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No Drawing. Continuation-in-part of application Ser. No.
789,502, Jan. 28, 1959, which is a continuation-in-part
of application Ser. No. 500,038, Apr. 7, 1955, This ap-
plication July 21, 1965, Ser, No. 473,833
14 Claims. {CL 167—78)

This invention relates to the production in the mam-
mary glands of ungulates, of high specific antibody or
protective principle effective against a wide range of
antigens and useful for the precipitation of antigens in
purification or analysis of protein compositions in the
manner of an antiserum. More particularly, the inven-
tion concerns the production of milk in its natural state
fortified with naturally occurring antibodies to prese-
lected antigens. This application is a continuation-in-part
of the application Ser. No. 789,502, filed Jan. 28, 1959,
as a continuation-in-part of an earlier application Ser. No.
500,038, filed April 7, 1955, both now abandoned.

The term “milk in its natural state,” as used herein,
means milk or colostrum in the form in which it comes
from the udder of a cow or other ungulate and prior to
processing of any kind.

Naturally occurring antibodies refers to antibodies oc-
curring in the milk as a result of the natural metabolic
processes of the cow, even though subject to external in-
fluences. It does not refer to antibodies added to milk
subsequent to milking. The term “antigen” refers to a
material antigenic to the treated ungulate.

In an abandoned patent application, Ser. No. 628,987,
filed Nov. 15, 1945, an abstract of which was published
in the U.S. Patent Office Gazette on Dec. 5, 1950, the
applicant, Holm, suggests the possibility of treating disease
by the ingestion of milk fortified with naturally occurring
antibodies where said antibodies have been induced by
actively immunizing a cow with a preselected antigen.
However, Holm failed to secure a significant number of
antibodies because he followed the usual immunization
procedure of intramuscular and intravenocus injections
of antigen, hoping that the milk would absorb a significant
proportion of these antibodies from the blood of the ani-
mal. This type of injection does not yield a therapeuti-
cally significant concentration of antibodies in milk in its
natural state.

In August 1951, Porter, working under our direction,
published his doctoral thesis at the University of Minne-
sota (Biological Abstracts 1953, p. 951, par. 10, 185), in
which he suggested the possibility of manufacturing anti-
bodies in the cow’s udder by infusion of antigen into the
udder of a lactating cow. This was a revolutionary de-
parture from prior thinking, for although it was known
that relatively minor quantities of antibodies could enter
the milk from the blood stream and that antigens could
exercise their effects via the udder, it was not thought that
the udder itself could play a significant manufacturing
role in the immunity scheme.

Porter therefore suggested the infusion of selected
antigens into the cow’s udder during the lactation period
with the hope of incieasing the effective concentration of
antibody in milk in its natural state to effective economic
levels; but Porter’s proposal, like Holm’s procedure, was
incapable of accomplishing the desired results. ,

In addition to the problem of securing an increase in
numbers of antibodies in milk in its natural state, there
is also the extremely important matter of economic
feasibility in relation to procedural requirements. Al-
though it is possible with the methods of Holm and Porter
to produce antibody-containing milk, and also possible to
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employ well known concentration procedures to reach
some effective level of therapeutic concentration, this
would be economically unfeasible for the reason that the
high cost of producing such antibodies precludes any
widespread use.

The ultimate problem which faced us was to discover
and provide a method of antibody production in the cow’s
udder which will yield milk in its natural state with the
required concentration of antibodies, without requiring
further concentrating or processing of the milk. By this
invention we have solved that problem.

A principal object of this invention thus is to provide a
method of producing milk in its natural state fortified with
a concentration of naturally occurring antibodies not at-
tained heretofore.

It is also an object of this invention to provide a com-
position comprising milk in its natural state fortified with
naturally occurring antibodies in therapeutically signifi-
cant concentrations.

Another major object of this invention is to provide a
high concentration of antibodies on an economically
feasible basis for use in precipitating proteins from pro-
tein compositions. for purposes of purification, analysis
and the like.

With the above and other objects in view which will
appear as the description proceeds, this invention resides
in the novel procedures and methods substantially as
hereinafter described and more particularly defined by
the appended claims, it being understood that such
changes in the precise embodiment of the hereindisclosed
invention may be made as come within the scope of the
claims.

