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Background: Subclinical mastitis (SCM) is a frequent, 
but poorly characterized entity that may influence immune 
development of breastfed infants. Mechanisms driving the 
emergence of SCM and changes in immunological content of 
human milk during SCM remain to be explored. In this study, 
the breast milk environment was to describe during SCM.
Methods: One hundred and ten samples of mature breast 
milk were collected from 44 healthy, HIV-negative mothers, 
included in a large infant feeding intervention cohort (ANRS 
1271/Vertical Transmission Study). Immune markers related 
to inflammatory/anti-inflammatory balances and secreted in 
response to bacterial exposure were explored in SCM breast 
milk samples (Na/K ratio > 1) and compared to non-SCM 
controls.
results: SCM was observed in 23% of women (95% confi-
dence interval (CI): 21–24) and associated with higher levels 
of inflammatory markers (β2 microgobulin, PS100A9, TNF-α, 
IL-6, IL-8, IL-17, and RANTES) and Th1-related cytokines (IL-2R, 
IL-12p40/70, IFN-α, IFN-γ, CXCL-9, andIP-10). High levels of fac-
tors secreted in response to bacteria and lipopolysaccharide 
(LPS) exposure were observed in SCM breast milk samples 
(MIP-1α, MIP-1β, LPS binding protein, α-defensins, and antileu-
koproteinase 1).
conclusion: SCM is associated with important changes in 
breast milk microenvironment, with a proinflammatory/Th1-
cytokine predominant profile. During SCM, cytokine imbal-
ances in breast milk may have a notable influence on mucosal 
immune system of the infant early in life.

epidemiological and biological studies have proven the ben-
efits of breastfeeding for child health. Breastfeeding have 

short-term and long-term health consequences for the child 
(1). Breast milk downregulates gut inflammation and pro-
motes gut adaptation in the neonatal period when the newborn 
is suddenly exposed to antigens from colonizing commensal 

bacteria. According to clinical and experimental observations, 
human milk should not only be viewed as a source of nutri-
tion and passive protection during a period of immunological 
immaturity, but also as a biological fluid that is able to modu-
late the immunological development of the recipient infant (2).

To date, immune factors and cytokines contained in human 
breast milk remain only partially characterized. High levels 
of interleukin-1β (IL-1β), interleukin-6 (IL-6), tumor necro-
sis factor-α (TNF-α), and IFN-γ were found in breast milk 
samples from healthy lactating mothers (3). Cytokines belong-
ing to the CXC and CC chemokine families are also measur-
able in breast milk. These small chemotactic cytokines are 
mediators of inflammation that are able to attract and activate 
leukocytes. The presence of monocyte chemotactic protein 
(MCP-1), RANTES (regulated upon activation, normal T-cell 
expressed and secreted), and macrophage inflammatory pro-
tein 1α (MIP-1α) of the CC chemokine family, as well as inter-
leukin-8 (IL-8) of the CXC chemokine family, have all been 
demonstrated in breast milk (2). These cytokines have been 
shown to be expressed (mRNA) and secreted by both mam-
mary epithelial cells and breast milk leukocytes. Granulocyte-
macrophage colony-stimulating factor (GM-CSF) was also 
identified in human breast milk (3). In addition to these pro-
inflammatory and Th1-related cytokines, interleukin-10 (IL-
10), a key immunoregulatory and anti-inflammatory cytokine, 
has been measured in significant concentrations in lactoserum 
and the lipid layer of breast milk (4). Erythropoietin (EPO) is 
another stimulating factor found in breast milk (5), and HIV 
transmission through breastfeeding is inversely related to the 
concentration of EPO in breast milk (6). Alongside the well-
known function of EPO to stimulate red blood cell produc-
tion, EPO might promote the integrity of the mammary and 
gut epithelium through cytoprotective properties and limita-
tion of inflammation (7).

Mastitis, a local infection associated with inflammation 
and increased mammary epithelial permeability, induces 
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considerable changes in the immunological contents of milk in 
animals. An elevated sodium/potassium (Na/K) ratio in breast 
milk has been demonstrated as an indicator of mastitis. This 
elevated ratio, accompanied by an increased concentration of 
IL-8, is also frequently seen in asymptomatic lactating women, 
thus characterizing an episode of subclinical mastitis (SCM), 
which is a recently defined and poorly understood entity (8,9). 
Studies investigating HIV transmission by breastfeeding dem-
onstrated a high prevalence of SCM in both HIV-infected and 
uninfected lactating women, ranging from 10 to 45% (10). 
SCM is associated with increased HIV load in breast milk of 
infected women and may be associated with increased risk of 
mother-to-child transmission of HIV (11). Almost a quarter 
of breast milk samples collected during the first month of lac-
tation, and more than 10% thereafter, present with biological 
features of SCM (12,13). SCM may well precede symptomatic 
mastitis but the low frequency of clinical mastitis compared 
to episodes of SCM indicates that in the majority of cases the 
immune response is able to avoid significant breakthrough 
infection during lactation. The consequences of SCM on the 
immunological content of breast milk and the mechanisms 
driving the emergence of SCM need to be established. We 
propose that SCM induces dramatic changes in breast milk 
immune contents. Culture-dependent research and microbi-
ome approaches have shown that normal human milk con-
tains a wide range of commensal bacteria contributing to 
neonatal gut microbiota and potentially preventing pathogen 
growth (14). Exposure to pathogen microorganisms may trig-
ger the immunological changes seen during SCM. However, 
this assumption is challenged by the fact that conditions such 
as cessation of breastfeeding, micronutrient deficiencies, 
milk stasis (engorgement), or systemic infections may also be 
responsible for a raised Na/K ratio (15–17).

