SHORT COMMUNICATION: NUTRITION

Receptor-binding Domain Severe Acute Respiratory
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ABSTRACT

This study aims to compare the receptor-binding domain (RBD) severe acute
respiratory syndrome coronavirus 2 (SARS-CoV-2)-specific antibody titers
in human milk between mothers with a confirmed coronavirus disease 2019
(COVID-19) polymerase chain reaction (PCR) test and mothers with viral
symptoms suggestive of COVID-19. The area under the curve (AUC) for
RBD SARS-CoV-2-specific secretory immunoglobulin A (SIgA)/immuno-
globulin A (IgA), secretory immunoglobulin M (SIgM)/immunoglobulin M
(IgM), immunoglobulin G (IgG), and free secretory components (fSC) in
milk samples from eight mothers with a confirmed COVID-19 PCR, eight
mothers with viral symptoms (no PCR testing), and six unexposed mothers
(pre-pandemic 2018). AUCs of RBD SARS-CoV-2-specific SIgA/IgA,
SIgM/IgM, 1gG, and fSC in milk samples were comparable between mothers
with confirmed COVID-19 PCR and mothers with viral symptoms of
suggestive COVID-19. AUCs of RBD-specific SIgA/IgA, IgG, and fSC
were higher in the COVID-19-exposed group than in the unexposed group,
and SIgM/IgM tended to be higher in the exposed mothers. In conclusion,
women with viral symptoms suggestive of COVID-19 could secrete anti-
bodies and fSC specific to SARS-CoV-2 in human milk.
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he severe acute respiratory syndrome coronavirus 2 (SARS-
CoV-2) continues to cause viral respiratory infections in
populations worldwide, including women who breastfed their
infants. From March 2020 to November 2020, mothers with a
confirmed coronavirus disease 2019 (COVID-19) polymerase chain

Received November 28, 2020; accepted March 18, 2021.

From the Department of Neonatal Immunology and Microbiology,
Medolac Laboratories A Public Benefit Corporation, Boulder City, NV.

Address correspondence and reprint requests to Veronique Demers-
Mathieu, Department of Neonatal Immunology and Microbiology,
Medolac Laboratories A Public Benefit Corporation, 1031 Boulder City
Pkwy, Boulder City, NV 89005 (e-mail: vdemers-m@medolac.com).

Supplemental digital content is available for this article. Direct URL
citations appear in the printed text, and links to the digital files are
provided in the HTML text of this article on the journal’s Web site
(www.jpgn.org).

Source of Funding: The authors (V.D.M., C.D., S.F., and E.M.) disclosed
receipt of the financial support from Medolac Laboratories A Public
Benefit Corporation for the conduct of the study.

JPGN e Volume 73, Number 1, July 2021

What Is Known

* Women with confirmed coronavirus disease 2019
(COVID-19) polymerase chain reaction (PCR) have
higher levels of receptor-binding domain (RBD)
severe acute respiratory syndrome coronavirus 2
(SARS-CoV-2) secretory immunoglobulin A (SIgA)
in human milk than unexposed women

* RBD SARS-CoV-2-specific SIgA titer was higher than
immunoglobulin G and immunoglobulin M titers,
likely due to the highest abundance of SIgA concen-
tration in human milk

What Is New

¢ The titers of SIgA/IgA, SIgM/IgM, IgG, and free secre-
tory component (fSC) in human milk could be com-
parable between women with viral symptoms
suggestive of COVID-19 (no PCR testing) and women
with confirmed COVID-19 PCR, but a study with a
larger sample size is needed to confirm this conclusion.

e AUC of RBD-specific fSC was higher in the COVID-19-
exposed group than in the unexposed group.

reaction (PCR) test were less predominant than hospitalized indi-
viduals because testing has been primarily restricted to individuals
with moderate to severe symptoms (1). Undiagnosed mothers’
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characterization with viral symptoms suggestive of COVID-19 is
critical to understand the prevalence and titers of SARS-CoV-2-
specific antibodies. No study has compared the levels of SARS-
CoV-2-specific antibodies in human milk between mothers with
confirmed COVID-19 PCR and mothers with viral symptoms
suggestive of COVID-19 (no PCR testing).