In accordance with the present invention, high concen-
trations of specific antibody in the milk of ungulates (par-
ticularly cows, goats, sheep, etc.) are produced against
any antigen by introducing such antigen into the udder
of the animal during the pre-parturition period that is,
during pregnancy. This may be done through the teat
canals, in which event the introduction is ordinarily re-
ferred to as infusion, or the antigen may be injected hypo-
dermically through the wall of the udder close to the base
of each teat, or wherever the injected antigen is sure to
reach the cistern of the udder. To product the maximum
concentration of antibodies, the antigen may be intro-
duced into the udder at about weekly intervals prior to
parturition. Subsequent to parturition, declining antibody
concentrations can be increased by periodically introducing
booster shots of the selected antigen into the udder during
the lactating period. -

Although the amounts of antigen introduced, the fre--
quency (time interval), and the number of booster doses
may vary widely, the highest antibody response in the milk
results from the introduction of a plurality of doses of
increasing amounts into the udder of an animal in its pre-
parturition period over a period of several weeks. For
example, the initial injections can be initiated from about
two to eight weeks before parturition.

The size and concentration of the antigen doses are not
critical but are selected for convenience. It has been found
that increasing or decreasing the size of the antigen injec-
tion does not produce a corresponding increase or decrease
in the protective principle titer of the resulting milk.

Booster shots, when given to the lactating cow, may like-
wise be spaced 1o suit the convenience of the operator, ex-
cept that they should be administered frequently enough
that an antiphylactic reaction does not occur. For most
species that time is less than about ten to fourteen days.
To avoid local irritation and congestion, it is usually pre-
ferred that booster shots not be given more frequently than
every other day.

The antigenic substances are suspended in liquid medium
for infusion or injection, such as, for example, a sterile
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physiological saline solution. The booster shots which are
administered to ‘the lactating cow may be given intra-
venously, intramuscularly, subcutaneously, or may be
made into the duct system of the udder through the teat
meatus and into the gland cistern. The udder may, if de-
sired, be massaged for better penetration of the antigen
into the duct system of the udder.

The antigenic substances which are employed in the
practice of this invention for the production of protective
principles include bacteria, viruses, proteins, animal tissue,
plant tissue, spermatosoa, rickettsia, metazoan parasites,
mycotic molds, fungi, pollens, dust and similar substances
which are antigenic to the treated ungulate. Exemplaty
antigens include: bacterial—Salmonella pullorum, Salmo-
nella typhi; Salmonella paratyphi, Staphylococcus aureus,
Staphylococcus. albus, Staphylococcus pyogenes, pneumo-
cocci, streptococci, and the like; viral—Influenza Type A,
fowl pox, turkey pox, herpes simiplex and: the like; pro-
tein—egg albumin and the like; tissue—blood and sperm.
1t is to be understood that these materials are merely repre-
sentative.of the almost infinite number and variety of anti-
genic substances against which specific antibodies or pro-
tective principle can be produced in the ungulate udder.
The expressions “antigenic substance” and “antigenic ma-
terial” means anything which stimulates antibody produc-
tion and include materials which are antigenic in and of

themselves to the ungulate and -also non-antigenic ma- .

terials which act as antigens in the presence of adjuvants.
Antigenic disease organisms are specifically included with-
in these expressions.

EXAMPLE 1

The experimental subject was a Jersey cow, five weeks
before parturition. The antigen was dead Salmonella pul-
Jorum. The initial dose of antigen was introduced into the
udder through the teat canals, 1 ml. of antigen per quarter,
and each containing approximately 5 billion organisms.
One week later, a repeat does of 1 ml. antigen per quarter
but containing about 10 billion organisms was introduced
into the udder. Subsequent doses of 1 ml. per quarter con-
taining increasingly larger concentrations of the antigenic
material, about 20, 30 and 40 billion dead organisms, re-
spectively, were injected at one week intervals. Milk fol-
lowing parturition agglutinated the antigen at more than
100,000 dilutions, a dilution greatly in excess of that pro-
duced by the methods of Porter or Holm.

The -antibody or protective principle in the milk de-
creased rapidly following parturition, from agglutination
at more than 100,000 dilutions immediately following
parturition o agglutination at only 1000 dilutions in four
weeks. The level of the protective principle was then
brought up and maintained by the systemic administration
of antigen.

