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Abstract

Several cytokines have been detected in human milk but their relative concentrations differ among
women and vary over time in the same person. The drivers of such differences have been only
partially identified, while the effect of luminal cytokines in the fine-regulation of the intestinal
immune system is increasingly appreciated. The aim of this study was to investigate the
associations between obstetrical complications and human milk cytokine profiles in a cohort of
Peruvian women giving birth to Low Birth Weight (LBW) infants.

Colostrum and mature human milk samples were collected from 301 Peruvian women bearing
LBW infants. The concentration of twenty-three cytokines was measured using the Luminex
platform.

Ninety-nine percent of women had at least one identified obstetrical complication leading to intra-
uterine growth restriction and/or preterm birth. Median weight at birth was 1,420 grams; median
gestational age 31 weeks.

A core of 12 cytokines, mainly involved in innate immunity and epithelial cell integrity, was
detectable in most samples. Maternal age, maternal infection, hypertensive disorders, preterm
labor, and premature rupture of membranes were associated with specific cytokine profiles both in
colostrum and mature human milk. Mothers of Very LBW (VLBW) neonates had significantly
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higher concentrations of chemokines and growth factor cytokines both in their colostrum and
mature milk compared with mothers of larger neonates. Thus, maternal conditions affecting
pregnancy duration and in utero growth are also associated with specific human milk cytokine

signatures.
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1. Introduction

2 Methods

Human milk is regarded as the premier source of nutrition for infants until at least 6 months
of age (AAP, 2012; WHO, 2003). It contains the nutrients necessary to promote adequate
growth and bioactive substances essential for maturation of the neonatal immune system and
intestinal function (Agarwal et al., 2011). Animal and in vitro studies suggest that cytokines
may have an important role in the proliferation and migration of intestinal epithelial cells
and in modulation of the mucosal immune system (Nguyen et al., 2014; Parigi et al., 2015;
Rautava et al., 2012). Their effect could be especially important in low birth weight (LBW)
infants (birth weight equal to or below 2500 grams), a population at increased risk of
mortality and complications like sepsis or necrotizing enterocolitis (Neu and Walker, 2011;
Stoll et al., 2002). Among small infants, the intake of human milk is directly associated with
decreased mortality and morbidity but the underlying mechanisms are unclear (Corpeleijn et
al., 2012; Meinzen-Derr et al., 2009; Sisk et al., 2007).

This study is an exploratory analysis conducted on samples and data from a large
randomized controlled trial evaluating supplemental lactoferrin for the prevention of late
onset sepsis in neonates. The aim of this analysis was to characterize the cytokine profile of
human milk in a cohort of mothers of LBW neonates from poor neighborhoods of Lima,
Peru. These women are exposed to a high burden of infectious diseases throughout their
lives and have a low intake of animal foods and high quality proteins, with potentially
significant effects on their immune systems. As many obstetrical complications leading to
intrauterine growth restriction and/or preterm birth may be associated with perturbations of
the maternal immune system, we hypothesized that specific pregnancy disorders would be
associated with distinctive human milk cytokine profiles and affect the newborn’s growth
even after birth.

2.1 Study participants

Participants were recruited at Hospital Nacional Cayetano Heredia, Hospital Nacional
Almenara, and Hospital Nacional Sabogal in Lima, Peru. Infants were eligible if they
weighed between 500 and 2,000 grams and were admitted to the Neonatal Intensive Care
Unit within the first 72 hours of life. Exclusion criteria included severe underlying problems
preventing oral feeding, family history of cow milk allergy or chronic conditions potentially
affecting growth (for example chromosomal abnormalities, anatomic abnormalities).
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A study nurse gathered the demographic and clinical data from each mother and infant at the
time of enrollment and at subsequent visits. As the primary study did not show a significant
effect of lactoferrin on neonatal sepsis (Newburg et al., 2010) data from both arms were
pooled.

