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HETHOD AND APPARATUS FOR MEASURING
THE DEGREE OF REACTION BETWEER A FPOREIGN
ENTITY AND A SUBJECT!S BLOOD GELLS

BACKGROUND OF THE INVENTION

This invention relates to the field of cellular
izmune reactions; and, more particularly, to & method
and apparatus for the direct and/or indirect
determination of the degree of reaction (if any)

; between a foreign entity and a subject's blood cells,
for diagnosing a malady of tre subject.

Diagnosing maladies is perRhaps the single most
important aspect of medicine. The key to diagnosing
a malady is based on an understanding of the malady's
cause.
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Mapy illnesses and afflictions (i.e. maladies
other than illnesses, such as an allaxgy or cancsr)
are caused by an individual's coming ints contact
with foreign entities, such as envirommental

5 chemicals, including known or possible carcinogens,

cther toxins or micro-organisms, including viruses
and bacteria.

Every day, the human body is expased tc many

~ typaes of foreign entities, and when so exposed, the

© 20 body may ingest some foreign entities, by eating or
breathing them in, or perbaps merely by touch. Once
a foreign entity is ingested, the body identifies it
either as being neutral, in which case the body does
not react in any extracrdinary fashion, or identifies

15 it as being potentially harmful, in which case the
body acts to defend itself. .

If the foraign entity is in fact haxmful, such
as a carcinogen or a virus, it will cause certain i1l
effects to the individual, such as disease. BHowevey,

20 even if the foraign entity is benign, and might not

) cause any untoward affects by itsalf, the reaction of

~, : the body to its identification as being harmful may
have ilts own set of ill effects, such as an allergic
reaction. '

2s The body’s defenses, primarily the immune

system, and the manner in which they act to defend
the body, have been greatly studied. In broad terms,
the white blood cells (leukocytes) in an individual's

. blood act as the first line of defense against

3a foreign entities classified as haymful. Once a

fareign entity is identified as being harmful,
besides the natural (innate) immune response, the
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body may produca specific antibodies whick comhine
with the foreign entity and, in conjunction with the
leukacytes, destroy the invading foreign entity.

I bave cbserved three differaent steps in the
response of the leukocytes to a foreign entity
identified as haxrmful, after the antibodies and
leukoeytes combine. .

Pirst, the leukocyte increases in volume, to
surround and enclese the foreign entity. This
reaction is similar or identical teo a phagocytosis
reaction, in which a cell ingests a particle,

‘Bellanti, J.A., Immunology ITI, W.B. Saunders Co.

(1s8s), p. 16.

Second, after the foreign entity is enclosed by
the leukocyte, the volume of the leukocyte decreases
in a so~called complexent reactiom, i.e. the
leukocyte develops a small dafect in its cell
nmenbrane, andheqins to extrude a portion of its
cellular nate.rul, Bxyant, N.J., Dumncohematology,
W.B. Saundexs Co. (1982), pp. 54-58.

. Finally, the leukocyte releases all of its
cellular material, and breaks up its outer mexbranes.
This reaction is similar to the degrammlation of
basophiles noticed in the presence of IgE mediated
reactions, Bellanti, supra., p. 252.

I have recently discovered that sceme red blood
cells and same platelets alsg participate in the
body's immune response to an invading substance,
undergsoing reactions similar to those of the
leukncytes. This phencomenon has not heretofore been
recognized, and its discovexy may assist in the
understanding of the bedy's immune reactions.
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Many theories exist as to the precise nechanisn
behind the operation of the immune system, i.e. how
blood cells recognize and define harmful foreign
entitiex, and how antibodies are produced, etc. No
eurrently known theory, however, explains all aspects
of the body's defensive reactions. In addition, no
currently known theory is generally accepted as the
sole basis for explaining the reactions.

This lack of an understanding of the izmmnme
system response has hampered efforts to devise a
uniform and comprehensive diagnestic tool or method
for the diagnosis of a wide spectrum of maladies.
Since a comprehansive understanding of the machanics
of the immme response is lacking, there is no
comprehensive understanding of how maladies may be
recognized at an early stage.

Cuxxently, diagnosis of a2 malady is more ar less
by a lock-up method. A subject approaches a doctor
and relates his symptoms. The doctor then matches
those symptoms with the symptoms of known maladias,
and attempts to cull a short list of possible causes
from all of the conceivable causes. Based on this
list, the doctor will perform tests to isolate the
cause of the malady. If thezre is no positive test
result, then a nev series of tests will be performed,
and this procedure continues until a positive result
is attained. This may take a great deal of time and
expense, and some of the tests pexrformed may be
diseonforting or even painful for the subject.

This procedure is necessary because most tests
are directed to specific symptams of an illness. For
example, an illnass which affects kidney functien may
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be indicated by an increased level of urea in the
subject’s bodily fluids. The test, then, for that
kidney ailment, would be to check the level of urea
in the subject's bodily fluids. Such tests do not
identify the malady per se, but rather measure an
expected hodily response te the malady's presence.

The lock-up method has many drawbacks, howevex.
Pirst, it depends upon the subject's ability to
recognize symptoms. If the subject has not started -
to feel the effects of the malady, then he may not
know encugh to tell the doctor of a minor symptom
which would indicate a serious malady. It is for
this reasen that a wide battery of tests is often
prescribed for a new subject, to ascartain to the
extent possible what may be ailing that subject.

These tests may be time~consuming, expensive and
even painful. Additionally, if the right tests are
not called for, someone may be diagnosed as being in
good health, but in fact have a massive tumor (for
example) whick has not yet bequn to cause any visible
symptoms. If a subject is suffering from more than
cne malady, the various symptoms may alsoc mask or
disguise each other, leading to a false diagnosis.

