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ABSTRACT

Background:

SARS-CoV-2 infection is still ongoing worldwide. The passage of SARS-
CoV-2 antibodies through human milk provides essential protection to
infants. The objective of this study was to determine the presence of
immunoglobulins in the human milk at 2 and 6 weeks post-delivery of

women who tested positive for the SARS-CoV-2 virus during pregnancy.

Methods:

This prospective observational cohort study was conducted between April
2020 and January 2021. We collected human milk from mothers who tested
positive for the SARS-CoV-2 virus during pregnancy. Human milk IgG and
IgA antibodies against SARS-CoV-2 S1 RBD protein were measured.

Results:

Eighty-one human milk samples were collected from 57 mothers infected
during pregnancy. Human milk collected at 2 weeks post-delivery was
positive for SARS-CoV-2 IgG in 82% and IgA in 49% of samples. At 6 weeks,
human milk was positive for SARS-CoV-2 1gG in 67% and for IgA in 37%
of samples. There was no correlation between the 1gG or IgA levels at 2
weeks post-delivery and days from the first positive PCR test to delivery
or gestational age at the first positive PCR test. SARS-CoV-2 antibodies
were detectable in human milk of mothers who were PCR positive early
in gestation. There was no significant difference in human milk IgG or IgA
levels when comparing maternal symptom severity. The IgA and IgG
levels were lower at 6 weeks compared to 2 weeks in 79% of the paired
samples.

Conclusions:

Human milk of mothers infected with the SARS-CoV-2 virus during pregnancy
showed the presence of both IgG and IgA against the virus protein.
Continued human milk feeding of infants born to mothers infected with
SARS-CoV-2 should be encouraged to optimize protective antibodies
transferred to the infant.
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Introduction

Human milk feeding is the most effective feeding
strategy to promote optimal health in newbormns. In
addition to nutritional components, human milk
has many protective properties, including human
milk oligosaccharides, bioactive factors, cells, and
immunoglobulins.” Human milk feeding is associated
with improved infant health and immune development
when compared to formula fed infants.?
Immunoglobulins in human milk provide barrier
immunity for the infant, including specificity towards

respiratory antigens.’

The COVID-19 pandemic, caused by the SARS-
CoV-2 virus, was a major worldwide public health
crisis. While the pandemic has ended, infection with
this virus is still ongoing. During pregnancy, maternal
SARS-CoV-2 antibodies, which are produced after
infection or vaccination, are transferred to the fetus
through the placenta.® Postnatally, human milk
antibodies provide additional protection to the infant.
The World Health Organization (WHO) recommends
continuation of human milk feeding even if the mother
is infected with SARS-CoV-2.> While the transmission
of SARS-CoV-2 virus via human milk has been noted
to be rare,*? the presence of SARS-CoV-2 antibodies
in human milk has been shown in multiple studies,
although the number of participants included in these
studies are limited to under 200 participants.”®™
Studying the native reaction to SARS-CoV-2 infection
is now likely confounded by prior COVID infection and/
or vaccination, making reports of immunoglobulins
in human milk from mothers infected during the
early phase of the pandemic important and relevant.

The objective of this study was to determine the
levels of IgG and IgA in human milk and compare
their changes at 2 and 6 weeks post-delivery of
unvaccinated women who tested positive for the

SARS-CoV-2 virus during pregnancy.

Methods

SETTING AND STUDY POPULATION
This prospective observational cohort study was
conducted between April 2020 and January 2021 at

a public safety-net health system with about 4,500
deliveries per year. Approval was obtained from
our Institutional Review Board (Reference #20-021).
During the study period, all women admitted for
delivery underwent universal screening for SARS-
CoV-2 by a nasopharyngeal PCR on admission for
delivery or within three days prior to admission for
elective deliveries. Also, mothers who experienced
symptoms concerning for COVID-19 or had close
contact with a confirmed SARS-CoV-2 positive person
were tested during pregnancy.* Pregnant women
who had a confirmed positive SARS-CoV-2 PCR
test during the current pregnancy, either prior to
admission or at admission, were eligible for the
study. This study included 57 women who tested
positive for SARS-CoV-2 during pregnancy (2 in the
first trimester, 6 in the second trimester, and 49 in
the third trimester/at delivery) and were providing
human milk for their infants. The timing of maternal
SARS-CoV-2 infection was determined by the date
of the first positive SARS-CoV-2 PCR test. The Society
for Maternal-Fetal Medicine guidelines were used
to establish the severity of SARS-CoV-2 symptoms

