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A residual mother-to-child transmission of HIV through breastfeeding persists despite prophylaxis. We
identified breast milk fatty acids (FA) associated with postnatal HIV transmission through breastfeeding
in a case-control study. Cases (n=23) were HIV-infected women with an infant who acquired HIV after
6 weeks of age. Controls (n=23) were matched on infant's age at sample collection. Adjusting for
maternal antenatal plasma CD4 T cell count, cis-vaccenic acid (18:1n-7) and eicosatrienoic acid (20:3n-3)
were associated with HIV transmission in opposite dose-response manner: OR (tertile 3 versus tertile 1):
10.8 and 0.16, p for trend=0.02 and 0.03, respectively. These fatty acids correlated with HIV RNA load, T
helper-1 related cytokines, IL15, IP10, and 2 microglobulin, positively for cis-vaccenic acid, negatively
for eicosatrienoic acid. These results suggested a change in FA synthesis by mammary gland cells leading
to increased cis-vaccenic acid in milk of mothers who transmitted HIV to their infant during breast-

Breastfeeding feeding.

Cytokines
Immune factors

1. Introduction

The 2013 WHO guidelines recommend that HIV-infected
mothers breastfeed their infants for the first 6 months of life,
introducing appropriate complementary foods thereafter, and
continue breastfeeding for the first 12 months, with prophylactic
antiretroviral therapy delivered to the mother and a short pro-
phylactic course to the infant [1]. However, there is a residual
postnatal mother-to-child transmission (MTCT) of HIV through
breastfeeding despite prophylaxis [2,3]. Identifying the role of
breast milk components in HIV MTCT through breastfeeding
would add to the scientific knowledge base for clinical practice
and prevention of postnatal HIV transmission.

Human breast milk is a complex body fluid containing com-
pounds with immunological, antibacterial and antiviral functions
[4]. In vivo experiments have shown that whole human breast milk

* Corresponding author at: Department of Biochemistry, CHU Montpellier, 371 av
doyen Gaston Giraud, F34295 Montpellier Cedex 5, France. Tel.: 33 467338315.
E-mail address: s-badiou@chu-montpellier.fr (S. Badiou).

inhibits oral transmission of cell-free or cell-associated HIV-1 in
humanized bone marrow/liver/thymus mice [5]. In vitro experi-
ments have also shown that skim human breast milk inhibits cell-
free HIV-1 infection but not cell-associated HIV-1 infection of
CD4+ T cells [6]. These findings suggest that the lipid fraction of
breast milk contains inhibitors of cell-associated and/or cell-free
HIV that may both be associated with postnatal MTCT of HIV [7,8].
Interestingly, Villamor et al. have shown that long chain poly-
unsaturated fatty acids (LC-PUFA) of the n-6 family in breast milk
are associated with a lower risk of postnatal transmission of HIV
and a lower level of breast milk HIV RNA [9]. However, this study
did not investigate the relationship of PUFA with breast milk
immune components.

Beyond nutritional and developmental functions, human milk
is involved in the modulation of inflammation and immune
response. LC-PUFA acts as lipid mediators that regulate inflam-
mation: prostaglandins and leukotrienes derived from either n-6
or n-3 LC-PUFA, resolvins or protectins derived only from n-3
LC-PUFA [10]. A beneficial anti-inflammatory profile is recognized
for the n-3 family while the n-6 family is more likely associated



with inflammatory effects [11]. Breast milk contains also several
cytokines with pro-inflammatory effect such as IL-1f, IL-6, TNF-a,
and IFN-y and cytokines of the CXC and CC chemokine family such
as IL-8, monocyte chemotactic protein-1 (MCP-1), RANTES and
macrophage inflammatory protein-1a (MIP-1a). Cytokines of
breast milk are transcribed and secreted by both mammary epi-
thelial cells and breast milk leukocytes [12]. Previous data repor-
ted a relationship between breast milk cytokines and FA compo-
sition [13], in agreement with the recognized immune and
inflammatory modulating functions of FA. Although the FA profile
in breast milk could be one factor driving immune activation
observed in breast milk, no study determined the relationship
between breast milk FA composition and cytokines levels in regard
to a mother-to-child transmission (MTCT) of HIV through
breastfeeding.

The present study aimed as first objective to identify breast
milk fatty acids (FA) associated with postnatal transmission of HIV
through breastfeeding and to determine as second objective the
associations of FA with inflammatory and immune factors and
with HIV RNA load, in breast milk.