EXAMPLE 2

The procedure of Example 1 was repeated on a different
cow, the only difference being that the doses of antigen
both for the initial introduction and the repeat doses were
only one-tenth as concentrated as those used in Example
1. The resulting milk was high in protective principle, there
being no -apparent difference from the milk of the first
example.

EXAMPLE 3

To show the production of protective principle against
a specific combination of antigenic- substances, a mixture
of approximately equal numbers of Pneumococcus, type 1,
Pneumococcus, type 2; Salmonella -typhi, Salmonella
parathyphi and Staphylococcus albus, was introduced into
the udder of a cow two weeks before calving. A similar
mixture was introduced one week later. The milk after
calving showed a strong reaction for antibody against
all of the injected species.

EXAMPLE 4

Production. of protective principle in goats was carried
on by giving daily infusions of 1 ml. of a suspension of
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Salmonella pullorum via the teat canals to- a pregnant
goat. The daily infusions were given over a period of.
more than four monhs prior to parturition. Results com- -
parable to Example 1 were obtained.

EXAMPLE 5

A Jersey cow just starting to “udder down” was given
an initial dose of M-VI Salmonella typhimurium con-, -
taining 5 million dead orgapisms per mi. by hypoder-
mically injecting 5 ml thereof into each -quarter. The
injections were made with a stainless steel 18 gauge hy-
podermic needle three and one-half inches long, the needle
being inserted into the udder-close to the base of each
teat at such an angle that the antigen, which was released
when the mouth of the needle was in the cistern, was
dispensed in the area directly above the teat.

The same dose was injected into the udder in the same -
way, both one week and two weeks after the initial in-
jection; and the day after the -third injection, the cow
freshened, that is, had her calf. Six days after she
freshened, the same doses of Salmonella typhimurium
was again hypodermically injected into- each quarter of
the udder. The milk taken from the cow at that time was
checked and found to have a high concentration of anti-
body and good titer. Her milk production was average -
for a cow of her size and type. ‘

Where the introduction of the antigen into the udder is:
by hypodermic injection, as in Example 5, the specific
point at which the needle is inserted is not too important
as long as the antigen reaches: the cister of the udder in
the form in which it is injected.

The antibody or protective principle produced in- ac-
cordance with our invention may be preserved, if desired,
in pasteurized milk, condensed milk, dried milk and in
gamma globulin isolated from- the milk. Pasteurization
has no adverse effect upon the protective principle.

The milk containing protective principle may be freeze-
dried or may be condensed under careful temperature
control. Dried milk containing the antibody. or protective
principle is preferably prepared from the non-condensed
product, However, the condensed milk may be used if at
first condensed carefully at low temperatures to avoid
destroying of ‘the protective principle.

Drying can be also accomplished by the conventional
spray or roller drying processes under properly controlled
conditions in order to preserve the protective principle.
High temperatures per se are not detrimental to the pro-
tective principle except when. sustained for a period of
minutes. Thus the milk may be dried in a dryer in which
temperatures of 300-400 degrees F. are achieved, if the
milk is at these temperatures only for an instant.

A proliferating virus can be administered to the udder
in a two-stage operation. The first inoculation can be
made in a lactating cow. The second infusion is then made
into a second cow in the pre-parturation period, the in-
fusion being milk resulting from the first, with the ac-
companying tissue antigens diluted out. This screening
procedure is illustrated by the following:

EXAMPLE 6

A cow was infused through the teat canals with Herpes
simplex virus in mouse brain suspension. The cow was lac-
tating and was regularly milked thereafter. The next day: .
the milk showed a positive Whiteside test. On the second :
day following the inoculation, the milk was used for intro-
duction into the udder of a dry cow, also through the
teat canals. The result was the transfer of the virus without
the mouse brain antigens. The expected antibody response
to the virus occurred.

The antibody or protective principle which is the prod-
uct of this invention is useful in a variety of ways. It has -
been discovered that the protective principle or antibody |
is absorbed into the system after the milk from stimulated :
udders has been ingested or administered by proctocylsis. .
The isolated and separated protective principle may be:
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administered orally, rectaily, parenterally and topically.
The protective principle is useful in the immunization and
treatment of animals.
The application of the protective principle of this in-
vention is illustrated by the following examples:

EXAMPLE 7

The protective principle against Salmonella pullorum
was applied to fowl. The experimental subjects were six
adult chickens, all negative to the Salmonella antibody
test. After one feeding of the milk containing the pro-
tective principle, all of the chickens developed a strone
positive reaction.