A different problem arises if two maladies have
sinilar syxptoms. A diagnosis based on- symptoms may
be unable to discern two completely different
maladies havipg similar symptanms. |

Furthermore, the subjectivity of an individuval

~ as to the experiencing or relating of certain

symptoms may alsc come into play. For example, a
slight headache may not cause an individual any great
concern, but may in fact indicate a brain tumor.

i -
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An incorrect and possibly fatal diagnosis is
alwvays a serious concern,to doctors, and there is a
serious need for an objactive test which may be used
to diagnose a variety of maladies, without the
5 possibility of masking or disquising of symptoms, and
which may be performed effectively, relatively
inexpensively, objactively, and quickly.
Further camplicating this situation is the
possibility that a particular malady may not cause
10 any noticeable symptoms until it has become quite
serious. Thus, the afflicted individual may not know
encugh to have tests performed.
The tast described in my above—-raferenced patent
application agsists in the diagnesis of allergies by
15 2 simple blood test. The disclosure &f that
application, however, does neither teaches noxr
suggests any applicability of the test disclosed
therein beyond allergies.
Furthermore, prior tests are not useful in
20 diagnosing maladies for which there are no antibodies
produced by the subject. If the introduction of the
foreign entity to the body does not result in the
production of antibodies specific to the foreign
entity, then the body will not react to attack it and
25 no reaction will take place. This is the case, for
example, with respect to carcinogens. Since the body
may not produce any natural antibodies specific to
the carcinogen, the body may not act to attack it.
Thus, a cancer caused by the careinogen is free to
30 develop unfettered, until it is of 2 size sufficient
to be detected by other conventional means, such as
by palpation or X-ray. No early detection is
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possible, however, until symptoms are evidaent. 1In
many instances, the onset of symptoms means imminent
death. :

There is thus a need for an cbjective test which
may be used to diagnese a wider variety of maladies,
and which may be used to diagnose maladies caused by
the ingaestion of foreign entities for whick no
antibodies are produced by the subject. There is
also a need for a method of dlagnosis in wnich
maladies may be diagnosed at a stage before the onset
of extermally ohservable symptoms.

There is therafare still a need for 2 test which
may be used to assist in the diagnosis and treatmant
of maladies which affect the red blcocod cells ox
platelets of a subject.

OBJECTS AND SUMMARY OF THE INVENTION

It is thus an object of the invention to provide
a method and an apparatus for the cbjective
determination of the degrae of reaction between a
foreign entity and thae blood cells cf a subject.

It is a further object of the invention to
provide such an improved method and apparatus where
accuracy and reliability will not depand upon the
subjaective interpretation of symptoms by a subject ox
his physician..

It is another cbject of the invention to provide
a comprehensive testing method and apparatus which
may be used for the diagnosis of a wide variety of
maladies, without the need for a multiplicity of
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tests and procedures.

It is a further object of the invention to
provide a method of diagnesis which is capable of
diagnosing maladies caused by foreign entities for

5 which the bady of a subject produces no antibedies.

In accordance with these and other objects of
the invention there is provided a method for
diagnosing the presence or absence of a malady in a
subject, the method comprising the steps of:

10 counting a number of blood cells of a single type
selected from the group comsisting of leukocytes, red
blood cells and platelets, in a first bloed sample
drawn from the subject: mixing a substance having a
predetermined relationship with the malady with a

15 second blood sample drawn from the subject to form a
mixture, and thersby allow bload cells of the second
bload sauple to react with the substance; counting a
number of unreacted and reacted bleod cells in the
mixture; comparing the number of the blood cells

20  counted in the first blood sample with the number of
unreacted and reacted blood cells counted in the
mixture, to determine if the blood cells in the
second blood sample reacted with the substance,
thereby diagnosing the prasence or ahsence of th.e

25 malady in the subject.

In accordance with a preferred embodiment of the
invention, there is further provided a method for
diagnosing the presence or absence of a malady in a
subject having bloocd, the bloed including blocod cells

30 of at least one of red bloocd cells, leukocytes and
platelets, the method comprising the steps of:
separating a sample of the blood of the subject into

(S 2N
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a control sample and at least one test sample, each
of the contxol sample and the at least one test
sample having approximately aqual distributicns of
blocd cells therein; counting a number cof a first
type of blood cells in the contrel samples lysiag at
least a portion of the blood cells in the control
sample; counting a number of a second type of blood
cells in the contzol sample; mixing a substance with
a predetarmined relationship to tha malady with the
at least one test sample, thereby producing a
mixture; counting a number of a first type of blood
cells in the mixture: comparing the numbexr of the .
first type of bloocd cells in the mixture with the
mumber of the first type of blood cells in the
control sample, thereby producing a first result;
lysing a portion of the bloed cells in the mixturs;
counting a number of a second type of blood cells in
the test sample; comparing the number of said sacond
type of blood cells in the mixture with the pumber of
the secend type of blood cells in the control sample,
thereby producing a second result, whereby the
presence or absence of the malady may be determined
by the first and second results.