2. Subjects and methods

In 2008, we nested a case-control study in a large infant
feeding intervention cohort (Vertical Transmission Study) of
women attending 9 clinics (8 rural and 1 urban) in KwaZulu-Natal,
South Africa. The Vertical Transmission Study aimed to examine
HIV transmission by breastfeeding in a community with a high
prevalence of HIV infection [14,15]. Single-dose nevirapine was
provided to all HIV-1 infected women and their infant peripartum
as prevention of MTCT prophylaxis. Breast milk samples from
mothers and dried blood spot samples from infants were collected
at 6 weeks after delivery and monthly thereafter; an additional
dried blood spot sample was taken from infants within 72 h of
delivery when possible [14,15]. Postnatal transmission was defined
as infant's HIV infection acquired after the age 6 weeks. The esti-
mated age at HIV-1 infection in infant was taken as the midpoint
between the last negative RNA polymerase chain reaction (PCR)
result and the first positive RNA PCR result [15]. Cases were HIV-
infected women with a postnatally HIV-infected infant ("PP"
group, n=23 women). Controls were HIV-infected women with a
HIV-uninfected infant ("PN" group, n=23 women). A second
control group was constituted with HIV-uninfected mothers ("NN"
group, n=23 women) for comparison of the impact of HIV status
on milk FA composition. Controls were matched for infant age at
the time of obtainment of breast milk samples that was closest to a
postnatally HIV-infected infants' age at last negative PCR result (in
a 1:1:1 ratio). The minimum infant's age at HIV infection was 49.5
days. For this study, we selected women with fatty acids, immune
and inflammatory soluble factors, and HIV RNA load quantified in
breast milk as well with antenatal plasma HIV RNA load and CD4
cell count documented. Breast milk including the lipid fraction was
collected from stored (—80 °C) whole breast milk samples. RNA
was isolated from 500 puL of lactoserum with the magnetic
particle-based ASPS method (Abbott), and HIV load was quantified
using the HIV Charge Virale assay (Biocentric) on the M] Mini-
Opticon quantitative PCR detection platform (Biorad), with a lower
detection limit of 375 copies per mL of lactoserum [16]. This
method enabled accurate assessment of cell-free viral load that is
preferentially entrapped by lipids [17].

2.1. Biochemical analyses

Total cholesterol and triglycerides levels were quantified (April
2009 to December 2009) in whole milk with adaptation of

enzymatic routine assays on the chemistry analyzer Architect
C8000 (Abbott, Rungis, France). Within and between run impre-
cision for total cholesterol and triglycerides measurement was
< 5%. Composition of milk FA was determined using gas liquid
chromatography with flame-ionization detector (Focus GC,
Thermo Electron Corporation). Briefly, lipids were extracted with
methanol/chloroform and then trans-esterified with acidified
methanol. The methyl esters of FA were extracted into hexane,
evaporated under nitrogen and dissolved into isooctane. FA were
separated using a VARIAN Cpsil88 capillary column [50m x
0.25 mm id x 0.25 pm df] with the following temperature pro-
gram: initial at 80 °C with a 1 min hold; ramp: 15 °C/min to 140 °C,
1 °C/min to 170 °C, and 15 °C/min to 220 °C with a 10 min hold.
The injector and detector were set at 220 °C. FA were identified
according to their retention times determined through standards
from SUPELCO 37 Comp FAME Mix (SUPELCO Analytical; Sigma
Aldrich, Lyon, France). Chromatograms were collected, integrated
and quantified using relative area peak with AZUR software
(Thermo Electron Corporation, Thermo Fisher Scientific). Results
are expressed as percentage of total fatty acid. Within-run and
between run imprecision was < 12%.

Sodium and potassium concentrations were measured in lac-
toserum with ion selective electrode on the AU 640 chemistry
analyzer (Beckman, Villepinte, France). $2-microglobulin and high
sensitive C-reactive protein (CRP) concentrations in lactoserum
were measured using routine immuno-turbidimetric assays on the
same analyzer. Within-run and between-run imprecision for Na
and K was < 3%, for CRP < 5% and for -2 microglobulin < 6%.

2.2. Chemokine/cytokine and immune factors assays

Cytokines and chemokines were quantified on lactoserum
(diluted 1:2 in phosphate buffer saline) (December 2008-
December 2009) using a multiplex microbeads assay (Invitrogen
Human Cytokine 25-Plex Panel, MLX-Booster program, Marne-la-
Vallée, France) and a Luminex 100 apparatus (Luminex, Oosterh-
out, The Netherlands) according to the manufacturer's instruc-
tions. This immunoassay was dedicated to simultaneous quantifi-
cation of T-helper (Th)-1 related cytokines (IFN-a, IFN-y, IL-2, IL-
2r, 1L-12(p40/p70), IL-15, IP-10 CXCL-9,MIG), Th-2 related cyto-
kines (IL-4, IL-5, IL-10, IL-13), Th17 related (IL-17), inflammation
related (IL-1ax, IL-1RA, IL-6, IL-8, RANTES, TNF-), antibacterial,
(CCL-2, MCP-1, MIP-1a, MIP-1f), and IL-7, GM-CSF. Standard
curves were established to determine cytokines concentrations.
Between run imprecision ranged from 3.6 to 9.8% depending of
cytokines. Three lots of kits from the same manufacturer were
used. For each factor, the highest value of the low limit of quan-
tification among the three different lots and the lowest value of
the high limit of quantification were retained. Only, cytokines and
chemokines detected in more than 50% of the breast milk samples
of HIV infected mothers were statistically analyzed.

