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Objetive: To address the prevalence of SARS-CoV-2 and the evolutionary profile of
immune compounds in breastmilk of positive mothers according to time and disease state.

Methods: Forty-five women with term pregnancies with confirmed non-severe SARS-
CoV-2 infection (case group), and 96 SARS-CoV-2 negative women in identical conditions
(control group) were approached, using consecutive sample. Weekly (1st to 5th week
postpartum) reverse transcription polymerase chain reaction (RT-PCR) in nasopharyngeal
swabs (cases) and breastmilk (cases and controls) were obtained. Concentration of
cytokines, chemokines, and growth factors in breastmilk (cases and controls) were
determined at 1st and 5th week post-partum.

Results: Thirty-seven (study group) and 45 (control group) women were enrolled.
Symptomatic infection occurred in 56.8% of women in the study group (48% fever,
48% anosmia, 43% cough). SARS-CoV-2 RNA was not found in breastmilk samples.
Concentrations of cytokines (IFN-g, IL-1ra, IL-4, IL-6, IL-9, IL-13, and TNF-a) chemokines
(eotaxin, IP-10, MIP-1a, and RANTES) and growth factors (FGF, GM-CSF, IL7, and
PDGF-BB) were higher in breastmilk of the study compared with the control group at 1st
week postpartum. Immune compounds concentrations decreased on time, particularly in
the control group milk samples. Time of nasopharyngeal swab to become negative
influenced the immune compound concentration pattern. Severity of disease
(symptomatic or asymptomatic infection) did not affect the immunological profile in
breast milk.

Conclusions: This study confirms no viral RNA and a distinct immunological profile in
breastmilk according to mother’s SARS-CoV-2 status. Additional studies should address
org July 2021 | Volume 12 | Article 7207161
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whether these findings indicate efficient reaction against SARS-CoV-2 infection, which
might be suitable to protect the recipient child.
Keywords: COVID-19, vertical infectious disease transmission, breastfeeding, immunologic factors, immune system
INTRODUCTION

During the first months of COVID-19 pandemic, some concerns
arose about the safety of breastfeeding because of the potential risk
of viral transmission. However, most of the human milk samples
assayed for SARS-CoV-2 RNA Reverse Transcription Polymerase
Chain Reaction (RT-PCR) have yielded negative results (1–5),
whereas no evidence of SARS-CoV-2 transmission through
human milk has been provided yet (6, 7).

With regard to the efficacy of breastmilk to provide protecting
anti-SARS-CoV-2 antibodies (3, 8, 9), most studies carried so far
have addressed their presence. However, information regarding
the impact of COVID-19 on other immune compounds, such as
cytokines, chemokines, and growth factors, is lacking. These
immune factors act in the prevention of infantile infection and
can modulate the immunological development of the infant (10–
15). In fact, their abundance in human milk is often inversely
related to their scarcity in the infant’s gut, characterized by a
deficit of mucosal-related anti-inflammatory mechanisms, a
limited production of secretory IgA, and a poor innate effector
cell function (15).

Activation of inflammatory signaling pathway is a critical
mediator in the pathophysiology of COVID-19 (16–18), and
maternal environmental factors, including viral infections and
previous antigenic exposures, are known to affect immunological
composition of human milk (19–23). Therefore, a deeper insight
on the impact of SARS-CoV-2 infection on the composition of
breastmilk is needed.

This research aims to address questions related on the safety
and the efficacy of breastmilk feeding of neonates born to
mothers with non-severe SARS-CoV-2 infection, through the
systematic assessment of: (a) the prevalence of viral RNA in
breastmilk according to SARS-CoV-2 status, (b) the impact of
SARS-CoV-2 infection on the milk profile of cytokines,
chemokines, and growth factors, and (c) the evolution of their
concentrations during the first five weeks of lactation.
METHODS

This multicenter, prospective case-control study was conducted
in Madrid, between April and July 2020. Since March 2020,
maternity hospitals tested pregnant woman for SARS-CoV-2
infection by routine nasopharyngeal RT-PCR as screening prior
delivery. Given the high incidence of COVID-19 disease at the
start of the study, the Spanish Ministry of Health considered a
patient had confirmed SARS-CoV-2 infection whenever the RT-
PCR was positive, regardless of clinical features. Four level 3
institutions of the health system of the Madrid region (Spain)
(La Paz University Hospital, 12 de Octubre University Hospital,
g 2
Quironsalud Madrid University Hospital and Quironsalud San
José Hospital) participated in this study. The protocol was
approved by the reference Clinical Research Ethics Committee.
Informed consent was obtained from mothers before enrolment.
Every mother-infant’s information was treated anonymously.