In accordancee with a second preferred embodiment
of the invention, there is further provided a method
for diagnosing the presence or absence of 2 malady in
a subject having blood, the blood including blood
cells of at least one of red blood cells, leukocytes
and platelets, the method comprising the steps of:
separating a sample of the blood of the subject into
a control sample and at least one test sample, each
of the control sample and the at least one test
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sample baving approximately equal distributians of
blood cells therein; counting a number of platelets
in the control sample; counting a number of red bload
cells in the control sample; counting a mmber of
leukocytes in the contrel sample; mixing a substance

© with-a predeternmined relaticgship ®o the malady with

the at least cne tast sample, thereby producing a
mixture; counting a- number of platelats in the
mixture; comparing the mmber of platelets in tha
mixture with the number of platalets in the control
sample, . theveby producing a first result: counting a

- mumber of red ‘blood- cells in the mixture; comparing

the mmber- of red bload-cells in the mixture witk the
mmbur of red blood cells in tha.control sample,

thezeby producing a second result;- counting a- mumber
of leukocytes in the mivture; comparing the nmmber of

- leukocytes-in the mixture.with the mumbar of -

leukocytes in tha control sample, thereby producing a
third zesult, wvhereby the presence or absence of the
naladynaybedetminedbythefmt,semm .
third results, ' :
uwwmﬁthathudmzmodmboﬂmt
of the invention, there is further provided a method

- for diagnesing the presencs or absence of a malady in

a subject -having blood, said method comprising the -

- gheps of: - separating a -sample of said blood of sald

subject into a control sappie and at least one test
sample, each of said centrol sample and said at least
one test sample having approximately egual '
diseribations of- leukocytes-therein: lysing a portion
of any red-blood cells in said control sample:
counting a number of leukocytes in said control
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saxple; mixing a substancs having a pradetermined
relationship with said malady with said at least one
taest sample to form a mixture, and thereby allow said
leukocytes present in said at least one test sample
to react with said substance, and form reacted
leukoeytaes in said-mixtnre if said subject suffars
Zrom said malady; lysing a portion of any red blood
cells in said mixture; lysing a portion of said

- -raacted leukocytes- in said mixture; counting a nuzmbexr

of unreactad and reacted laukocytes in said mixture;
camparing said number of unreacted and reacted
leukocytes in said mixture with said mmber of
leukocytes-in said contrel sample, to determine if at

. least a portion: of said leukocytes in said saecopd

sample reacted with said substance, therehy .

indiatingthepmmoxahsenceofsaidmadym

said subject. SRS -
mmnthafmthp:etmmoﬁme

‘of the invantion, there is furthsr provided a methad
for diagnoging the presence or absence of a malady in

a subject,- said method comprising the steps of;
sizirg a number of lenkccytes in.a first bleod sample
drawn from sald subject; mixing a substance having a
predetermined relatiopship with said malady with a
second blood sample drawn from gsaid subject to form a

+ mixtuzre, and thereby allew leukocytas present in said
- second bloed sample %0 react with said second blood

samle; sizing a number of unreactad and reacted

- leukocytes in said mixture; apd comparing said sized

leukocytas of said first hlood sample with said sized

- unreacted and reacted leukocytes of said mixturs, to

determine thereby if at least a portion of said
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1eukacytas:.nsa1dsecondh1¢adsanplazea¢tedvith
» Whereby the presence of said malady
ectxsindicatedby;simgicant

with a f£ifth preferred embodiment
. thaxe is furthar provided a method
the presencae ¢r absemce of a malady in

. a subject,|said mathod conmprisimg the steps of:

separating|a blood sample drawn from said subject

.into_a conprol sample and at least ane test samplae, -

- m&g;aamlqgndsaid.agleastm
gg therain; lysing a portion of red blood

cells d control sample; siz.i.nq. said lw

hution of said laukocytes in said contrel
sanple , sy a substancs, having a predetermined
ah pwitnaaidmady, with said at least one

lysing a otanyredblecdceusinsaid

. mixture; lysing a portion of amy reacted leukocytes
in said : sizing said leukocytes in said
nixturs generating a size distribution of
said ) in said mixture; and comparing said
, size dis of said leukocytes in said mixture

1 sampla, and determina thereby if said
present in said subject.

Briefily stated, the invention is directed to a
metbod for the diagnosis of a malady jn a subject by

[
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the observing of a degree of reaction between all
blood calls: xed bloocd cells, leukocytes and
platelets; in the suhjéct's blood with a foreign
entity having a predetermined relationship with the

5 malady being diagnecsed. The test includes comparing

axcunts and sizes of red blood cells, laukocytes
and/or platelets in a contxol sample and at least one

° test sample. The test sample includes a poxrtion of
the subject’'s blood and the foreign entity being

1o testead. -

The above, and other abjects, features and
advantages cf the present invention will heccne
apparant from the following description read in
canjunction with the accompanying drawings, in which

15 like reference numerals designate the. same elements.

,,7

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 13 is a block diagram showing the
connection af the various components which make up
the present inventive apparatus; and

20 FIG. 2 is a flow chart showing the steps of
the inventive method.

b e

DETATLED DESCRIPTION OF THE FREFERRED EMBODIMENT

My referenced application, describes a test for
use in the diagnosis of allergies by measuxing the
25 degree of reaction between the leukocytes in a
subject's blaod with a suspected allergen. The
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disclosure of that application 1s harein incorporated
by reference.

Fhat is not evident from a reading of that
applicatien, Bowever, is my discovery that mamy
cammon maladies, and soma less .coumor maladies, cause
reactions in a subject's blood similar to thosa
resulting from allergies. It is my thecry that the
reactions of the body!s immune system ip responding
to the identification of an allergen, i.e. a .
leukocyte engulfing the allexges, enlarging and then
extruding its cantents, is basically idemtical to the
bodily reactions to the intreduction af other foreign
entitias recognized as being barmful, such as a vixus
or even a carcinogem., In sum, it is ny theory that

. most maladies may be diagnosed by the observation of

the reactions of the body's immune system,
specifically, the size-distribution of the leukocytes
in two samples of a subject's bBlood: a caontrol
sanple which has no foreign entity added thaxeto, and
a tast sample which has at least one foreigqm entity
added theresto.

The basic methoed and apparatus oztuainvaution

'discleosed herein is contained in my earlier

application, but the hreadth of its applicability is
significantly wider than heretofore realized, in its
reack beyond merwuly' diagnosing maladies other than
allergies.