The aim of our study was to describe the breast milk envi-
ronment during SCM in healthy mothers: the frequency of the 
phenomenon and changes in the Th1- vs. Th2-related factors 
and inflammatory vs. anti-inflammatory equilibriums that 
accompany it. This study was nested within a large mother-
to-child HIV transmission study, but was focused on HIV-
uninfected women and their infants only (18). We observed 
that some immunological parameters contained in breast milk 
are robust markers of SCM. Changes in Th1/Th2 and inflam-
matory/anti-inflammatory balance during SCM may influ-
ence gut homeostasis in newborns. In view of the potential 
association between bacterial exposure and the onset of SCM, 
we tested immunological parameters associated with innate 
responses to lipopolysaccharide (LPS) exposure.

METHODS
Subjects and Sample Collections
Samples were collected from 44 healthy mothers included in a large 
infant feeding intervention cohort (Vertical Transmission Study) in 
South Africa (18). The study had two enrolment sites in South Africa: 
one peri-urban clinic and eight seven rural clinics in Umkhanyakude 
district of northern KwaZulu-Natal, and one urban site on the out-
skirts of Durban. Enrolment, HIV testing, and counseling were 
systematically offered to women aged of 16 y and over attending 

antenatal clinics. All women included in this nested study were ran-
domly selected among HIV-uninfected women without clinical diag-
nosis recorded at scheduled clinic visits and none were diagnosed 
with symptomatic mastitis; breast health problems; fever or ill in the 
last 7 d at the time of sample collection (for details on patient charac-
teristics and living conditions, see Supplementary Table S1 online). 
Lay breastfeeding counselors provided home support for mothers 
during the antenatal period, around delivery, and fortnightly to 6 mo 
postdelivery (19). Mothers who chose to breastfeed were encouraged 
to exclusively breastfeed for the first 6 mo. Breastfeeding counselors 
were trained to diagnose and document any breast health problems at 
visits, including blocked ducts, nipple fissures, and mastitis, but breast 
health problems were very few (20). One hundred and ten samples of 
mature breast milk (56 from left and 54 from right breast), of which 
104 were paired, were collected. Thirty-four women gave one paired 
sample from left and right breast, four women gave two paired sam-
ples, three women gave three paired samples, and one woman gave 
four paired and one right sample only. For two women, only a left 
breast milk sample was available. Milk samples were collected from 31 
to 493 d postpartum (median 155 d; IQR 98–218). Milk samples were 
obtained by manual expression at the clinic without any relationship 
to feeds (i.e., a combination of fore and hind milk, and transported 
to the virology laboratory overnight at 4 °C after which it was stored 
as whole breast milk at −70 °C. For testing, thawed breast milk was 
centrifuged at 1,500 rpm for 5 min in sterile polypropylene tubes to 
separate lipids, aqueous layer, and cellular components. After lipids 
were removed, an aqueous layer was collected and stored at −70 °C 
until use. The study was approved by the Biomedical Research Ethics 
Committee of the University of KwaZulu-Natal.

Sodium and Potassium Measurement
Sodium and potassium concentrations were measured in lactose-
rum with ion selective electrode on the AU 640 chemistry analyzer 
(Beckman, Villepinte, France). Within-run and between-run impre-
cision for Na+ and K+ was <3%. Na/K ratio was used to determine 
the degree of mammary epithelial permeability. Samples with a Na/K 
ratio of ≤ 1 and >1 were classified as non-SCM and SCM groups, 
respectively (17).

Immune Factors Assays
Cytokines and chemokines were quantified, using a multiplex micro-
beads assay (Invitrogen Human Cytokine 25-Plex Panel, MLX-
Booster program, Marne-la-Vallée, France) and a Luminex 100 
apparatus (Luminex, Oosterhout, The Netherlands) according to 
the manufacturer’s instructions. Data were analyzed using the MLX-
Booster program, and standard curves were established to determine 
concentrations. The detection limits were defined as the mean back-
ground value plus 2 SD. Reference values in blood were used to evalu-
ate the relative level of cytokine concentration in breast milk. These 
reference values were previously established in our laboratory using a 
large number of samples.