Eligibility Criteria
Women with term pregnancies with confirmed SARS-CoV-2
infection at the time of delivery, who were in good clinical
condition and had a decision to breastfeed were considered
eligible for the study (study group). For each positive case, two
consecutive women with term pregnancies, in identical conditions,
who were SARS-CoV-2 negative were approached (control
group). Prospective data recording of participant mothers (age,
underlying pathology, type of delivery, time of positive SARS-
CoV-2 RT-PCR and related clinical features/treatment) and their
infants (gestational age, birth weight, neonatal diagnoses)
were obtained.

Study Procedures
During the first month after delivery, breastmilk (case and
control groups) and nasopharyngeal swabs (case group) were
collected by the participant mothers, who were instructed on
accomplishment and storage of samples. Breastmilk samples
were collected every 72 h from delivery after careful hand,
breast, and nipple hygiene, with the mouth and nose covered
by a mask. Milk was collected either by pump or manual
extraction, and kept in individual sterile container for each
aliquot. After milk extraction, breast pump was cleaned with
soap and water, and disinfected by alcohol or immersion in
boiling water. Case group mothers self-performed weekly
nasopharyngeal smear using swab kits and the corresponding
RT-PCR transport medium. Control group mothers underwent a
serological study prior to hospital discharge. Blood samples were
centrifuged and stored for analysis. Presence of IgG and IgM
antibodies against SARS-CoV-2 was assessed using the IgG+IgM
Combo Detection Kit (SD Biosensor, Korea).

All biological samples were identified by a study code and
date of extraction, immediately frozen at −20°C, periodically
collected at home by a specialized transport system and shipped
on dry ice (−78.5°C) to the Nutrition and Food Science
Department, Complutense University of Madrid where the
samples were analyzed. To eliminate or minimize potential lab
biases, all the samples were submitted to a single freeze–thaw
cycle and were analyzed by the same researchers. After hospital
discharge, follow up of the infants was done by serial phone calls
during the first month of age.

RT-PCR Assays
RNA extraction from the nasopharyngeal and milk samples
(200 ml) was carried out using the KINGFISHER FLEX 96
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extraction robot (ThermoFisher), the MagMax_Core_Flex
extraction program and the MagMAX Viral/Pathogen II
Nucleic Acid Isolation kit (Applied Biosistems, ThermoFisher).
For the detection of SARS-CoV-2, the TaqPath COVID-19 CE-
IVD RT-PCR kit (Applied Biosystems, Thermo Fisher Scientific)
was used in a 384-well format with the QuantStudio 7 Flex
System equipment (Applied Biosystems). All procedures were
performed following the manufacturer’s instructions.

Immunoassays in Breastmilk Samples
Concentration and frequency of detection of 30 soluble immune
factors in the milk samples were determined by magnetic bead-
based multiplex immunoassays using a Bioplex 200 instrument
(Bio-Rad, Hercules, CA, USA) and the pro-human cytokine 27-
plex assay (Bio-Rad). The immune factors included in this study
were interleukin (IL) 1b, IL1ra, IL2, IL4, IL5, IL6, IL7, IL8, IL9,
IL10, IL12(p70), IL13, IL15, and IL17, interferon-gamma
(IFN-g), granulocyte colony stimulating factor (G-CSF),
granulocyte-macrophage colony stimulating factor (GM-CSF),
monocyte chemoattractant protein-1 (MCP-1), macrophage
inflammatory protein 1a and 1b (MIP-1a, MIP-1b), eotaxin,
basic fibroblast growth factor (Basic FGF), tumor necrosis factor-
alpha (TNF-a), inferon g-induced protein (IP-10), platelet-
derived growth factor-BB (PDGF-BB), regulated on activation
normal T-cells expressed and secreted (RANTES), and vascular
endothelial growth factor (VEGF). In addition, levels of
transforming growth factor-beta 2 (TGF-b2), epidermal growth
factor (EGF), and growth-related oncogene-a (Groa) were
measured, respectively, by the human TGF-b2, human EGF,
and human GRO alpha (CXCL1) ELISA kits (RayBiotech,
Norcross, GA, USA).