2.3. Ethics

The Vertical Transmission Study and breast milk analyses were
conducted according to the guidelines laid down in the declaration
of Helsinki and were approved by the Biomedical Research Ethics
Committee of the University of KwaZulu-Natal. All women pro-
vided signed informed consent for enrollment in the study,
including the sample collections and the realization of biological
analyses.

2.4. Statistical methods

Twenty three pairs enabled to detect for arachidonic acid a
difference in percentage of total FA of 0.10 with 80% of power, 5%



Table 1

Maternal and infant characteristics of HIV-infected mothers with infected or uninfected infant and HIV-uninfected mothers.

HIV-uninfected mother

HIV infected mother

HIV-uninfected infant

HIV-infected infant

n Median [Q1;Q3] n Median [Q1;Q3] n Median [Q1;Q3] p Value
Maternal characteristics
Age at delivery, years 23 21.5 [19.8;26.4] 23 25.5[20.6;30.4] 23 26.4[22.4;28.2] 0.13
Enrollment clinic, n (%) 23 23 23 0.07

Peri-urban 5(22) 5(22) 11 (48)

Rural 16 (70) 11 (48) 8 (35)

Urban 2(8) 7 (30) 4(17) .
Highest level of education, n (%) 23 23 23 0.55

No education 0 2(9) 1(4)

Some primary 9(39) 7 (30) 5(22)

Secondary and tertiary 13 (57) 13 (57) 17 (74)

Do not know 1(4) 1(4) 0 .
Previous pregnancies, no 23 1[0;2] 23 2[0;3] 23 1[1;2] 0.57
Antenatal CD4-cell count, cells/uL 23 23 538 [294;673] 23 333 [176;682] 0.41
Antenatal plasma HIV-1 RNA load, log10 copies/mL 23 NA 23 3.96 [3.28;4.34] 23 4.49[4.20;4.81] 0.006
CD4-cell count at 6 months post-partum, cells/uL 23 23 566 [323;784] 16 342 [218;667] 0.09
Plasma HIV-1 RNA load at 6 months post-partum, log10 copies/mL 23 NA 23 4.00 [3.32;4.49] 16  4.66 [3.95;4.83] 0.07

Infant characteristics
Sex male, n (%) 23 13 (57) 23 13 (57) 23 10 (43) 0.59
Birth weight, g 22 3065 [3000;3200] 22 3100 [2900;3300] 23 3250 [2750;3500] 0.96
Age at last HIV-uninfected test result, day 23 660 [485;743] 23 458 [449;736] 23 190 [100;285] <0.001
Age at first HIV-infected test result, day NA NA 23 367 [129;493] NA
Breast milk sample characteristics
Age of infant at time of breast milk sample, day 23 160 [72;218] 23 169 [70;190] 23 154 [69;218] 0.89
Delay between milk sampling and infant HIV-positive test, day NA NA 23 102 [14-227] NA
HIV-1 RNA load, log10 copies/mL NA 23 227 [2.27;2.27] 23 313 [2.27;3.74] <0.001
HIV-1 DNA load, log10 copies/mL NA 8  0.48[0.48;0.48] 11 3.37[0.48;3.59] 0.047
Sub-clinical mastitis, n (%) 23 5(22) 23 4(17) 23 8(35) 0.36

of 2-sided type 1 error and a standard deviation of 0.12 (extracted
from Villamor et al. [9]).

Breast milk fatty acids (expressed in % of total FA), immune and
inflammatory soluble factors, and log transformed HIV RNA load
were analysed in women who had fatty acids, immune and
inflammatory soluble factors, and HIV RNA load quantified in
breast milk as well with antenatal plasma HIV RNA load and CD4
cell count documented (n=23 for PP, PN and NN groups, PP, PN,
NN). All analyses were carried out on samples collected before or
at the last negative PCR result in postnatal HIV-infected infants.

Because there was a significant individual difference for each FA
between the two breasts and lipid and cytokine profiles depend on
local environment, we did not average measurements from the two
breasts. Also, using one breast milk sample per woman allowed
adjustment on breast milk factors from the same side. We compared
baseline characteristics between the three groups “PP”, “PN” and
“NN” using the Pearson Chi-2 test or the exact Fisher test for qua-
litative parameters, the ANOVA or the Kruskal-Wallis non-
parametric test for quantitative parameters depending on their
distribution. FA percentages (% of total FA) were compared between
the three groups using a linear mixed model that accounted for
matching. Correlations between FA percentages (% of total FA) and
breast milk HIV RNA load, or breast milk inflammatory or immune
soluble factors that were detected in at least 50% of the samples
were assessed with the Spearman correlation coefficient. To esti-
mate the risk of postnatal MTCT of HIV associated with breast milk
FA, we built a conditional logistic regression model and used the
PHREG procedure in SAS, version 9.2 (SAS Institute). Because the
linear relationship between the logistic regression coefficients and
FA covariate expressed in percentage (% of total FA) was not met,
each FA variable was transformed into a categorical one. Three
categories defined by tertiles were used because of the sample size.

