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r:m'nt AND A SUBJECT'S ELOOD CELLS

42x: AR LNES

BACKGROUND OF THE INVENTION

This invention relates to the field of cellular

immune reactiens; and, more particularly, to & method

and apparatus for the direct and/or indirect
determination of the degree of reaction (i any)
Betveen a foreign entity and a subject's blood cells,
for diagnesing a malady of the subjact.

Diagnesing maladies is perhaps the singlé 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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Many illnesses and afflictions (i.s. maladias
other than illnesses, such as an allergy or cancer)
are caused by an individual's coming into contact
with foreign entities, such as environmental
chemicals, including known or possible carcinogens,
other toxins or micro=crganisms, inecluding viruses
and bacteria.

Every'day, the human body is exposed to zany uaxJQ L WHE
types of foreign entities, and when so exposed, the
body may ingest some foreign entities, by eating or
breathing them in, or perhaps merely by touch. Once
a foreign entity is ingested, the body identifies it
elther as being neutral, in which case the body does

-not react in any extraordinary fashion, or identifies

it as baing potentially harmful, in which case the
body acts to defend itaelf.

If the foreign entity is in fact harmtul, such
as a carcinegen or a virus, it will cause certain ill
effects to the individual, such as disease. Howsver,
even if tha foreign entity is benign, and might not
cause any untoward sffects by itself, the reaction of
the body to its identification as being harmful may
have its own set of ill effecta, such as an allergic
reaction.

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 bloocd calls (leukacytas) in an individual's
blood act as the first lins of dafense against
foreign entities classified ag harmful. Once a
foreign entity is identified as being harmful,
besides the natural (innate) immuna response, the
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body may produce specific antibodies which combine
with the foreign entity and, in conjunction with the
leukocytes, destroy the invading foreign entity.

I have cbserved three different steps in the
rasponse of the leukocytes to a foreign entity
identified as harmful, after the antibodias and

.leukecytes combina.

10

First, the leukocyte increases in volume, to 43K A INSS
surround and enclese the forelgn entity. This o
reaction is similar or identical to a phagecytosis
reaction, in which a cell ingests a partialae,

.Bellanti, J.A., Immunology III, W.B. Saunders Co.
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(1985), p. 16. .
Second, after the foreign entity is enclosed by -
the leukocyte, the volume of -the lsukocyte decreases
in a so-called complement reaction, i.e. the
leukocyta develops a small defect in its cell
membrane, and begins to extrude a portion of its
cellular material, Bryant, N.J., Immunchematolegy,
W.B. Saunders Co. (1982), pp. 54-55. '
Finally, the leukocyte releasas all of its
cellular material, and breaks up its ocuter membranes.
This reaction is similar to the degranulatien of
basocphiles noticed in the presence of IgE mediated
reactions, Bellanti, supra., p. 252. )
I have recently discovered that some red bloed
cells and some platelets also participate in the .
body's immune response to an invading substance, o
undergoing reactions similar to those of the
leukocytes. This phenomenon has not heretofora baeen
recognizad, and its discovery may assist in the
understanding of the body's immune reactions.
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Many theories exist as to the precise mechanisa-
behind the oparation of the immune system, i.e. how-
blood cells recognize and define harmful foreign
entities, and how antibodies are produced, etc. No
currently known theory, however, explaina all aspects
of the body's defensive reactions. In addition, ne
currently knewn theory is generally accepted ag the
scle-basis for explaining the reactions.

This lack of an understanding of the immune
system response has hampered efforts to devise a
uniform and comprehensive diagnostic tool or method
for the diagnesis of a wide spectrum of maladies.
Since a comprehensive understanding of the mechanics
of the immune response is lacking, there is no
comprehensive understanding of how maladies may be
recognized at an early stage.

“Curreantly, diagnocsis of a malady is more or leas
by a look=-up maethed. A anhiect appreachea a2 doctor
and relates his symptoms. The doctor then matches
those symptoms with the symptoms of known maladies,
and attempts to cull a short list of possible causes
from all of the conceivable causes. Based on this

J3% . AL INHS

'list, the doctor will perform tests to isolate the

cause of the malady. If there is no positive test
result, then a new series of tests will be performed,
and this procadure continues-until a positive rsult
is attained. This may take a great deal of time and
expense, and some of the tests performed may be
discomforting or even painful for the subject.

This procedure is necessary because most tests
are directed to specific symptoms of an illness. TFor
example, an illness which affects kidney function 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 aiimont, would be to check the level of uresa
in the subject's bodily fluida. Such tests do not
5 identify the malady per se, but rather measurae an
expected bodily raesponse to the malady's presence.
The look-up method has many drawbacks, howaver.
First, it depends upon the subject's ability to
racognize symptoms; If the subject has not started
10° to feel the effects of the malady, then he may not
know enough to tell the doctor of a minor symptom
which would indicate a serious malady. It is for
this reason that a wide battery of tests is often
prescribed for a new subject, to ascertain to the
is extent posslble what may be ailing that subject.
Thesa tests may be time~consuming, expensive and
even painful. Additionally, if the right tests are
not called for, someone may be diagnosad as being in
~ good health but in fact have a massive tumor (for
20 example) which has not yet begun to cause any visible
symptoms. If a subject is suffering from more than
one malady, the various symptonms may alsc mask or

disguise each other, leading to a falsa diagnosis.
A dliffewont piviiou arlses 1r tWwo maladies h#VQ

25 similar symptoms. a diagnosis based on symptoms may
be unable to discern two completely different
maladies having similar symptoms.

Furthermore, the subjectivity of an individual
as to the experiencing or relating of certain

30 symptoms may also come into play. For example, a
slight headache may not causa an individual any great
concern, but may in fact indicate a brain tumor.
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An incorrect and possibly fatal diagnosis is
always a serious concern to doctors, and there is a
serious need for an objective test which may be used
to diagnose a variety of maladies, without the
possibility of masking or disguising of symptoms, and
which may be performed effectively, relatively
{nexpensively, cbjectively, and quickly.

Further complicating this situation is the A3X A0 iNdA¢
possibility that a particular malady may not cause -
any noticeable symptoms'until it has bheconme quita
serious. Thus, the afflicted individual may not know
enough to have tests performed.