To avoid interferences, the fatty layer and the somatic cells
were removed from the milk samples. Briefly, sample aliquots
(1 ml) were centrifuged at 11,000g for 15 min at 4°C, the
intermediate aqueous phase was collected and stored at −20°C
until analysis. Every assay was run in duplicate according to the
manufacturer’s instructions using the same reagents’ batches and
equipment; standard curves were performed for each analyte in
every assay. All the concentrations were expressed as nanograms
per liter (ng/L), except IP-10, VEGF, TGFb2, EGF, and Groa,
which were expressed as micrograms per liter (mg/L).

Statistical Analysis
Demographic data with normal distribution were presented as
the mean and standard deviation (SD). Regarding immune
factors, normality of data distribution was examined through
visual inspection of histograms and Shapiro-Wilks tests, both
evidencing a non-normal distribution for all tested parameters
(r < 0.05). Accordingly, nonparametric statistical analyses were
performed, and data were expressed as the median and
interquartile range (IQR). Immune factor concentrations were
logarithmically transformed prior to statistical analysis.
Differences in the relative abundance of the immune
compounds were compared by Wilcoxon rank test and Mann-
Whitney U test. To compare multiple comparisons, Bonferroni-
adjusted post hoc significance levels were performed. Fisher’s
exact probability test was performed to compare the frequency of
Frontiers in Immunology | www.frontiersin.org 3
detection of different immunological compounds. Significance
was declared at r < 0.05 for all analyses. All analyses were
performed with the R software version 4.0.3 (R-project, http://
www.r-project.org). For the purpose of this report, immune
factor concentration on one of the milk samples obtained
during week 1 (day 3 to day 6) and week 5 (beyond day 28)
postpartum were used for comparisons.
RESULTS

During the study period a total of 141 term-pregnant women
who fulfilled eligibility criteria were approached. Of them, 37
study group and 45 control group women were included in the
final analyses. Details on participants’ chart flow and reasons for
exclusion are described in Figure 1.

No differences in maternal age [33.9 (5.4) vs 34.5 (5.1) years,
p=0.612], previous maternal health problems prevalence (19% vs
13%, p= 0.493, only 1 case of obesity in study group), rates of
vaginal delivery (73% vs 89%, p= 0.064), gestational age at birth
[39.1 (1.8) vs 39.1 (1.6) weeks, p= 0.852], or birth weight [3187
(543) vs 3240 (469) grams, p= 0.639] between study and control
group were found.

By hospital protocol, nasopharyngeal PCR was performed at
24 h and at 36 to 48 h from birth on infants of positive SARS-
COV-2 mothers, resulting negative in all cases. None of infants
of mothers in study and control group presented clinical signs of
SARS-COV-2 infection in the first month of life.

Among the study group, 21 (56.8%)womenpresentedmild SARS-
CoV-2 infection related symptoms, consisting of fever (48%), anosmia
(48%), cough (43%), ageusia (14%), odynophagia (10%), myalgia
(10%), diarrhea (10%), or headache (5%). Nineteen (51.3%) received
medication (anticoagulation, antibiotics, hydroxychloroquine, oxygen
therapy) around labor. Serological analyses of control women
were negative.

RT-PCR Assays
Nasopharyngeal RT-PCR tests were serially conducted in 30 of
the 37 SARS-CoV-2–positive women [four samples (1 per week),
n=25; three samples (weeks 1–3), n=5; no samples, n=7].
Nasopharyngeal RT-PCR tests attained negative results at week
2 (n=7, 23.3%), at week 3 (n=9, 30%), and at week 4 (n=9, 30%)
postpartum and remained positive at the last sample that was
tested in 5 (16.6%) participants (3 at week 3, and 2 at week 4).

All human milk samples analyzed were negative for SARS-
CoV-2 RNA as assessed by RT-PCR.