Models were adjusted for maternal antenatal plasma log
transformed HIV RNA load or for maternal antenatal plasma CD4 T

cell count with the possible addition of the ipsilateral breast milk
Na+/K+ ratio if the model was stable. P values for trend were
derived from the Wald test for an indicator variable representing
the ordinal tertiles of FA that was introduced as a continuous
predictor in univariate and multivariable conditional logistic
regression models (for the adjusted models). We did not correct
for multiple testing in this exploratory study. All analyses were
carried out using SAS version 9.2 (SAS Institute).

3. Results
3.1. Sample characteristics

Among the 23 cases, the median estimated infant age at HIV-1
acquisition was 257.5 days [IQR, 116-437 days] with a last negative
PCR test result at a minimum age of 39 days. Eight (35%) infants
got infected before 200 days. The three groups had similar socio-
demographic characteristics except for enrollment clinic which
was mostly rural for NN mothers and urban or semi-urban for PN
and PP mothers. Cases (PP group) had higher antepartum plasma
HIV RNA load and tended to have lower postpartum plasma CD4 T
cell count, and higher postpartum plasma HIV RNA load. Sub-
clinical mastitis defined as a sodium to potassium ratio > 1 were
similarly distributed among the three groups (Table 1). Breast
health problems, particularly serious breast pathologies, were rare
(one case) [18].

3.2. Comparison of breast milk fatty acid between HIV-uninfected
and HIV-infected women

NN and PN groups had similar percentages (p > 0.05) of total
saturated FA, total MUFA n-7, and total PUFA of n-6 and n-3
families, in both left and right breasts (Table 2 and Supplementary



Table 1). Further, percentages of essential FA, linoleic (18:2n-6)
and a-linolenic (18:3n-3) were similar in both groups (p > 0.05), in
both breasts. Only the percentage of total n-9 MUFA was higher in
the PN than the NN group (p < 0.05 in left breast, p < 0.01 in right
breast), representing mainly difference in the oleic acid.

3.3. Comparison of breast milk fatty acids between mothers of
postnatal HIV-infected infant and mothers of HIV-uninfected infant

Percentages of each essential FA, linoleic and a-linolenic, were
similar between PN and PP groups. (Table 2 and Supplementary
Table 1). The PP group had significantly higher total MUFA n-7
than PN groups but similar total MUFA n-9. Higher percentage of
cis-vaccenic acid (18:1n-7) in PP group compared to PN was
observed although similar levels of 16:1n-7 and of 16:0. By con-
trast lower percentage of stearic acid (18:0) was observed in PP
group compared to PN but similar levels of oleic acid (18:1n9). In
addition, significant higher arachidonic acid (20:4n-6) percentage
in PP than the PN group was noted in both left and right breasts
(Table 2 and Supplementary Table 1). The PP group tended to have
lower percentage of eicosatrienoic acid (20:3n-3) than the
PN group.

3.4. 0dds ratio for postnatally HIV transmission through breast-
feeding according to fatty acids tertile

Table 3 and Supplementary Table 2 show the odds ratios for
postnatally HIV transmission through breastfeeding according to
fatty acids tertiles, in left and right breast, respectively. Only FA
that differ between PP and PN groups or FA involved in the
metabolism of these latter are presented. After adjustment for
antenatal plasma CD4 T cell count, cis-vaccenic acid percentage
was associated with a statistically higher risk of HIV transmission
in a significant dose-response relationship while eicosatrienoic
acid (18:3n-3) was associated with a lower risk of HIV transmis-
sion in a dose-response relationship (Table 3), both in left and
right breast.

3.5. Correlations between fatty acids and inflammatory and immune
soluble factors in breast milk

Inflammatory and immune soluble factors detected in more
than 50% of either left or right breast samples in the 46 HIV-
infected women were included in further analyzes, namely: IL-2R
(63%), IL-12 (100%), IL-15 (78%), IP-10 (100%), MIG (93%), IL-7
(67%), MIP-1a (71%), MCP-1 (99%), MIP-1f (75%), IL-1RA (88% of
samples), IL-8 (100%), RANTES (81%), 2 microglobulin (100%) and
CRP (94%). Using left breast samples, cis-vaccenic acid percentage
was associated with breast milk HIV RNA load as well as with
concentration of B2 microglobulin, IL-15, IP-10, and Na+ /K+ ratio.
The eicosatrienoic acid (20:3n-3) percentage was inversely corre-
lated with concentration of 32 microglobulin, IL-15, IP-10, RANTES,
IL-7, and with Na+ /K+ ratio in breast milk (Table 4). Results were
similar if right breast samples were analyzed (Supplementary
Table 3). Additional adjustment for breast milk Na+/K+ ratio to
maternal antenatal plasma CD4+ T cell did not change the sig-
nificant dose-response relationship of the risk of HIV-1 trans-
mission associated with cis-vaccenic acid (ORgjusted: Second tertile
versus first tertile: 1.99 [0.37;10.72]; third tertile versus first ter-
tile:10.1 [1.17;87.12]; p for trend: 0.025) or with 11,14,17-eicosa-
trienoic acid (OR,gjustea: Second tertile versus first tertile: 0.58
[0.07;4.6] third tertile versus first tertile: 0.17 [0.02;1.51]; p for
trend: 0.043) using left breast samples. Comparison of immune
factors correlated to cis-vaccenic acid and/or eicoastrienoic acid
between PN and PP groups were presented in Supplementary
Table 4.

