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(57 ABSTRACT

A method for performing a target analyte assay of a thin film
anticoagulated blood sample, wherein the target analyte is the
presence or absence of specific phagocytosis and/or binding
of particles coated with a particular antigen or antigens by
white blood cells present in the anticoagulated blood sample,
wherein the particles are coated with the particular antigen or
antigens, which antigens are similar or identical to antigens
expressed by a defined pathogenic infectious agent of inter-
est.
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DETECTION OF INFECTIOUS DISEASE IN A
HUMAN OR ANIMAL BY MEASURING
SPECIFIC PHAGOCYTOSIS IN A THIN FILM
SAMPLE OF THEIR ANTICOAGULATED
BLOOD

BACKGROUND OF THE INVENTION

[0001] 1. Technical Field

[0002] This invention relates to a method for performing a
target analyte assay of a thin film anticoagulated blood
sample, where the target analyte is the presence or absence of
specific phagocytosis and/or binding of particles coated with
a particular antigen or antigens by white blood cells, which
blood sample contains the white blood cells present in the
anticoagulated blood sample, and detectable first type par-
ticles coated with the particular antigen or antigens present on
the surface which antigens are similar or identical to the
antigens expressed by the defined pathological agent. More
particularly, the present invention relates to electronic detec-
tion, quantization and characterization of phagocytosis and/
or binding of detectable substances in human and animal
biological fluids such as whole blood, or other fluids contain-
ing white blood cells, which characterization is performed in
a thin chamber on a quiescent thin film fluid sample contain-
ing white blood cells, said chamber having at least two par-
allel planar walls, at least one of which is transparent. Lyme
disease is used only as an example of one infectious disease
that can be detected by this process. The present invention
applies to all infectious agents that are combated by the bio-
logic process of phagocytosis, some examples being gonor-
rhea or pneumococcal infection, as well as others.

[0003] 2. Background Information

[0004] U.S. Pat. No. 5,985,595 Krider et al relates to diag-
nostic tests for the rapid detection of the presence of patho-
gens in human or animal blood. The blood sample being
examined is spread on slides, air dried, fixed, stained and
examined using a microscope. This patent is incorporated
herein by reference in its entirety.

[0005] Itwould be desirable to be able to perform the diag-
nostic tests for the presence of the pathogens described in
Krider et al in a more rapid and more simple manner that does
not require that the sample be spread on slides, air dried, fixed,
stained or examined with a microscope by a technician and
that can be performed at the point of care.

SUMMARY OF THE INVENTION

[0006] This invention relates to a method for assaying an
anticoagulated whole viable blood sample for the presence or
absence of specific phagocytosis by white blood cells of
added detectable particles, the first type being coated with
specific antigens such as those found on Borrelia burgdorferi
bacteria, and the second type of particles being similar in
composition and size to the first particles but lacking the
specific antigens and being distinguishable from the first par-
ticles by virtue of their color or fluorescence. Generally
speaking, sodium citrate or heparin are employed as antico-
agulants for such assays, although any anticoagulant that does
not impair phagocytosis may be employed. The antigens for
the detection of Lyme disease are described in the cited
patent, U.S. Pat. No. 5,985,595, Krider et al. The presence or
absence of specific phagocytosis of those particles will define
the presence or absence of a recent or active infection such as
Lyme disease in the sample donor’s blood.
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[0007] The method of this invention utilizes an electronic
photometric microscopic analysis of the blood sample involv-
ing electronic imaging or scanning of the sample. The method
involves placing the incubated blood sample, as described
below, in a test chamber of predetermined and fixed thickness
so as to produce a thin layer of the blood sample in the
chamber. At least one wall of the chamber is transparent so
that the sample can be observed in the chamber. In certain
cases both the top and bottom walls of the chamber are trans-
parent. The thickness of the chamber can range from 3p to
25u. When anticoagulated whole blood is being analyzed the
chamber should be preferably 4u1-6p thick so as to obtain a
thin film monolayer of the blood sample, which monolayer
contains both white blood cells and red blood cells. The
monolayer blood sample in the chamber will be imaged for
the presence or absence of white blood cells that have bound
or ingested the first detectable particles which are coated with
an antigen that is specific to the target Lyme disease analyte,
i.e., a Borrelia bacteria. The blood sample will also contain a
similar number of second detectable particles, identical in
size and composition to the first particles except for distin-
guishable color or fluorescence, which are not coated with a
Lyme disease analyte-specific antigen. Lyme disease is used
only as an example of one disease that may be detected using
this method and when the term “Lyme” is used any infectious
disease process that is characterized by alterations in phago-
cytosis may be substituted. The first and second particles will
be characterized by different detectable signals such as color
and or fluorescence so that they can be distinguished one from
the other. The particles should otherwise be the same in size
and composition, differing only by the presence or absence of
the target antigen or antigens, since size and composition can
affect phagocytosis. The particles to be used as type one and
type two particles are both ideally identically sized in a range
from about 1 to 3 microns in diameter, which is a size that
permits easy detection and optimal phagocytosis by white
blood.