Most studies on SARS-CoV-2-specific antibodies are
from symptomatic patients with serious illness (hospitalization)
(2—4) but there is a need to describe the immune responses in
individuals with mild symptoms after SARS-CoV-2 infection. We
recently found that immunoglobulin G (IgG) level reactive to
SARS-CoV-2 S1 and S2 subunits in milk was higher in mothers
with previous viral symptoms than in mothers without symptom
(5). We also demonstrated that S2 SARS-CoV-2 IgG level in
human milk was higher in mothers with a confirmed COVID-19
PCR test or in mothers with previous viral symptoms than in pre-
pandemic mothers (2018) (6). The Receptor-binding domain
(RBD) (surface of spike S1 subunit) is required for viral
entry as it binds to the angiotensin-converting enzyme 2 (ACE)
receptor on the host cells (7). RBD is weakly conserved between
human coronaviruses, which reduce the risk of cross-reactive
antibodies.

The secretory component (SC) from human milk is a glyco-
protein attached to immunoglobulin A or immunoglobulin M (SIgA
and SIgM, respectively) (1). The prominent role of SIgA and free
secretory component (fSC) from human milk in the neonatal gut is
to perform immune exclusion by neutralizing the pathogens and
blocking their attachment to the intestinal epithelial cells (7,8).
Human milk fSC could play an essential role in the immune
defenses against infections (16,17). RBD SARS-CoV-2-specific
fSC titer in human milk remains unexplored.

This study aimed to compare the RBD SARS-CoV-2-spe-
cific SIgA/IgA, SIgM/IgM, IgG, and fSC titers in human milk
between mothers with confirmed COVID-19 PCR, mothers with
viral symptoms suggestive of COVID-19, and unexposed mothers.
These results could help identify the critical factors influencing the
maternal antibody response. This investigation’s clinical relevance
to determine the antibody titers specific to RBD SARS-CoV-2 in
women that had viral symptoms suggestive of COVID-19.

METHODS
Study Design and Participants

A screening survey was completed by 200 donors at Mothers
Milk Cooperative (Boulder City, NV) to identify which donors had
confirmed COVID-19 PCR test. The survey also identified donors
with previous viral symptoms suggestive of COVID-19 but did not
get a PCR test. Participants reported when they were sick and their
symptoms. Milk samples for a control group were collected from
mothers in 2018 before the COVID-19 pandemic. The inclusion
criteria were living in the United States, lactation time between 4
and 10 months, passing blood tests, and completing a health ques-
tionnaire. Written consents to use their milk for research were
obtained from all participants. The blood test was performed to
exclude women infected with human immunodeficiency virus
(HIV), hepatitis C virus, hepatitis B virus, or syphilis. These viral
infectious diseases could change the maternal immune system
(impaired immune response and antibody production (8)), thus
influencing the results. Lactation time between 4 and 10 months
was selected to reduce the effect of lactation time on the levels of
antibodies (17). Donors were approved donors through Mothers
Milk Cooperative. Milk collection was approved by the institutional
review board (IRB00012424) of Medolac Laboratories. The exclu-
sion criteria were mothers who had no viral symptoms related to
COVID-19, smoking, taking medications, and/or drugs.
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Human Milk Collection

Human milk samples (150—-250 mL) were collected at home
with clean electric breast pumps into sterile plastic containers and
stored immediately at —20°C in deep freezers. Human milk samples
were frozen and transported in insulated boxes to Medolac Labora-
tories, where they were kept frozen and stored at —80°C until the
ELISA measurements.

