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7) ABSTRACT

The invention relates to a method for measuring the level of
a preselected analyte in a sample of blood of a human or
animal patient by incubating the test sample with an anti-
body specific to the analyte to form an immunocomplex,
which then interacts with the white blood cell fractions and
result in the production of oxidants. Oxidants are detected
using chemiluminescent reagents. The assay is performed on
the sample and in addition includes a measurement of the
oxidant production resulting from a maximal stimulatory
dose of immunocomplexes, providing a ratio to indicate the
level of analyte in the sample. The white blood cell oxidant
response may be enhanced by the inclusion of certain agents
such as zymosan. This method may be used to determine
levels of analytes in a sample of a patient’s blood including
endotoxin and other analytes related to sepsis, in order to
select the proper therapeutic course, or may be used to
measure other analytes such as inflammatory mediators,
hormones, acute phase proteins, toxins, drugs of abuse,
markers of cardiac muscle damage, therapeutic drugs, cytok-
ines, and chemokines. Additional parameters derived from
the assay include maximul chemiluminscent response and
responsiveness to aid in the staging of sepsis.
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MEASUREMENT OF ANALYTES IN WHOLE
BLOOD

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This application is a continuation-in-part of appli-
cation Ser. No. 08/552,145, filed Nov. 2, 1995, now U.S. Pat.
No. 5,804,370, which is a continuation-in-part of application
Ser. No. 08/516,204, filed Aug. 17, 1995, abandoned, which
is a continuation of application Ser. No. 08/257,627, filed
Jun. 8, 1994, abandoned.

FIELD OF THE INVENTION

[0002] This invention relates generally to methods to
measurement of the level of an analyte in a sample of blood.
Analytes may include infectious microorganisms, their toxic
products, inflammatory mediators, hormones, acute phase
proteins, toxins, drugs of abuse, markers of cardiac muscle
damage, therapeutic drugs, cytokines, chemokines, and oth-
ers.

DEFINITIONS

[0003] “Analyte” is defined as the specific substance of
interest present in a bodily fluid sample and being analyzed
by the methods of the present invention. In the case of
analytes related to infection and sepsis, these may include,
for example, microorganisms and their components, includ-
ing gram positive cell wall constituents and gram negative
endotoxin, lipopolysaccharide, lipoteichoic acid, and the
inflammatory mediators that appear in circulation as a result
of the presence of these components, including tumor necro-
sis factor (TNF), interleukin-1 (IL-1) and other interleukins
and cytokines. Other analytes may include drugs of abuse,
hormones, toxins, therapeutic drugs, markers of cardiac
muscle damage, etc.

[0004] “Sepsis” is defined as a pathological condition of
the body resulting from the presence of infectious microor-
ganisms, which clinically manifests as one or more of the
following sequelae: pyrexia, hypotension, hypoxemia,
tachycardia, hypothermia, neutrophilia, and neutropenia.

[0005] “Immunocomplexes” is a synonym for antibody-
antigen complexes.

[0006] “Opsonized” refers to a particle to which immu-
noglobulin and complement factors are bound and which
results in a more vigorous recognition of the particle by the
immune system. For example, the yeast polysaccharide
zymosan, or latex particles, may be opsonized by binding of
immunoglobulin and complement factors to their surfaces;
opsonized zymosan or latex will stimulate increased oxidant
production by white cells after they are activated by expo-
sure to immunocomplexes.

[0007] “Responsiveness” is a measure of the patient’s
ability to respond to a maximum stimulatory dose of immu-
nocomplex.

