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Abstract

Introduction: In addition to hand washing and wearing masks, social distancing and reducing exposure time to
<15 minutes are the most effective measures against the spread of COVID-19. Unfortunately, three of these
guidelines are very difficult, if not impossible, for nursing babies: they cannot wear masks, stay six feet away
from the lactating breasts, nor consistently finish within 15 minutes while nursing. We report a case of a nursing
mother with SARS-CoV-2 infection, documenting changes of immune cells and cytokines in breast milk with
and without the infection.
Case Description: With Institutional Review Board (IRB) approval, we obtained expressed breast milk samples
from a lactating mother before and during SARS-CoV-2 infection as documented by reverse transcription-PCR.
Using flow cytometry analysis, we measured the immune cell profiles and expression of cytokines such as
interferon alpha (IFNa) in milk leukocytes before and during infection.
Results: There was an eightfold increase in IFNa+ milk leukocytes, from 1% before SARS-CoV-2 infection to
8% when actively infected. The milk macrophages showed the highest increase in IFNa expression. Both T and
B lymphocytes showed mild increase. Innate lymphoid cells, neutrophils, and natural killer cells showed no
increase in IFNa expression and the dendritic cells actually showed a reduction.
Conclusion: We document the presence and high expression of IFNa in the breast milk macrophages of a
lactating mother with confirmed COVID-19, compared with her milk before the infection.
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Introduction

The COVID-19 pandemic continues to stress the health
care system throughout the world. Hand washing, social

distancing, mask wearing, and reduction in exposure time
remain the four key components of countermeasures against
viral spread. Breastfeeding is incompatible with social dis-
tancing—it cannot occur at 3.66 m, nor 1.83 m. Mask
wearing and exposure time are also problematic. However,
fortunately to this date, there are no clearly proven cases of
vertical transmission of COVID-19 through human breast
milk or breastfeeding. Even with that, there are reasonable
concerns regarding possible transmission of SARS-CoV-2
during breastfeeding; further investigation is definitely re-

quired. Two important questions remain. (1) Does the im-
mune composition of human milk change because of maternal
COVID-19? (2) What are these alterations? Regarding soluble
immune factors and composition of immune cells in the milk
from mothers infected with COVID-19, there are several re-
ports demonstrating the elevated level of IgA, IgG, and IgM.1,2

To our knowledge, there have been no reports of any cellular
analysis of innate or adaptive immune systems in human milk
during maternal COVID-19 infection. Considering the signif-
icance of breastfeeding in the development of infant immunity,
we report in this study, for the first time, evaluation of human
expressed breast milk (EBM) from a lactating mother before
and during COVID-19 (confirmed by reverse transcription-
PCR of nasopharyngeal swab).
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Methods

We collected 30 mL of mature (7 months after delivery)
EBM from a mother with confirmed COVID-19. EBM from
the same subject taken in January 2020 (1 month after de-
livery), before the pandemic, served as control. EBM sample
was obtained using breast pump and immediately transferred
to the laboratory for analysis. We sorted leukocytes, lymphoid,
and myeloid cells from the EBM. For total leukocytes, we used
CD45. For resting and activated T cells, we used CD3/CD69.
For B cells, we used CD19. For natural killer cells, we used
CD16/CD56. For innate lymphoid cells, ILCs, we sorted for
CD45/+ Lineage/- but + for IL12Rb2/GATA3/RORct/in-
terferon c (IFNc)/interleukin (IL)9/IL13/IL17/IL22. For my-
eloid lineage, we used the following markers: neutrophils:
CD16/CD49d, macrophages: CD11b/CD16/CD68, and den-
dritic cells CD1/MHCII. For each cell type we further mea-
sured the expression of four cytokines: IL-6, tumor necrosis
factor a, IFNa, and IL-1b using flow cytometry as described
previously.3,4 This study was approved by the Institutional
Review Board and institutional Biosafety Committee at Au-
gusta University. The subject provided written informed con-
sent and there was no financial compensation.

Results

There was no significant difference between total leuko-
cytes (CD45+) in milk from subject before and during infection
with COVID-19 (320,000 cells/mL before COVID compared
with 365,000 cells/mL during infection with COVID-19). The
most striking difference (eightfold increase) was in the per-
centage of macrophages expressing IFNa (a type I interferon)
(Fig. 1D). IFNa was substantially higher in the mothers’

milk when she had COVID-19 compared with her milk
before infection (Fig. 1C). Although the level of IFNa
expression during COVID-19 was the highest in macro-
phages followed by dendritic cells and T cells, dendritic
cells demonstrated the highest level of IFNa expression
before COVID-19 infection with a reduction of IFNa+
dendritic cells during the infection (Fig. 2).