Human Milk Antibody Titers

The area under the curve (AUC) of antibodies and fSC
specific to RBD-SARS-CoV-2 were determined using ELISAs as
described in our recent study with some modifications (5). Briefly,
ELISAs were recorded with a microplate reader (SpectraMax iD5,
Molecular Devices, Sunnyvale, CA). Frozen milk samples were
rapidly thawed at 37°, centrifuged at 1301 x g for 20 min at 4°C, and
the supernatant was collected. Clear flat-bottom microplates were
coated with 100 pL of recombinant RBD SARS-CoV-2 (Sino
Biological US Inc, Wayne, PA) at 1 ug/mL in 1x phosphate-
buffered saline (PBS). Microplates were incubated overnight at
4°C. After incubation, plates were washed three times using PBS
1x with 0.05% Tween-20 detergent (PBST), and 200 pL of block-
ing buffer (PBST with 3% of bovine serum albumin fraction V) was
added in all wells for 1 h at room temperature. Supernatant samples
were diluted from 5x to 160X in serial 2-fold dilutions in blocking
buffer. For each step (addition of 100 nL standards/samples and
secondary antibodies at 1 pg/mL), washing and incubation for 1 h at
room temperature were performed. The detection was completed
using goat anti-human IgM mu-chain HRP for SIgM/IgM, goat anti-
human gamma-chain HRP for IgG, and goat anti-human alpha-
chain HRP for SIgA/IgA (Abcam, Cambridge, MA). For fSC, goat
anti-human SC to horseradish peroxidase (HRP) was used (Exalpha
biologicals Inc). Interpolation of a standard curve was created using
six points (5x to 160x in duplicate) for each milk sample, and AUC
was calculated using GraphPad Prism 9 (San Diego, CA).

Statistical Analysis

Mann-Whitney test was applied using Prism 9 to compare
AUC of RBD-specific antibodies between donors with a confirmed
COVID-19 PCR versus donors with viral symptoms suggestive of
COVID-19 and between exposed mothers vs. unexposed mothers.
Linear regression models were used to determine correlations
between the antibody titers and the elapsed time from the infection
to milk collection. The sample size was selected based on our
previous studies of sample sizes (9,10), and proved to be adequately
powered based on the results.

RESULTS

Maternal Demographics

Among 200 women for the survey of COVID-19 infection,
eight mothers had a confirmed COVID-19 PCR test, and eight
mothers had viral symptoms suggestive of COVID-19 without PCR
testing. Postpartum time, infant gender, and maternal age were
comparable between the COVID-19 PCR, viral symptom, and
control groups. However, the elapsed time from the infection to
milk collection was shorter in women with COVID-19 PCR test
(2 months) than in women with viral symptoms without PCR testing
(4 months) (P =0.004). Participant characteristics are described in
the Table, Supplemental Digital Content 12, http://links.lww.com/
MPG/C338, http://links.lww.com/MPG/C339. A flow chart is pre-
sented in the Figure, Supplemental Digital 1, http://links.lww.com/
MPG/C340 to summarize the selection of the donors for the study.
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Breast Milk Antibodies and Maternal COVID-19 Infection

Receptor-binding Domain Severe Acute
Respiratory Syndrome Coronavirus 2-specific
Antibody Titers

AUC of RBD-SARS-CoV-2-specific SIgA/IgA, SIgM/IgM,
IgG, and fSC were comparable between mothers with confirmed
COVID-19 PCR and mothers with viral symptoms suggestive of
COVID-19 (Fig. lA-D).

AUC of RBD-SARS-CoV-2-specific SIgA/IgA (Fig. 2A,
P=0.021), IgG (Fig. 2C, P=0.017) and fSC (Fig. 2D,
P=0.002) were 2.3-, 3.8-, and 2.8-fold (respectively) higher in
COVID-19-exposed donors (COVID-19 PCR and viral symptoms
suggestive of COVID-19) than in unexposed donors (control 2018).
SIgM/IgM (Fig. 2B, P =0.083) tended to be 2.7-fold higher in the
exposed group compared with in the unexposed group.