Immunological Assays in Breastmilk
Samples
All of the 30 immunological factors that were searched for in
breastmilk could be detected in, at least, some of the milk samples.
IFN-g, IL-8, IL-12(p70), IL-17, IP-10, MIP-1b, TNF-a, VEGF,
TGFb2, EGF, and GROa displayed the highest frequencies of
detection (100% of the samples), closely followed by eotaxin, G-
CSF, IL-1b, IL-1ra, IL-2, IL-4, IL-6, IL-7, IL-9, and RANTES, which
were detected in >95% of the samples. In contrast, IL-5 and IL-15
were the least frequently detected compounds (≤70% of the samples).
July 2021 | Volume 12 | Article 720716
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No differences were observed between samples collected in week 1
or week 5 postpartum, with the exception of GM-CSF, which
frequency of detection in week 1 (79%) was lower than that in
week 5 (90%) (p=0.047).

Breastmilk Cytokine Pattern
Table 1 displays concentration of cytokines in breastmilk samples.
IFN-g, IL-1ra, IL-4, IL-6, IL-9, IL-13, and TNF-a showed higher
concentrations in study than in the control group at both sampling
times. In addition, IL-1b and IL-2 atweek5postpartumwere higher
in breastmilk samples of the study group.

Evolution of cytokine concentration on breastmilk samples
over time showed no differences in the study group women, with
the exception of IFN-g, IL1ra, IL4, IL9 that significantly
decreased between week 1 and week 5 postpartum. In the
control group women, all the tested cytokines decreased over
time, with the exception of IL10, IL12, and IL13 that remained
stable. Time of nasopharyngeal swab to become negative
influenced the cytokines pattern in breastmilk (Figure 2).

Breastmilk Chemokine Pattern
Table 2 displays concentration of chemokines in breastmilk
samples. Eotaxin, IP-10, MIP-1a, and RANTES showed higher
breastmilk concentration among the study group than in the
control group at week 1 postpartum; at week 5, the concentration
of chemokines, except for GRO-a, was significantly higher in
breastmilk samples of the study group than in the control group.

Concentration of chemokines decreased over time, it being
statistically significant for most of them in the study group and
Frontiers in Immunology | www.frontiersin.org 4
for all tested chemokines in the control group. Time of
nasopharyngeal swab to become negative influenced the
chemokines pattern in breastmilk (Figure 3).
Breastmilk Growth Factor Pattern
Table 3 displays concentration of growth factors in breastmilk
samples. Overall, concentrations of growth factors were higher in
the breastmilk samples of the study group compared with the
control group women. The differences were statistically
significant for basic FGF, GM-CSF, IL7, and PDGF-BB at week
1 postpartum, and for all of them, with the exception of IL-5 and
EGF, in the samples collected at week 5.

Most growth factor concentrations remained stable over time
in study group; in contrast, concentrations of basic FGF, G-CSF,
VEGF, TGF-b2, and EGF significantly decreased from week 1 to
week 5 postpartum in the control group breastmilk samples.
Time of nasopharyngeal swab to become negative influenced the
growth factor pattern in breastmilk (Figure 4).
Breastmilk Immunological Pattern According
to Disease State
Concentration of immune factors in breastmilk samples in the
SARS-CoV-2–positive women depending on the presence or not
of COVID-19-related symptoms did not show relevant
differences, neither in the first sampling time (lower IL-12 in
symptomatic than in asymptomatic women, p<0.01) nor in the
second (higher IL-15 (p<0.01) and lower GM-CSF (p<0.03) in
symptomatic women).
FIGURE 1 | Flow diagram of participants. IC, informed consent; Invalid samples, non-availability of all samples to be compared, inadequate sample identification
or conservation.
July 2021 | Volume 12 | Article 720716
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DISCUSSION

This study confirms that in the asymptomatic or non-severe
infected pregnant woman, breastmilk samples do not carry
SARS-CoV-2 RNA. These results coincide with those found in
previous studies (1–3, 7, 24–26), although a very low rate of positive
milk samples (4) or isolated case reports (27–31) have also been
published. This information is crucial as neonatal infection by
SARS-CoV-2 is uncommon and usually asymptomatic (32–34).
Frontiers in Immunology | www.frontiersin.org 5
The lack of viral RNA in breastmilk supports its safety, and it is in
accord with recent epidemiological data, as several small
observational studies reported on the absence of infection in
infants fed by breastmilk of SARS-CoV-2 positive woman (35,
36) or inadvertently fedwith SARS-CoV-2RNA-positivemilk (29).