(mild, moderate, severe).”™

HUMAN MILK SAMPLE PREPARATION

Human milk samples were collected at 2 and 6 weeks
post-delivery and were kept at -80°C until assayed.
Twenty-three human milk samples collected prior
to the COVID-19 pandemic were used as negative
controls. Human milk samples were thawed at 4°C,
and centrifuged at 4,250 x g for 10 minutes at 4°C.
The infranate was collected by pipette from below
the upper fat layer. Multiple aliquots of 400 pL of
the supernatant from each sample were stored at -

80 °C until use for each assay.

MEASUREMENT OF SARS-CoV-2-S1 RBD PROTEIN
SPECIFIC ANTIBODIES IN HUMAN MILK

Antibodies (IgG and IgA) against SARS-CoV-2-S1
receptor binding domain (RBD) protein were
measured using enzyme linked immunosorbent
assays (SARS-CoV-2-S1 RBD protein human IgG and
IgA ELISA Kits, IEQ-CoVS1RBD-IgG, IEQ-CoVS1RBD-
IgA, RayBiotech, GA, USA). These ELISA kits were
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used for analysis of serum samples and were adapted
to be used with human milk, similar to previous human
milk studies.”'314161” The absorbance was measured
with a spectrophotometer (SpectraMax M2, Molecular
Devices). Results were calculated using calibration
curves as directed by the manufacturer’s specifications.
Positive cut-off values for IgG (134 U/ml) and IgA
(16262 U/ml) were 2 standard deviations from the
average antibody concentration of the 23 control
human milk samples collected prior to the pandemic.

DATA ANALYSIS

The maternal and infant demographics, including
maternal age, gravida, para, infant gestational age,
birth weight, sex, and maternal morbidities
(hypertension, diabetes, and obesity), are summarized
as percentages, mean and standard deviations, or
median and interquartile range (IQR) as indicated.

Human milk immunoglobulin levels were compared

between maternal symptom groups using Kruskal-
Wallis equality of populations rank test for non-
parametric variables. Correlation between the timing
of maternal infection (time from positive PCR to
delivery and gestational age at the time of positive
PCR) and human milk IgG and IgA levels at 2 weeks
post-delivery were determined using Spearman’s
rank correlation coefficient. Human milk 1gG and
IgA levels in 2 and 6 week paired samples were
compared using Wilcoxon signed-rank test. Data
analysis was performed using Stata 14.2 (Stata Corp,
College Station, TX).

Results

A total of 81 human milk samples were collected
from 57 mothers, of which 51 were collected at 2
weeks and 30 were collected at 6 weeks, with 24
paired samples at 2 and 6 weeks. The maternal and

infant characteristics are summarized in Table 1.

Table 1: Maternal and Infant Characteristics

Maternal demographics and outcomes n=57
Maternal age, years, median (IQR) 27 (22-33)
Gravida, median (IQR) 3(1-4)
Para, median (IQR) 1 (0-2)
Hispanic, n (%) 53 (93)
Race, n (%)
White 55 (96)
Black 1)
Asian 1(2)
C- section delivery, n (%) 14 (25)
Maternal SARS-CoV-2 infection severity, n (%)
Asymptomatic 27 (47)
Mild to moderately symptomatic 26 (46)
Severely symptomatic 4(7)
Maternal diabetes, n (%) 13 (23)
Maternal hypertension, n (%) 10 (18)
Maternal obesity, n (%) 14 (25)
Infant demographics and outcomes n=59
Infant birth weight, grams, median (IQR) 3370 (2985-3665)
Gestational age, weeks, median (IQR) 39.1 (38.1-39.7)
Male, n (%) 24 (41)
Any human milk feeding in hospital, n (%) 59 (100)
Exclusive human milk feeding in hospital, n (%) 38 (64)
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In this cohort, 47% of the infected mothers were
asymptomatic, 43% had mild to moderate symptoms,
and only 7% developed severe disease. Human milk
collected at 2 weeks post-delivery was positive for
SARS-CoV-2 IgG in 82% and IgA in 49% of samples.