EXAMPLE 8

A further application of the protective principle of this
invention was made to chickens and showed postive pro-
tection afforded by the protective agent. Twenty day old
chicks were divided into an experimental group of ten
and a control group of ten. The experimental chicks were
fed milk produced according to this invention with anti-
bodies against Salmonella pullorum. Salmonella pullorum
is a chicken disease organism. The controls were fed milk
with no such specific antibody. During the first day of the
experiment, the two groups were injected intracardially
with an infusion of live Salmonella pullorum in broth.
The mortality of the controls was heavy, the fifth chick
being dead in 24 hours while in the experimental group,
the fifth death did not occur for 120 hours. The general
state of health of the control chicks was poor as com-
pared with the experimental group. This is a severe test
of the protective principle since the organisms were in-
jected directly into the hearts of the experimental subjects,
a mode of transmission which would never be encountered
normally.

Chickens as a species are far removed from the cow,
yet the protective principle produced in the cow is readily
conveyed by the milk into the blood stream of the chickens
by absorption through the digestive tract.

EXAMPLE 9

The protective principle was applied to bovine subjects.
The subjects were two five month old calves with fully
functional rumens. The calves were negative to the Sal-
monella antibody test. Afier two feedings of the milk con-
taining Salmonella pullorum protective principle they de-
veloped strong positive agglutination reaction in the blood.

EXAMPLE 10

Porcine animals were also tested. The experimental sub-
jects were two mature pigs weighing about 200 pounds
each, and negative to the antibody test, After one feeding
of milk containing protective principle against Salmonella
pullorun, both pigs developed a weak reaction. After two
feedings of the milk they showed strong reaction in the
blood.

Experiments with calves and pigs show that with con-
tinued ingestion of the milk containing the antibody, the
levels of the protective agent continue to increase in the
blood. Experiments with calves also show that the pro-
tective principle is absorbed from the rectum. The rate of
absorption from the rectum is less than from the an-
terior part of the system. Rectal absorption may be re-
sorted to, however, if oral administration is contraindi-
cated. The high antibody or protective principle contain-
ing material may be applied topically (unction) in treat-
ment of local exacerbations due to allergy.

Salmonella pullorum antigen has been used in the ex-
perimental work described in the above examples because
it is relatively harmless to the experimental subject; it is
readily available, easily identified and its absorption into
the system of the subject can be readily traced by the ag-
glutination test. It is to be understood, however, that this
specific bacterial antigen is used for illustrative purposes
only and the invention is not so limited.
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With the discovery that the protective principle or anti-
body in sufficiently high concentrations can be absorbed
from the digestive tract and that it is possible to produce
specific antibody to antigens by proper treatment of un-
gulates to stimulate such antibody or protective agent de-
velopment, avenues are open for a new approach to the
prevention and treatment of disease in animals. The initial
step in this direction is the production of specific protec-
tive principle against a mixture of all known antigens for
animals or the production of one specific protective prin-
ciple such as antibody against a specific antigen.

Since the mammary gland of the cow will produce
specific antibody against any of the antigens named here-
in, milk may be prepared with protective principle useful
against infectious disease organisms and other antigens in
animals. Specially prepared milk containing specific
antibodies against specific, although rare diseases, and
other specific antigen induced conditions may be pro-
duced. For example, protection from ragweed polien is
offered by consumption of milk with a high protective
principle against ragweed pollen. This latter example, the
production of a protective principle against an allergen is
completely novel. The prior workers, including Holm and
Porter, had no idea that such a result could be achieved.

An important application of the protective principle of
this invention in the field of animal treatment is furnishing
protective colostrum for calves. At the present time it has
been estimated that some 20% of all calves born alive die
within the first few weeks of life. Death is caused prin-
cipally by infectious organisms against which antibodies
may be developed. Mixed antigens of all of the common
infectious diseases that kill calves are prepared and in-
jected appropriately into the udders of cows in their pre-
parturition period. The colostrum from such stimulated
udders may be used as feed directly or may be dried,
packaged and made available to feed calves immediately
after birth to give the calves the necessary level of anti-
bodies to carry them through the critical part of their life.