The test described in my above-referenced patent
application assists in the diagnosis of allergies by
a simple blood test. The disclosure of that

application, however, does neither teaches nor
suggests any applicability of the test disclosed

therein beyond allerxgies.

Furthermore, prior tests are not useful in
diagnosing maladies for which there are no antibodias
produced by the subject. If the introducticn 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
no reaction will take placa. This is the case, for
example, with respect to carcinogens. Since the body
may not produce any natural antibodies sgpaeclific to
the carcinogen, the body may not act to attack it.
Thus, a cancer caused by the carcinogen is frse to
develop unfettered, until it is of a gize sufficient
to be detected by other conventional meang, such as

NIENRYIZE7 &Na

_by.palpatien ox X-ray. Ne early dutection is
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posasible, howaever, until symptoms are evident. 1In
many instances, the onset of symptoms means imminent
death.

‘There is thus a need for an objectivc test which
may be used to diagnose a wider variety of maladies,
and which may be used to diagnose maladies caused by
the ingestion of foreign entities for which no
antibodies are produced by the subject. There ig X8 N5
also a need for a method of diagnosis in which
maladies may be diagnosed at a stage before the cneet
of axtarnally obgervable symptoms.

Thera is therefore still a need for a test which

may be used to assist in the diagnosis and treatment
f weiedlicd WAlCR alfwrt the ré¥d blood cells or

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 chjective
determination of the degres of reaction batween a
foreign entity and the blood cells of a subjact.

It is a further cbject of the invention to
provide such an improvad wmathod and apparatus whers
accuracy and raliabkility will not dapend upon the
subjective interpretation of symptoms by a subject or
his physician.

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

It is a £urther object of the invention to
provide a method of diagnosis which is capablae of
diagnosing maladies caused by foreign entities for

5 which the body of a subject produeaa no antibedias.

In accordance with these and othar ohjects of
the invention there is provided a method for
diagnesing the presence or absence of a malady in a
subject, the method comprising the steps oft

10 counting a number of blood cells of a single type
gelected from the group consisting of leukocytes, red
blood cells and platelets, in a first bloecd sample.
drawn from the subject; mixing a substance having a
predstermined relationship with the malady with a

15 second blood sample drawn from the subject to form a
mixture, and thereby allow blood cells of the second

~blood sample to react with the substance; counting a .

nurker of unreacted aixt—reacted bldod cells in the
misseunror sompewing Lhv nuaber O Tthae blocod calls

JaK )9 e

20  counted in +ha firss bleod mample—wiih the numper 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,
tharehy diagnozing the presences ur absence or the

25 malady in ths 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 blood, the bleed including blood cells
an af at laast ena of xved Wliood cells, leukocytas ana
plateiets, tha method comprising the steps of:

separating a sample of the blecod of the subject into
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a control sample and at least one tast sample, each
of the contrel sample and the at least one tast
sample having approximately equal distributions of
bloed cells therein; counting a number of a first
5 type of blocd cells in the control sample; lysing at
least a portion of the klood cslls in the contrel
sample; counting a number of a sacond typa of blood
calls in the contrel sample; mixing e—substance withn®:: it N3y

a pradetermined rslationship to the malady with the

10 at least one test sample, thereby preducing a
nlatuce; countang a number of a first type of blood
cells in the mixture; comparing the numbar of the
£irgt type of blood cells in the mixture with the
nunber of the first type of blood cells in the

15 control sample, thereby producing a first rasult;
lysing a portion of the blood cells in the mixture;
counting a number of a second type of bloed cells in
the test sample; comparing the number of said second
type of bloed cells in the mixture with the number of

20 the sacond type of blood calls in the control sampla,
theregby producing a second result, wheraeby the
presenca or absence of the malady may be determined
by the first and second results.

In accordance with a second preferred embodiment

25 of the invention, there is further provided a method
for diagnosing the presence or absence of a malady in
a subject having blood, the bleod including bloed |
cells of at least one of red blood cells, leukocytes
and platelets, the method comprising the steps of:

30 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

T
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- iample having approximately equal distributions of
blood cells therein; counting a number oz_plateleta
in the control sample; counting a number of red blood
cells in the ceontrol sampler counting a number of

5 leukocytes in the control sample; mixing a substance

with a predetermined relationship to the malady with
the at least one test sample, thereby preducing a
mixture; counting a number of platelets in the AR
mixture; comparing the number of platelets in the

10 nixture with the number of platseslets in the control
sample, thereby producing a first result; counting a
nunber of red blood cells in the mixture: comparing
the number of red blood cells in the mixture with tha ..

. numbar of red blood calls in the control sanmple,

18 thereby producing a second result; counting a number
of leukocytes in the mixture; comparing the number of
laukocytes in the mixture with the number of
leukocytas in the control sainpla, thereby producing a’
third result, wvhereby the presance or absence of the

20 malady may bs determined by the £irst, second and
third results.

In accordance with a third preferraed embodiment

of the invention, there is further provided a method
for diagnoaing the presence or absence of a malady in

25 a subject having blood, said method comprising the
steps of: m@meparating a sample of said blood of said
subject into a control sample and at least one test
sample, each of said control sample and said at least
one test sample having approximately equal

30 distributions 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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« ' samples mixing a substance having a -predetermined
' relationship with said malady- -with said at leaast one
- test ganple to form'a-mixture, and ‘thereby allow said
_ leukocytes present in said at least one test sample
57 - to react with said substance, and:form reacted
v '+ -leukocytes in said mixture if said subject suffers
¢4 --fpom’ sald malady; 'lysing :a -portion.of any red blcod
cells in-said mixture;-lysing a portion of said P
. ‘reacted leukecytes-in said mixture: counting a nuumber -
10 “° .of unreacted and reacted leukocytes in.said. mixture;.
v .gomparing-gaid number-of unreacted and reacted
“leukocytes-in -said mixture with.said number .of .
< -lgukocytes-in-said. control sample, to-datermine if at
- -+~ least a-portion-of said:-leukocytes-in said second -
- 18 . +sgample: reacted with-said substance,.thereby. .. -
indicating the- prtsonco or absgencs of said nalady in
" <+ gald: .ubj.et. PO AT AR N 5 s e Tl e
" :~--  In accordance with-a fourth preferred enbcdinent
“+ + of the invention, there: is further provided a method