Imbalances of Th1/Th2 and proinflammatory/anti-inflammatory 
parameters were analyzed in breast milk samples collected dur-
ing SCM, and compared to control samples. The Th1/Th2 ratio was 
calculated by dividing the concentration of Th1 reference cytokines 
(IFN-γ, TNF-α, and IL-2) by the concentration of each of the Th2 ref-
erence cytokines (IL-4, IL-5, IL-10, or IL-13) as previously described 
(21). Similarly, the proinflammatory (IFN-γ, TNF-α, IL-6)/anti-
inflammatory (EPO, lactoferrin, IL-10, IL-1-RA) ratio was also estab-
lished. β2 microgobulin was determined by immunoturbidimetry 
method (Olympus apparatus, Rungis, France). EPO levels were mea-
sured using the IMMULITE 2000 EPO assay (Diagnostic Products 
Corporation, Los Angeles, CA), which is an automated two-site sand-
wich immunoassay with chemiluminescent detection.

Other immune factors and inflammatory markers were analyzed 
by using colorimetric sandwich enzyme-linked immunosorbent assay 
(ELISA) as recommended by the manufacturer: lipopolysaccharide 
binding protein (LBP) (Hycult Biotech, Uden, the Netherlands); 
Alpha-defensins (Hycult Biotech); sCD14 (Hycult Biotech); S100A9 
(CycLex, Nagano, Japan); antileukoproteinase 1 (SLPI) (R&D Systems, 
Minneapolis, MN); lactoferrin (Calbiochem, Dramstadt, Germany).
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Statistical Analysis
The values of concentrations of cytokines and other markers between 
SCM-positive and SCM-negative groups were compared using the 
nonparametric Wilcoxon-Mann-Whitney U-test; in order to prevent 
inflation of alpha-risk due to the multiplicity of tests, 0.01 was consid-
ered significant. To take into consideration data clusters defined by 
individual mothers, multivariate mixed models were used to evaluate 
relations between biomarkers concentration (dependent variable) and 
SCM controlled for breast milk sample side, age of child at sample col-
lection and mother study number as random effect. Receiver operat-
ing characteristic curves of the selected biomarkers were constructed 
and areas under the curve (AUC) were calculated along with their 
95% confidence interval (CI) using a nonparametric approach. To 
avoid false-positive results, a cutoff value was retained corresponding 
to the maximum Youden index. Statistical analyses were performed 
using SAS statistical software (version 9, SAS Institute, Cary, NC).

RESULTS
Frequency of Unilateral and Bilateral SCM During Lactation
The median Na+ and K+ concentrations were 10 (IQR 9–11.8) 
and 12.8 (IQR 11.5–14.3) mmol/l respectively (n = 110). The 
median Na/K ratio was 0.77 (IQR 0.69–0.92). An episode of 
SCM as defined by a Na/K ratio of > 1.0 was observed in 10 of 
the 44 women (23%; 95% CI: 21–24%), and 18 of 110 samples 
(16%; 95% CI: 16–17%). This abnormality in mammary epi-
thelial permeability was bilateral in five cases, and unilateral 
in eight cases, with one woman having one episode of bilateral 
and one episode of unilateral SCM, and another woman hav-
ing three episodes of unilateral SCM.

Assessment of Bioactive Components in Human Milk
Of the 25 cytokines analyzed by multiplex microbeads assay, 
most were measurable in breast milk with concentrations 
within the range of quantification of the assay. However, TNF-
α was quantifiable only in a minor proportion of samples 
(20/113; 18%), and IFN-α in 32/113 samples (28%). IL-1β was 
below the lower limit of detection in 16/113 (14%) samples, 
and Eotaxin in 19/113 (17%) of the samples tested. By com-
parison with references values observed in blood, breast milk 
samples from the control group (Na/K ratio ≤ 1) contained 
relatively high concentrations of IL-8, IL-10, IL-15, IFN-γ, 
and interferon-γ-induced protein 10 (IP-10 or CXCL-10) (>2-
fold), equivalent values for IL-1β, IL-2, IL-4, IL-6, IL-7, IL-13, 
IL-17, MCP-1, and GM-CSF, and lower values for IL-1 recep-
tor antagonist (IL-1RA), IL-2 receptor (IL-2R), IL-12 p40/p70, 
MIP-1α, MIP-1β, EPO, and RANTES (>2-fold).

