iScience

ll

OPEN ACCESS

Article

Robust and Specific Secretory IgA Against SARSCoV-2 Detected in Human Milk
Alisa Fox, Jessica
Marino, Fatima
Amanat, Florian
Krammer, Jennifer
Hahn-Holbrook,
Susan ZollaPazner, Rebecca L.
Powell
rebecca.powell@mssm.edu

HIGHLIGHTS
All milk from recovered
donors contained
significant SARS-CoV-2specific IgA
Most IgA could bind the
Receptor-Binding Domain
(important neutralization
epitope)
Most Receptor-Binding
Domain-specific IgA was
in secretory (s) form
sIgA is durable in the
mucosa, and thus
potentially as a respiratory
therapeutic

Fox et al., iScience 23, 101735
November 20, 2020 ª 2020
The Authors.
https://doi.org/10.1016/
j.isci.2020.101735

iScience

ll

OPEN ACCESS

Article

Robust and Specific Secretory IgA
Against SARS-CoV-2 Detected
in Human Milk
Alisa Fox,1 Jessica Marino,2,3 Fatima Amanat,4,5 Florian Krammer,4 Jennifer Hahn-Holbrook,2,3
Susan Zolla-Pazner,1 and Rebecca L. Powell1,6,*
SUMMARY

The SARS-CoV-2 immune response in human milk has not yet been examined,
although protecting infants and young children from COVID-19 is critical for limiting
community transmission and preventing serious illness and death. Here, milk samples from eight COVID-19-recovered and seven COVID-19-suspected donors
were tested for antibody (Ab) binding to the SARS-CoV-2 Spike protein. All samples
exhibited significant specific IgA reactivity to the full Spike, whereas 80% exhibited
significant IgA and secretory (s)Ab binding to the Receptor-Binding Domain (RBD).
Additionally, 67% samples exhibited IgG and/or IgM binding to RBD. IgA and sAb
titers were highly correlated, indicating most IgA to be sIgA. Overall, these data
indicate that a robust sIgA-dominant SARS-CoV-2 Ab response in human milk after
infection should be expected in a significant majority of individuals. Further
research is highly warranted to determine Ab functionality and the potential for exploiting extracted milk sIgA for therapeutic use.
INTRODUCTION
In the 7 months following the first reported case of coronavirus disease 2019 (COVID-19) in December 2019,
severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) has infected over 21 million people and
caused more than 750,000 deaths worldwide (World Health Organization, 2020). Although COVID-19 pathology in children is typically mild compared with adults, approximately 10% of infants younger than 1 year
who contract the virus will experience severe COVID-19 illness requiring advanced care (CDC COVID-19
Response Team, 2020; Dong et al., 2020). Given that COVID-19 pathology does not always correlate
with transmissibility (Li et al., 2020; Wei et al., 2020), recent studies suggest that infants and young children
can transmit SARS-CoV-2 (CDC COVID-19 Response Team, 2020; Lopez et al., 2020). As well, recently it has
become evident that a minority of children will experience a ‘‘Multisystem Inflammatory Syndrome in Children associated with COVID-19’’ after SARS-CoV-2 infection, which has been fatal in certain cases (Riphagen et al., 2020; Verdoni et al., 2020). For all these reasons, protecting this population from infection is
essential. One potential protective mechanism might be passive immunity via breastfeeding from a previously infected mother or milk donor.
To date, almost nothing is known about the antibody (Ab) response in human milk to SARS-CoV-2 (Lackey
et al., 2020). One preprint by Yu et al. (2020) reported that two milk samples produced by a 32-year-old Chinese mother of a 13-month-old boy were positive for SARS-CoV-2 IgG and negative for IgM on days 8 and
24 after hospital admission. Additional research is urgently needed to test human milk for SARS-CoV-2specific Abs and their functions. Knowing the typology and degree of COVID-19-specific Abs in human
milk will help inform smart policy and treatment decisions for the many pregnant and breastfeeding
mothers who are or will become infected by SARS-CoV-2.
Certainly, any evidence of SARS-CoV-2-specific Abs in human milk must also be carefully weighed against the risks
of potential vertical transmission of SARS-CoV-2 through human milk (for a review, see Centeno-Tablante et al.,
2020). At the time of writing, 9 of the 68 milk samples obtained from donors infected with SARS-CoV-2 that have
been tested to date were found to contain SARS-CoV-2 RNA, although there is no evidence of SARS-CoV-2 transmission through breastfeeding and no replication-competent virus has been found in any milk samples (CentenoTablante et al., 2020; Chambers et al., 2020; Grob et al., 2020; Wu et al., 2020).
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Despite the dearth of research, there are strong reasons to expect some SARS-CoV-2-specific Abs to be
present in the milk of previously infected mothers. Given that milk IgG originates predominantly from
serum, it follows that specific IgG in milk should appear contemporaneously with the previously reported
serum SARS-CoV-2 Ab response, although IgG comprises only 2% of milk Ig (Hurley and Theil, 2011).
Approximately 90% of human milk Ab is IgA and 8% IgM, nearly all in secretory (s) form (sIgA/sIgM; polymeric Abs (Abs) complexed to j-chain and secretory component (SC) proteins (Brandtzaeg, 2010; DemersMathieu et al., 2018; Hurley and Theil, 2011). These secretory Abs are marked with SC as part of the mechanism by which they are secreted into the milk, whereby they are actively transported via the polymeric
immunoglobulin receptor (pIgR), from which SC is cleaved (Brandtzaeg, 2010). SC is essential for protecting
these Abs from relatively harsh mucosal environments such as the infant mouth and gut. The majority of
sIgA/sIgM derives from the gut-associated lymphoid tissue (GALT), although there is also homing of B cells
from other mucosa (i.e., the respiratory system) to the mammary gland. Therefore, we predicted SARSCoV-2-specific sIgA/sIgM to be present in the milk of previously infected mothers.
Here, we sought to characterize the types and magnitude of targeted Abs in human milk against SARSCoV-2. Specifically, this report details the findings regarding SARS-CoV-2-reactive IgA, IgG, IgM, and total
sAb in 15 milk samples obtained from donors previously infected with COVID-19, 3–4 weeks after symptoms had abated.