[P

20 "~ for diagnocsing the pregence or 2absance.of a malady in
: a subject;-said methed comprising the steps-of:
sizing a number of:lsukocytes in a-first blood sauple
. drawn from said subject; mixing a substance naving a
‘predetarnined relationsnip with said malady with a
25 "~ second-blood sample drawn from said subject to.form a
T2 pigture,” and thereby-allow laukocytes presant in said
| sacand blocd JIAMPLS- TG Teact with said—amaecond blood
- aamplcf'oizinq 2 number of unreacted and reacted

leukeeytas in sald mixture; and csmparing said sized
30 lcukocyto- of said first blood sample with said sized

‘' --unreacted and- reacted leukocytes of ‘said mixture, to
v+ v determine thereby if at least a portion of said
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_..leukegytes ;n,q;ii;ngqu,blood.pamg;p.rcgatpd with
said substance, whereby the presence of sald malady
... in said subject is indicated by a aiqniticant
... Altgerence therebatween.
5 - . In acgoxdance with .a fifth praferred emhodiment
ot the {invention, there is further provided a. method
. for diagnoeing the presence or sbsence of a malady in
.. a subject, said methed comprising the stope of:
-+ . .. separating -a hHloed sample drawn from said subject
10 .. ..into a.contrel sample and at least one test. sample, ..
each . af .said contrel .sanple and said at least one
+teat sample having approximately equal distributionn
_ of leukacytes therein; lysing a portion of red blocd
—450111 An said sentrel.gamploy asizing caid leukeeytes

ATX AR NS

15 in said dontrol .samplae thereby gensrating a size

. distribution of .said leukocytas in. said control
sample; mixing a substance, having a.predetermined

. relationship with said malady, with said at least one .

... test sample to form a. mixtyre, and . thereby allow at
20 .. least a portion of said lsukocytes present in said at
least one test sample te react with said substance;

..lysing a pertion of any red blced cells in said
. .. -mixture; lysing a portien of any reacted laeukecytes

.. in. sald mixture; sizing said leukocytes in said
. 25.. .. mixture thereby generating.a sizg"diqtribqt;oqie: _

. -sald leukocytes in said mixture; and comparing gaid
__size distribution of said leukocytes in said mixture
_with said size distribution of said leukocytes in

cw .. 881d centxol sample, and determine thareby if =maid
30.... malady is present in said subject. '
' . Briefly stated, the invention ia diroctod to a

mathad for the diagnesis of a malady in a subject by
. : S
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the cbserving of a degree of reaction between all

blood calls: red blood cells, leukocytes and

platelets; in the subject's blood with a foraign

entity having a predetermined relationship with tha

malady baing diagnosed. The test includes comparing
amounts and sizes of red blood cells, Ieﬁkocytes

and/or platelets in a control sample and at leaat one

tegt sample. Tha test sample includes a pértien of“a AR ANTE
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‘the subject's blood and the foreign entity being

tasted.

The above, and other cbjects, features and
advantages of the present invention will become oyt
apparent from the following description read in
conjunction with the accompanying drawinge, in—which
like reference numerals designate the. same elements.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a block diagram showing the
connaction of the various componente which make up
the present inventive apparatus; and

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

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT | '

My refarenced application, describes a tast for .
use in the diagnosis of allergies by measuring the
degree of reaction between the leukooytaes in a
subject's blood with a suspected allergen. The

Y
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__di-ciosuxu of thae application il horcin incorpcratnd
by :ezoruncc. ‘ : A -
'What iq not ovidnnt trcn a reading of that
. applicatien, hownvcr, is my discovery that nany
5 . common naladics, ‘and some legs common maladies, cause
" 'reactions in a subject's blood similar te those ~
;resulting !rgn aliergies. It is my theory that the
“1_roactions o: the body'- immune ayseea in vesponding
to tha identi!icatien ez an allexgen, i.s. [ _
10 1¢ukccyte cngulting the allcrgan, enlarging and thens: i 1!
" extruding its contents, is basically identical to the
bodily reactianl to the ‘introductien of other teroign
entitioa rccoqniz.d as hainq harmful, such as a virus .
... or even a carcinoqen. In ‘sun, it is my theory that
15 . most maladiss may be ‘diagnased by ‘the observation of

‘“the reactiois of the Lody's immune cylton,'“““
spacifically, the size~distribution of the leukccytes
in two samples of a subjcct'n bloed: a control
sample which has ne foreign entity added  thereto, and
20 a test sample whicn has at leant onc torcign entity

.. ,added thereto, YT

" The bagic method and apparatus of the invention
_disclosad hersin is contained in ny earlier .
application, but the breadth of its applicability is

25 aigﬁi:icantly wider than herxstofore realized, in its

reach beyond mersly diagnosing maladies other than
_allerqios.-; )
What I have recently discovered, howovar, ‘is
.. ‘that certain red blocd cells and some platelets react
30, ~ to an invading for-ign entity in the same fashion as
do leukocytos, i.e. they combine with antibedies to
'lrcact with :oraign entities, causing the 1ylinq of -

