Description

IgA-Enriched Milk Immunity Platform

Field of the Invention: The present invention relates to nutritional immunotherapy and dairy
biotechnology. In particular, it concerns milk-based compositions enriched with secretory
Immunoglobulin A (IgA) antibodies specific to regional pathogens, as well as systems and
methods for producing these compositions through immunized dairy herds, and their use in
enhancing mucosal immunity in vulnerable populatio

Background of the Inventioi

Secretory IgA (slgA) is the dominant i inoglobulin in human mucosal secretions (such as
breast milk, saliva, and colostrum) &n .‘,'plays a critical role in first-line immune defense . IgA
antibodies can neutralize viru : cteria, and toxins at mucosal surfaces by binding and
preventing pathogen attachment of invasion. Importantly, unlike IgG, slgA is adapted for oral
effectiveness — it is reS|stan‘ egradation by proteolytic enzymes in the gut and remains
functional throughout gastrointestinal tract . This makes IgA ideal as an orally delivered
immunoprotective agent:-ta:nutraceutical), capable of providing passive immunity in the digestive
and respiratory-{racts,where infections often start.

yirie milk (from cows) naturally contains very low levels of IgA. In un-immunized
wstitutes only a small fraction of total milk immunoglobulins (IgA:IgG ratio of roughly
pical cow’s milk) . As a result, ordinary cow’s milk has negligible IgA and mainly contains
1gG ;as the dominant antibody. It is known in the dairy sciences that special measures are
requwed to obtain IgA-rich milk. Prior attempts to increase IgA in milk have involved
hyperimmunization protocols: immunizing cows with specific antigens to induce a heightened
antibody response. Indeed, the established method to boost IgA yield on a commercial scale is
to administer immunogenic substances (e.g. vaccines) to cows so that they produce
“hyperimmune milk” containing elevated IgA . For example, Hodgkinson et al. (2007) reported a
patented multi-route immunization protocol that significantly increased antigen-specific sIgA in
ruminant milk . In their study, cows immunized with Candida albicans generated high levels of
anti-Candida IgA in milk, which retained functional activity even after processing (spray-drying) .
This demonstrates the feasibility of producing efficacious IgA antibodies in cow’s milk via



targeted vaccination of the herd. Similarly, U.S. Patent 8,282,927 describes compositions of
IgA-enriched milk and processes for preparing them . That patent notes that IgA is the key
protective immunoglobulin in human secretions and confirms that cows’ milk normally contains
very little IgA , thus motivating methods to enrich milk with IgA (either by hyperimmunization or
by extraction techniques). Some prior art approaches focus on extracting IgA from bovine
colostrum or whey via chromatography to create IgA-rich supplements , thereby avoiding the
need for hyperimmunizing cows. However, those extractive methods are complex and costly,
and they yield a purified IgA ingredient rather than an easily consumed whole food.

The present invention takes a different, integrative approach: using immunized dairy animals to
produce whole milk naturally rich in pathogen-specific sIgA, and delivering this “immune milk” as
a nutritional prophylactic to at-risk individuals. This approach builds on prior knowledge that
orally ingested bovine immunoglobulins can survive gastrointestinal transit and confer protection
against infections. Studies have shown that a significant fraction of bovine 1gG from milk or
colostrum can remain intact through the human gut (up to 50% of ingested IgG is recoverable in
adult feces, and even more in infants) . These antibodies can bind human pathogens, neutralize
toxins, and reduce infection rates in the Gl and respiratory tracts . Inclusion of bovine
immunoglobulins in foods has been suggested as a way to support immune function in
vulnerable groups such as infants, children, the elderly; and immunocompromised patients .
Notably, hyperimmune bovine colostrum has beeti-stic Qf‘ssfully used as a supplement against
various infections, and recent research durin | thex g OVID-19 pandemic highlighted that
hyper-immunized dairy cattle could serve . -cost, large-scale source of antibodies for
human use . For example, Rabani et al (f2 showed that cows vaccinated with inactivated
SARS-CoV-2 produced milk with hig s of specific antibodies, and they advocated
hyperimmune milk as a dual-purpo$ '.‘,,féi’tegy to combat viral pandemics and malnutrition in
vulnerable populations . Thes .,Io'ioments underscore the timely potential of
immune-enriched milk prod.ué

Despite promising prior-examples, there remain gaps and innovations not taught or suggested
by the existing techmi eé»_.,;.,,Previous hyperimmune milk products have generally been static in

dyri mlc data-driven approach to producing immune milk has not been described in prior art.
Moreover, prior hyperimmune milks often focused on IgG or used colostrum heavy in 1gG; our
approach emphasizes secretory IgA (with the accompanying “secretory component” that grants
stability in mucosa) as the primary active ingredient, at a defined potency that is a significant
fraction of human breast milk IgA levels. Together with careful processing to preserve antibody
function, and a strategy to identify the people who most need IgA supplementation, the
invention provides a comprehensive IgA Milk Immunity Platform.

Importantly, selective IgA deficiency (SIgAD) is the most common primary immunodeficiency in
humans, affecting roughly 1 in 150 to 1 in 500 individuals in some populations . Patients with



SIgAD have very low or undetectable IgA levels (<7 mg/dL) but normal IgG/IgM, and while many
are asymptomatic, a significant subset (estimated 20-30%) suffer from recurrent respiratory and
gastrointestinal infections, allergies, and other immune disorders . These individuals lack the
mucosal protection that IgA provides, leaving them vulnerable to infections that others might
fend off at the mucosal entry points. Currently, there is no specific treatment to replace IgA in
these patients; immunoglobulin therapies typically supplement IgG but not IgA. Therefore, an
oral IgA-rich milk could be especially beneficial for this group. The invention addresses this by
not only creating the IgA-enriched milk, but also incorporating a diagnostic tool (a rapid IgA
antibody test) to identify IgA-deficient individuals who would benefit most. Notably, a simple
fingertip blood test is now available for population screening of IgA levels, allowing early
diagnosis of SIgAD even in children . By deploying such diagnostics, the platform can target
distribution of the IgA milk to those in need, for instance, children with recurrent infections or
adults with immunodeficiency.

In summary, there is both a technological need and a health need for a platform that produces
pathogen-specific, IgA-fortified milk and delivers it as a preventive nutraceutical. The present
invention meets this need through a novel combination of features: (1) immunization protocols
for dairy cows that elicit high levels of slgA in milk, (2) real-time surveillance of regional
pathogen prevalence to guide which antigens the cows: recelve (making the milk’s antibodies
‘region-tailored”), (3) gentle milk processing (pastéurization and drying) optimized to retain IgA
activity, and (4) companion diagnostics to screénand serve individuals with low IgA or weak
immunity. This integrated system is design provide passive mucosal immunity on a
community-wide scale, with applications g from protecting immunocompromised patients
and the elderly, to acting as a frontlir ense in emerging outbreaks (by rapidly producing
antibodies against new pathogen ollowing sections outline the invention in detail,
including specific embodimen ne product and production method, operational logistics for
farm implementation, example of the surveillance algorithm and immunization schedules, and
additional aspects such as use’'cases and advantages over prior approaches.

Summary: Invention

In one aspgct;.thé invention provides a nutritional composition in the form of milk (or a

milk-de préduct) that is enriched with secretory IgA antibodies specific to one or more
targe .6gens The composition is preferably a whole bovine milk or colostrum-based

pr6‘° ct containing a significantly elevated IgA concentration relative to normal milk. For
example in certain embodiments the IgA content is at least about 0.2 g per liter (200 mg/L) of
dimeric IgA (with its secretory component), which corresponds to a dose of 250 mg IgA per 250
mL serving. This level is a substantial boost over unmodified cow’s milk (which has only trace
IgA, typically <0.05 g/L) , and approaches the order of magnitude of human breast milk IgA (=1
g/L). The IgA antibodies in the composition are functionally active and antigen-specific. they
bind to particular viruses, bacteria, or toxins that are of concern in the region where the product
is distributed. Notably, because the IgA is in the secretory (SIgA) form, it is resistant to
proteolysis and remains active in the human gut , enabling it to neutralize pathogens at mucosal
surfaces when ingested. The base milk matrix in the composition can be standard dairy milk




with minor modifications for stability and tolerance (e.g., reduced lactose content to <1% for
lactose-intolerant consumers, and a pH maintained around 6.6-6.8 for protein stability). The
product may be provided as a refrigerated liquid milk or in a powdered form (obtained via
low-heat drying or lyophilization to preserve IgA activity). The shelf life is engineered to be at
least several weeks for liquid (under refrigerated conditions with pasteurization) and 1-2 years
for the powder (when sealed and kept dry). The composition can be consumed daily as a
prophylactic supplement—e.g., a person would drink one serving (~250 mL) per day to receive
an immunologically effective amount of IgA (50+ mg) that supplements their mucosal immunity.