For administration of the protective principle of this
invention to animals, a preferred method is by incorpora-
tion into milk and other dairy products. While prior meth-
ods were unable to produce a therapeutically significant
concentration of antibodies in milk in its natural state,
the present method yields an over abundance which per-
mits of its dilution with milk. Since milk as produced by
the method of our invention agglutinates at dilutions as
great as 100,000, the original milk containing the protec-
tive agent can be greatly diluted with non-protective milk
and distributed and fed in this form. Ordinarily, milk may
thus be given a high protective level against specific anti-
genic materials. The amount of dilution is dependent upon
the titer of the antibody enriched milk and the required
level of antibodies needed for effectively combating the
specific antigen and the like. As an example, a gallon of
the original high-titer (say, 1:100,000) milk from a cow
treated to produce protective principle against any par-
ticular antigen, may be admixed with nine gallons of ordi-
nary non-protective whole milk to produce ten gallons of
milk of sufficiently high titer (1:10,000) to be effective
against the particular antigenic substance.

What is claimed as our invention is:

1. The method of producing antibodies in therapeu-
tically significant concentrations in milk in its natural state,
comprising the steps of:

(A) introducing a plurality of preselected antigens in 2
non-pathogenic condition into the udder of a pregnant
ungulate through a teat canal, and

(B) subsequent to parturition, milking said ungulate.

2. The method of producing antibodies in therapeu-
tically significant concentrations in milk in its natural
state, comprising the steps of:

(A) introducing a preselected antigen in a non-patho-
genic condition into the udder of a pregnant ungulate
through a teat canal, and

(B) subsequent to parturition, milking said ungulate.
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3. The method according to claim 2, wherein the in-
troduction is repeated during. the pre-parturition period at
intervals over about two to eight weeks. .

4. The method according to claim 2, wherein the in-
troduction of said antigen into the udder of said ungulate
is repeated during the lactation period of said ungulate
when antibody production to said antigen has substantially
declined.

5. The method according to claim 2, wherein the ungu-
late is a cow.

6. The method according to claim. 5, wherein the
antigen is a bacteria.

7. The method according to claim 5, wherein the antigen
is a virus.

8. The method according to claim §, wherein the
antigen is a protein.

9. The method according to claim §, wherein the
antigen is spermatozoa.

10. The method according to claim 5, wherein- the
antigen is an allergen.

11. The method according -to claim 5, wherein the
antigen is a ragweed pollen.

12. The method of obtaining from an ungulate normal
milk containing therapeutically significant concentrations
of an antibody against a preselected antigen, without up-
setting the normal milk producing function of the nngu-
late, which method comprises the steps of:

(A) introducing said preselected antigen in a non-
pathogenic condition directly into the cistern of the
ungulate’s udder while the ungulate is pregnant; and

(B) subsequent to parturition and cessation of the
period during which the ungulate produces colostrum,
milking the ungulate.

13. The method of obtaining from an ungulate normal
milk containing therapeutically significant concentrations
of an antibody against a preselected antigen without up-
setting the normal milk producing function of the ungu-
late, which method comprises the steps of:

(A) inserting the needle of a hypodermic syringe con-
taining a quantity of said preselected antigen in a
non-pathogenic condition, through the wall of a por-
tion of the the udder of the ungulate while the ungu-
late is pregnant, to thereby bring the discharge end of
the needle into open communication with the cistern
of the udder; -

(B) expelling the contents of the syringe, so that said
non-pathogenic antigen reaches the: cistern of the
udder in the form in which it is contained in the
syringe; and

(C) subsequent to parturition. and cessation of the
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period during which the ungulate produces colostrum,
milking said ungulate.

14. The method of obtaining from an ungulate normal -
milk containing therapeutically significant -concentrations
of antibody against a predetermined pathogenic organism :
known' to affect the health of animals, which method
comprises:

(A) introducing an antigen originating from said
organism, but in a non-pathogenic condition, directly
into the udder of the ungulate while the ungulate is
pregnant and in a manner which assures that said
antigen reaches the cistern of the udder in the form in
which it is introduced; and

(B) subsequent to parturition and cessation of the
period during which the ungulate produces colostrum,
milking the ungulate.
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