At 6 weeks, human milk was positive for SARS-CoV-
2 1gG in 67% and IgA in 37% of samples. The
concentrations of human milk antibodies are

presented in Table 2.

Table 2: Human Milk Antibody Concentration

Human Milk Antibodies n % Positive Concentration (U/ml), median (IQR)
lgG

2 weeks 51 82 383 (186-889)

6 weeks 30 67 207 (71-669)
IgA

2 weeks 51 49 14978 (6138-35903)

6 weeks 30 37 6676 (2775-32929)

There was no correlation between the days from the first positive PCR test to delivery and human milk IgG

or IgA levels at 2 weeks post-delivery (Figure 1A, Figure 1B).
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Figure 1: Human Milk Antibody Levels and Days from First Positive PCR to Delivery. Red horizontal line represents
positive cut-off values, IgG (134 U/ml) and IgA (16262 U/ml);
r, represents Spearman’s correlation coefficient. A: Scatter plot of human milk IgG levels at 2 weeks post-

delivery and days from first positive PCR to delivery. B: Scatter plot of human milk IgA levels at 2 weeks post-

delivery and days from first positive PCR to delivery

There was no correlation between the gestational age of the first positive PCR test and human milk IgG or IgA

levels at 2 weeks post-delivery (Figure 2A, Figure 2B).
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Figure 2: Human Milk Antibody Levels and Gestational Age at First Positive PCR. Red horizontal line represents
positive cut-off values, IgG (134 U/ml) and IgA (16262 U/ml Human Milk IgA Levels;

rs represents Spearman’s correlation coefficient. A: Scatter plot of human milk IgG levels at 2 weeks post-

delivery and gestational age at first positive PCR. B: Scatter plot of human milk IgA levels at 2 weeks post-

delivery and gestational age at first positive PCR.

There was no difference in human milk IgG or IgA levels when comparing maternal symptom severity (Figure 3).
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Figure 3: Human Milk Antibody Levels and Maternal Symptom Severity. The box represents the IQR from 25"
to 75" percentile (IQR). The marker within the box is the median and the “whiskers” reach the 1.5 times IQR.

A: Box plots of human milk IgG levels for each maternal symptom severity. B: Box plots of human milk IgA

levels for each maternal symptom severity.

Of the 24 paired samples at 2 and 6 weeks, 54%
were positive for IgG and 25% were positive for IgA
at both time points. No samples that were negative

at 2 weeks became positive at 6 weeks. In 19 out

(Figure 4B).

of the 24 (79%) paired samples, the IgG level was
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In 19 out of the 24 (79%) paired samples, the IgA
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Figure 4: Paired Antibody Levels. Levels of IgG and IgA are shown in logarithmic scale. Each line represents

a paired sample. A: Paired human milk IgG levels at 2 and 6 weeks. B: Paired human milk IgA levels at 2 and

6 weeks.

Discussion

This study showed a strong presence of IgG and
IgA immunoglobulins against the virus RBD protein
in the human milk of mothers infected with the
SARS-CoV-2 virus during pregnancy. There was no
correlation between human milk SARS-CoV-2 IgG
and IgA levels and the timing of maternal SARS-
CoV-2 PCR positivity or maternal symptom severity.