In another aspect, the invention provides a method of producing the aforementioned
IgA-enriched milk composition. The production method centers on an innovative bovine
immunization program combined with a real-time antigen update system. In general, the method
involves immunizing dairy animals (such as cows) with a carefully selected panel of antigens so
that the animals produce specific IgA antibodies in their milk, and periodically updating this
antigen panel based on current regional disease data. Key steps of the method include:

e Surveillance-Guided Antigen Selection: Epidemiological data streams (public health case
reports, hospital lab isolates, wastewater surveillance, etc.) are continually monitored to
identify prevalent or emerging pathogens in tHe.target region. A software algorithm
computes a weighted incidence or “threat score for each pathogen from these
data. When a pathogen’s score exceed fined threshold (indicating significant
activity or an outbreak), the corres antigen (e.g., a viral spike protein, a bacterial
toxin, etc.) is added to the immuniz n'regimen for the herd. This ensures the cows are
raising antibodies against the obes most likely to infect the local population. The
surveillance algorithm can, for h'sfénce, detect an upcoming viral surge 1-2 weeks in
advance via wastewat :af:"’and trigger an update so that new antibodies will appear
in the milk promptly, o ri‘ng"timely protection. Routine threshold-based updates happen
on a regular schedul .0., each quarter or each new lactation cycle), and emergency
updates can befinitiated immediately if a sudden outbreak is detected (with accelerated
immunization nNeeded).

ne Immunization: Dairy cows are immunized with the selected pathogen
€Rg Using a protocol optimized for inducing IgA in milk. In one embodiment, cows
ive a series of vaccine injections during their dry period (late gestation, prior to
cal-vi'ang), including an initial priming dose followed by multiple boosters (e.g., at 8, 6, 4,
~, and 2 weeks before parturition). Adjuvants favoring mucosal immunity, such as
aluminum hydroxide (Alum) combined with a CpG oligodeoxynucleotide (a TLR9
agonist), are used to drive a strong IgA class-switch response in the mammary gland.
This regimen leverages the natural spike in antibody production that occurs in colostrum
around calving, thereby yielding milk with high titers of IgA. Each cow is immunized with
a polyvalent antigen formulation covering the top several (e.g., 5-10) pathogens of
concern in that region. For example, the vaccine may contain inactivated or subunit
antigens for the predominant local strains of influenza, RSV, norovirus, C. difficile toxin,
E. coli adhesins, etc., as determined by the surveillance data. The result is that the cow’s
colostrum and subsequent milk are “hyperimmune” against those targets, containing



both IgG and IgA antibodies, with IgA being present in dimeric secretory form in the milk.
After calving, as the cow enters peak lactation, her milk is collected regularly and tested
for antibody levels. The immunization is preferably repeated for each new lactation cycle
(e.g., every 6—12 months) to refresh the immunity, and booster shots can be given
mid-lactation if needed to maintain titers.

e Milk Harvesting and Gentle Processing: Milk from the immunized cows (sometimes
called immune milk) is harvested and handled with procedures that preserve
immunoglobulin activity. This includes rapid chilling after milking, minimal exposure to
high heat, and avoidance of harsh chemical treatments. Pasteurization is conducted
under controlled conditions — for instance, using high-temperature short-time (HTST)
pasteurization at around 72°C for 15 seconds, or even lower-temperature longer-time
methods, calibrated to kill pathogenic bacteria while retaining a high fraction of IgA
functionality . Optionally, the milk may be microfiltered or UV-treated as additional safety
steps that are gentle on proteins. If making a powder, lyophilization (freeze-drying) is
employed since it removes water at low temperatures, thereby avoiding heat damage to
the antibodies. The resulting powder can be reconstituted in water or other foods without
significant loss of IgA activity. Throughout processing, quality control assays (such as
ELISA) are performed to quantify IgA conc ion and confirm antigen-specific binding
activity in the final product. The goal is.to NS re-each batch of product meets the
potency specification (e.g., 20.2 g/L | Yiquid form, or equivalent in powder) and is
free of contaminants. '

e Administration & Use: The IgA-~fertified milk is administered to human consumers as a
prophylactic nutritional s nent. The typical recommended “dose” is one serving per
day for an adult (250 mk.of liquid or ~10 g of powder reconstituted), supplying on the
order of 50-100 mg.of ;g)&'. This can be adjusted for different age groups (e.g. a smaller
volume for children)::THe antibodies in the milk will coat the mucosal surfaces of the

intestine (and e cah transit to the respiratory tract via the common mucosal immune

system) . wihi .Ifiey can bind and neutralize pathogens before those can establish

use cases include: providing daily immune support to

pe plé with selective IgA deficiency (to compensate for their lack of IgA), children

(é'é'becially those not breastfed or in daycare settings with high exposure risk), and

-» generally the public during an outbreak of a specific disease (e.g., during flu season or a
pandemic wave, everyone could consume the immune milk targeted to that flu or virus).
Because slgA works by a non-inflammatory mechanism (it prevents pathogen adhesion
and invasion without inducing complement strongly), it is a safe passive immunization
strategy that should not trigger systemic immune side effects. The milk is essentially
used as a functional food that confers passive immunity akin to the protection naturally
found in breast milk.




In another aspect, the invention provides a comprehensive system or platform that coordinates
the above production method with farm management and diagnostics. This system involves
both technological components (software, hardware) and biological components (the immunized
herds and milk processing facilities). For instance, one embodiment of the system includes: (a)
a data aggregation module that pulls in real-time disease incidence data (via APIs from health
databases, wastewater testing devices, etc.), (b) an algorithmic decision module (which may be
implemented as a cloud-based software or Al) that calculates pathogen threat scores and
decides which antigens to include in the next cow immunizations, (¢) an immunization
scheduling system that generates vaccination protocols for each farm (timing the prime/boost
shots relative to cow gestation or lactation cycles), (d) a farm management subsystem possibly
with 10T devices (for tracking each cow’s vaccination status, antibody titer results, and milk
yield), (e) a milk collection and processing subsystem that keeps immune milk segregated and
handles it under specified conditions, and (f) a diagnostic and distribution subsystem that
interfaces with healthcare providers or consumers (for IgA deficiency testing and supplying the
product accordingly). All these elements work in concert as the “IgA Milk Immunity Platform.”
For clarity and conciseness, the inventive system can be summarized as operating in a closed
feedback loop: surveillance data in — decision on antigens — immunize cows — produce
immune milk — deliver to targeted consumers — and back to updated surveillance. By
continually iterating this loop, the platform ensures he antibody profile in the milk stays
relevant (e.g., if a new strain of norovirus emerg: ‘ 2lly, within weeks the milk will contain IgA
against it), and that the product reaches tho will benefit the most (e.g., individuals known
to have low IgA levels or high susceptibilit

An additional aspect of the invention.i ;accompanying diagnostic method to identify
individuals with IgA deficiency or oth e in need of passive mucosal immunity. The method
involves screening people (opti Yy, a broad population screening or targeted screening of
high-risk groups) using a re}pi: gﬁ"’ﬁest. For example, a small lateral-flow immunoassay device
can detect IgA in a drop of b .,od" from a finger prick. If the test shows abnormally low IgA (below
a set threshold, such <7 g/dL in serum), this indicates selective IgA deficiency. Those
individuals can thep-be-adyised to incorporate the IgA-enriched milk into their daily diet as a
neasyre. The invention contemplates kits for this purpose, wherein a testing

improyements can be gathered (with consent) to further validate efficacy and refine dosage
recommendations. This diagnostic+intervention approach not only helps those individuals (by
potentially reducing their frequency of infections ), but also helps public health by lowering
infection spread (an IgA-deficient person is more likely to catch and transmit infections;
protecting them also protects others).

It is a further object of the invention to establish robust implementation models for scaling up
production. Two exemplary business/operational models are described: (1) Company-owned
farms dedicated entirely to producing the immune milk, and (2) Partnership farms wherein

existing dairy farmers collaborate under contract to immunize their herds and supply immune



milk. In the first model, the company maintains full control — the herd, biosecurity, vaccination,
and milk processing are all in-house — ensuring maximum consistency and quality (at the
expense of higher capital investment). In the second model, the company leverages the existing
dairy infrastructure — providing vaccines and protocols to independent farmers and buying back
the specialized milk at a premium — which allows faster scale and regional diversification with
somewhat less direct control. Both approaches are within the scope of the invention, and a
hybrid approach could also be used. In either case, stringent measures are taken to prevent
cross-contamination of immune milk with regular milk and to verify that each batch meets the
IgA potency and safety specifications.