Immunological Components Increased During SCM
SCM induced numerous changes in immunological content 
of breast milk (Table 1). Most factors associated with inflam-
mation (β2 microgobulin, PS100A9, TNF-α, IL-6, IL-8, IL-17, 
and RANTES) were significantly increased in SCM samples 
as compared to control samples after adjusting for multiple 
comparisons. Of the cytokines involved in the Th1 response, 
six out of eight were also significantly increased in the SCM 
group (IL-2R, IL-12p40/70, IFN-γ, IFN-α, monokine induced 
by γ-interferon (MIG or CXCL-9), and IP-10 (P < 0.001). 
Regarding Th2-related cytokines, only IL-4 was found in signif-
icantly higher concentrations in samples from the SCM group 

than in controls (P < 0.001). The three factors (i.e., Lactoferrin, 
IL-10, and EPO) associated with anti-inflammatory properties 
of breast milk were not significantly increased during SCM. 
The median level of IL-1RA was threefold higher in the SCM 
group than in controls (P < 0.001).

In seven women with unilateral SCM, within-woman com-
parison of breast milk showed that markers of inflammation 
IL-8, IP-10, IFN-γ, and IL-12p40/70 were generally more 
elevated in the side affected by SCM (Figure 1). The differ-
ences were significant for IL-12p40/70 (median 58.1 pg/ml, 
IQR 41.7–87.6, P = 0.046) and IL-8 (median 488.6 pg/ml, IQR 
225.7–1,324.1, P = 0.031).

Alterations in the Th1/Th2 and Pro-/Anti-Inflammatory Balances 
During SCM
The relative concentrations of Th1/Th2 and pro-/anti-inflam-
matory related markers were analyzed to describe changes of 
breast milk environment during SCM. The ratio of pro- vs. 
anti-inflammatory-related factors was increased during SCM 
although the increase seen in IL-1RA and lactoferrin partially 
compensated for the high concentration of proinflammatory-
related cytokines (Figure 2a).

Changes in the ratio of Th1-/Th2-related cytokines were also 
observed in the SCM group as compared to controls with a 
predominant elevation of cytokines that belong to the Th1-
type immune response (Figure 2b).

A Th1 and Proinflammatory Signature can be Used to Identify 
SCM
Additionally, we explored the possibility to appropriately 
identify SCM with factors related to proinflammatory (IL-8 
and PS100A9) and Th1 (IFN-γ and IP-10) responses in breast 
milk using receiver operating characteristic curves. The great-
est area under curve was obtained with IP-10 (AUC 0.86) and 
IFN-γ (AUC 0.85). IL-8 and PS100A9 offered also good dis-
criminatory capacity between SCM and control samples (AUC 
0.78 and 0.77, respectively) (Figure 3). For example, the sensi-
tivity and specificity were 70 and 94%, respectively with a cut-
off value of 2,551 pg/ml for IP-10. Using a cut-off value of 1,092 
pg/ml for IP-10, the sensitivity and specificity were 94 and 
64%, respectively. Lower performances were obtained with the 
other factors found in significantly higher concentrations dur-
ing SCM by comparison with controls such as IL-12p40/70, 
IFN-α, and IL-17 (data not shown).

Relationship Between SCM and Immunological Factors Secreted 
in Response to Bacterial Exposure
A combination of markers secreted in response to LPS and 
bacterial antigens were tested to demonstrate the association 
between bacterial exposure and SCM, namely: MIP-1α and 
MIP-1β, MCP-1, sCD14, LPS binding protein, antileukopro-
teinase 1, and α-defensins.

SCM samples were associated with high concentrations of 
factors associated with bacterial exposure (Table 2). Levels 
of factors secreted in response to bacteria and LPS exposure 
were significantly higher in SCM samples by comparison to 
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normal breast milk samples namely: MIP-1α, MIP-1β, MCP-1,  
LPS binding protein, and α-defensins. A trend was observed 
for sCD14 and MCP-1. Eleven samples that exhibited a Na/K 
ratio >1.3 had at least one marker of bacterial exposure that 
was elevated. Ten of them had several elevated markers includ-
ing MIP1-α, MIP-β, sCD14, LPS binding protein, α-defensins, 
and antileukoproteinase 1 (data not shown). Two samples with 
a low Na/K ratio (≤1) but high levels of SCM surrogate mark-
ers (IL-8, IP-10), exhibited high levels of MCP-1, LPS binding 
protein, sCD14, MIP1-α, or antileukoproteinase 1. Among 61 
samples with a low Na/K ratio (≤ 1), and low IL-8 and IP-10 
concentrations, 50 (82%, 95% CI: 80–84%) had no elevation 
in parameters associated with bacterial exposure (data not 
shown).