The elapsed time from the infection to milk collection and
infection did not correlate with the antibody titers. The standard
curves for each individual mother are presented in the Figure,
Supplemental Digital Content 2, http://links.lww.com/MPG/C341.

A 300- ns 5 1201 ns
) 2 e
"E' 3 o g: g 100 o
3 < 200- S ™ .
3 o A 3 = 60
< 03
5 K= <2 404
%D 100 4 g
o8 4 o0& 20-
Qs Q5
[
a a2 0
w w
0- 20—
C 100+ ns D 150+
: £ ns
o NO
328 75- 38 °
o< o< 100
Q0 ° b Ty
0 g 1 - N A
Sz > z @
= » 8
-] 25 ao 9504 o
25 = 28
] X o
3
0 ; 0-
N @ o )
OS¢ S O & S
ST L2 N & <
gy ¢ o &b <

FIGURE 1. Comparison of titers (area under the curve [AUC]) in
human milk antibodies specific to the receptor-binding domain
(RBD) of SARS-CoV-2 between mothers with confirmed COVID-19
PCR test and mothers with viral symptoms without PCR testing. (A)
Secretory IgA (SIgA)/IgA; (B) secretory IgM (SigM)/IgM; (C) IgG; (D)
free secretory component (fSC). Mann-Whitney test was used to
compare the two groups. Values are means + SD, n=_8 for mothers
with confirmed COVID-19 PCR test and n=8 for mothers with viral
symptoms associated with COVID-19 infection. AUC was calculated
using six serial dilutions (5x to 160x) in duplicate for each milk
sample. COVID-19 = coronavirus disease 2019; IgA = immunoglob-
ulin A; 1I9G = immunoglobulin G; IgM = immunoglobulin; SARS-CoV-
2 = severe acute respiratory syndrome coronavirus 2; SD = standard
deviation.
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FIGURE 2. Comparison of titers (area under the curve [AUC]) in
human milk antibodies specific to the receptor-binding domain
(RBD) of SARS-CoV-2 between COVID-19 exposed mothers and
unexposed mothers. (A) Secretory IgA (SIgA)/IgA; (B) secretory IgM
(SIgM)/IgM; (C) IgG; (D) free secretory component (fSC). Mann-
Whitney test was used to compare the two groups. Values are means
+ SD, n=16 for COVID-19 exposed mothers (n =28 for mothers with
confirmed COVID-19 PCR test and n=8 for mothers with viral
symptoms associated with COVID-19 infection) and n=6 for unex-
posed mothers (control 2018). Mann-Whitney test was used to
compare the two groups. Values are means + SD. AUC was calculated
using six serial dilutions (5x to 160x) in duplicate for each milk
sample. COVID-19 = coronavirus disease 2019; IgA = immunoglob-
ulin A; I9G = immunoglobulin G; IgM = immunoglobulin; SARS-CoV-
2 = severe acute respiratory syndrome coronavirus 2; SD = standard
deviation.

Clinical Symptoms

Among the 16 women, 100% had fever, 43.8% had fatigue,
75% had cough, 6.2% had loss of taste, 37.5% had nasal congestion/
upper respiratory infection, and 18.8% had headaches.

DISCUSSION

COVID-19 PCR testing has been primarily restricted to indi-
viduals with moderate to severe symptoms (1). Evaluation of anti-
body responses limited to patients with confirmed COVID-19 PCR
do not represent the reality among mothers who breastfeed because
many of them have not been diagnosed during the COVID-19
pandemic. The quantification of SARS-CoV-2-specific antibody titer
in undiagnosed mothers is critical to understanding maternal immu-
nity and the impact of viral symptoms on the antibody response.

The contribution to the field of this study was to compare the
AUC of RBD SARS-CoV-2-specific antibodies in human milk to
determine how antibody titers differ between donors with con-
firmed COVID-19 PCR and donors with viral symptoms suggestive
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of COVID-19. Identifying unique differences among antibody titers
might be relevant to understand the passive immunity among
maternal and neonatal populations.