[0008] The mixture of blood and the particles will be incu-
bated for a predetermined time, optimally at body tempera-
ture, using heparin or sodium citrate as the anticoagulant of
choice, for a time period of minutes to an hour, and then the
blood sample will be placed in the analysis chamber. Since
phagocytosis will have already been accomplished, thirner
chambers slightly compressing the white blood cells will
permit more discrimination of phagocytosed particles. In
humans, a chamber height of 4 to 6 microns functions well.
Alternatively, the blood may be added directly to the chamber
which chamber has the anticoagulants and particles already in
it and the incubation step is performed in situ and then the
sample is read. In this case the chamber should be sufficiently
sized so that the white blood cells can perform their phago-
cytosis without significant mechanical impediments. The
chamber height chosen will depend upon the species being
tested and the size of their viable phagocytes. The chamber
will then be imaged to determine whether any of the first
detectable particles have been ingested into white blood cells
or are attached to the surface of white blood cells in the
sample. The imaging will also determine whether any of the
second detectable particles have been phagocytosed or bound
by white blood cells in the sample. The comparison of the
amount of particles of each type that are bound to and/or
ingested will be used to indicate the presence or absence of
recent or active infection or the blood’s source with the target
pathogen.
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[0009] 1In order to be able to ensure the functionality of the
assay, it is essential that experiments are run to determine the
normal range for the number of particles of each type that are
ingested per white blood cell in healthy non-Lyme disease
exposed populations of the species being tested. If no par-
ticles or too few particles (defined as a number below the user
defined normal range) of both type one particles and type two
particles are phagocytosed, the test is invalid and such inval-
idity may be due dead or incompetent white blood cells or
inadequate incubation conditions. If normal amounts of the
first and second detectable particles are found to be phago-
cytosed by white blood cells, then that is an indication of the
absence of Lyme disease, or other target pathogen. If more
than normal amounts of the first type of particle relative to the
second type particles are bound or ingested by leukocytes,
then this indicates a positive test for the presence of active or
recent infection with Lyme disease. If greater amounts of type
one particles than type two particles are ingested but both
amounts are within the normal range the test is inconclusive.
Ifboth the first and second detectable particles are found to be
phagocytosed by white blood cells in less than normal
amounts, then that is an indication of an invalid test. If both
first and second detectable particles are found to be phago-
cytosed by white blood cells in amounts greater than normal,
then this is an indeterminate result indicating increased
phagocytosis due to unknown cause. Such a result can have
important clinical utility but may not be used to indicate the
presence or absence of the specific disease process being
tested for.

DESCRIPTION OF THE DRAWINGS

[0010] FIG.11is a plan view of a portion of a test sampling
chamber formed in accordance with this invention which
contains an incubated anticoagulated whole blood sample
which contains the first and second detectable particles used
in performing the testing method of this invention.

DETAILED DESCRIPTION OF THE INVENTION

[0011] Referring now to FIG. 1, there is shown in plan view
a portion of a sampling chamber 40 which contains a thin
monolayer film sample of anticoagulated whole blood that
has been incubated with the detection particles. In this case,
the chamber 40 has a transparent upper surface so that the
blood sample can be electronically or photometrically
imaged. The thin film blood sample is contained in a sampling
chamber which is provided with beads 42 that provide the
desired thickness of the chamber 40, which in this case is
about 6. The thin film of blood includes red blood cells 44,
red blood cell clumps or rouleaux 46, plasma cell-free lacu-
nae 48, and white blood cells 13. The blood sample also
includes two detectable particles 8 and 9. The particles 8 are
coated with the antigen or antigens specific to the target Lyme
disease analyte, and the particles 9 are not coated with the
target analyte-specific antigen(s). The particles 8 and 9 are
differentially detectable in the sample when it is imaged.

[0012] FIG. 1 shows the results of a positive test for the
presence of Lyme disease in the blood sample being tested. It
will be noted that many of the white cells 13 in the blood
sample have phagocytosed the Lyme disease-specific par-
ticles 8, and that none of the nonspecific particles 9 have been
phagocytosed by any white cells 13. If the test were negative,
none or relatively few of the white cells would have phago-
cytosed the particles 8 since there would be no Lyme disease
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bacterial analyte present in the blood sample, and if the test
were inconclusive, then both the particles 8 and 9 would have
been phagocytosed by the white blood cells 13 to a similar
extent.