SARS-CoV-2 RNA seems to be widespread on surfaces from
COVID-19 patient rooms (37) and, also, on the breast skin of
lactating mothers (3). This suggests that milk samples may
become contaminated with viral RNA when a mother and/or
FIGURE 2 | Concentration (log) of cytokines in breastmilk of study group women according to the moment in which the nasopharyngeal test becomes negative
(pooling samples obtained at weeks 1 and 5). Cytokine concentrations were significantly higher in breastmilk samples of mothers whose RT-PCR remained positive
at postpartum week 3 (dark blue box) compared with the control group. Trends also pointed toward higher concentrations in the former compared with those who
became negative sooner, within the first 2 postpartum weeks (yellow box). The values are expressed as log10 of the concentrations (ng/L). Statistical differences on
pairwise post hoc comparisons between the study and control groups are indicated with an asterisk (*p < 0.05; **p ≤ 0.01; ***p ≤ 0.001, Wilcoxon rank test,
Bonferroni post hoc test).
TABLE 1 | Concentration (ng/l) of cytokines in milk samples of study and control group women over time.

Week 1 postpartum Week 5 postpartum

STUDY GROUP
(n = 36)

CONTROL GROUP
(n = 45)

STUDY GROUP
(n = 37)

CONTROL GROUP
(n = 45)

Immune Factors Median (IQR) Median (IQR) ra Median (IQR) Median (IQR) br cr dr

IFN- g 160.5 (78.8-301.8) 50.4 (23.7-117.7) 0.003 135.8 (18.3-151.6) 11.8 (4.3-23) <0.001 <0.001 <0.001
IL-1b 3.2 (1.5-5.0) 2.1 (1.4-3.7) 0.273 2.7 (1.8-3.3) 1.0 (0.7-1.4) <0.001 0.117 <0.001
IL-1ra 5966.4 (1642.5-62227.1) 1444.3 (676.2-3939.5) 0.023 5896.3 (662.9-5979.4) 443.6 (271.9-852.4) <0.001 0.004 <0.001
IL-2 5.8 (3.8-7.8) 4.2 (3.0-6.1) 0.164 4.7 (2.4-6.7) 3.1 (2.3-3.8) 0.014 0.300 0.002
IL-4 3.9 (1.3-3.7) 1.0 (0.6-2.1) 0.001 2.6 (1.6-2.7) 0.5 (0.3-0.7) <0.001 0.007 <0.001
IL-6 208.5 (28.5-223.7) 17.7 (7.5-46.2) <0.001 207.1 (21.1-212.1) 3.6 (2.3-10.9) <0.001 0.075 <0.001
IL-9 29.8 (14.8-40.8) 13.1 (8.6-20.0) 0.005 27.3 (11.1-29.7) 5.4 (3.9-8.4) <0.001 0.041 < 0.001
IL-10 3.3 (1.8-4.8) 3.7 (2.0-4.7) 0.795 2.9 (1.9-4.2) 3.3 (2.7-4.3) 0.363 0.279 0.565
IL-12 (p70) 3.9 (3.0-4.5) 3.8 (3.4-4.3) 0.890 3.4 (2.8-4.1) 3.8 (3.4-4.1) 0.052 0.505 0.712
IL-13 1.4 (0.9-1.9) 0.9 (0.7-1.3) 0.007 1.4 (0.8-1.9) 0.9 (0.7-1.3) 0.043 0.260 0.756
IL-15 94.3 (59.9-164.7) 99.2 (82.6-137.2) 0.921 90.7 (67.5-149.9) 90.7 (49.1-128.3) 0.560 0.734 0.039
IL-17 13.2 (5.4-15.9) 11.3 (10.4-16.7) 0.436 11.8 (5.0-15.3) 9.7 (8.1-12.5) 0.567 0.915 0.007
TNF-a 106.3 (67.9-130.2) 35.5 (25.9-75.8) 0.001 92.2 (73.0-112.4) 17.7 (11.5-50.8) <0.001 0.314 <0.001
July 2021
 | Volume 1
2 | Article
ar: Mann-Whitney U test was used to evaluate differences in concentration of cytokines between milk samples from STUDY GROUP and CONTROL GROUP collected in week 1
postpartum.
br: Mann-Whitney U was used to evaluate differences in concentration of cytokines between milk samples STUDY GROUP and CONTROL GROUP collected in week 5 postpartum.
cr: Wilcoxon signed rank test was used to evaluate differences in the concentration of cytokines of the milk samples of STUDY GROUP between week 1 and week 5 postpartum.
dr: Wilcoxon signed rank test was used to evaluate differences in the concentration of cytokines of the milk samples of CONTROL GROUP between week 1 and week 5 postpartum.
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her neonate are positive; therefore, caution should be extreme to
avoid contaminations when performing SARS-CoV-2
assessments of human milk. In addition, it must be highlighted
that RT-PCR assays can only detect viral RNA but not viable
infectious viruses. A detailed virological assessment of some
COVID-19 cases showed that, although high concentrations of
viral RNA were found both in pharyngeal and fecal samples, the
virus itself could be readily isolated from throat or lung samples
but not from the fecal ones (38). A study involving 64 milk
samples from 18 women who had confirmed SARS-CoV-2
supported this affirmation. Only one sample had a detectable
level of viral RNA but no replication-competent virus was
Frontiers in Immunology | www.frontiersin.org 6
detectable in any sample, including the sample that was positive
for SARS-CoV-2RNA(2). Todate, no study has describedpresence
of infectious SARS-CoV-2 in colostrum and milk.