-'..-ol B - ; hee at
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.. red cells.- The discovery of this bodily process may,
- - for axample, 2asist in the diagnosis and treatment of
- : anemias, which may be broadly defined as maladies in-
which a subject has a low zed blood cell count.,
5 - For example, 12 a subject has a low red blood
. cell count due to an allergic reaction to. certain
- foraign-entities, then the avoidance.of thosa foreign
- entities may lead to a normal red blood caell count. _
The testing for such a reaction by a sudbjact's red Rl
10 blood cells may be performed along lines generally
© . similar to those of my earliar tests.. .. . .
-+ -Furthermore, similar results by testing
" platslets may be achieved for othey-amanladisa. Movre
: research ig required for determining which types of
15  blood cells ara bhest used to test for certain -
maladies, ‘but the discovery that all blood cells
react in an:allergic=-type reaction to the presence of
an invading foraign entity leads to the importance of
- testing all-types of blocd cells for reaction with
20- - -the foreign entity. -For esase of refarsnce, the terns
- Ublood cells”, -as used herein is meant. to include
- platelsta, red blaod cells and leukocytes, svan
- though platelets ars not generally considsred to be
blocd cells for all purposes. . :
2s. -An apparatus in sccordance with my !.nvmien for -
' - -pearforming the tests of the inventive mathod, as
shown ganerally at 10 in Filg. i, comprises a countar
12, an analyzer l4, a computer interface 15 and a
conputar 18, wach connected in saries, and a disc 20,.
ae = pwintax 22 and _a vidan dAieplay 24, anrh conngoted
ta tha antput af computar 18.. o
To commence the operation of the inventive
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. . apparatys {(gensrally described in the flow chart of
<. . .Pig.-2) a blcod sample.is first drawn from the person
- . belhg. tested.(subject). .Preferably, l0cc of oxylated
bloed is drawn from the subjact, using sodium citrate
§ —.as an antir-coagulant (i.e. the blood is stored in
blue top B=D brand vacutainers) to pravent clotting
of. the bleod during. the test. This single sauwple may
. ba used to perform & wide variety of tasts for a vast o
array of differant maladies. . .. FEP AT I
10 .. It is necessary.to secura an evan cnllulaz W
distribution of hlacd cells over the entire volume of o
. the blood sampls, and so it is necesaary to transfer
- blood.frem the vacutainer. to an. .apparatus (not shown)
- ».Which will have tha capahility of continuous flow
18 circulation, in known fashion. BSuch a device will
:.cause the celis of 'the sample-'ta be distributed
.. generally evenly aover the entire sample. _
It is preferred that a single blood. iﬁﬂplﬁ dravn
~ - from the subject be used during a battery of tesats
20.:.. - for a number of foreign entities, and so the bdlood -
.--drawn from the subject. is separated inteo. a plurality
of .snmaller samples for testing. The preferzred methed
- of separation is.te place 100 microliters of the
drawn blood intoc a rsceptacle containing an
25 . - appropriate suspension medium, e.g. one-half ml of a
.- balanced pH. saline solution. . The precise amount of
the suspension medium used is not critical, except
~that the same amount thereof should be used
throughout. the test, i.s. in each sample of the sanme
30 - - “blood.:.This will ensurs that measurements taken for
the test and control samples may ke directly compared
by virtue of the .fact that they hoth have a similar
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© nuuber- of -leukocytsea and volure.

The -ten cubic centimeters.of drawn bloed

" prepared as described will be suitnblc for. ;'

approximatoly 75 -tests. - ;
After separation of -the drawn samplo inza the

- control -and: tast sanples. the foreign entities are

*-1ntroduced into tha tclt samplea An.the form of

solutions. -

"~ 10

Suitable selutionp -may. be pu:chasnd.cguanzeia11§?f7@ iwﬁ
from any ons of a number of suppliers.

Alteznatlvely,; suitable soluticne may be prcpa:.d by

T .adding 100ng of a:drled. -xtract :of. that foreign

! Coulter),-or any mixture therecf, or in 10ml of a

1s

entity to.loml of Isoton. II ox III (diatributsd by

suitable diluting solution. In many instances,

. injectable paragen=frse,.sterilized.water will be
-.suitable, in others perhaps alcohol... The particulax

20

" - ddluting solution selected will depend upon the
- foreign entity being mixed, and the selection.of an

appropriate diluting seolution is well within ‘the
knowledge of those of ordinary skill in the art.
once nado.mthc mixture is allowed to stand for 24

- hours-at-reom temperaturs, and then. tiltc:ed through

2 mesh capable of filtering sclid particlcs.

Different soluticns of foreign entitias. axe

.. .introduced into the various test samples. - It ia
. preferred that one foreign entity be introduced into

30 ¢

- L7ZRINARDLZSZ £NQ

each test sample, but it is contemplated .that, in
lomofonbodin.nts,-each test sample may have a. wide
variety of foreign antities introduced thersto, so -

. that.a single drawn.blood sampls, which may otherwise

be usable only for 75 tests, may bs.used over-a much
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broader rangs of possible foreign entities. In such
exbodiments, a positive reaction (dascribed below)
' for any group of foreign entities would require a
subgsequent test or tests to determine which of the
5 . .multitude of fareign.entities contained in that test
. sanple.was ‘the spccitic foreign entity which causad
the positive reaction. It is alsc preferred that an
amount of .the suspension medium, aqual to that
. .- introduced: to. the test samples, be added to the 8% A€ NAS
10  control sample. - This. allows the diregt comparison of
: the tvo samples, sincs .they will have generally
ddentical counts. of lsukocytes (befora the studied -
.+ reaction), -and.generally. eimilar volumes.. ,
“At: this point, each sample, i.e, ths control
15 .sample and each test sample, will contain a mixture
.. of suspension medium and wholae blood, which in turn
. ...includes. leukocytss, red blaod ¢sells and platelets.
In addition, the test samples will have the selutions
¥ of .foreign entities therein. &ince all three types
20 ' - of blocd calls are of importance to this test, it is
..important that each he measured separately.
; In the preferred embodiment, counter.l2 is
. Coultar Counter Model Z-M, which may be set to count
the nunber of particles within a given size ranga.
25 Thus, .since platelsts are much smaller than red and
- white .blood cells, it is simple to avoid counting
-them.-by.:setting the mininum particle size at a size
. greater.than that of platelets, and less than that of
~~ . the red and white blocd cells, for example 3.$5
30- - .microns.:..Similarly, it.is simple to count only those
iiaw ¢ ./cells. by :setting the maximum.1QVQ1 of counter 12 to a
-asimilar'lcvnl._.: : : '

