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Samenvatting / Summary

To date, no cure for SARS-CoV-2 is available. Plasma from cured COVID 19 blood donors is hypothesized to help, but still
lacks evidence and widespread application (1). Preventive actions have slowed down the pandemic, but vaccines are not yet
available.

Breastmilk, but not formula, prevents infants from respiratory tract infections via antimicrobial and immunological activity by
30% (2). Milk immunoglobulins (and mainly IgA) are considered the major molecular factor (3).

Just recently, we and others detected anti-SARS-CoV-2 Spike IgA antibodies in most raw milk samples of cured COVID 19 milk
donors, present in their more stable secretory sIgA form. Pasteurization (Heat or Pressure) of breastmilk yielded similar results.
Neutralizing activity tests are currently performed as well as isolation and identification of specific SARS-CoV-2 milk SIgA by de
novo sequencing by mass spectrometry.

SlgA facilitates pathogenic microbial clearance from the mucosa by prevention of microbial binding to host receptors of
mucosal epithelial cell layers in mouth and throat. We hypothesize that human milk derived secretory IgA from lactating, cured
COVID 19 women with a natural surplus of milk prevents SARS-CoV-2 infections in vulnerable populations.

We propose a three-phase approach:

Phase 1: Quantification of secretory SARS-CoV2 IgA in donor milk of proven COVID 19 mothers, collected via use of existing
(inter)national networks of human milk banks.

Phase 2: Optimizing immunological quality and safety of the human milk product via already established partnerships

Phase 3: Initiate a randomized clinical trial in elderly individuals with the hypothesis that gargling/ingesting modified donor
human milk, or purified IgA fractions thereof, from COVID 19 mothers will reduce the incidence of proven COVID disease in
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vulnerable populations by 30%. Assuming an incidence of 3% with a power of 80%, 3815 elderly subjects and 1526 cured
COVID 19 milk donors are needed.
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1. PROBLEEMSTELLING EN DOELSTELLING(EN):

To date, no cure for SARS-CoV-2 is available. Plasma from cured COVID 19 blood donors is
hypothesized to help, but still lacks evidence and widespread application (1). Preventive actions have
slowed down the pandemic, but vaccines are not yet available.

Breastmilk, but not formula, prevents infants from respiratory tract infections via antimicrobial and
immunological activity by 30% (2). Milk immunoglobulins (and mainly IgA) are considered the major
molecular factor (3).

Just recently, we and others detected anti-SARS-CoV-2 Spike IgA antibodies in most raw milk
samples of cured COVID 19 milk donors, present in their more stable secretory sIgA form. Pasteurization
(Heat or Pressure) of breastmilk yielded similar results. Neutralizing activity tests are currently performed as
well as isolation and identification of specific SARS-CoV-2 milk SIgA by de novo sequencing by mass
spectrometry.

SlgA facilitates pathogenic microbial clearance from the mucosa by prevention of microbial binding
to host receptors of mucosal epithelial cell layers in mouth and throat. We hypothesize that human milk
derived secretory IgA from lactating, cured COVID 19 women with a natural surplus of milk prevents
SARS-CoV-2 infections in vulnerable populations.

We propose a three-phase approach:

Phase 1: Quantification of secretory SARS-CoV2 IgA in donor milk of proven COVID 19 mothers, collected
via use of existing (inter)national networks of human milk banks.

Phase 2: Optimizing immunological quality and safety of the human milk product via already established
partnerships

Phase 3: Initiate a randomized clinical trial in elderly individuals with the hypothesis that gargling/ingesting
modified donor human milk, or purified IgA fractions thereof, from COVID 19 mothers will reduce the
incidence of proven COVID disease in vulnerable populations by 30%. Assuming an incidence of 3% with a
power of 80%, 3815 elderly subjects and 1526 cured COVID 19 milk donors are needed.

2. PLAN VAN AANPAK:

Very recently we (van Gils-AMC (4), Rispens-

SARS-CoV-2 specific Ig over time Sanguin) quantified anti-SARS-CoV-2 Spike IgA
st . after onset of symptoms - @Ntibodies (secretonjy slgA) in milk (raw and heat
1:100 15 £3 <28 days or pressure pasteurized) samples and serum IgG
i =3 2810 52 days of cured COVID-19 milk donors. Serum IgG and milk
=1 >52 days IgA were correlated and we observed equal amounts

of anti-SARS-CoV-2 slgA levels in raw and
pasteurized milk. Interestingly, serum IgG levels
increased with time after start of symptoms, while
the IgA levels peaked between 28 and 52 days after
Soum  UP U HP onset of symptoms but remained present at high
levels afterwards.
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Fig Preliminary data (van Gils-AMC) on serum and milk IGs from cured 50 COVID-19 donors and controls.
UP=unpasteurized, VU= Holder pasteurization(@VUmc, HP= High Pressure pasteurization @WUR.