What I have recently discovered, haowever, is
that certain red bBlood cells and some platelets react
to an invading foreign entity in the same fashion as
do leukocytes, i.e. they combina with antibodies ®to
react with foreigm entities, causing the lysing of

L L
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red cells.. Te diacovery of this bodily process may,
for example, assist in the diagnosis and treatment of
anemias, which may be breadly defined as maladies in
wvhich a subject has a low red blood cell count.

- For example; if a subject has.a low red hlood
cell cpunt-due to an allergic. reaction to certain

. foreign entities, then the avoidance.of. those foreign

entities may lead-to 2. .nozrmal.yed.hlood cell count.
The testing for such.a reaction-by a sudjecttis. rad
bleed cells'may be performed along lines ganaxally
similar to those of my earlier tests.

Furthermore, similar:results by tasting .
platalets may be achiaved for othar maladies. .Mars

. research is required for .determining which types of

blood cells ars hest used to tast for certain
naladies, -bat the discovery that all bleed cells
react in an allexrgic-type :eactj.an.tcthaymmaat
an invading foreign entity leads to the importance of
testing all -types of blood cells for rsaction with

-tha forsign entity. ¥For ease aof referencas. the term
.- "shloed cells®, as used berein is meant to. include ...
* platelats, -red hload ¢ells and leukocytes, evan

- though platalets are not generally considered to be
bload. calls for all purposes.
An apparatus -in accordance .with my inventinn for -

.sperfarming. the tests of.the inventive methcd, .as

shown genarally at 10 in Pig. 1, .comprises a counter
12, an analyzer l4, a computer interface 16 and a
computer 18, each connected in series, and a disc 20,.
a printar 22 and a video display 24, each connected
to the cutput of computer 18.

To conpence the operat:.on of the inventj.ve
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apparatus (generally described in the flow chart of

-Fig..2) a bleed sample is first drawn from the persen

being tested (subject). .Prefarahly, loce of oxylated
blood is draun from the subject, using sodium citratas
as. an anti-coagulant (i.a. the bloed is stored in
blue top B-D bhrand vacutainers) to prevent ciatting
£.the blood during tha test. This single sample may
be used to perform a wide variety aof tests for a vast
array of differant maladies. )
It is necessary to secure anevance.unlaz .
distribution of blood calls over the entirs volume of .
the blood sample, and so it is maceasary to transfer
blood .from the vacutainer to an apparatus (not shown)

.which will have the capability of contimicus flow

circulation, in knoun fashion. Such 3 device will

. cause the calls of ‘the sampls-to be digtributsd

generally evenly over tie entire gampla.
Itispretar:cdthatasiuglobloedsanpledram
for a mmber of fareign antities, and so tha hloed

. dzawn from the subject is gseparated into a plurality

of smaller samples Lor testing. The preferred method
of saparation is.to place 100 microliters ‘of the
drawn blood into a receptacle cemtaining an
appropriate suspension medium, e.g. one-half unl of a
halanced pH saline solntion.. Tha precise amncunt of
the suspension medium used is not critical, except

-that tha same amount thereof should he used
. throughout the. test, i.e. in each sample of the same

blocd. . This will snsure that measurements taken for
the test and control samples may be directly compared
by virtue of the fact that they both have a similar
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mpmber of leukocytes and volume.

The tep cuhic centimeters of drawn blood
prepared as described will be suitable for
approximately 75 tests.

After separation of the drawn sample inte the
control and test samples, the foreigrn antities are
introduced into the test samples in the form of
solutions.

Suitable solutions may be purchased commercially
from any one of a numwber of suppliers.
Alternatively, suitable sclutions may be prepared by
adding 100mg of a dried extxract of that foreign
entity to 10ml of Isaton II or IIT (distributed by
Coulter), or any mixture thereof, or in 10ml of a
suitable 4iluting sclution. In many instances,
injectable paragen-free, sterilized water will be
suitable, in others perhaps alcohbol. The particular

-diluting selution selected will depend upon the

foreiqn entity being miwed, and the selection of an
appropriate diluting solution is wall within the
knowledge of those of ardinary skill in the art.
Once pade, the mixture is allowedé to stand for 24
hours at room temperature, and then filterad throuch
a mesh cepable of filtering solid particles.
Different solutions of foreign entities are
introduced into the various test samples. ‘Tt is
prefezrred that one foreign entity be introduced into
each test sample, but it is contemplated that, in
some embadiments, each test sample may have a wide
variety of foreign entities intreduced thereto, so
that a single drawn blood sample, which may otherwise
be usable only for 75 tests, may be used over a much
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broader range of possible foreign aentities. In such
cabodizents, a positive reaction (described delow)
for any group of foreign entities would require a
subsecruent tast or tests ‘to deternmine which of the

$ '..maltitude of foreign entities comtained in that test
sample was the specific. foreigp entity which caused
the peositive reaction. It is also preferred that an

. anount of the suspension medinm, equal to that

. - introduced to the test samples, be added to the
Lt : ) control sasple. .This allows the direct comparisem of
) the two samples, since they will have generally
ddentical counts of leukocytes (before the studied
Ysaction), and geperally similar volumes. .
At this.point, each sample, i.e..the control

15 sample and gach tast sample, will contain 3 mixture
. of suspensian mediom and whola blood, which in turn
includes leukooytes, red blood sells and platalets.
In addinion, the test samples will have the solutions

" of foreign entities therein. Since all three types

20 of blood calls are of .inportance to this tast, it is
important that each he measured sepayately.

e In the preferred embadiment, counter 12 is
Caulter Counter Modal Z-¥, which may be set te count
the nunber of particles witkin a given size range.