RESULTS
All Human Milk Samples Obtained Form COVID-19-Recovered Donors Contain Significant
Levels of SARS-CoV-2-Specific IgA
Milk samples were initially evaluated for IgA binding reactivity by human IgA-specific ELISA to the full
trimeric SARS-CoV-2 Spike (Figure 1). It was evident that all samples obtained from COVID-19-recovered
donors (100%), in undiluted form, exhibited binding activity significantly above that of the pre-pandemic
control milk samples, which did exhibit some low-level non-specific or cross-reactive activity (Figure 1A).
Milk samples were titrated and endpoint titer values were determined. It was found that all COVID-19recovered samples exhibited endpoint titers significantly higher than control samples (Figure 1B).

Most Milk from COVID-19-Recovered Donors Exhibits IgA and Secretory Ab Reactivity
against the Receptor-Binding Domain of the SARS-CoV-2 Spike
Samples were further tested separately for Ab binding reactivity to the Receptor-Binding Domain (RBD) of
the Spike protein. Of 15 samples 12 (80%) obtained from previously COVID-19-infected donors exhibited
significant IgA binding activity to RBD, as determined by human IgA-specific ELISA, compared with controls in undiluted form (Figure 2A). Milk samples were titrated, and endpoint titer values were determined.
It was found that 9 of the 12 samples with reactive IgA to RBD when undiluted (75%) exhibited significant
endpoint titers (Figure 2C). Notably, all 12 of the milk samples with significant IgA reactivity in undiluted
form to RBD (100%) were also positive for RBD-specific secretory Ab reactivity as determined by human
SC-specific ELISA (Figure 2B). All 12 milk samples also exhibited positive secretory Ab endpoint titers
upon dilution compared with controls (Figure 2D).

The RBD-Specific IgA Response in Milk Is Dominant and Not Necessarily Concurrent with a
Measurable IgG or IgM Response
Individual profiles of Ab subclasses detected in the milk samples from COVID-19-recovered mothers are
reported in Table 1. Notably, specific IgG and IgM were only measurable for a subset of samples, as determined by human IgG- and IgM-specific ELISAs, respectively. Of the 12 milk samples shown to be positive
for IgA reactivity, 8 were also positive for IgG and/or IgM activity (67%). Four samples exhibited significant
IgG and IgM reactivity to RBD (COV107, COV112, COV113, COV117; Figure 3). An additional 3 samples
exhibited significant IgG reactivity but not IgM (COV108b, COV111, COV116), and 1 sample exhibited
IgM reactivity but not IgG (COV101; Figure 3).