BACKGROUND OF THE INVENTION

[0008] Rapid quantitation of specific analytes in an indi-
vidual’s blood is critically important for the diagnosis of
disease and its severity, often under emergency conditions,
in the monitoring of the progression of pathological condi-
tions and following the recovery process brought about by
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surgical and drug therapies. It is often important to know not
only whether a specific analyte is present, but as well its
level, in order to determine the present stage of a particular
condition or disease in order to prescribe the most effective
remedy at that particular stage. In the treatment of many
diseases, a particular therapy may be ineffective or toxic if
given at the wrong stage of the condition. For example, the
levels of specific markers of cardiac muscle damage and the
relationship among them may indicate that a patient has had
or may be having a heart attack. The level of a therapeutic
drug in the circulation may indicate whether the patient is
being dosed optimally, and whether presumptive side effects
are possibly due to excess levels of the drug. In infection and
sepsis, the circulating levels of infectious microorganism-
derived toxins and inflammatory mediators produced by the
patient’s white blood cells in response to these toxins may
indicate the severity and level or stage of sepsis and help
identify the most efficacious course of therapy. Quantitation
of analytes under emergency conditions and using the infor-
mation to prescribe a particular therapy may mean the
difference between saving a patient’s life and contributing to
the patient’s death.

[0009] For example, in the case of infection, hospital and
particularly intensive care unit patients who have acquired
nosocomial infections as a result of peri- or post-operative
immunosuppression or infections secondary to other disease
processes, such as pancreatitis, hypotensive or hypovolemic
shock, physical trauma, burn injury, or organ transplanta-
tion, and subsequently develop septic shock syndrome, have
a mortality which has been quoted to range from 30-70%
depending upon other co-incident complications. Despite
the development of increasingly potent antimicrobial agents,
the incidence of nosocomial infections and, in particular,
infections leading to sepsis or septicemia, is increasing. The
difficulty with many of the promising therapeutic agents is
that their window of opportunity and indications for use
have not been adequately delineated largely due to a lack of
appropriate rapid and quantitative diagnostic procedures and
partly due to a lack of complete understanding of the
pathogenesis of the sepsis syndrome.

[0010] The presence of bacteria, viruses or fungi or their
cell wall components including gram-positive peptidogly-
cans, lipoteichoic and teichoic acids, and gram-negative
endotoxin (lipopolysaccharide, LPS) in blood is indicative
of an infection. In addition, the immune system’s reaction to
the presence of these foreign antigens by the production of
pro-inflammatory cytokine mediators such as interleukin-1
(IL-1), tumor necrosis factor (TNF) and interleukin-6 (IL-6),
is also indicative of an infection. The quantity of these
analytes in circulation may be used to indicate the severity
and level or stage of sepsis. For instance, at an early stage
of Gram-negative sepsis, LPS may be present at a concen-
tration as low as 50 pg/m1 of whole blood. At the next stage,
sepsis has progressed and a mediator of sepsis, TNF, can be
detected and measured using antibody against TNF. At stage
3, TNF may be present in smaller amounts since it is
transitory and another transitory mediator, IL-1, may appear.
As sepsis progresses further, LPS levels may decrease and
TNF be absent, but IL-1 may increase and interleukin-6
(IL-6) may appear. Finally, in a more prolonged case of
sepsis, LPS may be present and IL-1 may be at low levels
but IL-6 may be at very high levels. Thus, diagnosis of
sepsis and identifying its stage in the course the disease are
critical for the successful treatment of this serious and
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potentially lethal consequence of infection. Quantitation of
the levels of the sepsis-associated analytes provide informa-
tion necessary to determine the best course of therapy to
treat the acute disease.

[0011] Currently, one of the major problems with many of
the therapeutic protocols being tested by the pharmaceutical
companies conducting clinical trials in sepsis intervention is
their inability to rapidly detect early and evolving sepsis.
The results of blood cultures may arrive too late. Other
septicaemia tests are also time consuming and may not be
sensitive enough for early detection. Centocor Inc.’s immu-
nometric assay for tumor necrosis factor-alpha (TNF-a), as
described in WO 90/06314, uses two antibodies, one of
which is labeled. The National Aeronautics and Space
Administration detects Pseudomonas bacteria by extraction
of Azurin and detection using Azurin-specific antibody (U.S.
Pat. No. 7,501,908). The endotoxin assay kit from BioWhit-
taker (Walkerville, Md., U.S.A.) or Seikagaku Kogyo Ltd.
(Tokyo, Japan) is a Limulus Amebocyte Lysate (LAL) Assay
technique which may be used as a comparison for the
present invention.