The second objective of this study was the profiling of
cytokines, chemokines, and growth factors in the milk samples.
Overall, the concentrations of most of the immune factors
analyzed were higher in the samples of positive women than in
those of negative ones. This activation of innate and adaptative
immune response constitutes the first line of defense against viral
infections (16–18, 39).

A study involving the assessment of immunological compounds
inmilk produced by healthy women, found a higher co-occurrence
FIGURE 3 | Concentration (log) of chemokines in breastmilk of study group women according to the moment in which the nasopharyngeal test becomes negative
(pooling samples obtained at weeks 1 and 5). Chemokyne concentrations were significantly higher in breastmilk samples of mothers whose RT-PCR remained
positive at postpartum week 3 (dark blue box) compared with the control group. Trends also pointed toward higher concentrations in the former compared with
those who became negative sooner, within the first 2 postpartum weeks (yellow box). The values are expressed as log10 of the concentrations (ng/L), with the
exception of IP-10 (mg/L). Statistical differences on pairwise post hoc comparisons between the study and control groups are indicated with an asterisk (*p < 0.05;
**p ≤ 0.01; ***p ≤ 0.001, Wilcoxon rank test, Bonferroni post hoc test).
TABLE 2 | Concentration* of chemokines in milk samples of study group and control group women over time.

Week 1 postpartum Week 5 postpartum

STUDY GROUP
(n = 36)

CONTROL GROUP
(n = 45)

STUDY GROUP
(n = 37)

CONTROL GROUP
(n = 45)