Milk from COVID-19-Recovered Donors Exhibits Significantly Greater IgA, Secretory Ab, and
IgG Binding against RBD Compared with Controls
Overall, optical density (OD) values of undiluted milk obtained from COVID-19-recovered donors and prepandemic controls for each assay were grouped and compared, and it was found that the COVID-19-recovered group mean values were significantly greater for IgA (p < 0.0001), secretory Abs (p < 0.0001), and IgG
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Figure 1. All Human Milk Samples Collected from COVID-19-Recovered Donors Exhibit IgA Reactivity Against
the Full SARS-CoV-2 Spike Trimer
(A) Full titration against Spike. NEG (i.e., negative)/segmented lines: pre-pandemic controls. COV/solid lines: milk from
COVID-19-recovered donors.
(B) Endpoint dilution titers. Experiments were performed in duplicate and repeated twice. Mean with SEM is shown.
Dotted lines indicate positive cutoff value (mean OD or endpoint titer of negative control milk samples +2 3SD).
Segmented line indicates 103 positive cutoff value.

(p = 0.004), but not for IgM (Figures 4A–4D). OD values for undiluted milk were compared between each Ab
subclass. The IgA and secretory Ab OD values for undiluted milk were found to be highly correlated (r =
0.81, p < 0.0001; Figure 4E). IgM and IgG OD values were found to be modestly positively correlated
(r = 0.49, p = 0.009; Figure 4F). No other correlations were found (data not shown).

DISCUSSION
All milk samples obtained from COVID-19-recovered participants were positive for Spike-reactive Ab of at
least one subclass, namely, IgA. Eighty percent of these samples were specifically reactive against the RBD,
with most (75%) exhibiting RBD binding activity that was quantitatively and/or qualitatively high such that
endpoint titers were significantly above the background activity of the pre-pandemic controls. The samples
analyzed represent only a snapshot of what is likely a dynamic immune response. A much larger sample size
and long-term follow-up study is needed to better understand the time course of SARS-CoV-2 immunity in
milk, as well as whether a typical response is truly protective for breastfed babies.
Although it might be expected that the milk Ab response would be reflective of systemic immunity (i.e., milk
Ab should generally mirror serum Ab), only a small fraction of milk Ab originates from serum—likely less
than 10%, and only 2% of milk Ab is IgG (Yu et al., 2020). Human milk Ab is 90% IgA and 8% IgM, nearly
all sIgA/sIgM. The B cells that ultimately produce sIgA/sIgM originate mainly from the GALT, known as the
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Figure 2. Eighty Percent of Human Milk Samples Collected from COVID-19-Recovered Donors Exhibit IgA and Secretory Antibody Reactivity
Against the Receptor-Binding Domain (RBD) of the SARS-CoV-2 Spike
(A) Full titration against RBD, measuring IgA binding.
(B) IgA endpoint dilution titers.
(C) Full titration against RBD, measuring secretory antibody binding.
(D) Secretory antibody endpoint dilution titers. NEG (i.e., negative)/segmented lines: pre-pandemic controls. COV/solid lines: milk from COVID-19recovered donors. Experiments were performed in duplicate and repeated twice. Mean with SEM is shown. Dotted lines indicate positive cutoff value (mean
OD or endpoint titer of negative control milk samples +2 3 SD).

entero-mammary link, with some proportion originating from other mucosa such as the respiratory system
(Ahlstedt et al., 1977; Brandtzaeg, 2010; Kleinman and Walker, 1979). As such, there is much precedent for
milk Ab composition and specificity being unique from that found in blood. Although we did not compare
the milk donors’ blood Ab titers to the milk data, it was evident that most of the samples contained SARSCoV-2-reactive IgA without necessarily containing measurable IgG and/or IgM, which particularly in the
case of IgG would likely be derived in large part from the serum. Notably, IgG and IgM reactivities in undiluted milk exhibited a moderate correlation. It may also be that as total IgG and IgM are so much lower in
milk than IgA, this ELISA lacked the sensitivity to pick up very-low-titer responses.
Although it has been determined by previous studies that most IgA in human milk is sIgA, our ELISA could
not determine with certainty that the IgA (or IgM) measured was of the secretory type or not (Brandtzaeg,
2010). The assay measuring secretory Ab reactivity employs a secondary Ab specific for the SC, which can
be free or bound to Ab. Notably, all samples exhibiting positive IgA reactivity also exhibited positive SC
reactivity, and a very strong positive correlation was present when comparing the OD values of undiluted
milk for the IgA and SC assays. This suggests that a very high proportion of the SARS-CoV-2-reactive IgA
measured herein was sIgA. This is extremely relevant to the possibility of using extracted milk Ab as a
COVID-19 therapy—for anyone with severe COVID-19 disease, as sIgA is unique from the IgG-dominant
convalescent plasma or purified plasma immunoglobulin being tested currently (Bloch et al., 2020). Extracted milk sIgA used therapeutically would likely survive well upon targeted respiratory administration,
with a much lower dose of Ab likely needed for efficacy compared with systemically administered convalescent plasma or purified plasma immunoglobulin. Notably, the purified material would need to be
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COVID-19 Confirmed
or Suspected (C/S)
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Months Postpartum