From an intellectual property and competitive standpoint (which is relevant to the practical
viability of the platform), the invention encompasses not only the composition and methods
described above, but also various innovations in how the solution is implemented. Patent
coverage is sought for the unique combination of elements: for example, claims will cover the
composition of matter (milk enriched in dimeric IgA with specific immunoreactivity), the method
of production (including the algorithm-driven antigen selection and vaccination process), and the
method of use (boosting mucosal immunity via oral administration of IgA milk). The dynamic,
region-responsive nature of the platform represents a departure from prior static immunization
approaches, providing a novel and non-obvious feature.that enhances effectiveness during

milk) that is safe, natural, and easy t sume; a production method that can be rapidly
updated to new diseases; and a targe ed’ use method focusing on those who lack IgA or are at
high risk. This platform exempli f 5"“One Health” concept by linking animal immunization
(veterinary practice), human.h alth"’preventlon (nutritional immunology), and data-driven public
health surveillance into on &sive system. The subsequent detailed description, along with
illustrative figures, will-fi ther-elucidate specific embodiments and preferred implementations of
the invention, inclugi ei(:,”,mples of the surveillance algorithm, the immunization protocol
schedule, p0351bi nflgl']rations for farm deployment, and case studies of use. These
examples se monstrate how the invention can be realized in practice and highlight the
benefits ant iexpected results achieved (such as sustained IgA activity after pasteurization, or
the abil espond to an outbreak in near-real-time by updating the milk’s protective factors).

Bhé’f Description of the Drawings

FIG. 1 is a schematic overview of an IgA milk production and usage system, according to an
embodiment of the invention. It illustrates the cycle wherein cows (110) are immunized with a
region-specific antigen vaccine (120) to produce hyperimmune milk (150) containing secretory
IgA antibodies (155). The milk is gently processed in a facility (160) and delivered to end-users
(170), such as immunocompromised individuals, who consume the IgA-enriched milk for
mucosal protection. Key components such as the milking equipment and cold chain (130), as



well as a data feedback loop from public health surveillance (190) feeding into the vaccine
antigen selection, are depicted.

FIG. 2 is a flowchart depicting the pathogen surveillance and antigen update algorithm used in
the platform. The diagram shows data streams (200) including public health case reports (201),
clinical lab isolate data (202), and wastewater surveillance results (203) being input into the
system. A computing module (210) calculates a weighted incidence score A for each pathogen
based on these inputs. Decision blocks (220) check if A exceeds predefined thresholds (T1 for
routine inclusion, T2 for emergency response). If thresholds are met, an update trigger (230)
causes the selection or addition of that pathogen’s antigen to the next cow immunization batch.
The flowchart also shows an emergency update path (240) for immediate action when a severe
outbreak is detected.

FIG. 3 illustrates an exemplary bovine immunization schedule aligned with a cow’s lactation
cycle. The timeline (300) spans the dry period and subsequent lactation. A priming
immunization (311) is administered ~8 weeks before expected calving, followed by booster
shots (312, 313, 314) at -6, -4, and -2 weeks relative to parturition. After the cow gives birth at
time 0 (calving, 320), she begins producing colostrum and then milk. The colostrum phase (330)
in the first days postpartum contains the highest antlbody concentrations. Regular milk
production (340) continues for the lactation; duri ine, periodic booster immunizations
(350) may be given (e.g., mid-lactation) to ma'i gl:.é:h'ﬁ'body levels. The figure also indicates
points of milk sampling for titer testing (32 pshre IgA levels meet the required threshold
before the milk is released for consumer { ‘

FIG. 4A and FIG. 4B show two altefnativé farm implementation models for the platform. FIG. 4A
depicts a dedicated company-o ) farm (400) wherein all cows on the farm are part of the
immunization program. Elen ‘s-{~r-‘rc":lude secured barns (410) with a controlled environment, an
on-site lab (420) for vacci 3 adinistration and milk antibody testing, and a centralized
processing unit (430) fer pastéurizing and packaging the immune milk on-site. FIG. 4B illustrates
a partner farm modg}.. 50”‘_|n which a subset of cows (455) at an independent dairy farm are
enrolled in the,Zthl""“ ization protocol. These cows are marked and milked separately (460) from
the general hefd::The immune milk is stored in dedicated tanks (470) and periodically collected
by insulate‘qf’f rsport trucks (480) to be taken to a company processing facility. Contracts and
data links:(4 )" between the partner farm and the company ensure quality control and

tr itity-of the product.

FIG. 5'is a block diagram of the integrated platform system architecture. It shows the
interactions between different components: a surveillance data intake module (501) that
connects to external databases and sensors; a cloud-based analytics engine (510) running the
antigen selection algorithm; a farm management module (520) that schedules immunizations
and logs cow data; a production module (530) controlling milking, processing, and inventory of
immune milk; a distribution module (540) handling logistics to deliver the product to clinics,
stores, or directly to consumers; and a diagnostic interface (550) which includes IgA test kits
and a database of identified IgA-deficient patients. Arrows indicate the flow of information (e.g.,
surveillance results informing analytics; analytics sending new vaccine directives to farms;



diagnostics identifying new customers and feeding outcome data back to analytics for
continuous improvement).

Fig. X is a block-flow diagram of a continuous-flow skid for IgA enrichment and inline quality
control. Raw milk (left) is chilled, held in a feed tank, coarse-filtered, and circulated through a
tangential-flow membrane. Sensor S continuously measures IgA concentration; a
programmable valve diverts sub-spec stream to a whey outlet while conforming retentate
proceeds to the pasteurizer and downstream packaging.

(Note: The drawings are schematic and for illustrative purposes. They are not to scale and not
limiting; variations and additional details may be implemented in actual embodiments.)

Detailed Description of Embodiments

The present invention will now be described in detail by way of reference to specific
embodiments and examples, which are intended to illustrate the various features and
capabilities of the IgA Milk Immunity Platform. It should be understood that these embodiments
are presented for clarity of explanation, and not by way of limitation. A person skilled in the art
will recognize that numerous modifications and equivalénts are possible without departing from
the scope of the invention as defined by the clai

1. IgA-Enriched Milk Product Con

In one embodiment, the product of e in: ention is a liquid milk beverage enriched with

pathogen-specific secretory IgA a f“;boﬂies. The base composition is preferably whole bovine
milk (approximately 3—4% fat £y
contains elevated IgA. Table %:below summarizes representative specifications for the product
in this embodiment:

Table 1 — Examgle:Comipesition Specifications for IgA Milk Product

Specification Notes
IgA kl5}otency = 0.2 gL of functional slgA  Ensures 250 mg IgA per 250
(dimeric IgA with secretory mL serving. Target is
component) substantial compared to

human breast milk ~1 g-L™
IgA ; far above normal cow
milk IgA (~0.05-0.1 g-L™).



Antigen Specificity Contains IgA reactive to 25

prevalent regional pathogens

IgG Content Also contains 1gG (from
hyperimmune response), e.g.
IgA:1gG ratio closer to
1:2-1:4 vs. normal 1.8
Format

Liquid milk (refrigerated) or
Powder (freeze-driéd);

‘Reduced to <1% (wiv)
rlactose if needed

Lactose Content

pH ~6.7 (naturally close to

normal milk pH 6.6-6.8)

Shelf Life Liquid: =21 days at 2—4 °C (if
HTST pasteurized); Powder:
=18 months sealed at

ambient temperature

Exact targets determined by
surveillance data; e.g., IgA
against influenza virus, RSV,
norovirus, E. coli toxin, etc.,
updated periodically.

IgG in product may provide
additional systemic immunity;,
but focus is on IgA. Both IgA
and IgG are natural
components of milk; the ratio
shifts due to immunization.

Liquid is pasteurized under
IgA-preserving conditions
(see processing details
below). Powder form
achieved via lyophilization to
avoid heat.

Optionally achieved by
adding lactase enzyme or
ultrafiltration to remove
lactose, for lactose-intolerant
consumers.

Maintained to ensure protein
stability and taste. Adjusted if
necessary with food-grade
buffers.