*w—

Aed
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..No. guch simple. method.of counting red and white
blood .cells is presently available, however, It is
. possible. to. separate thase.cells in known mechanical
nethcds, although.this . method is time consuming.
5.. . . .A prererred method utillzes the.-Ipot that red
- hland._salls aylat in himan asrum_in A waria af 100021

to.leukocytes.: Thus, it is preferred that the zed .
blood cells .be counted firat. This may be taken as a.
- straight.count, since the relatively small number of’* AP IN3%
10 white blocd cells existing in blood sarup may. be
...+« disragarded. when the count is made. : The small error
‘. which.may ocour {(on the ordar of 0.1 per cent) ma§ be -
disregarded, since that arror la generally far
..-.. smaller.than the arror factor of the equipment, and
15. :.ia alsc far smaller than the ameunt of change .
. .- eXpacted in the .case of a positive reaction, . After
the rad blocd calls are counted, then it is desired
€0 count the leukooytes.. ;. . .
.. . ..To avoid counting red hlood cqllc, which, as
20 atatcd, are of roughly comparable size to the
.. ledkecoytes, it is preferrsd that theose cells be
.. aliminated. This is preferably accomplished by
... . adding a substance which will immediately cause red
blood cells to disintegrate (a "lysing" iuhqtancc),
25 for example a salution cemprising one percent Saponin
(Coulter). and the remainder bacterigstatic wag‘}.
Alternatively, the red klood cells may be
mechanically removed from the sampls, This solution
o may.also serve to lyse some reactsd 1¢ukoeytns in the
30 - . test sample, thareby enhancing the chservable effacts
. of the reaction (if any) between the leukocytes and
.....the foreign entity (together with the antihodies).
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- ""“:Aftar the reg bléodxcdlla andug,partian of the

: Jreactedaleukoaytcl~|:. Qlininatqd,-prqtnrably:attcr a
' i'pnriod,e:,gboutmaaduncandl nttnr,intrcductianwnt the
1ylinq agent, and counter. 12 ig 8et to the
5 " Predetermineg minimunﬁcizluIiVil,fcounter 12 may be
.i-susiuscd-to»ucunt and -size. the leukocytes. of the gcontroi
-~ -sample,’.he resultaue:'thcdconnting and sizing of
R -the contyroy Sanmple are used ag 2 rafarsnce gor MR A e
. - comparigen of the resultg of the.samn,counts ' o
.10 “Performed.on the. contro} namplos;:::t:willubs.- L
--~~wappreciatod‘that.th. Platalets nay be. counted 8ither
--bafore or. after thcvcountinq af the zad-blccd==clln
but befors the leukocytas., . Since Platalets are not
dewes. dircctlylafrcct-d by the lysing substances, the order
15 ot.aéunting the platelnts~and~:cd.blood Calls is a - '
'+ﬂ-fnnr.;nutt.: of choice. . watvut,-thaﬁrnd blood ccili,
: -=wwhcn-1ycod,-nqy Sreate particles Vhich are of a asize -
°n the order of Platelets, so the platelats should he
- counted Prior to-lysing tne rcd-blood~cclls, which
20 Teans prior .tg countinq-thg.loukocytns.."dtheourae,..
‘4f some other mahneruozmseparating-th‘ three types of .
hlocdwe.llu»ia used, sych ag machanicalyseparation.

-85 s If the blood~aeils in«one.or méreznzsthe-tese o

“v- gatting larger, then breaking Yp.and.finaily
RN dillolving.i These reactiong will cauge a distortion
30 -- of the gize distributions of the blood cells ip the
- positive tast Banples, gince the numpbey oL bloed

--cells. in lower volumetrig 8128 ranges Will dipinian,
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. a_r'd. the nuniker of blnod gells in highsy velumstrie
. size ranges will increass, thexeby producing a shift
‘in the size-distributions of the counted blood .cells.
.. . The .eutput of counter .12 may. bs .read viaually,
5 .. to determine if the number of blood calla in
the tast sample is less than that of .the .contrel
... (indicating positive reaction) or it may be input to
- . :.analyzer .14, .such as the Coulter Channelyzer, .to O ag LN

obtaincaliulaz .population distributiens. of. .the
30 aumbes of red blood cells present .in: each of.a . N
..plurality of size-diatribution.ranges. This is
.. referred to . as “"sizing". ... .- -
" vl The.output ef: analyzcr 14 nay,also be. input to
computer. 18.through.interface 16, in known fashion,
15 . . to.stere the data and compare automatically.the
results of the gount of each teat sample to that of
the. contzrol.sample. as well.ss the size-dlstribution
... -of the blood cells.:.If the number of-blood cells in
- a3 tast._sanple. is leca than Shas. =8 2he.esatwel by
20, wwiw LG BUT 9TLOF LAVEVE Wi cuunter 4, . RRen: thaere.
.is.a positive reaction.. The error factor of each
plece .of aquipnant. used is readily available fzom its
. manufactursr . and may vary-from manufscCturar. 1.
.. manugacturer. In. adgitiqn, if the .comparison of the
25 . size-distribution reguylts .indicate enlargement.-qf
plood calls, then.there 18 AlSQ-a pPReistive .reaction.
_once-all of-computer -

... 18 may.be displayad vY. nny means dcnixnd, such as
. ... printer. 23 or video display 24, and may also be
30 ° stored.eon diso 20 for fyture rafarencs.. »
i, .. Storina data.is_useful for latar reference on
_..the same .subject at a later date. .If a.control
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.+ sample~of a‘subject's blood taken at a.subsequent
rima ie uastly Alffaront Sxam thak 'ag..g. Siwae %os%,
then thers may be an . indication of a vast change in
the -gtate .of that subject's immune system. ' This

5 would suggeast -further testinq to dote:ninc :the cauac
.@Z .such -a..change. - S
It is-hers noted that the abovc dnscriptien vas
.made based.on tha assumpticn that a foreign entity is-
2dded . to.ths tes: sanmzles.te preduce .theraby & - A8k sl LNES
10 . reaction..- This may not be.effective in all-:
instances.  Certain non-immunolagic reactions cause
callular reactions similar to the above~described
.- immunolegic reaction. - In such -cases; .the inventive
.- tast ia.atill effective in:diagnosing the malady, so
15 long as:the non-immunolgic reaction causes.changes in
. :eellular sige, or .callular destruction,
As .described thus-far, the inventive test
.requires.the preaanca of two elements.in the blood:
. antibodies. and blood cells, so that the intreduction
20 - .- of the third component.of the -tudied reaction, the
. foraign.-entity, will cause the measurd reactiona teo
...oeour. -Not all individuals produce antibodies.
appropriate for all-foreign-entitles, however. This
«7 wis particularly true.for carcinogens, for which no
25 . naturally ccocurring antibodies are present in the
i -bload of mest pecpls.- - e
; The  test will still work, however, with-one
-- modification, Inatead of adding the foreign cntity
to the control sample,-a different substance, such as
30 an antibody, is introduced thersto. -This
" s modification will enable tha diagnosis of a malady
caused- by the ingestion-of a foreign-entity by-the