Table 2

Distribution of fatty acids (% of total fatty acid) in breast milk among HIV-1 unin-
fected mothers and HIV-1 infected mothers with an uninfected or an infected
infant (left breast samples).

HIV-uninfected = HIV-infected mother

mother (NN,
n=23) HIV-uninfected  HIV-infected p Value
infant (PN, infant (PP,
n=23) n=23)
Fatty acid Median [Q1; Q3] Median [Q1; Q3] Median [Q1; PN vs PP
Q3]
12:0 6.8 [4.5;9.3] 7.5 [5.7;8.8] 6.9 [4.6;7.9] 0.29
14:0 12.1 [10.0;153]  10.0 [8.55;12.9] 11.0 [7.49;14.2] 0.94
15:0 0.19 [0.14;0.33] 0.2 [0.16;0.29] 0.17 [0.15;0.21] 0.24
16:0 222 [20.6;24.0] 20.5[18.9;23.8] 20.3 [19.2;22.7] 0.51
18:0 5.3 [4.4;7.3] 6.0 [5.1;7.6] 5.0 [4.4;5.9] 0.009
20:0 0.15 [0.13;0.23]  0.16 [0.13;0.2] 0.13 [0.08;0.16] 0.058
22:0 0.09 [0.05;0.12]  0.05 [0.03;0.1] 0.05[0.03;0.08] 0.26
24:0 0.04 [0;0.08] 0.06 [0;0.08] 0.08 [0.04;0.2] 0.038
Total SFA  48.0 [43.4;53.5] 46.1 [44.2;51.4] 44.4 [40.1;48.7] 0.12
16:1n-7 2.1 [1.4;2.7] 2.0 [1.7;2.5] 2.1 [1.8;2.9] 0.25
18:1n-7 1.3 [1.0;1.6] 1.2 [1.1;1.4] 1.6 [1.4;1.8] 0.002
cis
20:1n-7 0.07 [0.04;0.11]  0.03 [0.01;0.06] 0.05 [0.03;0.17] 0.052
MUFA n-7 3.5 [2.6;4.4] 3.3 [2.8;3.9] 3.8 [3.4;5.0] 0.039
16:1n-9 0.33[0.26;0.39] 0.38 [0.31;0.41] 0.39[0.33;0.43] 0.6
18:1n-9 21.7 [18.1;24.8]  23.8 [21.8;25.9] 24.4[20.6;26.8] 0.91
cis
20:1n-9 0.26 [0.22;0.34] 0.3 [0.25;0.35] 0.27 [0.04;0.39] 0.067
MUFA n-9 223 [18.6;25.5] 24.4[22.5;26.6] 24.9[21.0;27.2] 0.94
Total 26.0 [21.0;29.8]  27.6 [24.7;311]  29.8 [23.7;31.6] 0.57
MUFA
18:3n-3 0.83 [0.55;1.12]  0.76 [0.51;1.06] 0.79 [0.55;0.97] 0.48
20:3n-3 0.08 [0.03;0.13]  0.08 [0.04;0.12] 0.04 [0.01;0.07] 0.13
20:5n-3 <0.01 <0.01 <0.01
22:5n-3 0.17 [0.13;0.22]  0.13[0.11;0.17]  0.16 [0.13;0.19] 0.43
22:6n-3 0.29 [0.19;0.46]  0.21 [0.15;0.37] 0.26 [0.2;0.33] 0.99
PUFA n-3 14 [1.1;1.9] 1.4 [1.0;1.6] 13 [1.1;1.6] 0.71
18:2n-6 224 [17.6;25.5]  19.7 [18.5;24.7] 23.6 [18.4;253] 0.37
cis
18:3n-6 0.15 [0.09;0.2] 0.12 [0.08;0.17] 0.3 [0.11;0.16] 0.77
cis
20:2n-6 0.5 [0.37;0.61] 0.4 [0.32;0.48] 0.41 [0.34;0.54] 0.94
20:3n-6 0.52 [0.39;0.67] 0.41 [0.3;0.51] 0.45 [0.38;0.51] 0.47
20:4n-6 0.64 [0.53;0.74]  0.59 [0.51;0.75] 0.7 [0.65;0.82] 0.043
22:4n-6 0.08 [0.04;0.17]  0.06 [0.03;0.11]  0.06 [0.04;0.08] 0.48
PUFA n-6 244 [20.6;27.4] 21.7 [20.0;26.5] 25.6 [20.1;27.0] 0.34
Total PUFA 25.5 [21.7;29.8]  22.6 [20.9;28.0] 26.8 [21.3;30.0] 0.34
18:1n-9 0.31 [0.15;0.71]  0.42 [0.2;0.92] 0.45 [0.27;0.91] 0.37
trans
18:2n-6 0.06 [0;0.19] 0.1 [0.04;0.19] 0.12 [0.08;0.24] 0.46
trans
Total 0.42 [0.19;0.9] 0.54 [0.27;1.11]  0.61 [0.41;1.08] 0.38
Trans FA

Abbreviations: FA: fatty acid; LC long chain; SFA: saturated FA. NN: HIV-1 unin-
fected mothers; PN: HIV-1 infected mothers with an uninfected infant; PP: HIV-1
infected mothers with an infected infant.