25 Thus, since platelets are much spallexr than red and

: white blood cells, it is sixple to avoid counting
them by setting the minimum particle size at a size
greater than that of platelets, and less than that of
. . the red and whita.blood cells, for exampie 3.5 .
30 microns. Similarly, it is simple to count only those
' cellshysettinqtbanathlevelotcounterlzma
simnilar laevel.
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Mo .such simple method of counting red and white
Blood calls is presently available, bowever. It is
possible to separata these.cells in inown mechanical
methods, although.this method is time consuming.
s A preferred.method utilizes the fact that red
. blood cells axist.in human serum in & ratio of 1000:1
to lagkocytes. Thus, it is preferred that the red
blood cells be counted first. TRis may be taken as a
straight count, sinca the pelatively saall mumber of
10 vhits blood calls existing in hlood serun may be
..: disregarded when the count is made. The small exrar
- which. may occur .(on the azder of 0.1 pexr cent) may be
diszegarded, ammﬁmisgmllym
.  smaller than the error factor of the eguipment, and
15 is also far smaller than the amount of change
.- expected in tha cass Af a positive reacticn. . After
the red blood cells are counted, then it ig .desired
to count the leukacytes. .
. .o avoid counting red blood cells, which, as
20... stated, are of roughly comparable size to the.
leukocytes, it is prefarred that those cells be
eliminated. This is praferably accomplished by
adding a substance vhich will immediately cause red
blocd cells to disintegqrate (a Ylysing™ substance),
25 for.example a solution comprising ope percent Saponin
.. (coultez) and the remainder bacteviestatic water. '
Alternatively, the red blcod cells may be
mechanically removed from the sample. This sclutian
nayalsose:vetclysesm:aactealeukocytesinehe
30 test sampla, thereby enhancing the cbservable effects
of the reaction (if any) between tha leukocytes and
the foreign entity (together with the antibodies).

19
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After the red blood cells and a portian of the
reacted leukocytes are eliminated, praferably after a
period aof. about 310 seconds after introduction of the
lysing agent, and counter 12 is set to the
predeternined minimum size .level, counter 12 may be
used to.count and size the leukocytes of the control
sanple.. - The results of.the .counting and sizing of

-tha- control sanple-are uged as a reference for

comparizon of the results of the sama counts
pexrformed on the control samples. It will ke
appreciated that the platelets may be countad either
befora or afhar the counting of the red bload calls
but bafore the leukocytas.- Sinca platalets ara naot
directly affacted by the lysing substancas, the crder
of counting the platalets and red blood cells is a
mere matter of choica. Howevar, .the red bloed calls,

- when lysed, may create particles which are of a siza

on the order of platalets, so ths platelats should be
counted prior to lysing the red blood calls, which
means prior to counting the leukocytes. Of course,

-1f some other mammer of -separating the three types of

blaood cells is usad, such as mechanical separatiom,
thenthaarde:cfemmtingisevenmeamﬂ:erot

--ma:llchc:.ca

Ifthebloodcﬂllsmmo:motthemt

-saplamc:umpmaatmytonigauuty,

thentheyvillreactinthammibad i.e. by
getting larger, then hreaking up and finally

dissolving. These reactions will cause a distortion

of the size distributions of ths bhlood cells in the

positive test samples, since the numbar af blaod .
cells in lower volumetric size ranges will diminish,
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. and tha musbar of blood cells in higher volumegtric
Size ranges will increase, thereby producing a shirft
in the size-distridutions of the counted blood cells.

The .qutput of counter 12 wmay be read visually,

.. to determine if the number of blood cells in
the test sawple is less than that of -tha control
(indicating positive reaction) or it may be inmput to
analyzer 14, such as the Coulter Channelyzer, .to
numbexr of. red blood cells present in each of a

. plurality of size-distribution ranges. This is

..referxed to as ssizing™. '

Tha .output of analyze:ltuyalsobainputto
computer. 18 .through. interface 16, in known fashion,
to stors.the data and compare autsmatically the
Tesults of tha count aof each test sample to that of
the control sample as well as the siza-distribution
of the blood cells.:. If the numbexr of bloed cells in
.8 test sample is less than that.of the. contzol by
more than the ertor factor of counter 12, then there
i3 a pasitive reaction. The error factor of each
. piece of egquipment used is ysadily available from its
. mamufacturer, and Jay vary:from manufacturer to

manufacturer. In additjon, if the comparison of the
size-distribution resulits jndicate enlargement of
blood cells, then there is also a positive reaction.
Once all comparisons aye made, the cutput of computer
18 may be displayed by any means desired, such as

_printer 22 or video display 24, and may alsa be

stored on disc 20 for future reference.

Storing data is useful for later reference on
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sample of a3 subject's blood-takan at a subsequent
tima is.vastly different frem that .of a girst tast,
- Tthen there may be an indication of a vast change in
.thestataotthatsubject'simnasysm This
5 would suggest further tasting to detarmine the cause
of such.a change. P
It is hare nated .that tha ahmn dascti.pt:.an was
made based on tha assumption that a forsign entity is
W added to the tast samples s produce thereby a )
” 10  reaction.. This may not be effective in all
instances. Cartain non-immznelogic reactians cause
cellular reactions similar to the.above-described
immnolagic reaction. . In such casesa, tha inventive
tast i3 still eftactivcindiagaosinqtuaalad?, s0
15 long as.the non~-immunalgic reaction causes changes in
‘¢allular size, ox .cellular destructiom. -

e As described thus.far, the invantive tast
requires the presence of two elements in the blcod:
antibodies and blood cells,.so that the introductiecn

20 .. of tha third component of the studied reaction, the
.+ foreign.eptity, will .canse.the measurd reactions ta
o appropriate for all.fareign entities, however. This
is particuiaxly true for carcinogessz, for .which no
25 .. naturally occurring antibodies  are present in the
. . blood of -most peopla. - - .
The test will still work, howeveyr, with cone

---modification. Instead of adding the foreign entity

to the-cantrol sample, .a different substance, such as
30 an antibody, is introduced thereto. This .