This study was approved by the Institutional Review Boards (IRBs) at the Universidad
Peruana Cayetano Heredia and the University of Texas Health Science Center at Houston.
Written informed consent was obtained from all mothers.

2.2 Human milk sample collection and processing

While in the hospital, the mothers manually expressed 2—-3 milliliters of human milk into a
sterile container that was transported on ice to the laboratory. The samples were centrifuged
at 13,000 rpm for 15 minutes, the fat layer was discarded and the aqueous component was
stored at —=70°C. Colostrum was defined as human milk samples collected on days zero to
seven (median day 4, IQR 3-5) after birth and mature milk as human milk samples collected
on days 25-37 (median day 29, IQR 27-32).

2.3 Cytokine measurement

A panel of 20 cytokines was analyzed using the BioPlex Pro human cytokine 20-plex
immunoassay, and TGF-B1, TGF-B2, and TGF-B3 levels using BioPlex Pro TGF-f assay
kits (Bio-Rad, Hercules, CA) based on Luminex XMAP technology according to the
manufacturer’s protocols. For the 20-plex, the milk samples were diluted 4-fold with sample
diluent containing 0.5% BSA prior to use. For the TGF-p assay, the milk samples were
activated by adding 1 volume of 1N HCI to 5 volumes of sample and incubated at room
temperature for 10 minutes. The samples were neutralized by adding the same volume of
base (1.2N NaOH/0.5M HEPES buffer) and diluted 4-fold with sample diluent containing
0.5% BSA. All samples were analyzed in duplicates. Co-variance within and between assays
was less than 10%.

2.4 Statistical analysis

3 Results

Values less than the lower limit of detection were set as one-half of the lowest measurable
concentration. Values higher than the upper limit of detection were set as twice the highest
measureable concentration. Summary measures were reported as percentages or medians.
Mann-Whitney U'tests were used for analysis of continuous variables. Wilcoxon signed rank
test was used for comparing cytokine levels in colostrum to mature milk. Spearman rank
correlation was used to measure the association between cytokine levels and maternal age.
As this was an exploratory, hypothesis-generating secondary analysis, sample sizes were not
calculated and adjustment for multiple correlations was not made. Analyses were performed
using STATA v12 (College Station, TX) and GraphPad Prism v6 (La Jolla, CA).

3.1 Clinical and demographic information

Demographic and clinical data were available on 300 of the 301 mothers with milk samples
available for cytokine analysis (Table 1). The median maternal age was 30 years (IQR 24,
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34). The median monthly household income was 1,000 Peruvian Soles (approximately US
$300), with a median of 4 people (IQR 3, 6) per household. Median gestational age, assessed
either by obstetrical ultrasounds, Ballard clinical score or reliable date of last menstrual
period was 31 weeks (IQR 29, 33). Only 4/300 (1.3%) mothers delivered at term.

Of the 300 mothers, 298 (99%) experienced obstetrical complications (Table 1). Women
with peripartum infections were slightly younger than women without infections (median
age 29 years versus 30, P=0.04). There were no other associations between maternal age and
obstetrical complications.

3.2 Human milk cytokine levels

We analyzed 440 samples of human milk, including 223 colostrum samples and 217 mature
milk samples. Of note, when colostrum samples were collected, 74/223 babies had received
some formula, and when mature milk were collected, 76/217 babies had received some
formula. The percentage of samples with detectable levels varied for each cytokine (Figure
1). Remarkably, cytokines produced by innate immune cells and chemokines were
consistently expressed at detectable levels in colostrum and mature milk. The range of
concentrations observed for each cytokine is reported in Table 2.

Next, we compared the cytokine concentration between colostrum and mature milk in 139
sample pairs. Overall, 13 of 23 cytokines, predominantly cytokines produced by innate
immune cells and chemokines, had significantly higher concentration in colostrum than in
mature samples (Table 3).