Immune Factors Median (IQR) Median (IQR) ar Median (IQR) Median (IQR) br cr dr

Eotaxin 24.2 (14.6-32.9) 14.5 (4.3-23.3) 0.020 16.9 (10.4-21) 3.1 (1.8-5.3) <0.001 <0.001 <0.001
IL-8 1919.0 (299.7-2606.6) 584.2 (234.7-1916.7) 0.137 1921.4 (213.4-2021.5) 47.7 (20.5-167.7) <0.001 0.001 <0.001
IP-10 18.2 (7.2-53) 10.5 (4.1-18.5) 0.025 21.9 (10.0-58.3) 2.8 (1.2-11.8) <0.001 0.750 0.002
MCP-1 2078.4 (650.8-2738.4) 892.7 (544.1-2601.7) 0.221 2010.2 (730.6-2288.2) 123.1 (53.4-732.4) <0.001 0.027 <0.001
MIP-1a 43.9 (10.3-47.1) 13.4 (5.3-41.9) 0.040 43.4 (26.1-44.0) 2.5 (1.0-6.7) <0.001 0.041 <0.001
MIP-1b 212.7 (81.2-344.9) 112.9 (38.3-293.6) 0.270 191.6 (88.2-204.3) 10.5 (7.3-44.3) <0.001 0.054 <0.001
RANTES 84.5 (48.7-115.0) 44.3 (26.2-84.1) 0.032 81.0 (61.1-142.1) 18.5 (14-39.8) <0.001 0.427 0.011
GRO-a 7.4 (4.8-8.9) 7.9 (6.6-8.5) 0.314 7.3 (4.7-8.7) 7.3 (6.0-8.1) 0.856 <0.001 <0.001
July 2021
 | Volume 1
2 | Article
*Concentrations are expressed as ng/L, with the exception of IP-10 and GRO-a (expressed as mg/L).
ar: Mann-Whitney U test was used to evaluate differences in concentration of chemokines between milk samples of STUDY GROUP and CONTROL GROUP collected in week 1
postpartum.
br: Mann-Whitney U test was used to evaluate differences in concentration of chemokines between milk samples of STUDY GROUP and CONTROL GROUP collected in week 5
postpartum.
cr: Wilcoxon signed rank test was used to evaluate differences in the concentration of chemokines of milk the samples of STUDY GROUP between week 1 and week 5 postpartum.
dr: Wilcoxon signed rank test was used to evaluate differences in the concentration of chemokines of the milk samples of CONTROL GROUP between week 1 and week 5 postpartum.
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of immune factors and higher TNFa to IL10 ratios inmilk samples
from healthy women with a higher level of exposure to
microorganisms (40). In our study, the same was observed in the
milk of SARS-CoV-2-positive women, a findingwhich is consistent
with a wider plasticity of the immune responses.

Concentrations of most of the immune factors analyzed
remained stable over time in SARS-CoV-2-positive women milk
samples. In contrast, most of these compounds significantly
decreased from the first to the fifth week postpartum in negative
women. Previous studies have reported notably higher
concentrations of several cytokines, chemokines, growth factors,
and immunoglobulins in colostrum than in mature milk (13, 41–
44). Although this could simply be a physiological response from
Frontiers in Immunology | www.frontiersin.org 7
the mother to infection and not enough proof for it to be
protective, our findings could also suggest that, in the presence
of a viral infection, the immunological profile of human milk may
be adapted to provide additional infant’s protection against the
maternal infection. Evidences for an immunological cross-talk
between mothers and their breast-fed infants during infections,
including severe viral respiratory infections, have already been
provided (45, 46). In our study, positive women were either
asymptomatic or suffered mild disease, therefore the evolutive
profile of immunological compounds in breastmilk was related
to the time when RT-PCR swabs became negative, as a marker
of disease state. Mothers who later became negative for
nasopharyngeal RT-PCR presented persistently higher levels of
FIGURE 4 | Concentration (log) of growth factors in breastmilk of study group women according to the moment in which the nasopharyngeal test becomes negative
(pooling samples obtained at week 1 and 5). Growth factors concentrations were significantly higher in breastmilk samples of mothers whose RT-PCR remained
positive at postpartum week 3 (dark blue box) compared with the control group. Trends also pointed toward higher concentrations in the former compared with
those who became negative sooner, within the first two postpartum weeks (yellow box). The values are expressed as log10 of the concentrations (ng/L). Statistical
differences on pairwise post hoc comparisons between the study and control groups are indicated with an asterisk (*p < 0.05; **p ≤ 0.01; ***p ≤ 0.001, Wilcoxon
rank test, Bonferroni post hoc test).
TABLE 3 | Concentration* of growth factors in milk samples from study group and control group women over time.

Week 1 postpartum Week 5 postpartum

STUDY GROUP
(n = 36)

CONTROL GROUP
(n = 45)

STUDY GROUP
(n = 37)

CONTROL GROUP
(n = 45)