. modification will enable the diagnosis of 2 malady

caused by the ingestion of a foreign entity by the
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subject, even if the subject does not produce tha
antibodies on his own. The addition of the
antibodies to the test sample complates the
requirement that all three components af the
reaction: ' antibodies, foraign entity and blced
cells, be present in the test sample.

For example, with respect to the testing for a
specific cancer, if the carcinogenic foreign entity
isprescntiathesubject's_hlead, the introdoetion
of a monoclonal antibody specific to that
carcinogenic foreign entity will epablae the
blsod cells in the 'subiect’s bload to attack the
carcinogen, mtbemauycbsezved:eac:ionwin
taka place. e

Solnngasmantibodyismzoranyspeeuic
foreign entity, the malady cansedby'thg.xngestion of
that foreign entity may be diagnosed.

In this faghion, it may be cbjectively

- datermined if the subject has a reaction to any of .

the tested foreign entities, and is thersfore
suffering from any of the tasted maladies. Such a
tes5t way be used to tast for any malady affecting the
immme system, from influanza, to AIDS, to cancer.
Any such malady may be tasted for, and at . a stage
vhere treatment will be.most effective, i.e. at as
early a-stage as possibla. L :
ma:.scavuythatradbloodcallsreacttothe
presence of certain entities may also lead to a
course of treatuent for certain anemias, whevrein
those forelgn eatities whied cause reactiens in the
subject’s red blood cells are removed from the
subject's exvironment, thareby removing a possible
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.cause o0f deplation of the subject's red blood calls.

_Itisusemmtedthatm:aisnothingin
this description which will limit the application of
this nethod to tha uman immune system. It is

" believed that this method {s equally applicables, for

example, in the field of veterinary medicine for any
animal bhaving an izmmme system.

As will be readily apparent to thosa skilled in
the art, the above description represents the

'prazer:pd. but nanetheless :tllust:ative, enbodiment !

of the 'in,vantion,' which may be realized in other
specific forms without departing from its spirit or
essential characteristics. For example, the entive
appaxatus may be antomated so that once the sanple of
bload is drawn fres the subject thera need be no
furtber human intaerventicn or action until the
Yesults are complete. Therefore, the full scope of
such invention is to be measured by the appended
claims, giving thereto the full range of equivalance
wa;ch'cggas.vithinthpmandrangaoztha
Qlaims.; .
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1 1. A method for diagnesing the presence or
2 absenca of a malady in a subject, said method
3 conprising the steps of:
4 counting a number of leukocytes in a first blood
~ - 5 sample drawn from said subject;
[ nixing a substance having a predetermined
7 relationship with said malady with a second blood
8 sample drawn from said subject to form a mixture, and
8 thexreby allow leukocytes of said second blood sample
10 to react with said substance:
11 counting a number of unreacted and reacted
12 leukocytes in said mixture: and
13 comparing said number of said leukocytes counted
14 in said first blood sample with said nunber of
15 unreactad and reacted leukocytes counted in said
16 mixture, to detexmine if said leukocytes in said
17 second blood sample reacted with said substance,
- bR thereby diagnosing the presence or absence of said
19 malady in said subjsct.
1 2.  The method of Claim 1, wherein said counting
2 a nunber of leukacytas of at least ocne of said fizrst
3 blood sample and said mixture is performed by
4 counting a numbexr of leukocytes within each of a
5 plurality of varying size-distribution ranges.
1 3. The method of Claim 2, further comprising
2 the step of:
3 producing a graph showing said number of
" il
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mcytascountadineachozaaidplmlitycz
size-distribution ranges.

4. The method of Claim 1, further comprising
the step of:

lysing a portion of any red blood cells present
in said mixturs prior to counting said mmber of
unreactedudzeactedlmmesm .

5. mumdofﬂanl,mmrcm:isang

the step of: - -

lysing a partupozsaidrauctealenhocytasin
said aixture prigr to.counting said number of

6. meut.hodotc;ainl,furthgrmrising
. the step of: = _ _.

- 1ysiagapnztinnntanyredbloed=allsp:esant
in said tirst bleoed sample prior %o counting said
mmber of leukacytes therein.

7. Anzl:ho&fm;d:.agnosiugthepresmae:
absence of 3 malady in .3 subject having blood, said
method comprising the steps of:. | .

) saparatingasa;pleozsuﬁhlaodo!said

subject ints a control sample and at least one test

sample, each of said contyol sample and said at least

one test sample having approximately equal .

distributions of leukocytes therein; )

. lysingaportionoganyzedhloadcallsins_aid

cantyol sample: .