Phase 1: Collection of donor milk of proven COVID-19
Organization of human milk bank

The Dutch Human Milk Bank supplies 50% of all Dutch Neonatal ICs in the Netherlands. The process of
milk donation including screening the donors (Sanquin, partner) and the milk bank is fully operational,
follows international guidelines and is approved/controlled by the “Voedsel en Waren Autoriteit”.

Acquisition of donor milk

We will use a two layered approach. YWhen making use of one single request for donor milk via Facebook,
we reached 127.480 interested people. Over 1400 donors volunteered to donate donor milk, while 40

594182



contributors were sufficient. Of these 1400, there was a proven or high likelihood COVID-19 infection in
14%. The average supply of a regular milk donor is 7 liters, for a median duration of 12 weeks of donation.
With the assumptions made for the RCT, 10.628 L donor milk is needed, corresponding with 1526 milk
donors. First, we will launch a national campaign with ambassadors targeted to lactating women.
Secondly, if the yield is not high enough, we will use networks like ‘Landelijke Borstvoedings Raad’,
“moedermelknetwerk” and the KNOV (Midwives) with whom we have close contacts.

Contingency plan: In addition, we can extend our trial abroad as the Dutch Milk Bank is member of the
European Milk Banking Association (220 milk banks) and the Collaborative Network of Human Milk Banks
and Associations (85 milkbanks) (5). Several sites already expressed their huge interest (Imperial College,
London, University Hospital Warsaw, Mount Sinai, New York)

Phase 2: Optimizing immunological quality and safety of the human milk product

Utrecht University (group of Spinoza laureate Albert Heck, partner) revealed by affinity purification coupled
to top-down mass spectrometry that the IgG and IgA antibody repertoire circulating in plasma of individual
donors is dominated by a few dozen unique clones. These immunoglobulin repertoires respond strongly
upon onset of disease/infection and are dominated by immunoglobulins responding to the
physiological/disease state.

Immunoglobulins from human milk of individual donors can be affinity purified and profiled by
mass spectrometry (preliminary collaborative work). In this study, the goal is to detect how many SARS-
CoV-2 antibodies (and which ones) are present in human milk (and serum) of individual donors, and in a
next phase how this may be changing during lactation and correlates with the seriousness of the COVID-19
disease symptoms and other clinical parameters.

The affinity purification assays for either total IgGs or IgAs from either serum or milk are very efficient. Next,
we can affinity purify either SARS-CoV-2 directed antibodies (using e.g. spike protein epitope) or profile the
complete repertoire preferably by combining these two approaches to identify which clones respond to
affinity enrichment/depletion. Individual COVID-19 responsive clones will be isolated and identified
and de novo sequenced by mass spectrometry. These purified immunoglobulins will be functionally
tested by using virus neutralization assays (Stittelaar, Viroclinics). The most effective antibodies will be
sequenced in further detail, and this information can and will be used to recombinantly produce them. This
may lead to a new and powerful set of COVID-19 virus neutralizing IgG and IgA antibodies.

Fortified donor milk needs to be safe and thus contain as little pathogens as possible. This is
routinely achieved with Holder pasteurization (30 min at 62.5°C). Although robust, this leads to inactivation
of milk immune factors, including antibodies. Previously, we (Hettinga, WUR) compared several thermal
and non-thermal pasteurization processes bacterial inactivation, overall level of protein denaturation,
inactivation of specific immune-active proteins (by LC/MSMS), and functionality of these proteins by
bacterial growth assays. High pressure (HP) pasteurization seems the most suitable non-thermal process
and is industrially available for large-scale application. As we were able to show comparable anti-SARS-
CoV-2 slgA levels in breast milk after both the Holder and HP pasteurization method, we will further
optimize the HP pasteurization method for large-scale immunoglobulin production.