DISCUSSION
Breast milk contains numerous immunological factors that 
play a pivotal role in modulating infant’s mucosal immune sys-
tem as well as susceptibility to pathogens (11). Some of these 

highly active factors are found at higher concentrations than 
in blood (2,22), highlighting the importance of the immuno-
modulatory functions of breast milk. Consequently, changes 
in immune responses during SCM may impact on the immu-
nomodulatory functions of the breast milk. In this study, we 
observed that a predominant Th1 and proinflammatory sig-
nature characterized SCM. Furthermore, some of the human 
milk immune components had good performance to identify 
SCM when used as surrogate makers of Na+/K+ ratio. Finally, 
markers of the immune response against LPS were associated 
with SCM suggesting that bacteria exposure was involved.

A raised Na+/K+ ratio that characterizes SCM was found 
in almost a quarter of mothers, a frequency comparable with 
observations made in other settings (12,13) despite the inten-
sive efforts made to promote good breastfeeding practices in 
this clinical study (20).

Although some levels of inflammation had already been 
suggested in association with SCM, our study demonstrates 
that a raised Na+/K+ ratio is associated with a full spectrum 

table 1. Immunologic constituents of breast milk in SCM and non-SCM samples

Factor

controls scM

P valuean Mean (SD) Median (Q1-Q3) n Mean (SD) Median (Q1-Q3)

th1 cytokines IL-2 90 9.2 (2.7) 9.1 (7.3–10.8) 18 16.6 (24.187) 9.2 (7.9–14.7) 0.235

IL-2R 90 67.6 (74) 64.2 (32.6–84.7) 18 292 (313.57) 127 (70–496) <0.001

IL-12p40/70 90 60.3 (32.2) 52.8 (39.1–70.2) 18 195.5 (201.16) 149 (56.8–225) <0.001

IL-15 90 67.4 (45.3) 58.7 (43.7–75.5) 18 185.3 (219.18) 92.3 (42.3–259) <0.01

IFN-α 90 9.7 (4.4) 7.5 (7.5–7.5) 18 22.1 (18.015) 20.8 (7.5–27.3) <0.001

IFN-γ 90 38.1 (9.7) 38.7 (33.2–44.3) 18 92.8 (81.264) 54.8 (40.9–92.5) <0.001

MIG 90 137.9 (192) 91.6 (25.8–148) 18 1,199.4 (1,063.838) 822 (298–1,939) <0.001

IP-10 90 1,107.1 (960.6) 930 (512–1,281) 18 4,279 (2,862.82) 3,906 (1,327–7,394) <0.001

th2 cytokines IL-4 90 8.5 (2.5) 8.5 (7.7–9.4) 18 20.3 (17.3) 12.8 (8.8–23.2) <0.001

IL-5 90 21.9 (2.2) 22.1 (21.5–22.5) 18 24.2 (4.1) 22.1 (21.7–25.5) 0.056

IL-13 90 14.4 (1.6) 14.9 (13.3–14.9) 18 18.7 (8.1) 16.01 (11.9–21.4) 0.016

Proinflammatory cytokines IL-7 90 44.3 (54.8) 27.7 (19.1–45.2) 18 104.2 (137.3) 77.9 (23.6–135.2) 0.023

IL-17 90 21.1 (6.1) 20.9 (16.5–23.4) 18 38.3 (28.3) 26.8 (20.1–41.8) 0.01

GM-CSF 90 31 (69) 21.1 (20.1–21.6) 18 29.4 (20.2) 21.7 (20.2–27.3) 0.303

anti-inflammatory markers Lactoferrin 47 8.5 (11.3) 5.2 (1.8–12.6) 10 15.5 (17.2) 11.6 (2.1–20.2) 0.045

IL-10 90 14.5 (8.7) 13.9 (13.9–14.1) 18 32 (61,1) 14.72 (10.1–19.1) 0.069

EPO 30 31.1 (20) 30.5 (16.2–39.2) 8 41.9 (53.2) 24.8 (15.9–41.1) 0.606

IL-1RA 90 1,012.2 (2,923.1) 559 (366–890) 18 4,198.4 (5,564.6) 1,455 (415–6,033) <0.001

inflammatory markers B2M 91 8.4 (1.7) 8.2 (7.4–9.5) 19 20 (13.1) 13.6 (8.1–26.8) <0.001