. cauntinqanunberatleukacytesmuid

control sample:
mingasuhstamahzvingapudetmued

" relationship with said malady with said at least cne

test sample to form 2 mixture, and thereby allow said

Kﬁﬁﬁgju:wqmmouu'o-m-pu'h,ﬂmbu'u'umhuuwma

v
(4]
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16 1leukocytes present in said at least ocma test sample
17 o react with said substance, and farm reacted
18 .lenkecytasinsudzixn:zeizsaidsubjectsuffe:s
19 from said ulmv
20 lys;ngapnrtionozanyredbload esnsiusaid
‘21  wmixtura;
22 lysing a portion of said:eaceedlmﬂcocytes in
23 said nixture;
24 muntingamberofumactedandreacted
e 25 leukocytes ‘in said mixtura; - -
26 camparing said number of unreacted and reacted
27 laukocytes in said airture with said number of
28 leukocytss in said control sample, to0 determine if at
29 least a portion of said leukocytes in said second
30 - - sample reactad with said substanca, thereby
31 m;aﬂnqthapmmabsmozsmwuym
32 said subject.
p 8- ‘!heubhodof&aiu?,whnreinatleastone
¥ 2 of said counting of said number of leukocytes in saiad
. 3 - control ‘sample and said counting of said mmber of
4 unreacted and reacted leukocytes in said mixture are
5 performed by counting a number of leukocytes within
— 6 each of a plurality of varying szze-distr:buuan
7 ' ranges therein, and- <
8 generating a sxze-dismhutian graph sham.ng a
9  asize-distribution of leukocytes in each of said
10 contrsl sample and said mixture;
11 couparing said size-distribution graph showing
12 said size-distribution of said leukocytes in said
) 13 eantral ‘sample vith said size-distribueien graph
14 showing said size~distribution of leukocytes in said
15 mixtare: ' . S
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6 . wherebytheprasemefsaxdmadyinsud
37 subject is indicated by a significant difference
18 therebetween.

$. The method of Claim 7, wherein the
determinatics of whether said at least one antigen
has caused a reaction Wwith said sample of & patient'’s
blood is positive when said nunber of unreacted
" leukocytas counted in said mixture is less than said
mumber of leukocytes counted in said control sample
hyuanhnntgreaterthanane::artamreztha
equipaent used.

10. Anethndtud:agncsmgm;msem&
absence of analady in s suhject:, sa:.d nethod
.cmpruingmmpsoi.
h sizing a nmber of leukocytes in a first blood
sazplcdrmfzasaidsubjm, -

mingasnhstamhavingapzedatamwad.
) rezat:a.nnship with said malady with a second bloed
sanpledrmfrusaxdsubjecttutmalixmze and
thereby allow leukocytes present in said second blood
sampla to react with sa:.d secand hlood samples

sizingannberozunractedand:aceed.
Wmaﬂm& and )

comparing said sized leumkocytes of said first

N

P = . ° . .
uﬁpoomqmmbuuqumm.nucdn

4 bloed sample with said suedunreactedand:eactad
15 mmesczsaidm.todetemwebyiz
16 at least a portion of said leukocytes in said second
17 blood sample reacted with said substance,

18 wheyeby the presence of said malady in said subject
19 is indicated by a significant difference
20 thexebetween.

-

1 11. The method of Claim 10, further comprising
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the step of:
lysingapo:tienafa.ny:edbloodeeusp?esmt

in said sirst blood sazple prior to sizing said

leukocytes therein. .

12. The method of Claim 18, ru.rt:hezconpn.sinq
the step of:

lysing a portion of any red blood cells present
in said second blcod sample prior to sizing said
unreacted and reacted lsukocytes therein,.

13. The mathed of Claim 10, further comprising
the step of: |

lysing a portion of said reacted leukocytes in.
said nixture prior to sizing said unreacted and
reacted leukocytes therein. . )

14. The method of Claim .10, wherein at lea?t
one of said sizing of said leukocytes in said first
blood sample and s=3id sizing of said unreacted
leukocytes in sa.;dmxtnra is performed by counting a
mmbuaoflwkneyteswx&ineachctaplumztyof
varying size-distridution ranges.

15. A method for diagnosing the presence or
absence of a malady in a subject, said method
conprising the steps of: .

separating a dlocd sample drawn from said
subject into a contrvl sample and at least one test
sample, each of said control sample and said at least
one test sample having approximataly egual
distributions of leukocytes therein; .

lysing 2 portion of red blood cells in said
control sample:

sizing said leunkocytes in said control s?nple
thereby generating a size distribution of said

-

TN
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leukocytes in said contrel sample;

mixing a substance, having a predetarminad
rvelationship with said malady, with said at
least ohe test sample to form a mixture, and thereby
allow at least a2 partion of said leukocytes present
in said at least one test sample to react with sajid
substance;

lysing a portien of any red blood cells in said
mixtuze;

lysing a pertion of any reacted leukocytes in
sajid mivture;

sizing said leukocytes in said npixture thereby
ganerating a size distribution of said leukocytes in
said aixture; and

comparing said size distribution of saigd
leukocytes in said mixture with said size
distribution of sald leukocytes in sald coatreol
sample, and determine thereby if said malady is
present in said subjact. ' _

16. Te method of Claim 15, wherein at least
ane of said sizing of said leukocytes in sald contyrol
sampla and said sizing of said leukocytes in said
sivture is performed by counting a number af
leukecytes within each of a plurality of varying
size~distribution ranges, and

generating a size-distribution of tha counts of
each of said control sample and said mixtura; and

comparing said size~distyribution af said
leukocytes in said control sample with said
size~distribution of said leukocyses in saild mixture,
to determine thereby if said malady is present in said
subject. .
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1 17. The method ©f Claim 15, wharein the
2 determination of whesther said malady is present in
3 said subject is positive vhen said size~distribution
4 of said leukocytes in said mixture differs from said
5 size-distribution of said leukocytes in sajid contrsl
6 sanple to 2 degrse greater than an exror factor of -
7 the eguipment used.
b 18. The method of Clain 15, whevrein said
2 substanca is a foreign entity.
ot 1 19. The method of Claim 15, wherein said
2 substanca is an antibody.
1 20. A method for diagnosing the presence or
2 absence otamiadyiaasubjact,'saidmthnd
3 comprising the steps of:
4 counting a number of blood cells of a single
8§ type selected from tha group consisting of
6 leukocytes, red blood calls and platalets, in a first
7 Dblood sample drawm from said subject;
T8 mixing a substance having 3 predetermined
9 7relatiopship with said malady with a second blood
10 sample drawn from said subject to form a mixture, and
11 thereby allow blood cells of said secaond blood sample
~ 12 to react with said substance;
i3 colmtmgammberof nnreactedandraaeted blood
14 cells of said single eype in said mixture; and
1s camparing said number of said blood cells
16 counted in said f£irst blood sample with said number
17 of unreacted apd reacted blood cells counted in said
18 mixture, to determine if said bloed cells in said
19 second hlood sample reacted with said substance,
20 thereby diagnosing the presence or absence of said
21 @malady in said subject.