This Sheet Has Been Rep

LT

QZﬂ!nRV.lZQZ £na «lLL1Qav 1R CWARL:O ¢ OR=NZ=7 ¢ 7N/ JaTdoddlail XOJA8Y:Afl INAS



wossmuzas- - PCT/USEI02237
T Tris SHEET HAS BEEN

REPLAGEDR |

el

et

23~

‘subjaect, -even if the ‘subject does not produce the
« . antibodies on his own. ‘The addition of the
‘- -antibodies to the test sample completes the
requirenent that ‘all “three components af the
5 - ‘reaction: ' antibodies, ‘foreign entity and hlood
v 'enlla, ‘he ‘present in the test sample. '
sr example, withreaspect to the—tastiny for a
cpooizic-eanccz, -{¢# the carcinogenic foreign entity _
is present -in the ‘subject's blocd, the introduction &b MY
10- '+ of & monoclonal antibody specific to that Coe
careinoqcnie foreign entity will enable the
blocd cells "in the ‘subject's blood to attack the.
. -~gareinogen.: and th.e neml:l.y_ahnmad_znnzhicn will
. kake plae.. B A A Y P9 e S )

15 - 8@ 1onq as’ an ‘antibody is known for any specific

foreign entity, the malady caused by the 1ng¢ation of
Wat Suselyn eacity Tay B6 GlEgnOsed.

Zn:-this’ fachicn;, it may be—ebda:tivoly
wiat datermined ‘42 the subject has ‘a reaction to any of V7
20 the tested foreign entitiaes, and is—therefore '
suffering from any of the tested maladies. Such a
test may be used to test for any malady affecting the
inmune system, from influenza, to AIDS, to cancer.
Any such malady may be tested for, and at.a stage
. &5 vhere traatment will be most effective, {.e. at as
' early a stage as possible, ’
The discovery that red blood cells react to the
presence of certain entities may also lead to a
course of treatment for certain anemias, wherein
30 those foreign entities which cause reactions in the
' subiect's red¥loud cellsars zesmoved Ircm the
gubject's envircnment, thereby removing a peoasible
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cause of doplctian of the subject's xred bload cells.
. h It is also here notad that there is nothing in
this dnse:iption which will 1imit the application of
~ 'this mathod to the human innnno systen. It is
5 belicvcd that thi- method ip equally applicabln, for
example, in thc :icld of vntcrinary nndicine for any
animal hqving an innnn. syqtun. y
_ As will bo readily appa:ant to thosc skilled in .
: ';the art, tho above deaerip;icn reprasents the das s GNTE
10  preferzsd,. but nqnntheles; Jllustrative, embodinent
of the 1nv.ntion, which may ke realized in other
lpeci:ic forns without departing from its spirit or
. ‘essential eharacteristica. _ For nxampl-,,thclcntige
 apparatus may be automated so that once the sample of
'15 .. blood is ‘drawn from the suybjact there naed be no
" further human intcrvcntion oF actien until the
" results are complete. Tho:ato:., the full scope of
such 1nventian is to be mnnuurcd by thc appendad
N clainu, givinq thereto tha ;ull range of aquivalence
.20 which comes within the neqp}nq and range of the
claima

. _— R A P . —
e wan v e DA
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1. A methed for diagnosing the presence or

1
2 -absence of a malady in a subject, said mathod _
3 comprising the steps of: - Jffjﬁ'M%?
4 counting a number of 1eukocytes in a first hlocd

. 5 sampla drawn from said aubject;

6 mixing a substance having a p:edctormined
7 © relationship with said malady with a second blood
8 sample drawn from said subject to form a mixture, and
9  thereby allow leukocytes of sald second blood sample
10 to react with said substance;
11 counting a mimbar of unreacted and reacted
12 leukocytss in said mixture; and
13 comparing sald number of sald leukocytes counted
14 in said first blood sample with said number of
15 unreacted and reacted leukocytes countad in gaid
1s mixture, to determine if said laukocytes in said
17 second bloed sample reacted with said substancs,
18  thereby diagnosing the presence or absence of said
19 malady in said subject.
1 2. The method of Clainm 1, wherein said counting
2 a numbar of leukocytes of at least one of said first
3 blood sanmple and said mixture is performed by
4 counting a number 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
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+ leukacytes counted in each of said plurality of _
5  size-distributicn ranges. ' )

1 4. The method of Claim 1, further conp:istng

2 the step oft
3 lysing a portion of any red bleod cells present

4  in said mixture prior to counting said nuxber of

5 unrcactad and reacted Aesukacytes therein. ...

1 "~ 5. _The method of CIain 1, turther comprising |
'2 . the atep ofl e <KL N
3 lyeing a portiqn,o! uaid rcactod lcukpcyteq in
¢ salad. nixtqg&;p:ior tao-.counting said number. ot
5 unrzeacted and reacted:. 1eukocytes therein. - .
1 6. _The ncthoq of c1a$n 1, turthu: oomprising .
2 _ the step:9f: . ... 1% .
3 lysing a portiqq o: any rgd bload cllls p:olcnt
4 in_saig !1:lt_hLQQd sanple prior %O :quntinq sald
5 number of leukocytas therein. .
A T A_mgthod for. alagnosing the. prosance or
2 absenca, of a malady in-a subject having blocd, .said
1 . method gomprising the ateps. ofi. -

4 separating a semple of said blqod ot naid

5 subject. into a coentrol ganple and at least one. test
6. sanple, each of said Qontrol sample .and sald. at laast
7 one test sample having approxinmately. equal.
Q”;_dilt:ihueionl of leukogytes thereins . - .

s lysing a portion.of any red blocd cells in said .