PS100A9 43 7,536.7 (9,021.7) 4,102 (2,235–9,930) 11 19,697.2 (14,067.3) 23,408 (6,654–26,463) 0.021

TNF-α 90 67.6 (582.7) 5.0 (5.0–5.0) 18 631.3 (1,357.8) 21.4 (5.0–231) <0.001

IL-6 90 49 (257.7) 9.9 (8.1–15.1) 18 897.7 (2.000.4) 70.4 (8.3–392) 0.413

IL-8 90 825.9 (1,063.3) 443 (182–1,099) 18 2,962.5 (2,285.8) 4,274 (396–5,080) <0.001

IL-1β 90 23.7 (15.2) 21.4 (16.5–28.1) 18 114.7 (261.6) 28.7 (18.9–94.3) <0.001

RANTES 90 78.4 (77.6) 52.6 (39.2–89.2) 18 395.3 (623.7) 197 (52–390) <0.001

EOTAXIN 90 8.4 (5.8) 6.9 (5.4–9.5) 18 23.7 (45.5) 8.6 (5.4–14.5) 0.065
aP value of SCM effect in the mixed model.
EPO, erythropoietin; GM-CSF, granulocyte-macrophage colony-stimulating factor; SCM, subclinical mastitis.
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inflammatory process in the mammary gland consisting of 
higher levels of most of the inflammatory markers (e.g., β2 
microglobulin, protein S100A9, IL-6, IL-8, and TNF-α when 
compared to normal breast milk samples. A clear inflamma-
tory process was also observed in at least two samples with a 
Na+/K+ ratio below 1. Thus, additional parameters such as 
IP-10, IL-8, or protein S100A9 may be used in combination 
with the Na+/K+ ratio to better define SCM. Samples were col-
lected from 1 to 16 mo after delivery. While cytokine expres-
sion decreases during the first month of lactation in transitional 
breast milk, immune components appear relatively stable in 
mature breast milk (23).

To our knowledge, this is the first study to show the clear 
association of protein S100A9 with the immune responses 

found in human SCM. Protein S100, secreted by mammary 
epithelial cells and lymphocytes, are found at high concentra-
tions in mature breast milk (24). In a previous study based on 
a quantitative proteomic approach, we observed an associa-
tion between protein S100A9 in breast milk and HIV mother-
to-child transmission before 4 mo of age (25). These acidic 
calcium-binding proteins are involved in brain development 
of the infant and inflammation. Studies in animal models of 
mastitis suggest that proteins of the S100 family may also have 
antibacterial activity (26).

High levels of IL-8 in breast milk have been previously 
described in SCM (9,12,27). IL-8 is a chemokine produced by 
macrophages and epithelial cells, both of which are an impor-
tant fraction of the breast milk cellular composition (11). IL-8 

Figure 1. Comparison of intraindividual cytokine concentration in unilateral SCM in mothers with unilateral SCM (Na+/K+ ≥ 1.0). Each subject is repre-
sented by a symbol. Each pair represents samples collected at the same time from the two mammary glands of one mother.
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is a major mediator of the inflammatory response playing a key 
role in the innate response. Side by side comparison of cyto-
kines levels indicated that SCM is a local event. Breast milk 
IP-10 and MIG are secreted in response to IFN-γ. IP-10 is pro-
duced by a variety of cells, including monocytes, fibroblasts, 
and endothelial cells, and MIG mainly by lymphocytes. Both 
chemokines target the CXCR-3 receptor and contribute to the 
recruitment and activation of T lymphocytes, natural killer 
cells, and monocytes. As illustrated by the increased levels of 

Th1 cytokines, a cytotoxic T lymphocyte response is promoted 
during the course of SCM.

In contrast to high levels of Th1-related cytokines, and except 
for IL-4, SCM was not associated with significantly higher 
concentrations of Th2 cytokines (IL-5, IL-10, IL-13) as com-
pared to controls. Hence, the cytokine profile in breast milk 
appeared to be dominated by the Th1 response during SCM. 
Of breast milk anti-inflammatory mediators, SCM was associ-
ated with a higher level of IL1-RA but with no significant rise 
of IL-10, EPO or lactoferrin. The high concentrations of Th1 
and proinflammatory-related cytokines may be only partially 
compensated for by changes in Th2 and anti-inflammatory 
cytokine levels. Relative changes in concentrations of Th1- vs. 
Th2-related cytokines and pro- vs. anti-inflammatory factors 
in breast milk can be viewed as disequilibrium in breast milk 
immunological components during SCM. In addition, inflam-
mation in breast milk interplays with breast milk fatty acid 
profile. Hence, we recently observed that IL15, IP10, and β2 
microglobulin, correlate positively for cis-vaccenic acid, and 
negatively for eicosatrienoic acid in breast milk collected from 
HIV-infected mothers (28).