Achieved by pasteurization
and cold chain for liquid; and
by thorough drying + oxygen
barrier packaging for powder.
Antibody activity remains high



post-pasteurization by
controlling time/temperature .

Taste & Appearance Indistinguishable from normal Because it’s real milk,
milk (for liquid); light creamy  sensory properties are
powder for dried form familiar. Only minimal

formulation changes (like
lactose removal which slightly
increases sweetness) are
present.

As shown, the product delivers a clinically meaningful dose of IgA in a convenient format. By
consuming one serving per day, a person would intake tens of milligrams of pathogen-specific
IgA that coats their gastrointestinal mucosa. This can supplement the person’s own immune
factors. For an IgA-deficient individual (who may have virtually 0 mg of IgA production), an
external 50-100 mg daily could bridge the gap signiﬁéantly. Even for an immunocompetent
adult, additional mucosal IgA can help neutralize 'h@gs d or inhaled pathogens, potentially
reducing infection risk, as supported by studie eré oral bovine immunoglobulins prevented
infections .

The IgA antibodies in the milk are pre
dimer joined by a J-chain and assog
confirmed by immunoassays s

tly in the secretory form (slgA): each IgA is a
&d-with a secretory component protein. This form is

for secretory component, and functionally by its known
resistance to trypsin and othe ‘ut»e'hzymes. The inclusion of secretory component is a
consequence of how IgA i ytosed into milk in the cow’s mammary gland; by immunizing
the cow and inducing a‘mucosal immune response in the udder, we specifically raise the sIgA
output.

In terms of pathogen targets, because the platform is dynamic, the exact antibody specificities in
the milk wilt by region and time. For example, a batch produced in Winter 2025 in New York
i1 high-titer IgA against influenza H3N2, SARS-CoV-2 Omicron variant,

ides difficile toxin B, and rotavirus, if those were identified by surveillance as major
threats. Six months later, the formulation might shift to include IgA against enterovirus or a new
norovirus strain if those emerge. The product labeling can list the immunological targets (similar
to how seasonal flu shots list the strains included). However, the product is not a vaccine; it is a
passive immunotherapy in food form. It does not require specifying an “indication” in medical
terms, since it can be positioned as a functional food or dietary supplement that “supports
immunity.” Nevertheless, the manufacturing is done under food-safe and in certain cases
pharmaceutical-grade conditions to ensure consistency in antibody content.

One embodiment also contemplates fortifying derivative products with the IgA milk. For
instance, an infant formula could be made by blending standard infant formula powder with the



IgA-enriched milk powder, giving formula-fed babies some of the immune benefits of breast milk.
As another example, a yogurt or fermented dairy product could be made from the IgA milk as
the base, provided the fermentation conditions (bacterial cultures, temperature, time) are tuned
not to degrade the antibodies significantly. Yet another form could be capsules or tablets
containing the dried IgA milk concentrate for those who cannot or do not consume dairy; these
would essentially be colostrum-like supplements. All such variations are within the scope of the
invention as compositions containing the defined amount of IgA and specific activity.

2. Bovine Immunization Program and Protocol

Referring to FIG. 3, an embodiment of the cow immunization schedule is shown, which aligns
with the cow’s reproductive and milking cycle. The goal of the immunization program is to
stimulate the cow’s immune system in such a way that a robust IgA response is present in the
milk once lactation begins. Key aspects of the immunization program are as follows:

e Animal Selection and Pre-conditioning: Healthy dairy cows of high milk-producing breeds
(e.g., Holstein-Friesian crosses) are selected. In a company-owned herd model, the
genetics of the herd can be managed to favor individuals that historically show higher
IgA secretion; there may be heritable traits f ‘mmunoglobulin output in milk. Prior to
immunization, cows are given a thorough eter ary check to ensure no underlying
infection or condition that could interfer h \may receive nutritional supplements (e.g.,
vitamin E, selenium) known to sup 1mune function, as part of pre-conditioning.

e Timing relative to Calving: Ct¢

weeks before calving whe '
leverages the colostro
begins concentrating__.;
injecting antigens in:

fe typically immunized during the late dry period (the
e not being milked). This timing is chosen because it
is process — in the last ~4-6 weeks of gestation, a cow

ies (mainly 1gG, but also IgA if available) into colostrum. By

aﬂd IgA). Research shows that multiple boosters are often necessary to get

s'i‘gniflcant IgA, as IgA production in milk is trickier to elicit than IgG . The patented

-+ Hodgkinson protocol, for instance, used a series of immunizations via different routes
(systemic and intramammary) to maximize IgA; our approach can similarly use different
routes if needed (e.g., intramuscular plus an intramammary or intranasal antigen delivery
to stimulate local IgA-class-switching in the mammary gland). However, for simplicity and
farm practicality, injecting the vaccine intramuscularly (e.g., in the neck or thigh) with the
right adjuvants can suffice to induce IgA that will homing to the mammary gland, as
lymphocytes activated in gut-associated lymphoid tissue or periphery can migrate to the
mammary gland due to mucosal homing receptors expressed late in gestation.



e Vaccine Composition: Each vaccine dose given to the cow can be a polyvalent mixture.
For example, one dose might contain: inactivated Influenza virus (H and N antigens from
strains A and B common that year), recombinant RSV F protein, a cocktail of Norovirus
VLPs from genogroups | and Il, inactivated Salmonella and E. coli bacterial components,
C. difficile toxoid, etc. Up to 10 or so distinct antigens might be included, balancing
breadth with not overloading the animal’s immune system. Adjuvants are critical for
promoting an IgA response; Alum (aluminum hydroxide or phosphate) is included as a
depot adjuvant favoring a Th2 response (which supports antibody production and class
switching). Additionally, a CpG ODN (short synthetic DNA with unmethylated CpG
motifs) is included to stimulate Toll-like receptor 9 in B cells and plasmacytoid dendritic
cells, which has been found to enhance mucosal immune responses and IgA. Optionally,
cholera toxin B subunit or another mucosal adjuvant could be added in small amount to
further drive IgA (cholera B subunit is known to be a potent mucosal immunogen and
adjuvant). The combination of Alum + CpG is a preferred embodiment because it's
relatively safe and has been shown to induce IgA in various animal studies[textt]. The
vaccine is formulated in sterile saline and each dose might be around 5-10 mL given
intramuscularly. Importantly, all antigens are non-live (killed pathogens or recombinant
proteins) to avoid giving the cow any actual disease or causing shedding of live agents.
This keeps the milk free of any pathogens— ntibodies are present, not the antigen
itself except possibly in trace. :

e Post-calving maintenance: After th
(colostrum) is extremely rich in
have around 1-5 g/L IgA deps
milking may be collected
very rich antibody conge
mature milk (330 to
antibodies albeit |0
times a day)

alves (FIG. 3, time 320), the first milk

Qdies; often colostrum has 50-100 g/L 1gG and can
g on immunization. The colostrum from the first
rocessed separately (colostrum can be used to make a
ite, or can be fed to calves as usual). Once the transition to
N 'ﬂéppens over a few days, the milk will still contain elevated

an colostrum. The cows are now milked regularly (e.g., 2-3
AsU e antlbody levels don t wane, addltlonal booster |mmun|zat|ons

bo ster at that pomt can help, since otherwise maternal antibody levels naturally fall over
time after the last antigen exposure. The invention also contemplates using

- controlled-release antigen implants or frequent small oral immunogens (like feeding the
cow with antigen-laced feed) to continuously stimulate immunity throughout lactation,
although injection is currently more controlled.

e Titer Monitoring and Quality Control: Each immunized cow’s antibody titers are
monitored via blood and milk tests. For example, 10 days after the final booster (just
before calving), blood is drawn and tested by ELISA for each target antigen to confirm a
high serum titer (e.g., 21:10,000 dilution yields positive binding for antigen X). Milk
collected in the first week of lactation is similarly tested for IgA specific to each antigen



(target threshold might be =1:2,000 titer). Cows that do not meet the criteria can be given
another booster or, if persistently low responders, can be rotated out of the program. By
enforcing these quality checks, the production ensures that only potent “immune milk”
enters the consumer supply. Milk batches from multiple cows can be pooled, but typically
within a single farm or group that received the same vaccine lot to maintain consistency.
If a particular cow’s milk is sub-potent, it can be diverted to regular milk silos (since it's
still normal milk in other respects) rather than into the immune product.