"
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21. The method of Claim 20, wherein said counting

a number of blood cells of at least one of said first

blood sample and said mixturs is performed by
counting a number of blood cells within each of a

_ plurality of varying size-distribution ranges.

22. The method of Claim 21, furthar comprising

the stap of:
- producing a graph showing said nuuber of

blood calls counted in each of said plurality of
size-distribution ranges.

23. The method of Claim 20, further comprising
the step of:

lysing a portion of any rad blood cells present
in said mixture;

counting a number of wnreacted and reacted
leukocytes therein:

1ysinqapo:tmno£anyredbloodcansp:esm
ia_ gid mt!QI_t

counting a number of unreacted and rsacted
leukocytes in said control sample: and

cemparing said nunber of unreacted and reacted
leukocytes in sald mixture with said nomber of
unreactad and veacted leukocytes in said test samplae
to determine thereby if said subject has contracted
said malady.

24. The method of Claim 20, furthe:ccmpnsing
the step of:

lysing a portion of any red blood cells present
in said f£irst blood sample prior to counting said
mmber of blocod cells therein.

25. The method of Claim 20, wherein said

Substance is an antibody.
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26. The method of Claim 20, wherein szaid
substance is a foreign entity.

27. The method of Claim 20, wherein said single
type af bleod cells are platelets.

28. Tha mathod of Claim 20, wherein said single
type of blood calls are red blood cells.

29, The method of Claim 20, wherain said single
type of blood cells are leukocytes.

30. A anasthod for diagnosing the presence or
absence of a malady in a subject Rhaving blood, said
blood including blood cells of at least one of red
blood cells, leukocytes and platelets, sajd method
comprising the steps cof:

separating a sample of said blooed of sald
subject into a control sample and at least one test

L of said control sample and said at least

cne f.est sanple having approximately egual
distributions of blood cells therein;

cme;aganmerofafirsttypeotuoodceus
in said control sawple; _

lysing at least a portion of said blood cells in
said control sample:

counting a aumber of a second type of blood
cells in said control sample;

.miving a spbstance with a predetermined
relationship €0 said malady with said at least one
test sample, tne:eby producing a nixture;

counting a numbexr of a first type af blaood cells
in said mixtura;

cemparing said number of said first type of
blood cells in said mixtunre with said anumber of
said £irst type of blood cells in said comtrol

Rl :ﬂ
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éan;la,' thereby prnd!:c:‘.ng a first result;
lysing a portion of said blood calls in said

countipg a number of a second type of blood
cells in said test sanmple; and

cemparing said number of said sacond type of
blead cells in said mixture with said mmber of said
second type of blood cells in said control sample,
thereby producing a second result, whereby the
presence o absence of said malady may be determined
by said first and second results.

31. Ths method of Claim 30, wherain said first
type of blood cells are platelets.

32.. The method of Claim 31, wherein said second
type ogfalood cells are leu |
W ¥ uthodo:!cla.i.nso,whe:einsaiaﬂ:st

type of blood cells are red blood cells.

34. The method of Claim 33, wherein said second
type of bloed cells are leukocytes.

35. The method of Claim 30, whexein at least
ouecfmdnmbarsofgeuscauntedzsstoredma
memoTy.

- - The method of Claim 35, further comprising
the steps of:

collecting 2 second sample of blood from said
subject;

counting a mumber of blood cells of said second
sample; and

comparing said numbexr of blocd cells witk sald
nunberﬁi calls stoxed in said memcry, whereby any
:ha.nqe*’in a mbe: or distribution of blood cells in
said blood of said subject over time may be

This Sheet Has Been Repl
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: 37. A method for diagnosing tha presence or
2 absence ¢f a malady in a subject having blood, said
3 blood including dlood cells cf at least one of red
4 Dblood cells, leukocytes and plat:e].e:s, said method
5 comprising the steps of:
[ separating a sample of sald blood of said
.7 subject into a control sample and at least one test
_ 8 sample, each of said control sample and said at least
~ - S one test sample having appreximataly equal
1g distributions of blood cells therein;
11 counting a number of platelets in said control
12 sample; . :
13 counting 2 number of red blood cells in said
14 control sample: '
15 cominganmheroflenkocytesinsaidconml
. 17
Bk -_1:_8’ A
19
20 ' counting a mmber of platelets im said mixtures
21 comparing said mmber of platelets in said
N 22 nmixture with said mmber of platelets in said control
23 sample, thersby producing a first result;
24 counting a mmber of red blood cells in said
25 mixture; '
26 comparing said number of red blood cells in said
27 aixture with said number of red blood cells in said
28 control sample, thereby producing a second result;
29 counting a mmber of leukocytes in said mixture;

3¢ corparing said number of leukocytes in said
nixture with said mumher of leukocytes in said

ta
e

g e
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32 " sample, thereby producing a third result,

33 wvhereby the presencs or absence of said malady may be

34 detsrmined by said fivet, second and third results.

38. The method of Clainm 37, further couprising
the.steps of:

lysing at least a portion of said red blood
cells in said control sample prior to counting said
mmber of leukocytes therein.

33. The method of Claim 37, further comprising
the staps of:

lysing at least a portiocn of said red blood
cells in sald mixture pricr to counting said mumbexr
of leukocytes therein.
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