3.3 Human milk cytokines and maternal factors

We aimed to determine whether clinical conditions or other maternal characteristics were
associated with human milk composition. First, we evaluated the impact of age. Older
maternal age at delivery was correlated with higher levels of IL-6 (p=0.3, P=0.03) in
colostrum and RANTES in mature milk (p=0.2, P=0.009).

3.3.1 Peripartum infections—Colostrum of mothers with peripartum infections had
significantly lower levels of three pro-inflammatory cytokines compared with women
without infections: 1L-8, a chemotactic factor for neutrophils; MIP-1p, a chemotactic factor
for innate immune system; and IFN-vy, the canonical Thl cytokine. The anti-inflammatory
cytokine IL-1ra, which inhibits IL-1 signaling by acting as a decoy ligand for the I1L-1
receptor, was also decreased (Figure 2). These differences were no longer detected in mature
milk, although mature milk from women with peripartum infections had slightly higher
levels of I1L-12, TGF-B3 (Figure 2, Supplementary Table 1) and IL-1p (Supplementary
Table 1). In sum, colostrum from women with peripartum infections had lower pro-
inflammatory cytokine levels and mature milk had a small increase in pro-inflammatory
mediators.

3.3.2 Hypertensive disorders—Mothers with any hypertensive disorder, including
gestational hypertension, preeclampsia, eclampsia or HELLP syndrome, had higher levels of
several cytokines in both colostrum and mature milk compared with women without
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hypertensive disorders, including pro-inflammatory innate system cytokines IL-6 and TNF,
chemokines IL-8, MCP-1, and MIP-1p, adaptive immune system cytokines IFN-y, and IL-4
and TGF-B3, involved in intestinal cell turnover (Figure 3, Supplementary Table 2).
Colostrum, but not mature milk, from mothers with hypertensive disorders had higher
concentrations of IL-1p (1.78 pg/mL versus 1.18 pg/mL, P=0.006) and IL-1ra (79.58 pg/mL
versus 0.15 pg/mL, P=0.008) (Supplementary Table 2). Thus, women with hypertensive
disorders secrete more pro-inflammatory cytokines.

3.3.3 Preterm labor—Mothers who experienced spontaneous preterm labor had lower
IL-8 (501.98 pg/mL versus 1005.17 pg/mL, P=0.01) and IL-1ra (0.15 pg/mL versus 38.4
pg/mL, P=0.05) levels in their colostrum compared with women with term or induced labor,
but slightly higher levels of IL-13 (0.46 pg/mL versus 0.38 pg/mL, P=0.001), a cytokine
with anti-inflammatory activity. Mature milk from mothers with spontaneous preterm labor
also had lower 1L-8 (46 pg/mL versus 74 pg/mL, P=0.03), IL-6 (10.35 pg/mL versus 17.32
pg/mL, P=0.03), MIP-1B (86 pg/mL versus 123 pg/mL, P=0.03) and IL-7 (202 pg/mL
versus 336 pg/mL, P=0.003) levels, a cytokine produced by epithelial and stromal cells that
can induce B, T and NK cell proliferation (Supplementary Table 3). Thus, women with
spontaneous preterm labor tended to secrete less pro-inflammatory cytokines, chemokines
and hematopoietic factors in their human milk for several weeks after delivery.

3.3.4 Mode of delivery, twin pregnancy and antenatal steroids—Delivery by C-
section was not associated with alterations in colostrum cytokine composition, but mature
milk IP-10 levels were significantly higher among mothers who delivered by C-section
compared to vaginal delivery (52,959 pg/mL versus 30,382 pg/mL, P=0.03). Women with
twin pregnancies only had lower RANTES concentration in colostrum samples (median 24.9
pg/mL versus 73.5 pg/mL, P=0.03), but no differences in mature milk. Notably, use of
antenatal steroids was not associated with changes in colostrum or mature milk cytokine
profiles. Thus, these factors had relatively little impact on human milk cytokine profiles.