¢ Animal Welfare and Biosafety: The immunization program is designed with cow health in
mind. The use of inactivated antigens means cows are not exposed to virulent
pathogens. Alum adjuvant can cause local injection site reactions (like small
granulomas), but this is common in veterinary vaccines and generally well-tolerated,;
rotating injection sites (left neck, right neck, etc.) per dose can mitigate any single site
issue. Cows are observed closely after each immunization for any adverse effects
(anaphylaxis is extremely rare but the team is prepared with veterinary epinephrine, etc.,
just in case). The program abides by veterinary regulations and ethical standards —
vaccines are likely considered biologics and are produced under GMP. No antibiotics are
proactively given; if a cow gets ill, she would be treated and her milk held out of the food
supply as per normal withdrawal rules, but idt "I‘ry‘ the herd is kept very healthy through
preventive care, since disease could con; SuRd tHé immune responses. The cows remain
valuable producers over multiple lactations;»so the immunization schedule is repeated for
each cycle. Typically, a dairy cow m " have a calf each year or two; each time, the
antigen panel might be updated ,,,vé'r years the cow sees new antigens and builds
broader immunity (somewhat ) gous to humans getting a flu shot every year of a
different strain mix).

The result of this immuniza ap‘program is a herd of dairy cows whose milk is a rich source of
antibodies. While IgG will- ofté“h be in higher absolute concentration, the presence of substantial
IgA is unique and paitic '.rly useful for oral consumptlon (IgG works too but IgA is

on.af sorﬁ,e antibodies (some fraction of bovine IgG can cross the gut into blood,
whereas, ) ihe IgA mostly remains in gut) , so the product may incidentally provide some

It should be noted that the immunization methods described are an example; the invention is not
limited to the specific schedule or adjuvants. Alternative approaches such as genetic
immunization (DNA vaccines), viral-vectored vaccines, or even transgenic expression of
antibodies in cows could be considered. However, the current approach has the advantage of
using established veterinary vaccine techniques and being adjustable on the fly (you can
change the antigen mixture each time you vaccinate the cows). This agility is central to the
platform’s novelty.



3. Pathogen Surveillance and Antigen Selection System

One of the innovative aspects of the platform is the real-time surveillance-driven approach to
deciding which antibodies the milk should contain. FIG. 2 provides a conceptual flowchart of this
process. The system continuously ingests data from multiple sources to maintain situational
awareness of infectious disease threats in the region of interest. The following data streams and
logic are used in an embodiment:

e Public Health Case Data (201): This includes daily or weekly reports of notifiable
diseases from public health agencies (e.g., CDC in the US or WHO, or local health
departments). Many countries have databases for reportable illnesses (like influenza,
measles, etc.). These can be accessed via APIs or data feeds. The system parses these
for the region (which could be defined as a city, state, or country depending on
deployment) to see trends in incidence rates. For instance, if flu cases per 100k
population have doubled in the past week, that will raise the score for influenza in that
region.

e Clinical Laboratory Isolates (202): Hospitals and diagnostic labs often compile statistics
on positive tests (blood cultures, stool pathogéh panels, etc.). The system can partner
with healthcare networks to receive de-iden ' ggregate data on which pathogens are
being frequently isolated in patient sa \ s 6F"example, an increase in C. difficile
positive lab results or a spike in MI ulture isolations can be fed into the model. Data
might come via HL7 messages 0 healthcare data standards. This provides a more
granular look at severe infecti hat might not all be reported in public stats.

Wastewater samples n.an be PCR-tested to detect viruses like SARS-CoV-2, polio,
ople shed even before they become symptomatic. In the invention,

ays to weeks . The platform’s algorithm takes in these wastewater readings from
facilities covering the target population.

e Other data (optional): The design can incorporate additional signals such as Google flu
trends, social media illness mentions, over-the-counter medicine sales spikes (as proxy
for flu-like iliness), etc., as well as veterinary or livestock disease outbreaks (some
animal diseases can jump to humans).

All these inputs are fed into a weighting algorithm (210). In one embodiment, the algorithm
calculates a Weighted Incidence Score (Ap) for each pathogen p. A simplified formula was given
in the description as:



\lambda_p = \alpha \times \text{(new cases per 100k)} + \beta \times \text{(lab isolates count)} +
\gamma \times \text{(wastewater signal)}.

This formula can be implemented for each pathogen of interest. For example, for influenza, a
might weight the reported case rate heavily, whereas for norovirus, y (wastewater) might be
weighted more since many cases aren’t formally reported but show up in sewage. The
parameters q, B, y are tunable. They could be normalized or scaled so that typical baseline
activity yields A around 1, a moderate outbreak yields A ~ 3, and a large surge yields A > 5, etc.
The algorithm can be more complex (like a machine learning model), but conceptually it
combines the data to produce a single metric.

Once A is computed, the system checks against thresholds (decision blocks 220). For instance:

o Routine Update Threshold (T1): If A for pathogen p exceeds T1 (say T1 = 2.0), that
pathogen is flagged to be included in the next regular immunization cycle for the cows.
This means that if we're planning the next round of booster shots in a month, we’ll
formulate the vaccine to contain p’s antigen.

e Emergency Threshold (T2): If A exceeds a higher threshold T2 (say T2 = 5.0), indicating
an outbreak or alarming rise, the system tri gers:an emergency update (path 240). This
could entail formulating a special antigeri-dose and immunizing the cows as soon as
possible, even if it's off the usual sch For example, if a novel coronavirus variant
was detected and A skyrockets, anemergency immunization might be done within 2-3
weeks to get those antibodies : ilk faster rather than waiting for the next calving
cycle. Cows that are already: -affng could be boosted (as was done in some
COVID-19 hyperimmun n 's"fudies) so that within perhaps 1-2 weeks post-boost their

maybe review: ,.fﬁ'onthly by a scientific board. T2 is for truly rapid response needs.

All artiger changes are documented. There is typically an oversight group (as mentioned, a
Sdientific AdV|sory Board) that reviews the data and approves adding a new antigen especially
for emergency responses. This is to avoid knee-jerk reactions or false alarms — e.g., one week
spike that falls off might not warrant retooling the vaccine.

Once an antigen is selected for inclusion, the system ensures the supply chain for that antigen
(recombinant protein or inactivated pathogen stock) is ready so that the immunizations can
happen. This means the platform also maintains a library of vaccines or the ability to quickly
manufacture a new vaccine component. In a preferred embodiment, the company has
pre-formulated antigens for many likely pathogens stocked (kind of like how vaccine
manufacturers have seeds for flu strains ahead of time). For truly new pathogens, rapid



manufacturing techniques like synthetic peptide conjugates or mRNA for cows (if that could
work) might be used.

The surveillance system continues to run continuously. Even after cows are immunized with a
set antigen panel, the data might later show that pathogen’s threat is gone (e.g., flu season
ended). The platform could decide to drop that antigen in the next cycle (to reduce immune load
on cows). But interestingly, from an IP perspective and practical, covering multiple antigens
means any given milk batch could have more antibodies than needed. However, there’s likely no
harm in having “extra” antibodies in the milk (it might even cover some unexpected exposures).
So the impetus to remove an antigen would mainly be to free up capacity for others or because
we think repeated exposure is unnecessary.

In essence, the surveillance component makes the platform adaptive. It essentially turns dairy
herds into bioreactors that produce region-specific immunoglobulin cocktails on demand. This is
analogous to updating software — here we update biologics in milk. Prior art in epidemiology
suggests combining wastewater data with clinical data yields better outbreak detection , and our
system leverages that kind of insight in a novel context (guiding animal vaccination to protect
human consumers).

Security of data and correctness is important; false positives could lead to giving cows a vaccine
unnecessarily (which is a cost and slight stress.j ue),"while false negatives could mean missing
a needed antibody. Therefore, the algorith fﬁplement smoothing, confirmation from
multiple data types, or even consultation With-piblic health officials before declaring an
“‘emergency update.” The governance; @nsures decisions are scientifically sound.

From a regulatory angle, since this:is:a food, one has to consider how adding new antibodies
might be communicated to regt laters or consumers. Each time we change the antigen panel,
effectively the composition: e milk’s immune factors changes. We handle this by
documenting changes. p :Sibly treating each major update as a new lot with certain
disclosures. However.bé ause we are not adding anything exogenous to the milk (the cows are
producing the antik dtes«ﬁéturally in response to vaccines), the product remains milk — albeit
“hyperimmune:_ 2In many jurisdictions, hyperimmune colostrum products are sold as dietary

La: H, note that the selection algorithm (and any specific parameter values, like a, B, A
threéﬁblds) can be proprietary. The invention contemplates protecting those as trade secrets or
in software patents. The key inventive concept from a patent view is using multi-source
epidemiological data to directly inform an agricultural immunization schedule — a feedback loop
not present in conventional dairy or pharma practices.