4. Discussion and conclusion

In this study, we observed that the relative percentages of two
fatty acids in breast milk had opposite dose-response relationships
with postnatal HIV-1 transmission by breastfeeding. Cis-vaccenic
acid (18:1n-7) was associated with a higher risk of HIV transmission
through breastfeeding while eicosatrienoic acid (20:3n-3) was



Table 3
Odds ratio for HIV transmission through breastfeeding by tertile (T) of fatty acid (%
of total) in left breast milk samples.

Parameter T1 T2 T3 P for
trend

16:0, Palmitic acid
Median % 18.36 20.25 24.27
PN:PP 8:7 6:9 9:7 0.86
Adjusted OR [95%CI]* 1 2.6 [0.45;15.3] 0.77 [0.18;3.2] 0.84

Adjusted OR [95%CI]** 1 2.6 [0.4;17.3] 14][0.23;81] 0.77
18:0, Stearic acid

Median % 409 55 7.0

PN:PP 5:10 7:8 11:5 0.082

Adjusted OR [95%CI]* 1
Adjusted OR [95%CI]** 1
16:1n-7, Palmitoleic acid

0.69 [0.12;3.8] 0.2[0.03;12] 0.077
0.92 [0.09;9.0] 0.24 [0.04;1.4] 0.1

Median % 14 2.0 3.0

PN:PP 8:7 8:7 79 0.57

Adjusted OR [95%CI]* 1 1.0 [0.27;3.7] 1.6[0.33;8.2] 0.59

Adjusted OR [95%CI]** 1 11[0.24;4.7] 131 [0.21;8.1] 0.78
18:1n-7 cis, Vaccenic acid

Median % 11 14 1.8

PN:PP 12:3  7:8 4:12 0.02

Adjusted OR [95%CI]* 1
Adjusted OR [95%CI]** 1
18:1n-9 cis, Oleic acid

2.0 [0.37;10.6] 10.8 [1.3;91.8] 0.021
2.0[0.32;12.3] 101 [11;93.5] 0.038

Median % 196 238 274

PN:PP 8:7 8:7 7:9 0.59

Adjusted OR [95%CI]* 1 11[0.23;49] 15][0.28;7.6] 0.63

Adjusted OR [95%CI]** 1 0.63 [0.1;4.0] 0.88 [0.17;4.5] 0.97
18:3n-3, Alpha-linolenic

acid

Median % 0.495 0.75 1115

PN:PP 7:7 8:8 8:8 1

Adjusted OR [95%CI]* 1 0.95 [0.14;6.4] 1.01[0.24;4.3] 0.98

Adjusted OR [95%CI]** 1 123 [0.16;9.7] 1.07 [0.2;5.7] 0.96
20:3n-3, Eicosatrienoic

acid

Median % 0.01 0.05 0.13

PN:PP 4:8 6:11 13:4 0.032

Adjusted OR [95%CI]* 1 0.56 [0.1;3.2]  0.16 [0.02;1.1] 0.032

Adjusted OR [95%CI]** 1
18:2n-6, Linoleic acid

0.64 [0.09;4.7] 013 [0.01;1.4] 0.059

Median % 1756 213 27.85

PN:PP 8:7 916 6:10 0.40

Adjusted OR [95%CI]* 1 072 [0.17;3.1] 2.08 [0.47;9.1] 035

Adjusted OR [95%CI[** 1 013 [0.01;1.8] 125[0.2;7.7] 0.55
20:4n-6, Arachidonic acid

Median % 0.51 0.68 0.82

PN:PP 10:5  8:7 5:11 0.11

Adjusted OR [95%CI]* 1
Adjusted OR [95%CI]** 1

151 [0.36;6.3] 3.1 [0.77;12.4] 011
135[0.29;6.2] 1.7[0.38;7.7] 0.49

Abbreviations: PN: HIV-infected mothers with uninfected HIV infant; PP: HIV-
infected mothers with infected HIV infant, NA: not applicable because there were
too few individuals in a category.

PN:PP: sample size ratio.

OR and their 95% confidence interval [95%CI] are derived from conditional logistic
regression models with infant HIV status as the dependent variable and indepen-
dent variables that included indicator variables for T1, T2 and T3 of each fatty acid.
(*) Antenatal plasma CD4 T cell count or (**) antenatal plasma HIV-1 RNA load were
adjusted for.

P for trend values are derived from the Wald test for an indicator variable repre-
senting the ordinal tertiles of fatty acids that was introduced as a continuous
predictor in univariate (for the unadjusted ratio of controls PN to cases PP) and
multivariate conditional logistic regression models (for the adjusted models).

associated with a lower risk. In addition, cis-vaccenic acid was
associated with a higher cell-free HIV levels in breast milk, and with
Th-1 related cytokines and inflammation markers, while it was the
opposite for eicosatrienoic acid (20:3n-3).