Regarding the pivotal role of breast milk in the maturation 
of gut and mucosal-associated lymphoid tissue in the new-
born, these findings raise the question of the impact of SCM 
on the infant. Physiologically, it is thought that breast milk 
provides protective anti-inflammatory factors containing the 
propensity of the immature human small intestine to respond 
to commensal colonizing bacteria by an excessive inflamma-
tory response (29). In preterm infants, breast milk limits the 
incidence of necrotizing enterocolitis (30). This disease of 
the immature bowel is probably induced by an inflammatory 
response. During necrotizing enterocolitis, a defect in NF-κB 
regulation with an excessive production of inflammatory cyto-
kines in responses to the commensal flora is observed (7). In 
an animal model, colostral whey reduced the IL-8 inflamma-
tory response of fetal human xenografts after an inflammatory 

Figure 2. Comparison of cytokine balances between controls versus SCM milk samples. A value of 1 arbitrary unit was given to the median cytokine 
concentration observed in control samples (n = 90), and the relative value for SCM samples are displayed proportionately (n = 18). (a) Proinflammatory vs. 
anti-inflammatory balance in breast milk. Variation of red to orange is used for proinflammatory-related cytokines: IL-12p40/70, IL-17, IL-6, IFN-γ, and hues 
of green are used for anti-inflammatory related factors: IL-1RA, erythropoietin (EPO), IL-10, lactoferrin (LACTO). (b) Th1- vs. Th2-related cytokine balance 
in breast milk. Variation of red to orange is used for Th1-related cytokines: IFN-γ, IFN-α, IL-15, IL-12p40/70, IL-2, and hues of blue are used for Th2-related 
cytokines: IL-10, IL-13, IL-5, and IL-4.
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Figure 3. Determination of surrogate biomarkers to Na+/K+ ratio for the 
diagnosis of SCM in mature breast milk. INF-γ, IP-10, PS100A9, and IL-8 
secretion levels were quantified in whey from samples with Na+/K+ ratio 
≤ 1 (controls) or Na/K ratio > 1 (SCM). Receiver operating characteristic 
curves display sensitivity versus specificity for each biomarker in identify-
ing SCM. Green: IFN-γ, areas under the curve (AUC): 0.85; black: IP-10, AUC: 
0.86, red: PS100A9, AUC: 0.77; blue: IL-8, AUC: 0.76 .
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stimulus with IL-1β and the luminal expression of TLR-4, 
which is an important cell receptor of the innate inflamma-
tory response (31). In vitro EPO and IL-10 used at concentra-
tions found in breast milk are able to negatively control the 
IL-8 secretion by a fetal human enterocyte cell line. EPO also 
reduces the susceptibility to IFN-γ-induced experimental neo-
natal necrotizing lesions (7). Lactoferrin reduces the produc-
tion of inflammatory cytokines by monocytes by inhibiting 
activation through NF-κB (29).

Milk stasis is classically considered as the primary cause of 
mastitis and may progress to infection (8,9). It has been pro-
posed to classify mastitis as mastitis-milk stasis, -infectious, 
and -noninfectious. This classification is originally based on 
the work performed by Thomsen and colleagues who analyzed 
leukocyte count and bacteria in milk from breasts with clinical 
signs of mastitis in the 1980’s (32). Recent studies have shown 
that subclinical mastitis is much more frequent than clinical 
mastitis. Inflammation in human milk may be influenced by a 
large number of causes. Allergy (33) and infection (34) of the 
mother impact on breast milk inflammation markers. Maternal 
country of origin (35) and stress may also influence breast 
milk contents. Studies by Hassiotou et al. (36) and Riskin et al. 
(37) have reported a raise in leukocyte count, antibodies and 
inflammation markers in mothers’ breast milk during active 
infection in nursing infants, supporting a very dynamic nature 
of the immune defense provided by breastfeeding in mother–
infant dyads.

To investigate bacterial exposure as the main cause of SCM, 
we explored the relationship between the Na/K ratio and anti-
microbial factors secreted in response to bacterial antigen expo-
sure. During SCM, we observed high levels of mediators related 
to the innate response to bacteria and LPS including MIP-
1α, MIP-1β, MCP-1, LBP, sCD14, antileukoproteinase 1  and 
α-defensins. The rise of MIG and IP-10 that have defensin-like 
functions against bacteria (38) suggest that bacterial exposure 
is involved in SCM. MIP-1α and MIP-1β are also secreted by 
macrophages after stimulation by bacterial toxins (39).

sCD14 is a pattern recognition receptor playing a pivotal 
role in the recognition of cell activation induced by microbial 
cell wall components of bacteria. sCD14 is present in high 
concentrations in human milk, where it is a key mediator of 
innate responses (40). sCD14 is believed to regulate microbial 

growth in the neonatal gut and is expressed mainly by mac-
rophages and to a lesser extent by neutrophil granulocytes. 
sCD14 in human milk is a coreceptor for TLR 4, which detects 
Gram-negative bacteria through LPS fixation and confers LPS-
responsiveness to cells that do not express CD14 (41).

To our knowledge, this is the first report measuring LBP 
during human SCM. Our findings suggest that LBP is dramati-
cally increased during SCM, and is therefore associated with 
the innate response mediated by sCD14 in breast milk during 
SCM. LBP facilitates delivery of endotoxin aggregates to sCD14 
to form monomeric endotoxin–sCD14 complexes and subse-
quent interactions of endotoxin–sCD14 with TLR4. However, 
LBP is present at low concentrations in normal human breast 
milk (40), leading to a more controlled immune response 
against bacteria. Indeed, sCD14 can mediate CD14-negative 
cell activation by LPS in the absence of LBP, albeit with slower 
kinetics (42). However, we observed a median level of LBP that 
was fivefold higher during SCM by comparison with normal 
milk, whereas sCD14 was twofold higher in the SCM group.