3.4 Colostrum cytokine profile in mothers of VLBW and LBW infants

We compared human milk samples of mothers with Very LBW infants (VLBW; birth weight
below 1500g) to samples of women with LBW babies. The median gestational age was 29
weeks (IQR 27, 31) in the VLBW group and 33 weeks (IQR 32, 34) in the LBW group.
Prevalence of complications, type of delivery, use of antenatal steroids and maternal age
were not different between the groups (data not shown).

Mothers of VLBW infants had higher levels of cytokines during both stages of lactation
compared to LBW infants. Their colostrum was enriched in innate immune system cytokines
IP-10, IL-10 and G-CSF, and 1L-17, which facilitates mucosal defense against invasive
pathogens (Figure 4, Supplementary Table 4). Their mature milk still had higher levels of
IP-10, IL-10, G-CSF and IL-17, and was also enriched in chemokines MIP-1p and IL-8, the
immunomodulating factor TGF-p2 and pro-inflammatory IL-6 (Figure 4, Supplementary
Table 4). The adaptive immune system cytokines IL-2, IL-4 and IFN-y were only detectable
at low levels and showed a tendency toward higher concentrations in the mature milk of
mothers of VLBW infants compared to mothers of LBW babies; TGF-g1, TGF-p2 and
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TGF-B3 and chemotactic factor MCP-1 also tended to be higher in mature milk from
mothers of VLBW infants. Thus, the milk of mothers of VLBW infants tends to contain
higher concentrations of several cytokines and chemokines compared to LBW neonates.

4 Discussion

Despite the changes in human milk throughout lactation, the function of its immunological
constituents, drivers of inter-individual differences and the implications for the neonate
remain unclear. In this population of women living in a resource-limited setting who
delivered LBW babies, we found that: 1) A core of 12 cytokines (TGF-p1-3, IL-1p, IL-6,
IL-7 and TNF) and chemokines (MCP-1, MIP-1B, IP-10, IL-8, RANTES) was present in
virtually all colostrum and mature human milk samples; 2) Colostrum had higher
concentrations of most cytokines and chemokines compared to mature human milk; 3)
Infection, hypertensive disorders and preterm labor were associated with shifts in colostrum
and mature milk immune profiles; 4) Mothers who delivered VLBW neonates had higher
concentrations of many cytokines and chemokines in their human milk compared with
mothers of larger neonates. Together, our results indicate that maternal and gestational
factors can influence both colostrum and mature milk cytokine profiles.

Consistent with other studies, we found that many cytokines are present in detectable levels
in human milk and in higher concentrations in colostrum (Agarwal et al., 2011; Castellote et
al., 2011; Chollet-Hinton et al., 2014; Hawkes et al., 2000; Trend et al., 2016). Chemokines
associated with innate immunity (MCP-1, MIP-1p, IP-10, IL-8, RANTES) and cytokines
that impact epithelial cell function (TGF-s) or induce lymphocyte maturation (IL-6 and
IL-7) were almost universally detectable. The concentrations we observed were comparable
to reports from industrialized countries, except for higher 1P-10 and MCP-1 levels and lower
IL-5 and IL-13 levels. We also saw increased, rather than decreased, IP-10, RANTES and
IL-7 in both colostrum and mature samples (Agarwal et al., 2011; Marcuzzi et al., 2013).
Differing results could be attributed to methodology, including timing of sample collection,
sample preservation and assays used, but also to biological dissimilarities depending on
genetic, environmental or medical factors.