[0013] Ratios between the percentage or absolute number
of cells containing phagocytosed particles of both types will
be used to define positivity and negativity as well as validity
of the assay. These ratios and/or percentages of cells contain-
ing particles of both types may further be sub-characterized
by cell type, such as neutrophils or monocytes, both of which
are capable of performing phagocytosis. Ratios of the per-
centage and or number of particles of each type ingested may
also be performed to calculate results to define positivity and
negativity as well as validity of the assay.

[0014] It will be appreciated that, while the specific
example of a use of the method of this invention relates to the
detection of Lymedisease in one’s blood, it could also be used
to detect the presence of other infectious pathogens, such as S.
preumoniae, which causes pneumonia, and Neisseria gonor-
rhoea, which causes gonorrhea, for example. These patho-
gens and others are susceptible to being phagocytosed by
white blood cells also.

[0015] Since many changes and variations of the disclosed
embodiment of the invention may be made without departing
from the inventive concept, it is not intended to limit the
invention except as required by the appended claims.

What is claimed is:

1. A method for performing an assay of a thin film mono-
layer sample of anticoagulated viable whole blood to deter-
mine the presence or absence of the blood donor’s recent
exposure or active infection with a defined pathogenic agent,
wherein the target analyte is the presence or absence of spe-
cific phagocytosis and/or binding of particles coated with a
particular antigen or antigens by white blood cells contained
in said blood sample, said method comprising the steps of:

mixing and incubating said blood sample with first detect-

able particles which are coated with an antigen that is
specific to said target analyte and with second separately
detectable particles which are not coated with said anti-
gen, so0 as to create an incubated mixture of said blood
sample and said first and second particles;

providing a sanmiple chamber having a through plane thick-

ness of between 3 and 25;

filling said chamber with said blood sample mixture;

optically scanning or imaging said chamber to detect and

record an average amount of any of said first and second
particles which have been phagocytosed by individual
white blood cells; and

determining whether or not said scanning or imaging step

indicates that the donor of said blood sample shows
evidence of being infected by the defined pathogenic
agent.

2. The method of claim 1 further comprising the step of
determining the validity of the assay.

3. The method of claim 1, wherein the defined pathogenic
agent is a Borrelia bacterium which is indicative of the pres-
ence of Lyme disease.

4. The method of claim 1 wherein said chamber has a
through plane thickness of about 4 to 5.

5. A method for performing an assay of a thin film mono-
layer sample of anticoagulated viable whole blood to deter-
mine the presence or absence of the blood donor’s recent
exposure or active infection with a defined pathogenic agent,
wherein the target analyte is the presence or absence of spe-
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cific phagocytosis and/or binding of particles coated with a
particular antigen or antigens by white blood cells contained
in said blood sample, said method comprising the steps of:
mixing and incubating said blood sample with first detect-
able particles which are coated with an antigen that is
specific to said target analyte so as to create an incubated
mixture of said blood sample and said first particles;
providing a sample chamber having a through plane thick-
ness of between 3 and 12y;

filling said chamber with said blood sample mixture;

optically scanning or imaging said chamber to detect and

record an average amount of any of said first particles
which have been phagocytosed by individual white
blood cells; and

determining whether or not said scanning or imaging step

indicates that the donor of said blood sample shows
evidence of being infected by the defined pathogenic
agent.

6. The method of claim 5, further comprising the step of
including second separately detectable particles which are
not coated with said antigen in said incubated mixture, so as
to create an incubated mixture of said blood sample and said
first and second particles.

7. The method of claim 6, further comprising the step of
determining the validity of the assay.

8. The method of claim 5, wherein the defined pathogenic
agent is a Borrelia bacteria which is indicative of the presence
of Lyme disease.

9. The method of claim 5, wherein said chamber has a
through plane thickness of about 6.
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10. A method for performing an assay of a thin film mono-
layer of anticoagulated viable whole blood sample to detet-
mine recent exposure or active infection with a pathogenic
agent, said method comprising the steps of:

providing a sample chamber having a through plane thick-

ness of between about 3 and 25, and one or more first
particles coated with at least one particular antigen spe-
cific to a target analyte and one or more second particles
not coated with the particular antigen;

disposing the blood sample mixture within the chamber

and incubating the blood sample mixture, so as to create
an incubated mixture of the blood sample and the first
and second particles;

optically scanning or imaging the chamber to detect and
record an average amount of any of the first and second
particles which have been phagocytosed by individual
white blood cells within the sample, and creating an
image of the sample and particles within the chamber;
and
determining whether or not the blood sample shows evi-
dence of the recent or active infection by the defined
pathogenic agent using the image of the sample and
particles within the chamber.
11. The method of claim 10, further comprising the step of
determining the validity of the assay.
12. The method of claim 11, wherein the chamber has a
through plane thickness of about 6 to 12p.
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