Comparison among the three groups of mothers showed that
breast milk FA composition differed more according to the infant's
HIV status than to the mothers' HIV status (infected or uninfected).
Indeed, we observed only a trend to a difference in percentages of
oleic acid between HIV-infected and -uninfected mothers while

there were significant differences in percentages of stearic, cis-
vaccenic, and arachidonic acids between transmitting and non-
transmitting HIV-infected mothers. Of note, percentages of the
two essential FA, linoleic and a-linolenic, were similar among the
three groups but representation of linoleic acid (about 20%) were
much higher than most of data previously reported [19] while it
was the opposite for oleic acid [20]. The percentage of linoleic acid
in breast milk depends on diet and transportation from plasma to
the mammary gland [20]. The present fatty acid pattern could be
related to large intake of vegetable oil such as corn, soybean,
sunflower or safflower oils.

In the n-3 FA family, although percentages of the precursor o-
linolenic were in the range of published data [19], eicosapentae-
noic acid (EPA, 20:5n-3) was not detected, in any groups. In human
milk, EPA comes from diet, such as fish, and/or transformation of
the precursor a-linolenic by FA desaturases (Fads) and elongases
of very long chain FA (Elovl). Desaturases are encoded by the
Fads1, Fads2 and Fads3 genes. Fads1 gene codes for a A5 desa-
turase while Fads2 codes for a A6 desaturase and a A8 desaturase
[21]. In the present study, we found no detectable EPA without
deficiency in a-linolenic acid. Interestingly, we detected eicosa-
trienoic acid (20:3n-3) that can result from a-linolenic elongation
by Elovl5 [21], as illustrated in Fig. 1A. So, in our study, the first
transformation of «a-linolenic acid appears to be more likely an
elongation to form eicosatrienoic acid (20:3n-3) rather than a
desaturation that would form stearidonic acid (18:4n-3). Due to
common desaturase and elongase activities for n-6 and n-3 FA
families, it might be assumed that the A6 desaturase activity was
mobilized for linoleic acid desaturation, because of its strong
representation, at the expense of a-linolenic acid. After transfor-
mation of a-linolenic into eicosatrienoic acid through Elovl5, this
latter could be desaturated by the A8 to formeicosatetraenoic acid,
the precursor of EPA. Because we detected eicosatrienoic acid
without eicosatetraenoic acid and without EPA, it could be con-
sidered again that mobilization of A8 for the n-6 pathway could
also participate to the specific profile observed in all groups (i.e
presence of eicosatrienoic acid but no detection of eicosatetraenoic
acid nor of EPA).

To form n-7 FA family, the palmitic acid (16:0) is desaturated by
the A9 named stearyl-coA desaturase to be convert in palmitoleic
acid (16:1n-7), instead of being elongated by Elovl6 to form stearic
acid. Then, palmitoleic acid is elongated into cis-vaccenic acid
(18:1n-7) mainly by Elovl5[21] as illustrated in Fig. 1B. Considering
that Elovl5 is involved both in eicosatrienoic acid and cis-vaccenic
acid formation and that breast milk composition in mothers who
transmitted HIV-1 exhibiting higher levels of cis-vaccenic acid but
lower levels of eicosatrienoic acid compared to mother who did
not, it could be hypothesized that an imbalance of Elovl5 activity
occurred between n-3 and n-7 pathways.

In addition, transmitting mothers had higher percentages of
cis-vaccenic acid in milk than non-transmitting mothers but
similar percentages of palmitic and palmitoleic acids. This suggests
an effective A9 desaturase activity but an enhanced palmitoleic
elongation. It could be also hypothesized that an imbalance
between Elovl6 and Elovl5 activities orientate palmitic acid toward
cis-vaccenic formation instead of stearic acid formation in trans-
mitting mothers, which is consistent with lower breast milk
stearic acid percentages found in this group compared to non-
transmitting mothers. Interestingly, cis-vaccenic acid is not only an
intermediate of FA synthesis, but acts as a signaling molecule
reducing lipogenesis and gluconeogenesis [22, 23]. To our
knowledge, no data are available on the relationship between
elongase or desaturase activities in milk and HIV-1 transmission
through breastfeeding.

Important observation remains the significant association of
eicosatrienoic acid (20:3n-3) with a lower risk of HIV MTCT, and



Table 4

Correlations between fatty acids and immune factors, inflammation markers and breast milk HIV RNA load in left breast milk of HIV-infected

mothers (n=46).
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T Helper 1 related Anti bacterial Inflammation markers

the significant association of cis-vaccenic acid with higher risk of
HIV MTCT. Surprisingly, we did not confirm the previously repor-
ted association between n-6 LC-PUFA and a lower risk of HIV
MTCT [9]. In our study, the percentage of arachidonic acid was
higher in the breast milk of women who transmitted HIV than in
the group who did not. One explanation for this discrepancy may
be the low magnitude of the differences in fatty acids and the very
low percentage of some of them. Of note, we describe, a total of n-
6 FA family approximately twice higher than the one reported by
Villamor et al [9]. The enrichment of milk in n-6 FA observed in the
present study conducted in KwaZulu-Natal, South Africa, could be
attributed to local dietary habits (large intake of oil of corn,

soybean or sunflower) since it was found in all three groups as
previously discussed.