Infected Ante- or
Post-partum (A/P)

Reactivity Against
SARS-CoV-2 Spike
IgA

SCb

IgM IgG

COV101

C

4

P

+

+

+

–

COV102

C

1

Ad

+a

+c

–

–

COV103c

C

4

P

+

+

–

–

COV104

S

23

P

+

–

–

–

–

–

–

+

+

–

+

COV105b

S

6

P

+

COV106c

S

8

P

+

COV107

S

32

P

+

+
a

+

c

+
+
a

c

COV108b

C

4

P

+

COV109b

S

3

P

+

+

–

–

COV110

S

14

P

+

+

–

–

COV111

S

7

P

+

+

–

+

COV112

C

1

Ad

+

+

+

+

COV113

C

7

P

+

+

+

+

COV116

C

6

P

+

+

–

+

COV117

C

4

P

+

+

+

+

+

Table 1. Summary Data
a
Sample was positive against Spike but negative against RBD.
b
Secretory component.
c
SC reactivity against Spike is presumed based on RBD data, but was not tested.
d
Participants were infected within the last 6 weeks of pregnancy.

extensively safety-tested, including ensuring it as free of SARS-CoV-2 material. Alternatively, recombinantly produced, monoclonal or polyclonal Spike-specific sIgA could be employed as a similar therapeutic.
As we continue with our comprehensive studies on the human milk immune response to SARS-CoV-2, we aim to
ultimately determine the efficacy of ‘‘convalescent milk Ab’’ as a treatment for COVID-19, and the utility of these
Abs to prevent or mitigate infant SARS-CoV-2 infection. These data will have implications beyond the pandemic,
as they will serve to fill relatively large knowledge gaps regarding human milk immunology.

Limitations of the Study
Not all samples analyzed herein were obtained from participants with PCR-confirmed SARS-CoV-2 infection, and a larger sample set of confirmed infections should be studied to confirm these findings. The samples analyzed represent only a snapshot of what is likely a dynamic immune response. Long-term follow-up
is needed to understand the kinetics of this response. Further functional studies, in particular neutralization
data, are essential to understand this response.

Resource Availability
Lead Contact
Further information and requests for resources and reagents should be directed to the Lead Contact, Rebecca Powell: Rebecca.Powell@mssm.edu.

Materials Availability
No unique reagents have been generated in this study. The SARS-CoV-2 antigens used in this study are
available from the Krammer lab upon reasonable request, and similar antigens are available commercially.
All other reagents are commercially available.
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Figure 3. The RBD-Specific IgA Response in Milk is Dominant and Not Necessarily Concurrent with a Measurable
IgG or IgM Response
(A and B) Full titrations against RBD, measuring IgG (A) and IgM (B) binding are shown.
NEG (i.e., negative)/segmented lines: pre-pandemic controls. COV/solid lines: milk from COVID-19-recovered donors.
Experiments were performed in duplicate and repeated twice. Mean with SEM is shown. Dotted lines indicate positive
cutoff value (mean OD or endpoint titer of negative control milk samples +2 3 SD).

Data and Code Availability
The data that support the findings of this study are available from the Lead Contact upon request.

METHODS
All methods can be found in the accompanying Transparent Methods supplemental file.