Immune Factors Median (IQR) Median (IQR) ar Median (IQR) Median (IQR) br cr dr

Basic FGF 64.0 (28.6-73.3) 22.5 (16.4-46.3) <0.001 59.4 (55.1-64.3) 12.8 (9.6-21.7) <0.001 0.394 <0.001
G-CSF 178.6 (116.1-287.1) 104.3 (68.1-224.6) 0.227 147.8 (121.9-203.5) 32.4 (12-110.9) <0.001 0.245 <0.001
GM-CSF 13.5 (12.9-14.6) 1.4 (0.8-2.7) <0.001 13.6 (7.8-16.1) 2 (0.8-11) 0.006 0.086 0.016
IL-5 17.4 (7.9-24.3) 23.7 (10.9-36.9) 0.321 21.1 (14.8-35.7) 20.8 (9.8-29.5) 0.540 0.275 0.612
IL-7 114.7 (33.3-147.7) 27.5 (19.3-33.4) <0.001 113.9 (53.2-135.0) 28.2 (21.1-52.3) <0.001 0.225 0.052
PDGF-BB 54.8 (28.7-70.7) 23.6 (14.9-31.5) <0.001 40.9 (35.7-67.5) 23.6 (13.3-34.8) <0.001 0.458 0.786
VEGF 11.5 (4.5-16.4) 7.6 (3.8-11.2) 0.090 10.4 (3.7-11.5) 2.7 (1.8-3.4) <0.001 0.007 <0.001
TGF-b2 2.5 (1.7-3.0) 2.1 (1.7-2.5) 0.164 2.7 (1.7-3.0) 1.9 (1.7-2.1) 0.003 0.014 <0.001
EGF 5.6 (4.5-6.6) 5.4 (4.9-5.9) 0.768 5.4 (4.3-6.0) 5 (4.3-5.5) 0.120 <0.001 <0.001
July 202
1 | Volume
 12 | Article
*Concentrations are expressed as ng/L, with the exception of VEGF, TFG-b2 and EFG (expressed as mg/L).
ar: Mann-Whitney U test was used to evaluate differences in concentration of growth factors betweenmilk samples of STUDY GROUP and CONTROLGROUP collected in week 1 postpartum.
br: Mann-Whitney U test was used to evaluate differences in concentration of growth factors between tmilk samples of STUDYGROUP andCONTROLGROUP collected inweek 5 postpartum.
cr: Wilcoxon signed rank test was used to evaluate differences in the concentration of growth factors of the milk samples of STUDY GROUP between week 1 and week 5 postpartum.
dr: Wilcoxon signed rank test was used to evaluate differences in the concentration of growth factors of the milk samples of CONTROL GROUP between week 1 and week 5postpartum.
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several immunological factors. This immunological profile has
been described in COVID19 pathophysiology related to the
severity of the infection (16–18, 39). Of note, all the newborns
in the study and control group remained free of clinical signs of
SARS-COV-2 infection in the first month of life.

In this study, VEGF, TGF-b2 and EGF were the most
abundant growth factors found in the milk samples,
independently of the SARS-CoV-2 status or the sampling time,
the concentration being 50- to 100-fold higher, coinciding with
those detected in healthy women as reported in a previous study
(40). These three immune compounds play critical roles in
infants’ health and development, including protection against
infectious diseases, modulation of inflammatory processes, and
establishment of food tolerance (12, 40, 47–49).

This study has several limitations. There is a lack of
comparison between serum and milk immune factors profile,
and the antibody levels were not assayed. The distinct profile in
immune compounds in breast milk of SARS-CoV-2 positive
women could not be translated into effective gastrointestinal
absorption and in a functional form to impact the infant
immune system. Follow-up losses in the control group could
eventually modify the results. Finally, the analysis of the
immune compounds was limited to two milk samples, with an
interval of approximately 1 month. We took this decision after
confirmation of the lack of viral RNA in any of the milk samples
over time. Therefore, we considered that the observation period
was adequate to see eventual evolution of the immune compounds
related to mother’s infection status. On the other hand, a strength
of this work is the huge variety of compounds that have been
analyzed, and the systematic approach to both SARS-CoV-2
documented infection and control women.

In summary, the results of this studyprovide additional evidence
to the safety of breastfeeding in SARS-CoV-2 infected women, as
RNAwas not detected in any of themilk samples tested throughout
the observation period. Our results also suggest that the immune
system of the infected women reacted efficiently against SARS-
CoV-2 as a distinct pattern of cytokines, chemokines, and growth
factors was observed in the milk samples of infected women, that
persisted over time.However, this cannotbedirectly extrapolated to
a beneficial effect in the infant. More studies are required to
elucidate if this pattern only reflects the inflammatory status of
the mother or if it may be linked to the development of an
integration of the mother-infant immune systems, being
especially suitable to protect recipient child.
Frontiers in Immunology | www.frontiersin.org 8
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