An important finding emerging from this study was the titers
of RBD SARS-CoV-2-specific SIgA/IgA, SIgM/IgM, IgG, and fSC
were comparable between mothers with confirmed COVID-19 PCR
test and mothers with viral symptoms (no PCR test). These results
suggest that women with viral symptoms suggestive of COVID-19
produced antibodies specific to SARS-CoV-2 in human milk. The
titers of RBD-SARS-CoV-2 SIgA/IgA, IgG, and fSC were higher in
the COVID-19-exposed group than in the unexposed group,
whereas SIgM/IgM tended to be higher in the exposed group.
Fox et al (11) also observed that the RBD SARS-CoV-2-specific
SIgA and IgG levels were higher in donors with a confirmed
COVID-19 PCR than in unexposed mothers and IgM tended to
be higher in COVID-19-recovered mothers.

Two women (PCR-M2 and PCR-MS8) with confirmed
COVID-19 PCR had low RBD antibody titers. The elapsed time
from the infection to milk collection was 2 and 4 months for PCR-
M2 and PCR-MS8, respectively. Their symptoms reported were
cough, fatigue, fever, and loss of taste/smell for PCR-M2, whereas
headaches, cough, fatigue, and fever for PCR-MS. Interestingly,
fever (100%), cough 75%, and fatigue (43.8%) were the most often
symptoms reported by COVID-9 exposed mothers. These observa-
tions are in accordance with Gao et al (4) that reported fever
(78.1%) and cough (42.9%) were the common maternal symptoms
related to COVID-19.

Donors with high titers of RBD SARS-CoV-2-antibodies
may recognize and mount a faster immune response during expo-
sure to SARS-CoV-2 (12). PCR-M1 had high titers of RBD SARS-
CoV-2-specific SIgA/IgA, SIgM/IgM, and fSC, whereas viral-M1
had high titers for SIgA/IgA and fSC. Both PCR-M1 and viral-M1
had low IgG titers. These results are in accordance with Long et al
(13), which reported a significant variation of sera spike protein
SARS-CoV-2-specific IgG and IgM levels in symptomatic and
COVID-19-recovered patients. Antibody responses in mothers
could be increased by several factors, including a preexisting
immunity against SARS-CoV-2 (previous infections by common
human coronaviruses (6,14)), genetic factors, absence of health
disorders (obesity and cardiovascular diseases), and optimal nutri-
tion (15—17). The maternal factors that cause the variation of
isotypes in mothers’ milk samples are still unknown and more
studies are needed to identify them.

Our study has some limitations. First, antibodies in human
milk samples were not evaluated using neutralization assays, and
their neutralizing capacities remain to be determined. Second, the
demographic description of the participants is limited and might be
subjected to systematic bias. Maternal factors, including socioeco-
nomic status, race, preexisting immunity conditions, genetic fac-
tors, and nutritional status, can affect the antibody titers due to their
direct or indirect impact on passive immunity. Third, a larger
sample size study is needed to represent the maternal immune
response against SARS-CoV-2. Finally, the elapsed time from the
infection to milk collection of the groups differed, which might
have influenced the results.

CONCLUSION
Our study reveals that RBD SARS-CoV-2-specific antibo-
dies’ titers were comparable between mothers with confirmed
COVID-19 PCR and mothers with viral symptoms suggestive of
COVID-19. These findings suggest that mothers with viral symp-
toms suggestive of COVID-19 could produce antibodies specific to
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SARS-CoV-2 in human milk. We also demonstrated that fSC titer in
milk was higher in the exposed mothers than in the unexposed
mothers. Indeed, a larger study is needed to evaluate whether infants
are acquiring protection against SARS-CoV-2 through human milk
antibodies from mothers with previous COVID-19 infection.
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