SUPPLEMENTAL INFORMATION
Supplemental Information can be found online at https://doi.org/10.1016/j.isci.2020.101735.
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Figure 4. Milk from COVID-19-Recovered Donors Exhibits Significantly Greater IgA, Secretory Antibody, and IgG
Binding Against RBD Compared with Controls
(A–D) Grouped OD values for undiluted milk are shown for IgA (A), secretory antibody (B), IgG (C), and IgM (D).
Experiments were performed in duplicate and repeated twice. Mean with SEM is shown.
(E) Correlated IgA- versus secretory Ab-binding activity.
(F) Correlated IgG- versus IgM binding activity. For correlation tests, OD values for undiluted milk were used in 2-tailed
Spearman correlation tests. SC: secretory component.
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Transparent Methods
Study participants
Fifteen COVID-19-recovered participants were recruited via social media in early April 2020.
Interested individuals emailed the study and were screened for eligibility via email and, if
eligible, sent to an online consent form. Individuals were eligible to have their milk samples
included in this analysis if they resided in New York City (to ease milk sample collection during
state-wide restrictions) and had a laboratory-confirmed SARS-CoV-2 infection (n = 8), or highly
likely infection based on close contact with a confirmed SARS-CoV-2 case and/or symptoms of
infection such as cough, anosmia, malaise, diarrhea, and fever (n = 7) (see Table 1). Two
participants were infected antenatally during the last 6 weeks of pregnancy. This study was
approved by the Institutional Review Board (IRB) at Mount Sinai Hospital (IRB 19-01243).
Once consented into the study, participants were asked to collect approximately 30mL of milk
into a clean container using electronic or manual pumps at home between 3-4 days after
symptoms had abated, in order to allow time for an Ab response to reach its peak and to reduce
likelihood of transmission to the investigators. Milk was frozen in participants’ home freezer
until samples were picked-up by researchers and transferred on ice to the Mount Sinai Hospital
where they were stored at -80°C until Ab testing. Pre-pandemic negative control milk samples
were obtained in accordance with IRB-approved protocols prior to December 2019 for other
studies, and had been stored in laboratory freezers at -80°C before processing following the same
protocol described for COVID-19 milk samples.
ELISA

To examine the levels of SARS-CoV-2 Abs in human milk, we modified an ELISA that was
recently developed and validated for use in blood serum/plasma and have adapted this assay for
use with human milk (Amanat et al., 2020; Stadlbauer et al., 2020). Briefly, before Ab testing,
milk samples were thawed, centrifuged at 800g for 15 min at room temperature, fat was
removed, and supernatant transferred to a new tube. Centrifugation was repeated 2x to ensure
removal of all cells and fat. Skimmed acellular milk was aliquoted and frozen at -80°C until
testing. Both COVID-19 recovered and control milk samples were then tested in duplicate in 3
unique experiments for separate assays measuring IgA, IgG, IgM, and secretory-type Ab
reactivity (the secondary Ab used in this assay is specific for free and bound SC). Half-area 96well plates were coated with the receptor binding domain (RBD) of the SARS-CoV-2 spike
protein, or the full trimeric spike protein produced recombinantly as described (Amanat et al.,
2020). Plates were incubated at 4°C overnight, washed in 0.1% Tween 20/PBS (PBS-T), and
blocked in PBS/3% goat serum/0.5% milk powder/3.5% PBS-T for 1h at room temperature. Milk
was used undiluted or titrated 4-fold in 1% bovine serum albumin (BSA)/PBS and added to the
plate. After 2h incubation at room temperature, plates were washed and incubated for 1h at room
temperature with horseradish peroxidase-conjugated goat anti-human-IgA, goat anti-human-IgM,
goat anti-human-IgG (Rockland), or goat anti-human-secretory component (MuBio) diluted in
1% BSA/PBS. Plates were developed with 3,3',5,5'-Tetramethylbenzidine (TMB) reagent
followed by 2N hydrochloric acid (HCl) and read at 450nm on a BioTek Powerwave HT plate
reader. Assays were performed in duplicate and repeated 2x.
Analytical Methods
Control milk samples obtained prior to December 2019 were used to establish positive cutoff
values for each assay. Milk was defined as positive for the SARS-CoV-2 Abs if OD values

measured using undiluted milk from COVID-19-recovered donors were two standard
deviations (SD) above the mean ODs obtained from control samples. Endpoint dilution titers
were determined from log-transformed titration curves using 4-parameter non-linear
regression and an OD cutoff value of 1.2. Endpoint dilution positive cutoff values were
determined as above. Mann-Whitney U tests were used to determine if the grouped COVID19-recovered and control milk samples differed in terms of specific reactivity of undiluted
milk for each Ab class. Spearman correlations were performed to test how undiluted milk
OD values for each Ab class correlated with one another. All statistical tests were performed
in GraphPad Prism, were 2-tailed, and significance level was set at p-values < 0.05.