Interestingly we showed also correlations between percentages
of FA and concentrations of immunological and inflammation
factors in breast milk. Significant positive correlations were
observed between several Th1 related cytokines (IL-12, IL-15, IP-
10) and MUFA such as cis-vaccenic and palmitoleic acid or PUFA
such as dihomo-y-linolenic (20:3n-6). By contrast we showed an
inverse relationship between percentage of eicosatrienoic acid
(20:3n-3) and concentration of Th1 related cytokines and inflam-
matory markers. This result is consistent with the recognized
anti-inflammatory properties of dietary n-3 LC-PUFA [24]. The
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Fig. 1. Human fatty acids pathways of A/ PUFA n-6 and n-3 and B/ MUFA n-7 and
n-9 (adapted from Guillou et al. [21]). FA with a difference between PP and PN
groups are reported in bold face. Abbreviations: Fads: Fatty acid desaturase; Elovl:
Elongase of very long chain fatty acids; PP: HIV-infected women with a postna-
tally HIV-1 infected infant; PN: HIV-infected women with a HIV-1 uninfected
infant (PN).

percentage of eicosatrienoic acid correlated negatively with breast
milk Na+ /K+ ratio while it was the opposite for cis-vaccenic acid.
Breast milk Na+ /K+ ratio, indicative of subclinical mastitis, may
be associated with MTCT of HIV, possibly via cell-associated HIV-1
shedding [25] although this hypothesis has not been confirmed
[26]. Nevertheless, breast-milk Na+ /K+ ratio cannot explain the
two present associations of cis-vaccenic acid or eicosatrienoic acid
with MTCT of HIV because both associations persisted after
adjustment for breast milk Na+/K+ ratio. Lastly, eicosatrienoic
acid exhibited a negative correlation with breast milk HIV-RNA
while a positive correlation was observed with cis-vaccenic acid.

It is recognized that, dietary fish oil containing n-3 LC-PUFA are
anti-inflammatory and modulates immune function through Th1
and Th2 cell polarization [24,27]. Although, FA-cytokine interac-
tions in breast milk are poorly documented, FA could regulate the
immunologic environment in breast milk, in addition to cytokines.
In HIV-uninfected lactating mothers with and without allergic
disease, the anti-inflammatory factor transforming growth factor
(TGF) B2 in breast milk was associated with n-6 PUFA, while it was
inversely associated with saturated FA [13]. In healthy mothers,
associations have been also reported between the percentage of
docosahexaenoic acid, arachidonic acid, y-linolenic acid, or EPA
and concentrations of soluble immunologic factors: soluble CD14,
TGF 1, TGF 2, and secretory IgA in breast milk [28]. However, the
impact of cis-vaccenic acid on inflammatory and immune profile
has not been documented so far, precluding any comparison to
previous work.

Breast milk o- and P- chemokines that induce T cell recruit-
ment and activation in the mammary gland would encourage
initiation of the viral cycle in latently infected CD4 T cells and
rather promote ongoing viral replication [12]. In contrast, an
antiviral Th-1 immune response environment in breast milk could

limit HIV-1 replication [29,30]. High HIV-1 DNA levels in breast
milk may be associated with an influx of leukocytes due to local or
systemic inflammatory processes [31]. Hence, HIV replication in
breast milk and HIV transmission through breastfeeding may be
modulated by both breast milk lipids and cytokines components
that mutually interact.

In the present study, milk was collected from both breasts,
which enabled us to test whether findings were robust between
the two breasts. Further, immune and inflammatory factors were
measured, which allowed us to assess their association with FA.
Determining the effect of HIV status on the immune and inflam-
matory breast milk profile is beyond the scope of this paper and
will be addressed further. This study presents some limitations.
The small case-control study did not allow adjustment for more
than two factors and precluded us from investigating how
inflammatory and immune soluble factors may have affected the
association between FA and postnatal HIV MTCT. Because of the
observational design, we did not correct type-1 error rate for
multiple testing. Then, associations of cis-vaccenic and eicosa-
trienoic acids with postnatal transmission of HIV through breast-
feeding may be only statistical and not causative, though breast
milk was sampled immediately, before infant HIV infection. Also,
maternal diet data were not collected and we did not assess
plasma FA composition, which could have fueled our hypotheses.

In conclusion, this case-control study suggested a potential
association between breast milk FA profile and HIV-1 transmission
through breastfeeding. For the first time an inverse relationship
between a n-3 LC-PUFA (eicosatrienoic acid) in breast milk and
postnatal HIV-1 MTCT was reported. In parallel, an opposite
association was observed with a n-7 MUFA (cis-vaccenic acid) that
appeared deleterious. Significant correlations between percen-
tages of FA and cytokines, inflammatory markers and HIV RNA in
breast milk are consistent with these findings. The issue of a
potential causal role of FA in breastfeeding HIV transmission needs
to be confirmed in a large prospective cohort.
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