In this cohort, 82% of human milk at 2 weeks were
positive for SARS-CoV-2 I1gG antibodies, whereas
49% were positive for IgA antibodies. The relative
concentrations of IgA antibodies were higher than
IgG given that human milk immunoglobulins are
predominantly IgA. Our findings are consistent with
three previous studies that analyzed antibodies in
the milk of mothers with SARS-CoV-2 during
pregnancy. Fox et al. analyzed 15 human milk
samples and showed that 80% of milk samples
contained IgA, and 67% of them were also positive
for1gG and/or IgM. 3 Pace et al., reported that 80%
and 76% of 37 milk samples had IgG and IgA,
respectively.” Szczygiol et al. detected IgG antibodies
in 85% and IgA in 86% of 72 milk samples.'® We
found no association between the antibody response
and the severity of maternal illness. Even though
half of our patients were asymptomatic, they had a
robust antibody presence in human milk, which is

similar to a previous report.'

Our study included woman who had infections at
different gestational ages with the majority of cases
in the third trimester. Notably, SARS-CoV-2 antibodies
remain detectable in the 2 week post-delivery milk
samples of mothers who were PCR positive more
than 6 months prior to delivery. There have been
case reports showing the presence of SARS-CoV-
2-specific IgA in human milk up to 6-8 months after
infection.'®'® Although we did not evaluate neutralizing
activity, previous studies have reported that SARS-
CoV-2 antibodies in human milk have neutralizing
capacity.”'*'71? Together, these studies indicate
that human milk remains protective for infants even

when the infection was early in gestation.

Changes in human milk antibody levels have been
characterized after infection or vaccination during
lactation. We compared changes of antibody levels
in paired 2 and 6 weeks samples from mothers who
had SARS-CoV-2 during pregnancy. In the majority
of the paired samples, we observed a decrease in
IgG and IgA levels over time. Consistent with our
observation, Bauerl et al. followed 12 mothers with
paired longitudinal samples and found a generalized
decrease in IgA levels after infection.?® Wachman
et al. showed a decrease in human milk antibody
levels at 6 weeks compared to birth in women
infected during pregnancy.?' Jakuszko et al showed
the duration of SARS-CoV-2-specific IgG in human

© 2024 European Society of Medicine 6



milk was longer than that of IgA after vaccination.?
However, Young et al followed 47 lactating women
after infection up to 90 days and found an upward
trend of IgG and IgA response in 36% of participants
and no change in IgG and IgA response in 38%."
The differences of the antibody changes overtime
among these studies likely reflect the differences of
the timing of infection/vaccination and milk sample

collection.

COVID-19 vaccination during pregnancy or
lactation is highly protective to the mothers and
their infants." 2328 Differential human milk antibody
responses to the various vaccines have been
reported, with mRNA vaccines producing a more
robust antibody response, making mRNA vaccines
highly sought after?? Worldwide, COVID-19
vaccination is limited in many regions, especially in
low-income countries.?° However, even in countries
where vaccines are available to everyone, universal
vaccination is challenging. According to the recent
CDC report, 18% of all adult females, 23% of pregnant
females, and 23% of breastfeeding females are
unvaccinated for COVID-19 in the US.3" Thus,
infection-induced SARS-CoV-2 specific antibodies
in human milk provide important protection to many
infants, especially in regions without ready access
to vaccination. Although several previous studies
have shown a strong presence of SARS-CoV-2
antibody in human milk after natural infection during
pregnancy, the total number of samples analyzed
was less than 200.742°2" We were able to study the
native reaction to infection during pregnancy in 57
mothers, adding strength to the literature. Another
strength of this study is that paired samples were
used to describe time-dependent variation in the
human milk IgG and IgA antibodies. One limitation
of our study is that we cannot determine the precise
timing of infection of asymptomatic mothers who
screened positive for SARS-CoV-2 PCR at the time of
delivery, resulting in uncertainty of infection duration
in these cases.

Conclusions

Our study confirms the strong presence of SARS-
CoV-2-specific IgG and IgA in the human milk of
mothers who have had SARS-CoV-2 infection
during pregnancy. Continued human milk feeding
by mothers infected with SARS-CoV-2 should be
encouraged to provide protection to the infant.
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