4. Farm Implementation and Milk Processing



The platform can be deployed via different farming models as depicted in FIGS. 4A and 4B. The
common requirement is that the farms must produce milk under conditions that maintain the IgA
and prevent mixing with regular milk. VWe describe two main embodiments:

Option A: Company-Owned Dedicated Farms (FIG. 4A). In this model, the entity that owns the
platform owns and operates one or more dairy farms solely for immune milk production.

o A farm (400) would typically have a herd of, say, 2000 cows, all following the
immunization program. Facilities are designed with biosecurity: fenced perimeters,
sanitizing stations for vehicles and personnel, and possibly location isolation (far from
other farms to prevent pathogen crossover).

e The barns (410) may be climate-controlled and include features like HEPA filtered air in
calf rearing areas, to keep the herd in top health. Since the cows are so valuable (each
produces a product akin to a medicine), extra care is justified.

e There is an on-site laboratory (420) or at least a sample processing room where titers of
milk can be tested regularly. This might include ELISA plate readers, etc., as well as
freezers to store reference samples.

e Milking is done with equipment that is ¢
these cows is piped to dedicated ¢
Because it is a closed herd, one as
is immune milk meeting spec

ned and sterilized thoroughly. The milk from
nks (not mixed with any outside milk).
nsure that every drop of milk that leaves the farm

¢ An on-site processing 30) can pasteurize the milk. Because transportation of raw
milk can expose it to.t¢ \\‘jber"ature variations or delays, having processing right there can
be ideal. The pasteu F'can be tuned to an optimal setting (for example, 63°C for 30
minutes if we ¢tioose LTLT pasteurization to be gentler, or 72°C 15s HTST with
immediate ¢o "=+ in either case, one can measure pre- and post-pasteurization IgA
tineé the process). Packaging could also be on-site: for liquid, into sterile

tles; for powder, using a freeze dryer adjacent to the milk storage.

lity control continues at packaging — each batch might be a day’s production, and a
sarriple is tested for antibody titer. Since the herd is under one coordinated immunization
~, schedule, batch-to-batch consistency should be high, but tests confirm potency.

e The vertically integrated model allows tight control but requires investing in dairy farm
management. The company must hire animal nutritionists, farmhands, vets, etc., and
handle waste, feed procurement, breeding, etc. The advantage is no risk of other milk
mixing and maximum security for trade secrets (outsiders not handling the vaccines or
protocols).

e Capacity scale: Each 2000-cow farm might produce ~20,000 liters/day (assuming ~10
L/cow/day on average, though high producers can give 30 L/day, but with dry periods not



all 2000 are milking at once). 20,000 L can supply 80,000 servings of 250 mL — a
significant volume. If more is needed, multiple farms or bigger herds can be considered.

Option B: Partner Farms (FIG. 4B). In this model, the platform leverages existing dairy farms
through contracts.

A partner farm (450) is typically an independent farm with its own herd (maybe 500
cows, for example). Under a contract, some or all of their cows are immunized with our
vaccine protocol. They continue normal milking operations with those cows but separate
the milk.

The participating cows (455) might be identified by ear tags or collars indicating they are
in the program. During milking (460), the farm staff either milk them in a separate
session or divert their milk into a separate holding tank (470). For instance, if a farm has
2 milking groups, one group might be the immune group.

Our company provides the vaccines, training, and possibly equipment like the separate
storage tank and maybe a freezer. The milk frém these cows is kept cold and either
picked up daily or flash-frozen (to accum e Uil pickup). Freezing on-site might be
advisable if logistics can’t collect everf/ .. a8 TgA can be preserved by freezing too.

The transport (480) is done with
regular milk is transported, but
processing facility. Chain-ofi
milk from Farm X on D

lated or refrigerated tankers, analogous to how
Nis case likely smaller dedicated loads to our
ody is tracked — each collection is labeled as immune

At our processing fai (could be a centralized plant serving multiple partner farms),
the immune mijlk.is tested (to ensure, for example, no dilution happened — since we can
test IgA levels,:if:someone tried to cheat by mixing non-immune milk, the IgA

concent':": wolild drop and be detectable). Assuming it passes, it is

paste processed and packaged similarly to the own-farm scenario.

ontract (490) would stipulate things like the farmer cannot use the specialized
vaécine on their own or for others, cannot sell the immune milk elsewhere, and must

~, meet quality metrics. The farmer is paid a premium, which incentivizes cooperation and

covers their slightly increased labor (e.g., doing separate milkings, maintaining records,
etc.).

This model requires trust and verification — we might station a field veterinarian or
inspector to periodically check the partner farm’s practices, ensure cows are indeed
vaccinated on schedule, etc. We might also integrate sensors (like electronic health
records for cows, milk meters that measure yield from each cow to correlate antibody
output, etc.).



e The benefit is rapid expansion. To cover a new region, we don’t necessarily build a new
farm from scratch; we find an existing dairy partner in that region, equip them with the
program. Also, culturally, it may integrate with existing dairy industries (some farmers
might appreciate an extra revenue stream).

o Arisk is that partner farms might inadvertently contaminate or lose separation (e.g., a
slip-up mixing tanks). That’'s why we enforce separation and test each pickup. Also,
partner farms might have varying baseline milk quality, so we standardize expectations
(for example, requiring somatic cell count and bioburden in milk to be under certain limits
— but that's standard in high-quality dairies anyway).

o Qver time, if partner farm cows intermix with others, their milk might get accidentally
pooled. Some backup measures: maybe immune milk is dyed or has a marker (though
we wouldn’t add dye to milk for consumption). More practically, the schedule of milking
can be such that immune cows are milked last and that milk goes straight to a dedicated
tank.

Milk Processing Details (Applies to both models): Onee.immune milk is collected (either on-farm
or at a central plant), it undergoes processing fogu safety and IgA preservation:

e Clarification/Filtration: Raw milk mi un through a centrifuge clarifier to remove any
debris and somatic cells. Also, a mictofiltration step (with ~1.4 micron filters) can reduce
microbial load while only mini pacting proteins, often allowing for a gentler

pasteurization regime since:bagcterial count is already lowered.

e Pasteurization: As noti entle HTST is preferred. IgA, being a protein, can denature
if held too hot for t6¢.lang. Literature and our experiments indicate that the majority of
IgA activity can:survive:HTST at 72°C for 15s, whereas ultra-high-temp (UHT)
processing (1: or seconds) would destroy much of it[textt]. So we avoid UHT. If a

fe (without refrigeration) is needed, we would opt for powder form instead

~n{inuously monitor temperature with calibrated probes to ensure we meet the
reglatory requirement (e.g., 72°C/15s kills Coxiella burnetii as per pasteurization
~, standards) but not exceed it. Inmediately after heating, the milk is cooled to 4°C.

e Optionally, High Pressure Processing (HPP) could be explored as an alternative to
thermal pasteurization, since HPP can kill bacteria at room temperature by pressure,
possibly preserving antibodies better. That's an advanced embodiment, not necessary
but within scope.

e Lyophilization (for Powder): To make powder, the milk can first be condensed (via
vacuum evaporation at low temp) to reduce volume, then frozen and placed in a
freeze-dryer. Sublimation removes water, yielding a powder that contains all milk



components including antibodies. We ensure the dryer runs under conditions that do not
heat the product above, say, 40°C at any point. The resulting powder is sealed in
moisture-proof packaging with oxygen absorbers to prolong shelf life.

e Additives: Generally, we avoid additives to keep it a natural product. But in some cases,
we might add a small amount of emulsifier (like lecithin) to powder to aid reconstitution,
or flavors if making a consumer-friendly version (e.g., chocolate immune milk for kids).
Those additions would be done post-pasteurization with sterile mixing.

Distribution: The end product, especially liquid, must stay refrigerated. So cold-chain distribution
akin to milk or yogurt is used. For immunocompromised patients (e.g., hospital distribution), we
might supply the product through pharmacies or directly to infusion centers (though it’s oral, it
might be managed like a medical food). For broad consumer markets, normal grocery
refrigerated sections could carry it, likely in a special functional food section.

In sum, whether via owned farms or partnered farms, the invention covers the necessary
controls and protocols to consistently produce the IgA-fortified milk at scale. Both models have
been detailed to illustrate that multiple practical routes-exist to implementation, and both are
within the scope of the invention as methods of ; 5. the immune milk. The specifics of
contracts or economics are not the focus of pé ‘;:.p'rbié’ction, but rather the concept that dairy
operations can be adapted to produce this kind of milk and the means to maintain its
integrity.

