day, it
contains a much lower concentration of cells than does blood, and it has less contact with the
lymphoid organs, where most HIV-1 production probably occurs.

The amount of viral RNA in breast milk would be underestimated if HIV-1 were unstable in
breast milk or if viral RNA were degraded prior to nucleic acid extraction. Neither of these
possibilities seems likely on the basis of control experiments in which we processed breast
milk, plasma, and PBS spiked with identical quantities of HIV-1. We found that the virus
was as stable in breast milk as it was in either PBS or plasma. In addition, room temperature
incubation of HIV-1 in breast milk for 16 h prior to RNA extraction did not lead to a
quantitative loss of signal.

We found a trend for a lower prevalence of cell-free HIV-1 in the first week after birth than
at later times. The prevalence of cell-free HIV-1 in colostrum may have been
underestimated because 11 (73%) of the 15 samples excluded from the analysis because of
cellular DNA contamination were colostrum. Nonetheless, nearly half (47%) of the mature
milk samples contained detectable cell-free HIV-1. Furthermore, 4 of the 6 specimens with
the highest levels of cell-free HIV-1 were from mature milk. This implies that the risk of
cell-free HIV-1 shedding in milk persists after the milk supply has matured. This finding
does not support the concept of withholding colostrum from infants of HIV-1–seropositive
women, an intervention that has been proposed to prevent postpartum transmission of
HIV-1.
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In 61% of breast milk samples tested, no viral RNA could be detected using this QC-RT-
PCR assay, which has a lower limit of detection of <500 copies/mL. In addition, 16 (55%)
of the 29 samples that contained cell-free HIV-1 had levels that were near the detection limit
of the assay. Six samples (21%), however, had >900 copies/mL. Although the methods of
virus quantitation were different than those used here, two studies of SIV infection in rhesus
monkeys suggest that oral exposure to small amounts of cell-free retrovirus may lead to
infection. In the one study, 4 of 4 neonatal rhesus monkeys were infected after nontraumatic
oral feeding of 100 animal infectious doses of SIVmac251 [9]. More recently, the same
group showed that adult rhesus monkeys could also be infected by the oral route with 6000
times less virus than was needed for infection by the rectal route [24]. Although exposure to
HIV-1 probably involves both cell-free and cell-associated virus, the SIV oral infection
model suggests that cell-free virus, even in small amounts, may be sufficient for
transmission.

Despite the low concentrations of HIV-1 RNA detected in cell-free breast milk versus
plasma, it is important to consider that mature milk is consumed in large volumes, averaging
>700 mL/day during the first 4 months of lactation [1]. For the infants consuming milk with
>900 copies/mL, the oral exposure is >630,000 copies of HIV-1 RNA/day. Even if a
minority of virus particles are infectious [25], this is a substantial exposure.

In summary, a significant fraction (39%) of cell-free breast milk specimens from HIV-1–
infected women contained HIV-1 RNA, and the prevalence of HIV-1 RNA did not decrease
as the milk supply matured. The overall risk of transmission of HIV-1 through breast milk is
likely to be related to the quantity of HIV-1 in cell-free breast milk in addition to other
factors, such as the number of HIV-1–infected cells in breast milk, the presence of antiviral
substances in breast milk, and factors determining infant susceptibility.
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Figure 1.
Quantitative competitive reverse transcription-polymerase chain reaction (QC-RT-PCR)
analysis of HIV-1 in breast milk. A, Comparison of QC-RT-PCR performed on HIV-1–
spiked breast milk incubated for 0 or 16 h at room temperature. Presence of reverse
transcriptase and quantity of competitor in each reaction is indicated above lanes. Sizes of
wild type and competitor products are indicated by arrows on right. B, Representative
patient samples MM 97 and MM 06, analyzed by QC-RT-PCR. Lane 1, wild type HIV-1
and competitor size markers.
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Figure 2.
Prevalence of HIV-1 RNA in breast milk. Ratios inside bars are no. detected/no. of
specimens tested.
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