Few studies have examined the effect of maternal conditions other than allergy on human
milk cytokine composition. We found that women with peripartum infections had lower
colostrum levels of pro-inflammatory cytokines compared to women without infections, yet
many acute infections are characterized by increased circulating levels of these mediators.
Thus, alterations in human milk cytokine levels may reflect differential trafficking of
immune cells into the mammary gland rather than mirror systemic concentrations. In
contrast, women with pregnancy-related hypertension disorders showed a marked increase in
cytokines involved in innate and Th1 activation. Indeed, women experiencing pre-eclampsia
have higher circulating Thl cytokine levels (Azizieh et al., 2005). Infections and
hypertensive disorders induced a shift in opposite direction of some cytokines, suggesting
the etiology of maternal inflammation can have differential effects on human milk
composition.
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We also observed that colostrum from mothers with VLBW neonates was richer in
immunostimulatory proteins, such as IP-10, which recruits monocytes, macrophages,
dendritic cells, T lymphocytes and NK cells; G-CSF, which stimulates granulocyte
production; and IL-17, which induces secretion of antimicrobial peptides from epithelial
cells and facilitates neutrophil recruitment (Levy, 2007). The difference was even more
impressive in mature milk samples. These data expand the finding of earlier studies
reporting elevated levels of IL-6, IL-8, TGF-B2, human defensins, and soluble CD14 in
colostrum of women who delivered preterm babies (Castellote et al., 2011; Trend et al.,
2015) and suggest that events that alter the course of pregnancy may influence human milk
composition for several weeks after birth, with possible effects on the mucosal
immunomodulation and clinical outcomes of the neonates.

Newborns have immature immune systems, with functionally impaired neutrophils, reduced
antigen-presenting activity, attenuated responses to pattern-recognition receptor stimulation,
and a skewing toward Th2/anti-inflammatory responses (Currie et al., 2011; Hartel et al.,
2008; Levy, 2007; Strunk et al., 2007; Tatad et al., 2008). This skewing (Adkins, 2013;
Dowling and Levy, 2014; Elahi et al., 2013) favors the establishment of the microbe-host
homeostasis during early colonization of skin and mucosal surfaces (Lotz et al., 2006). The
Th2 cytokines such as IL-4 and 1L-13, detected in most of our samples and in higher
concentration in colostrum, are anti-inflammatory, down-regulate Toll-like receptor
activation in human intestinal epithelial cells (Mueller et al., 2006), and would maintain
tolerance during initial bacterial colonization. Similarly, TGF-B1 and TGF-2 would induce
T regulatory cells in mesenteric lymph nodes (Renz et al., 2012) and reduce mucosal levels
of inflammatory cytokines (Nguyen et al., 2014; Rautava et al., 2012).

The anti-inflammatory properties of human milk may explain why breastfed infants are
protected against necrotizing enterocolitis (NEC), a disease apparently triggered by failure to
downregulate the inflammatory response to colonizing intestinal bacteria (LeBouder et al.,
2006; Levy, 2007). Human milk cytokines like TGF-p2 modulate LPS-induced secretion of
pro-inflammatory cytokines (Nguyen et al., 2014) and proliferation and differentiation of
lymphocytes, phagocytes, and dendritic cells (Agarwal et al., 2011; Chatterton et al., 2013).
In fact, TGF-p family cytokines were detectable in all samples we tested, and at increased
concentrations in the mature milk of women delivering VLBW infants, the population with
the highest risk of NEC, suggesting highly conserved function and supporting the
importance of human milk consumption for premature infants.

Human milk is also protective against neonatal sepsis (Corpeleijn et al., 2012), likely
mediated by antimicrobial components and modulation of the neonatal immune system
(Parigi et al., 2015). IP-10 and chemokines such as IL-8, MCP-1, MIP-1p and IL-17 from
the mother’s colostrum may activate the innate immune system against invading pathogens
and strengthen the intestinal barrier. In fact, in vitro experiments suggest that, at the levels
found in human milk, IL-8 facilitates the maturation of intestinal epithelial cells
(Maheshwari et al., 2002; Nguyen et al., 2014). Within the intestinal mucosa, the
differentiation of naive CD4 cells into Th17 cells, which help defend against extracellular
pathogens, is modulated by TGFs concentrations (Chatterton et al., 2013; Galvez, 2014).
Thus, human milk may be selectively anti-inflammatory and antimicrobial. Fluctuations of

J Reprod Immunol. Author manuscript; available in PMC 2018 April 06.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Zambruni et al.