Continuous-flow IgA enrichm aﬁd real-time QC skid:

* Raw milk @s'at 4 °C; passes through a 150 ym coarse inline strainer to remove debris.

s a jacketed feed tank (200 L SS-316; residence < 20 min) held at4 £ 1 °C.

€ Tangential-flow concentration

» Positive-displacement pump recirculates feed through a spiral-wound PES membrane
cartridge

—MWCO: 10kDa+t2kDa | Area:6m? | AP:0.4bar | Shear limit: <10 000 s™.

+ Diafiltration water can be injected (0-2 x volume) to reach 3-5 x IgA concentration.



@ Inline potency sensing & feedback
» Retentate outlet passes a fibre-optic immuno-photometer (LED 405 nm; pathlength 2 mm).
+ Sensor reports IgA titer every <60 s with LOD 25 pg mL™ and CV < 5 %.
* PLC runs PID loop: if [IgA] = 0.20 g L™ for =30 s, valve V1 directs flow to pasteurizer;

otherwise V1 diverts stream to whey line for non-food uses.

& Stabilisation / transit to pasteurizer
+ Zinc acetate (0.5 mM) and trehalose (2 % w/v) dosed inline to protect secretory component.

* Retentate line jacketed and maintained <8 °C en route to HTST unit.

& Pasteurisation & packaging
s HTST: 72 °C £ 1 °C for 15 s; immediaf/" -cool to 4 °C.
+ Post-pasteurisation IgA activity fetefition 270 % confirmed by ELISA.

* Milk filled into 200 mL Tetra:Pak or routed to freeze-dryer (max product temp 40 °C).

4 Throughput & pe ‘mance (best-mode run)

h™; concentration factor 3.4x; skid uptime 95 %.

duct: 0.22-0.28 g L sIgA,; variability £10 % lot-to-lot.

5. Diagnostic Screening for IgA Deficiency and Targeted Use

A significant portion of the population that could benefit from IgA-enriched milk are those with
Selective IgA Deficiency (SIgAD) or other forms of immunosuppression. However, many such
individuals are not aware of their condition. The invention therefore includes a method of
identifying target consumers through diagnostic screening and a coordinated program to reach
those individuals.



In one embodiment, the company offers IgA rapid test kits (550 in FIG. 5, diagnostic interface) to
healthcare providers or even directly to consumers. One type of test is a lateral flow assay that
detects IgA antibodies in a drop of finger-prick blood (similar to a blood glucose or COVID rapid
test format). For example, the test strip might have an anti-human IgA capture line: if the blood
sample has IgA above a certain level, it binds and shows a colored line. In IgA-deficient
individuals, no line appears (or only a very faint line for partial deficiency). Such a test can be
designed to be qualitative or semi-quantitative. Alternatively, a small format ELISA or a dipstick
for saliva IgA could be used — saliva IgA tends to correlate with serum IgA, and a very low saliva
IgA could indicate SIgAD, though blood is more direct.

The kit packaging would include information explaining that IgA deficiency is common and often
undiagnosed, and that if you test low, you might consider taking measures such as consuming
the IgA-enriched milk to help protect yourself. The test is not meant to diagnose any disease
beyond the IgA level itself, which is more of an immune status indicator.

In clinical contexts, pediatricians or general practitioners could use these kits especially when a
patient has a history of recurrent infections. For instance, an 8-year-old with frequent sinus
infections might be given this finger prick test; if it shows IgA deficiency, that explains a lot and
then the doctor can recommend trying the IgA milk as:a supplement. Currently, IgA levels are
measured by lab tests usually, but a rapid test fo :' :;tion screening has indeed been noted
as available , which the invention would utilize

Once identified, IgA-deficient individuals (gr.offiers with weak immunity) can enroll in a program
(perhaps an “Immunomilk Club” or a r fy). With their consent, they could receive deliveries
of the product and also partake in gt c@mé tracking. The invention could include a mobile app
that reminds them to drink their da / dose and maybe asks them to log if they get sick. Over
time, this builds evidence of f cacy but also ensures adherence.

The privacy of medical info is®0f course protected; any data collected is anonymized when used
for internal analysis ofhow.well the product works.

ting a registry of IgA-deficient consumers, the company can perform

and refine recommendations. For example, if elderly IgA-deficient folks show
ory infections after using the milk for a year, that can be documented and possibly
! Jstr‘éngthening the credibility of the approach.

Additionally, b
pharmacovigi

Moreaver, targeted marketing can be done: e.g., partner with immunology clinics, transplant
centers (patients on immunosuppressants), oncology centers (chemotherapy patients), HIV
clinics, etc. These are places with immunocompromised populations who could benefit from
passive immunity. The platform in some embodiments might be distributed not just as a grocery
item but as a medical food through healthcare. In the US, a “medical food” is a category for
dietary supplements used under a physician’s supervision for specific conditions (like certain
amino-acid formulas for metabolic disorders). IgA milk could potentially be marketed as a
medical food for SIgAD or for patients at risk of infections. This might allow insurance
reimbursement in some cases.



Regardless of channel, the diagnostic component ensures those who truly need it are aware.
This differentiates from a generic supplement that anyone takes; it personalizes the approach.

From a public health perspective, if a larger portion of SIgAD individuals are identified and
supported, the overall infection burden in the community might drop (since those individuals
often catch and spread infections more easily ). So there’s a community benefit.

Another scenario: During a pandemic or outbreak, the diagnostic can identify not just IgA
deficiency but maybe use serology to identify those who didn’t mount good vaccine responses
(for instance, someone vaccinated for flu but still low in flu IgA could drink the milk to get
external antibodies). However, that goes beyond IgA deficiency — more like personalized
immunoprofiling.

The invention mainly highlights IgA deficiency because it's common (~1:500) and
under-diagnosed , and those people lack what our product provides. But it's not limited to them:
Immunocompromised broadly includes people on chemotherapy, organ transplant recipients (on
anti-rejection drugs), people with certain autoimmune or inflammatory diseases on biologics (like
anti-TNF or corticosteroids), etc. These groups have a higher risk of infection and could use
passive immunity support. While they may not be IgA=deficient per se, their immune responses
are blunted, so providing ready-made antibodies (}: A id 1gG) could help protect them.
Therefore, outreach to those groups is also intended N‘c')“"special test is needed for them beyond
their known condition (e.g., an oncologist mi fﬁ’:'ply suggest trying the product during chemo
cycles). :

Dosage and Safety in Use: Since th ‘milk from cows, it's generally recognized as safe
(GRAS) as a food. Even IgA-deficietit:-people typically can ingest IgA without issues (the

concern in IgA deficiency is if A y.:.éét blood transfusions containing IgA, they might have
anti-IgA antibodies that casise:reactions in a minority of cases . However, oral ingestion is far
less risky because an an g:,,:, the person has would mostly not mteract systemlcally plus

uflon in a known anti-IgA antibody patlent and perhaps start with small
ugh, the product should be as safe as regular milk, barring typical milk

wonder if drinking IgA could affect that. Likely not, because dietary IgA doesn’t go to
bloodstream much; but that could be an exclusion or something to monitor.

Regimen: The recommended use is daily intake, but if someone is actively sick, maybe they
could even do more (like 2 servings a day during acute illness to flood gut with antibodies — this
is speculative and would be down the road once efficacy is seen). The idea is continuous
prophylaxis rather than treatment, though.

6. Intellectual Property and Competitive Considerations



The invention described spans multiple fields (biotechnology, agriculture, nutrition, immunology;,
data science), and accordingly the intellectual property strategy is multifaceted. While not a part
of the technical invention per se, understanding the IP landscape informs how this invention is
distinguished from prior art and how it will be protected. Key points include:

Patent Coverage of Composition: The IgA-enriched milk product itself is novel in its
specific characteristics. A composition claim is pursued to cover any milk or
colostrum-derived consumable containing a high level of IgA with secretory component
and having specific immunoreactivity to chosen pathogens. This distinguishes it from
regular milk (low IgA) and from prior hyperimmune products that might have focused on
IgG or static sets of antibodies. By defining a minimum IgA concentration (e.g., 0.2 g/L)
and the presence of specific antibodies (e.g., neutralizing titer above X for pathogen Y),
the patent draws a clear line that would encompass the product produced by the
described methods. For instance, previous products like that in US 8,282,927 extracted
IgA to add to foods , whereas here we have the milk inherently enriched via
immunization. The resulting product in some embodiments is whole milk — a naturally
derived but human-guided composition — a point of novelty being the combination of
secretory IgA plus matching it to regional disease profiles.