10 - control sample;

11 - . counting 8 numﬁié.nz 1eukp=ytos 1n eaid
12 control sample; " .
13 nixing a aubstqnen ngving a prodatarminod

14 vrelaticnship with said malady with said at .least one
15 test sample to form 2 nixtura, and thereby allow said
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16 - leukocytes present in said at least one test sample
~17 ‘to react with said substance, and form reacted

18 .leukocytes in said nixtura it uaid lubjoet -uztcrs
19 from said malady: S

20 © °  lysing a portion of any red blocd calls 4in sald

2l mixturo.

22 ~lysing a portion ot said reaeted leukoeytaa in

2.3 ﬂaid nixturel VUl Ly il L . -
24 7 counting a number of’ unraa:tad and raaeted ' e
25 lcukocyten ‘in said mixturer " .

26 - conparing said number of unreacted and reacted

27 leukoeytes in sail mixturs with said number of
28  leukocytes in said control 'sample, to deteimine if at
29 least a portion of said leukocytes in said second
30 - - sample raacted with sald substance, thercby
'31  indicating thc prnscnoe o abaenco of said nalady in
32 “14 subjcat. . A A S e e e .
1 - --8 ‘The ‘method of Claim 7, wherein at least one.
2 of said'countinq of said numbar of leukocytes in said
3 - control ‘sample and sald counting of said number of
4 unresacted ‘and reacted leukocytes in said mixture are
5 performed by counting a nunber of leukocytes within "
6
7
8
9

each of a plurality-ot varying uiza-distribution
‘ranges therein, and: ' :
- generating a size-distribution graph showing a,
‘aize~distributien of leukocytes in- anch ot aaid '
10 - “control sample ‘and ‘said mixture; :
11 comparing said size-distribution graph showing
12 -~ said size-distribution of said leukocytes in said
13 control ‘sample with said size-distribution graph

14 - showing laid aize-distrihution ct loukocytos in said
15 - ‘mixture; - b
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whareby the presance of said malady in said
luhject is 1ndicatnd by a siqniticant dir:ozcnce
therob-twoen.

5. The method ot czain 7, wharcin the

" d.ternination of whether said at least cne antigen _"

has caused a reaction with said sample o: a patient's
.blood is positive vhen said pumber of unreacted
1cukoeytus counted in said mixture is 10:: than saiqd .

. numblr °f J.Qukocytcs conntqd in said centxol 'uplﬂ WX Aﬁ LNTS

hy an amount qrcater than an error tactor of the

_ equipmnnt used.

lo;. A nnthod :or diaqnosing tne prclenco or.

. absence. a: a malady in a suhject, said method =~ =
., cemprieing tha steps ofs, : e

sizing a numnber o: leukacytel 1n a firat bleed

. limple d:awn !:om aaid subject; .

cE#:06YL2EZ €08

nixinq a substance having a prndcte:uincd

.. Telaticnehip with said malady with a sscond bleod

samplg drawn from said gsubject to form a mixture, and

i; thereby allow leukocytes present in said second blood
. Ssample to react with said second.bleod sanplet
L. .

sizinq a numba: q: unreacted and reactad
lqukocytca 1n said mixtnre: and . : .
comparing saia sized leukocytes o: aaid first
1eqkoqy§as'of saig_mi*tﬁ?e, to QGterminq_thq:qby it
at least a portion of said leukocytes in said sacond

., blocd gample reacted with said substance,
- whercby the presence of said malady in said subject
A8 indicated by a signiticant difference .

thorabntwaen.
11. The ncthod ot c1aim 10, furthcr ccqprisinq
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the step of:

lysing a portion c: any red blood calls prasent
in said first blood sample prior to sizinq said
leukocytes thezesin.

12.. The method of Clainm 10, furthex comprising
the step of: : :

~ lysing a portion of any red blood cells present
"in said second blood sample prior to sizing saig AEA AR LNAE
unreacted and reacted lsukocytes therein. B

13. The method of Claim 10, further conprising
the step of:

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

l4. The method of Claim 10, wherein at least
one of said sizing of said leukocytes in said first
blood sanmple and said sizing of saild unrsacted
leukocytes in said mixture is performed by counting a
nunber of leukocytes within each of a plurality of
varying aize-diatribution ranges.

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

separating a blood sample drawn from said
subjact into a control sample and at least one test
sample, each of maid control sample and said at least
one test sample having approximately equal
distributions of leukocytes therein;

lysing a portion of red bleed cells in said
control sample;

slzing said leukocytes in said control sample
thereby generating a siza distribution of said
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»;
13 leukocytes in said contzol sample; >
“ 14 mixing a substance, having a predetermined
15 relationship with said malady, with said at
16 = least one test sample to form a mixture, and thereby
17 allow at least a portion of said leukocytes present
18 in said at least ocne test sample to react with said
19 substance; , '
20 lysing a portién of any red blood cells in saild
21  mixture; 49%:A8 11438
22 lysing a portion of any reacted leukocytes in
23 said nixturet
24 sizing said leukocytas in said mixture thareby
25 generating a size distribution of salad leukocytes in
26 sald mixture; and
27 comparing said size distribution of said
28 leukocytes in said mixture with said size
29 distribution of said leukocytes in said control
30 sample, and determine thereby if said nmalady is
31 present in said subject. ' _
1 16. The method of Claim 15, wherein at least
2 one of saild slzing of saild leukocytaes in said control
3 sanple and said sizing of said leukocytes in saiad
4 mixture is performed by counting a numbar of
5 leukocytes within each of a plurality of varying
6 s8ize-distribution ranges, and
7 generating a size-distribution of the counts of
8 each of said control sample and sald mixture; and
9 conmparing said size-distribution of said
10 leukocytes in said control sample with said
11 size-distribution of said leukocytes in said mixtura,
12 . to determine thereby if said malady is present in said
13 subject.
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17.' The method of Clain 15} wvherein the
determination of whether said malady is present in
said subject is positive when said size~distribution
of sald leukocytes in said mixture differs from said
size~-distribution of sald leukocytes in sald control
sample to a degres greater than an error factor of
the equipment usad.

18, The method of Claim 15, wherein said
substancs is a foraign entity. Y G ae

19, The mathod of Claim 15, whersin said
substance is an antibody.