Page 8

cytokine levels, like those observed in our study, may compromise the epithelial mucosal
barrier integrity and the capacity of mucosal immune cells to contain bacterial translocation,
thus increasing the risk of sepsis.

Our study has some limitations, as this was a secondary analysis conducted on already
collected samples and data. First, there is no control group and therefore no data on human
milk cytokines from healthy Peruvian mothers delivering term babies for comparison.
Second, human milk cells were not available to profile and clarify the etiology of differences
in the relative abundance of cytokines. Third, maternal and neonatal blood samples are not
available for analysis, limiting our ability to assess the degree to which human milk reflects
the maternal immune system and influences the neonatal immune system. However, this is
among the most comprehensive datasets on human milk cytokines reported, in terms of
number of women enrolled, availability of samples across different stages of lactation, and
number of cytokines examined.

5 Conclusion

Complications of pregnancy influence the concentration of cytokines and chemokines in
human milk, potentially affecting the initial priming of the neonatal immune system. In
depth understanding of the interplay between human milk immune components and the
intestinal mucosa system could open the way for innovative approaches to neonatal health.

Supplementary Material
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Highlights
. 1) A core of 12 cytokines is detected in human milk across different lactation
stages
. 2) Specific pregnancy complications are associated with distinct breast milk
cytokine signatures
. 3) Mothers of very small neonates have higher concentrations of many

cytokines in their breast milk
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Figure 1. Percentage of samples with detectable levels of human milk cytokines
The total number of samples tested was 440, including 223 colostrum and 217 mature milk

samples. The frequency of detectability was significantly different between colostrum and
mature milk for 6 cytokines: 1L-12, P<0.001; IL-4, P<0.001; IL-1ra, P<0.001; IFN-vy,
P=0.01; IL-10, P=0.01; IL-2, P=0.02. Statistical significance was calculated using the Chi
square test. * indicates P values <0.05.

J Reprod Immunol. Author manuscript; available in PMC 2018 April 06.



1duosnuepy Joyiny 1duosnuely Joyiny 1duosnuey Joyiny

1duosnue Joyiny

Zambruni et al.

Page 13

10000 - 100000 o 10000 o
°
= aa 1000
1000 - L ar
£ Kaiad H A E | o0
2 10 44,8 > S 00°
= s 2 400f 9009
< = °
LR © &
o S T
£ wwoo - 2 i
E A asssssta 1| Qo000
aa
° ada o 3
Cokl Col-U Mat! Mat-U Cokl Col-U Mat! Mat-U Cokl Col-U Matd Mat-U
1000, - ” 1000 ” 10000, ”
o 100¢ o a
- 20009 o~ =5 LY
o 0 I 100 o a E il Kl e
£ E o ® a B YN
] - y s
& 1 5 ¢ & b= sy
S o o~ 1 o = - 2 Ny
g R B A p & o e A
= 1 = 01 o ° E oy i
" 4 oo ° a aa
N oy omde o
0.001 0.
Cokl CokU Mat-| Mat-U Call ColU Mat.| Mat-U Call ColU Matd Mat-U

Figure 2. Comparison of colostrum and mature human milk cytokine levels between women with
and without peripartum infections

Women with documented peripartum infections or fever (n=97) were compared to women
without infections (n=203). A set of 4 cytokines were decreased in colostrum of women with
infections: (a) MIP-1B, (b) IL-8, (c) IL-1ra, (d) IFN-y. Two cytokines (e) IL-12 and (f)
TGF-B3, conversely, were slightly higher in mature milk samples. Col-I, colostrum samples
from women with infections; Col-U, colostrum samples from women without infections;
Mat-1, mature milk samples from women with infections; Mat-U, mature milk samples from
women without infections. *P<0.05; **P<0.01. Statistical significance was calculated using
the Mann-Whitney U'test.

J Reprod Immunol. Author manuscript; available in PMC 2018 April 06.