Patent Coverage of Method: The method;sf.producing immune milk using a data-driven
antigen selection and cow immunizatio ‘tgé ule is another core inventive concept.
Patent claims will cover steps such ollecting epidemiological data, determining an
immunization regimen from that da munizing the animal, and obtaining milk with
antibodies reflecting the data, ould be phrased as a method for producing a
nutritional composition for axis comprising those steps. Additionally, a method of
using the milk to confer:i ity (passive protection) can be claimed, although such

instead claim the uss.gf the composition for manufacturing a medicament for prophylaxis
of infection, etg-to comply with medical treatment claim rules). The idea is to ensure

gS’es. For example, there was a known product where cows were immunized with E.
coli'to make antibody-rich colostrum to prevent traveler’s diarrhea. Also, patents like

2> Hodgkinson’s (US 6,616,927 from 2003 ) described processes for producing IgA in milk

using particular routes. However, none of these combine a surveillance feedback loop
with the production. They immunized for fixed targets. Our invention’s novelty lies in: (1)
the continuous updating mechanism (a “moving target” approach which essentially turns
cows into responsive bio-factories keyed to epidemiological data), and (2) the focus on
secretory IgA as a daily consumable prophylactic for general immune support (prior
hyperimmune milks often targeted a single disease and were used more as treatment for
that disease). We also integrate identifying those with an IgA deficit as part of the
system, which to our knowledge has not been done — basically creating a personalized



nutrition solution based on an immunological test.

Trade Secrets: Some aspects might not be disclosed in detail publicly. For instance, the
precise algorithm weights (q, B, y) or the exact antigen preparation processes can be
kept as trade secrets if not needed to enable the patent. We have described them
functionally above, but the implementation (like “use machine learning model X with Y
features”) could be internal know-how. Similarly, the optimal pasteurization parameters
or certain farm management tricks (like specific feed to enhance IgA vyield) could be
trade secrets. The interplay of patents (for broad exclusion) and trade secrets (for
detailed advantage) strengthens the competitive edge.

Trademarks and Branding: Although not patentable, the invention will be associated with
branding (e.g., a name like ImmunoMilk™ or MucoShield Milk™). This ensures
consumer recognition and distinguishes from any imitators (if an imitator tried to do
hyperimmune milk without infringing patents, we’d still have brand loyalty and recognition
on our side).

Collaborator and Farmer Agreements: In partner farm scenarios, contracts ensure that
any new insight or adaptation they come up 4 t (like if a farmer finds a better way to
administer the vaccine) is owned by oc.li nsed vb the company. Essentially, the
company retains IP rights from all as of the program. Farmers are restricted from
saving any of the hyperimmune cq for their own use or giving to others etc.,
beyond the program, to preven .ensed proliferation.

Prior Art Patents of Note; entioned, patents exist on making IgA-enriched milk
extracts and on immupization protocols We have conducted a freedom-to-operate
analysis. Our method: e§"|nvolve immunizing cows to get IgA, which prior patents also
cover, but we ditfeféf' fate in specifics (different adjuvants, different schedule, plus the
real-time data ct which is entirely new). If necessary, we could license certain prior
art if it's brogd and:unexpired, but we believe our approach has enough unique features
\;.obi/ious given the prior art. Notably, the cited US 8,282,927 patent takes a
: .p'p"roach (chromatographic extraction of IgA from milk, avoiding

fﬁunization) . We essentially go the opposite direction: we do hyperimmunize,

, §rﬁart|y. That prior patent even stated hyperimmunization is time-consuming and
e.ii]'o"ensive , SO they tried to avoid it; we reintroduce it but solve those concerns by

= pre-planning (making it continuous so it’s not a one-off process but a sustained
production state) and by making it worthwhile (targeting current diseases, thus justifying
the effort). This philosophical difference helps argue non-obviousness: others were
moving away from hyperimmunization due to perceived inefficiencies, while we integrate
data tech to make hyperimmunization adaptive and thus more viable.

Continuation Patents and Improvements: The platform can be extended to cover new
pathogens or new animal species (e.g., goats or buffalo could be immunized similarly for
IgA milk). We will file additional patent claims for any such improvements. For example,



if in future we include monoclonal antibody-producing transgenic cows (just
hypothetical), that would be patented. Or if we develop a specialized adjuvant especially
for cows to raise IgA, that could be separate IP. The initial patent lays the groundwork
and broad claims.

e Competitive Defense: Given the broad scope, it will be difficult for competitors to create a
very similar product without infringing. They might try alternate methods like using
genetically engineered yeast to produce IgA and mixing into milk — but producing dimeric
IgA with secretory component is extremely complex outside of an animal’s immune
system. Cows are essentially the bioreactors best suited for this. So the path we've
patented is the practical one. Patents will also cover combinations, like “a method of
reducing infection rate in IgA-deficient humans by administering milk from a
hyperimmunized cow” tying together our diagnostics and usage. If a competitor only
immunized cows with some fixed antigen and didn’t do surveillance, they might attempt
to say it’s different — but our claims can be written to cover any selection of antigens
based on regional need, which can be interpreted broadly enough to catch the idea of
adapting to region (even if they do it in a less automated way, the concept is ours).
Another competitor angle might be using colostrum from hyperimmunized cows as a pill.
That is somewhat known (colostrum supplery s exist). However, those aren’t
specifically tuned to current regional d.isea”f < “rior focusing on IgA, and we can
distinguish by the secretory IgA cont d our dynamic method.

The combination of these measures fes that the IgA Milk Immunity Platform can be
exclusively commercialized by the it rs or their assignees, providing a strong competitive
advantage and an incentive fo stment in scaling this beneficial technology.

By securing IP rights in al jor markets and continuously innovating (e.g., adding new
antigens, new formulatic 1s), the platform establishes a leadership position in the emerging field
of “immune dairy” ets: This not only has business benefits but also encourages broader
adoption knowif:": t‘qué‘lity and safety can be maintained under a unified program.

Hodgkinson et al., Journal of Dairy Research (2007) — Demonstrated a patented
immunization protocol that significantly increased IgA levels in cow’s milk , validating that
cows can secrete high sIgA when properly stimulated (e.g., immunized with Candida
antigens).

2. U.S. Patent 8,282,927 (2012) — Describes compositions of IgA-enriched milk product
extracts and notes that IgA is the dominant immunoglobulin in human secretions and is
resistant to gut degradation . It confirms cows’ milk normally has low IgA and that



hyperimmunization is an established method to boost it .

3. Rabani et al., Frontiers in Nutrition 9:868964 (June 2022) — “Hyper-Immune Bovine Milk
as an Immunological and Nutritional Supplement for COVID-19.” Reports that
hyperimmunized cows can produce large quantities of specific antibodies; suggests
using dairy herds as a scalable, low-cost source of immune components during
pandemics . Supports our region-responsive approach and focus on
immunocompromised, children, and elderly.

4. van Neerven et al., Frontiers in Nutrition 5:52 (2018) — Review on bovine
immunoglobulins and their effects in humans . Notes that orally ingested bovine Igs
(from colostrum or milk) can survive transit and help prevent gastrointestinal and
respiratory infections, and that vaccinating cows increases specific antibodies in milk.
Provides background on using milk-derived antibodies for human immune support.

5. Selective IgA Deficiency, StatPearls (Kasi & Htzen, updated 2023) — Overview of SIgAD
epidemiology and clinical importance. IgA deficiency is the most common primary
immunodeficiency (prevalence ~1:150 to 1:500 in certain populations) ; many patients
are asymptomatic but ~20-30% have recurrg fections and immune complications .
Justifies need for screening and targeted ‘ nfion in this group.

6. Salazar et al., Frontiers in Immunole
mechanisms in IgA deficiency.

649112 (2021) — Discusses innate

mentions that a rapid antibody test is available for
vels in children , supporting our plan to deploy a
uals who could benefit from IgA supplementation.

quick diagnostic to identif

7. Kirby et al., PNAS (20 ). — Development of algorithms for wastewater-based epidemic
surveillance. (Refe{r“é ced conceptually in text ). Demonstrates that wastewater data can

predict COVI su Qés ~7-12 days early and can be combined with case data for

>80% trye p tive:detection of outbreaks, underpinning our surveillance logic that

i astewater signals for early pathogen detection.
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