Moreover, the mass spectrometry-based analysis of the IgG and IgA repertoire will also be used to monitor
what effect the two approaches of pasteurization have upon the human milk samples, whereby the focus is
on the retainment of active IgA and IgG clones (even after application of the Holder and HP pasteurization
methods). As human milk IgA is present predominantly in the very stable secreted form of slgA, we expect
especially these IgA immunoglobulins to retain their anti-SARS-CoV-2 neutralizing activity, even after
pasteurization. Finally, the quality at the end of shelf life will be compared based on IgA retention, bacterial
growth, and flavor development (by Gas Chromatography-Mass Spectrometry: GC-MS).

Phase 3: Randomized controlled trial

We hypothesize that human milk derived slgA from lactating, cured COVID-19 women with a natural
surplus of milk prevents SARS-CoV-2 infections in vulnerable populations by 30%.

We will initiate an (inter)national, randomized clinical trial in which we will investigate whether donor milk
from COVID-19 cured mothers can have a preventive role for COVID-19 disease in elderly vulnerable
individuals. Ingestion of modified donor human milk, or purified slgA fractions thereof, from COVID-19
mothers will prevent binding of SARS-CoV-2 to mucosal layers in the upper respiratory tract and thereby

preventing the development of COVID-19 di
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The primary objective: a reduced number of SARS-CoV-2 infections (-30%, defined by a positive SARS-
CoV-2 RT-PCR obtained from a naso-pharyngeal swab) in a vulnerable population (elderly people aged >
70 years living in a nursing home)

Secondary objectives:

- Reduction of other respiratory infections

- Reduction in COVID-19 related mortality

In this randomized controlled trial, the intervention will consist of gargling and ingesting modified donor
human milk from lactating women cured from a proven COVID-19 infection (defined by a positive SARS-
CoV-2 RT-PCR obtained from a naso-pharyngeal swab) (10 ml 4 times per day) for 10 weeks. Controls will
receive cow’s milk in a similar fashion.

Reducing the incidence from 3% (placebo) to 2% (intervention) at a power of 80% requires 3815 subjects
per arm. At present, we find a 2% incidence while screening (PCR) asymptomatic adults pre-surgery. Our
network (Hertogh, VUmc) consist of >15.000 elderly within 24 organizations of elder care. For a sufficient
supply of donor milk, we estimate the participation of 1526 COVID-19 milk donors supplying 7 L donor milk.

3. HAALBAARHEID VAN HET PROJECT:

We aim to conduct this project in 7 months as is depicted in Figure 2.

MOTIVATIE HAALBAARHEID
Chances of success are based on broad

Time in months

network of highly motivated experts in all 720 T=|1 le T='3 T='4 Tls Tle 717

the relevant fields (accessibility of milk Collection of milk from COVID-19 mothers |
donors via national milk bank, milk Phasel |— 1
processing, immunological & viral =
knowledge and testing capacity of SARS-

CoV-2, methodology (Bossuyt, AMC),

elderly health). Ample opportunities for

extension abroad.

4. RELEVANTIE VOOR DE PRAKTIJK:

Onderbouw de relevantie aan de hand van de in de subsidieoproep benoemde relevantiecriteria
Prevention is key. Optimization of the human milk product by the newest techniques, validated by
measuring neutralizing antibodies and functional testing of the product in cell cultures will allow maximal
potential to be effective. The selected subjects are highly prone for infection and belong to the high risk
group with concomitant morbidity and mortality. In contrast to newly produced vaccins or drugs, human
milk will have no side effects. In contrast to serum-derived antibodies or monoclonal antibodies, milk-
derived antibodies will exhibit their inhibitory properties at the surface of buccal mucosa after oral non-
invasive administration routes. There is no need for trained health care personnel. When effective, this
method can be applied worldwide at low costs.

5. DEELNAME VAN DE STAKEHOLDER(S) (e.g. patiénten, zorgprofessionals, etc.):

Milk donors through Dutch Milk Bank (expansion possible via existing international networks), elderly
participants through “academische werkplaats ouderenzorg (UNO VUmc)”, pasteurization via Dutch Milk
Bank and Wageningen University& Research, serology and milk Ig testing and purification via Amsterdam
UMC, Sanquin and University Utrecht, neutralizing virus capacity via Viroclinics, RCT methodology and
registry via AmsterdamUMC. All stakeholders are committed and worked together on other projects.
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