20. A method for diagnosing the presence or
absence of a malady in a subject, said mathod
comprising the ateps of: .

counting a number of bloed cells of a single
type selected from the group consisting of
laukacytaes, red blecd cells and platelets, in a first
blood sample drawn from said subject; '

mixing a substance having a predeterminad
relationship with said malady with a second blocd
sample drawn from said subject to form a mixture, and
thazreby allow blood cells of said second blood sample
to react with said substance;

counting a number of unreactsd and reacted blood
cells of said single type in said mixture; and

comparing said number of said blood calls
counted in said first blocd sample with said number
of unreacted and reacted blood cells counted in said
mixture, to determine if said blood cells in said
second blood sample reacted with said substance,
thereby diagnosing the presence or absence of said
malady in said subject.
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2l1. The methed—of CGlaim 20, wherein said counting
a numbar of blood cells of at least one of sald first
blood sample and sald mixture is performed by
counting a number of blood cells within each of a
plurality of varying size-~distribution ranges.

22, The method of Clainm 21, further comprisinq
the step of:

producing a qraph showing said nunbker of
blood cells 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 numker of unreacted and reactcd
leukocytes therein:

lysing a portion of any ‘red blood cells present
in said control)

counting_a_nnmho: of unreacted and reacted
leukocytes in said control samples and

comparing said number of unreacted and resactad
leukocytes in said mixture with said number of
unreacted and reacted leukocytes in said test sample
to detarmines thereby if said subject has contracted
said nalady.

24. The method of Claim 20, further cemprising
the step of:

lysing a postion of any red blocd cells present
in said first blood sample prior to counting said

__nunbexr of blocd cells tharein.

JEX: 1R INHEE
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25. Tha method of Claim 20, wheraein said
-aubstance is an antibody.

N RSN
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a 26. The method of Claim 20, wherein said
“ 2 aubatanae iz a foreign entity.
1 27. The method of Claim 20, wherein eaid single
2 tysa of blood cells are platelsts.
1 28. The method of Claim 20, wherein said singlc
2 type orf blocd calls are red blcod cells.
1 29. The method of Claim 20, wherein said single
2 type of blood cells are leukocytes. Yo E INEE
1 30, A method for diagnosing the presencs or :
2 absence of a malady in a subject having blood, said
3 Dbloed 1nelﬁding blood cells of at least one of red
4 blood cells, leukocytes and platalets, said method
5 comprising the staps of:
6 separating a sample of said blood of said
7 eubject into a contrxol sample and at least one test
8 sample, each of said control sample and said at least
9 one tast sample having approximately equal
10 distrihutions of bloed cella therein;
1) counting a number of a first type of bleod cells
12 in said centrol sample’
13 lysing at least a portion of sald blood cells in
14 said control sample:;
1s counting a number of a second type of blood
16 cells in said control sample; :
17 aixing a substance with a predetermined |
18 relationship to said malady with said at least one
19 test sample, thereby producing a mixture;
20 counting a nunber of a first type of blood cells
2}—in said wixture;
22 + comparing said number of said firat type of

23 . blood cells in said mixture wilth said number of
24 said first type of blood cells in said control
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_- 25 - sample, thereby producing a first result;

26 lysing a portion of said bloocd cells in said
27 umixturs;

290 ‘oounting a nunker of a second type of bhloed
29 cellas in sald teat sample; and

comparing said number of said second type of
blocd cells in sald mixture with said number of said
second type of blcocod cells in said control sample,
thereby producing a sacond result, wharaby the
presence or absence of said malady may be datermined
by sald first and second results.

484 040H (R

31. The mathod af Claim 30, wharain said first
typs of blood cells are platelats.

32, The method of Claim 31, wherein said seeeﬂd“““"—
type of blecd-cella-are leukoecytes.:

.33. The methed of claim 30, wherein said first
wYpe OF B&QGQ G_B&'LS AQre Tod RLOCU CS8SL.LE.

34, The mathod of Claim 33, wharain said sacond
type of bloed calls are leukeocytes. _

35. The methed of Claim 30, wherein at least
cne of said numbers of cslls counted is stored in a
menory. ‘

36: The -method of Clsinm 35, further ca:mpz:l.s:l.ng
tha staps of:

collacting a second sample of blood from said
subject;

asunting a nuaboey of bleood o0clla ef said sasend
sample; and

nomparing saild number of bleod.cells with said
number of calls stored in said memory, whereby any

LUNM_UUU
w0 DWW N WNN N MNANBD PN M WM 2 O

—<change in a nuabur vc-dletribution.of bicod esils in
sald blood of said aubjoct over tine may be

[
o
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discovered. L
37. A method for diagnosing the presence or

_absence of a malady in a subjaect having blood, said
blood including blood cells of at least cne of red

bloed cells, leukocytes and platolota, said method
comprising the steps of:

separating a sample of said blood of laid
subject into a control sample and at least one test

sample, each of said control sample and said at least:

one test sample having approximately equal
distributions of blood cells therein;
- counting a number of platelets in said control-

. sample;

counting a numbcr of red blood cells in said
control sample;

counting a number of leukocytes in said contrel
sanple;

mixing a substance with a predetermined
relationsihlip to said malady with sald at lecast one
test gample, thereby producing a mixture;

counting a number of platalets in said mixture;

comparing said number of platelets in gaid
mixture with said number of platelsts in said control
samplo[ thereby producing a first rasult;’

counting a number of red blood cells in said
mnixture;

sonparing said number af rad blood cells in said
nixture with gaid number of red blood cells in said
contrel samplae, thereby producing a second result:;

counting a number ef leukocytes in said mixture;

comparing said number of laukocytes in said
mixture with said number of leukocytes in zaid

1
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control sample, thereby producing a third result,
vwhereby the presence or absence of said malady may be
determined by said first, second and third results.
38. Tha method of Claim 37, further comprising
the steps of:
lysing at least a portion of said red blood
calls in said control sample prior to counting said
nunbar of lsukocytes therein. |
' 39, The method of Claim 37, further comprising

the steps of: 'J;:jﬂm.

lysing at least a portion of said red blocd
eells in sald nmixture prior to ceunting said nunber
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