Discussion

The comparison between the cellular components of
breast milk showed no significant quantitative difference
before and during infection by SARS-CoV-2. There was
a qualitative change with an eightfold increase in IFNa-
producing macrophages. After viral entry into the host cell,
one of the earliest nonstructural proteins, translated by
the viral RNA suppresses the production of host IFNa. The
finding of increased numbers of milk macrophages expres-
sing IFNa suggests that either the virus did not infect the
cells of the breast, or the infection has progressed beyond
the stage of immune silencing. Oncologists know that even
after administering massive doses of IFNa to patients with
malignancy, the IFNa remains low in their breast milk. The
high molecular weight of IFNa (19.5 kD) may limit the
transfer of IFNa into the milk.5 Importantly, reported in this
study for the first time, increase in milk macrophages ex-
pressing IFNa from a mother with active COVID-19 may
represent an effective strategy of elevating IFNa in breast
milk level. Transferring cells capable of producing IFNa
rather than IFNa itself bypasses the aforementioned prob-
lem. Given the important primary antiviral role of inter-
ferons, breastfeeding can provide immune protection for
both mother and infant. There are three theoretical ways of

FIG. 1. High-level expression of IFNa in milk from lactating mother with active COVID-19. Flow cytometry analysis of
milk from COVID-19 positive mother showed significant increase in the expression of IFNa by leukocytes (CD45+ cells)
compared with the normal milk sample before the infection (A–C). (D) Displays the numeric values of expression before
and during COVID-19 infection. Comparative analysis is based on a milk sample at each stage from one lactating mother
before and after diagnosis with COVID-19 infection. IFNa, interferon alpha.
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increasing milk IFNa level: (1) from source outside the
breast, (2) from immune cells in the breast, and (3) from
milk-secreting tubule-alveolar cells of the breast. For rea-
sons already stated, mechanism 1 is not likely. The third
mechanism is also unlikely. If viral infection occurs in the
tubule-alveolar cells, they may indeed increase the expres-
sion of IFNa, with likely actual viral presence in milk. In
reality, there are limited observations supporting this. In
fact, according to Center for Disease Control (CDC) al-
though it is still unknown whether mothers with COVID-19
can transmit the virus through breast milk. The data avail-
able suggest that milk may test positive for SARS-CoV-2 by
RT-PCR, but does not contain replicating competent virus.6

The second possibility is the most likely: breast immune
cells may produce elevated level of IFNa because of the
active systemic infection of COVID-19. However, the ori-
gin and viral infection status of these cells are unclear.
Fluctuation of residential and infiltrating innate immune
cells (e.g., monocytes and macrophages) in the breast with
the capability of IFNa production are likely responsible for
elevated level of milk IFNa. Considering the antiviral role
of IFNa, high level of IFNa in milk is not surprising. Similar
to COVID-19 patients treated with IFNa,7,8 the infants of
mother infected with COVID-19 and producing higher
levels of IFNa in breast milk may benefit from this natural
antiviral agent. It is very possible that the maternal serum IFNa
level in response to the viral infection is higher than that seen
in the milk. Furthermore, the difference in the profile of IFNa
expressing cells in the milk before and during COVID-19, with
macrophages being the most abundant, signifies the important
role of macrophages as the main cellular component of in-
nate immunity in human milk.

Limitations of this study are (1) findings from only a
single mother infected with COVID-19 and (2) samples
from only one point in time before and one point in time
after COVID-19 infection. Nonetheless, the results are in
agreement with and supplement two important recent re-
ports by Chambers et al.6 and Marı́n Gabriel et al.9 in that
there was no documented infection transmitted to the infant
by breast milk in this case and that observable changes
occurred in the breast milk. Including this case, there are
26 cases of nursing mothers with COVID-19 and no verti-
cal transmission to the infants, although one milk sample
contained segments of viral RNA.6 In a literature review of
50 articles by Deniz and Tezer, 17 newborns, 8 placental
tissue samples, 3 milk samples, and 1 amniotic fluid sample
tested positive by RT-PCR.10

Conclusions

We have identified in human milk from a COVID-19
positive woman, an increased amount of IFNa and an in-
creased percentage of macrophages expressing IFNa in
her breast milk. This may contribute some level of pro-
tection of breastfeeding infants from COVID-19 infec-
tion or symptomatic COVID-19 infection. Ongoing testing
of human breast milk immune factors and bioactive fac-
tors in response to COVID-19 infection in breastfeeding
mothers is needed; along with correlation with infants’
COVID-19 status.

Authors’ Contributions

All authors contributed to the study, commented on the
article, and approved the final version.

FIG. 2. Macrophages express the most level of IFNa in the milk from lactating mother with active COVID-19. Flow
cytometry analysis of myeloid and lymphoid cells in the human milk demonstrated that macrophages express the most level
of IFNa in the milk from lactating mother with active COVID-19, followed by dendritic cells, T cells, and B cells,
respectively (A, B). Analysis of normal milk from very same subject before COVID-19 showed the most level of IFNa
expression by dendritic cells, followed by macrophages, T cells, and B cells (A, B). The radar graph (C) depicts the
distribution pattern of IFNa expression in major subpopulations of leukocytes in lactating mother before the disease and
after being diagnosed with COVID-19.
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