Besides LBP, and by comparison with normal breast milk, 
SCM is also associated with higher levels of MIP-1α, antileu-
koproteinase 1, and α-defensins that are compounds with well-
known antibacterial activity. Antileukoproteinase 1, previously 
named secretory leukocyte protease inhibitor (SLPI), is an 
enzyme found in various mucosal secretions that protects epi-
thelial tissues from serine proteases and has a broad-spectrum 
antibiotic activity (43). Antileukoproteinase 1 is secreted dur-
ing experimental mastitis in animals (44). Given the increase 
of mediators in response to LPS exposure, and the changes in 
absolute and relative concentrations of immunological factors, 
breast milk immunological functions appears dramatically 
modified during SCM.

SCM may be viewed as an initial stage of inflammation that 
carries a risk of subsequent progression to clinical disease. The 
rarity of symptomatic mastitis as compared to the prevalence 
of SCM which are quite common underlines the ability of the 
immune response to limit local infection and preserve breast-
feeding. Most of the time, SCM does not compromise breast-
feeding, whereas clinical mastitis is always associated with 
pain, local inflammation, and fever, and without appropriate 
support, it may result in cessation of breastfeeding. The exact 
consequence of SCM on infant development remains to be 

table 2. Relationship between SCM and immunological factors secreted in response to bacterial exposure

subclinical mastitisa (na+/k+ ≥ 1.0) non-scMa (na+/k+ < 1.0) P value

scd14 (ng/ml) 21,821 (8,814–45,652) (n = 11) 10,456 (5,623–18,212) (n = 46) P = 0.056

MiP-1α (pg/ml) 95.3 (26.2–2,308.2) (n = 18) 20.8 (15.7–26.2) (n = 90) P < 0.001

MiP-1β (pg/ml) 150.5 (23.3–1,356.5) (n = 18) 26.8 (21.9–42.1) (n = 90) P = 0.001

McP-1 (pg/ml) 2,203.2 (270.3–5,506.8) (n = 18) 490.5 (239.5–1,342.3) (n = 90) P = 0.086

lPs binding protein (ng/ml) 363.8 (84.8–459.6) (n = 9) 65.3 (50.3–143.2) (n = 43) P = 0.009

α-defensins (pg/ml) 11,704 (2,186–14,487)(n = 10) 78 (78–875) (n = 50) P < 0.001

antileukoproteinase 1 (ng/ml) 86.9 (38.3–454.1) (n = 9) 35.3 (19.3–57.6) (n = 47) P = 0.045
aMedian (IQR).
LPS, lipopolysaccharide; SCM, subclinical mastitis.
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established. A relationship between severe mammary inflam-
mation during SCM and poor weight gain or lower breast milk 
intake has been reported (17,45,46). SCM occurs frequently in 
one breast in human, making possible for the unaffected breast 
to increase the milk output to maintain milk intake. Authors 
have suggested that the raise of sodium and inflammation in 
breast milk may be associated with reluctance to accept milk 
from the affected breast during SCM (17). However, these asso-
ciations may also reflect inadequate milk removal rather than 
a consequence of SCM on infant development (15). Troubles 
with suckling or painful breasts after delivery are frequent. 
Breastfeeding counseling (47) and antibiotic treatment (48) 
can be proposed as effective methods to reduce the incidence 
of SCM. We thought that SCM diagnosis and monitoring of 
biomarkers related to SCM may be important for breastfeed-
ing support and evaluation of the impact of SCM on difficulties 
related to breastfeeding.

In this study, breast milk environment was characterized 
without longitudinal analysis of breast milk composition. 
Sequential testing of human milk after and before SCM would 
help to better understand the mechanisms involved in SCM 
occurrence. In conclusion, our findings indicate that SCM in 
mature human milk is associated with dramatic changes in 
breast microenvironment and cytokine profiles. Th1- and pro-
inflammatory-related cytokines are preferential increase. High 
concentrations of innate response markers suggest that SCM 
inflammation most likely results from bacterial exposure. 
We propose that SCM comprise changes in the immunologi-
cal functions of the human milk aimed at limiting the risk of 
development of breast milk pathogen growth and clinical mas-
titis during breastfeeding. During SCM, cytokine imbalances 
in breast milk may have a notable impact on mucosal immune 
system and gut microbiota of the infant early in life. The con-
sequences of this change on the immunological gut maturation 
and microbiota of the infants should be further explored.
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