1duosnuepy Joyiny 1duosnuely Joyiny 1duosnuey Joyiny

1duosnue Joyiny

Zambruni et al.

Page 14

b

2
°
2 03 A aa
| % : =
Y
s rgd
o

a_a
P

%

.
—_ s
% .i % :
O ©0000® LaLn
®e £ Bl
2
o

o eo000 Azas:

IL-6 (pg/mL)
IL-8 (pg/mL)
MIP-1B (pgimL)

TNF (pg/mL)

%0
°

0.0 °
s a a,

Col Col biat Vit Cal : Wat Wt T ca Cal Wat Wat Col Col o 4
HIN - NoHTN  HTN  NoHTN HIN  NoHTN  HTN  NoHTN HTN  NoHTN  HIN  NoHTN HIN  NoHTN  HIN  NoHTN

.
To0an " . " o0
° 2000

Toan -
= adin  Aas _ 858 5 2
gg o I ] §
HECRCER -2 2 °gs EE o g
5 L at o ¥ o 3
g 1 4sn . o o E ] %
e

Mot © T cal Col Hat Wat
No HTN HTN  NoHTN  HTN  NoHTN

Col Cal Wt Wat
HTN  NoHTN  HTN  NoHTN

Figure 3. Comparison of human milk cytokine levels between women with and without
pregnancy-related hypertensive disorders

Women with pregnancy-related hypertensive disorders (n=101) were compared to women
without hypertensive disorders (n=199). Women with hypertensive disorders had higher
levels of (a) IL-6, (b) TNF, (c) IL-8, (d) MIP-1B, () MCP-1, (f) IL-4, (g) IFN-7y, and (h)
TGF-B3 in their colostrum and mature milk. Col-HTN, colostrum from hypertensive
mothers; Col-No HTN, colostrum of mothers with no hypertension; Mat-HTN, mature milk
from hypertensive mothers; Mat-No HTN, mature milk from mothers with no hypertension.
*P<0.05; **P<0.01. Statistical significance was calculated using the Mann-Whitney Utest
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Figure 4. Human milk concentration of selected cytokines among women delivering Very Low
Birth Weight (VLBW) babies versus Low Birth Weight (LBW) babies

Colostrum (Col) and mature (Mat) milk of mothers of VLBW newborns had higher levels of
(a) IP-10, (e) IL-17 and (f) G-CSF, while (b) IL-8, (c) MIP-1p, (d) MCP-1, (g) TGF-B1 and

(h) TGF-p2 were higher only in mature samples; *P<0.05; **P<0.01. Statistical significance
was calculated using the Mann-Whitney U'test.
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Table 1

Clinical and demographic information of the Peruvian mothers and neonates enrolled in the study

Demographics (N=300)
Monthly Household Income (Peruvian Soles), median (IQR) 1000 (800; 1,750)

People living in the household, median (IQR) 4 (3, 6)
Pregnancy-Related Complications

(Pre) eclampsia, n. women (%) 97 (32)
Pregnancy-induced Hypertension, n. women (%) 5 )

HELLP syndrome, n. women (%) 6 2)

Multiple pregnancy, n. women (%) 48 (16)

Peripartum complications

Premature Labor, n. women (%) 134 (45)
Premature rupture of membranes, n. women (%) 93 (31)
Peripartum Maternal Infection, n. women (%) 77 (26)
Urinary Tract Infection, n. women (%0) 49 (16)
Hemorrhage, n. women (%) 36 (12)
Peripartum Fever, n. women (%) 27 9)
Treatment

Antenatal Steroids, n. women (%0) 209 (70)
C-Section, n. women (%) 242 (81)
Newborns

Birth Weight (g), median (IQR) 1,420 (1,140; 1,709)
Very Low Birth Weight infants, n. (%) 173 (58)
Preterm delivery, n (%) 296 (99)
Gestational age at birth (wks), median (IQR) 31 (29-33)
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