[0012] Many investigators versed in the complexities of
the septic response believe that treatment is ineffectual for
patients who already manifest the classical clinical symp-
toms of sepsis (i.., hyperdynamic circulation, hypotension,
decreased systemic vascular resistance, pyrexia and
increased oxygen dependency). The course of the inflam-
matory process has progressed too far for many of the
interventions to benefit the patient since the multiple inter-
acting inflammatory cascades with which the body attempts
to eliminate the infectious challenge are in many instances
at their nadir and difficult to control pharmacologically.
Thus, a major clinical and diagnostic challenge is to identify
and stage patients, ideally early in the progression of the
septic response, or to identity those patients at high risk of
developing fulminant sepsis syndrome. The same therapeu-
tic agents given at the one stage in the septic process may
have more significant beneficial effects than when given at
another, since it is clear that an optimal window period may
exist for the efficacy of any particular therapeutic agent. For
example, giving a patient antibodies or receptors directed
against gram-negative endotoxins when the patient has no
detectable levels of these agents present in the circulation
and already has a maximally activated cytokine cascade is a
waste of resources and of no benefit to the therapy of the
patient. The potential market for these anti-sepsis strategies
remains large (about 250,000 cases per year in the USA) and
has been limited by the inability to identify and stage
patients who could benefit from the appropriate pharmaco-
logic interventions.

[0013] Tt is toward the development of improved methods
for the rapid quantitation of analytes, particularly infection-
and sepsis-related analytes, in a whole blood sample, that the
present application is directed.

SUMMARY OF THE INVENTION

[0014] In its broadest aspect, the present invention is
directed to a method for measuring the amount of a prese-
lected analyte in a sample of a bodily fluid comprising the
steps of (). forming an immunocomplex between the ana-
lyte and an antibody thereto; (b) reacting the immunocom-
plex with an oxidant-producing phagocytic cell in the pres-
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ence of an activator; and (c) measuring the amount of
oxidant produced as compared with that produced by a
maximal amount of immunocomplexes between the analyte
and the antibody, in the presence of the activator, as an
indicator of the amount of the analyte in the sample. For
example the bodily fluid may be whole blood. The oxidant-
producing phagocytic cells are neutrophils, lymphocytes,
monocytes, or combinations. When the bodily fluid sample
is whole blood, oxidant-producing phagocytic cells are
present in the sample.

[0015] The activator may be, by way of non-limiting
example, zymosan, latex particles, opsonized zymosan,
opsonized latex particles, phorbol esters, N-formyl-met-leu-
phe, or combinations. The amount of oxidant produced by
the oxidant producing cells is achieved using a chemilumi-
nescent compound which reacts with the oxidants to gener-
ate light. Non-limiting examples include luminol, lucigenin
and pholasin. The antibody is monoclonal antibody of class
IgM or IgG.

[0016] The analyte is any substance or component present
in a bodily fluid sample which may participate in the
formation of an antigen-antibody complex (immunocom-
plex) with added, exogenous antibody. For example, ana-
lytes may include gram-positive bacteria, gram-negative
bacteria, fungi, viruses, gram-positive cell wall constituents,
lipoteichoic acid, peptidoglycan, teichoic acid, gram-nega-
tive endotoxin, lipid A, hepatitis A, inflammatory mediators,
drugs of abuse, therapeutic drugs, or cardiac markers, such
as myoglobin, creatine kinase MB, troponin I or troponin T.
Inflammatory mediators include but are not limited to tumor
necrosis factor, interleukin-1, interleukin-6, interleukin-8,
interferon, and transforming growth factor . The analyte
may be one indicative of infection or indicative of sepsis.

[0017] In a preferred embodiment, the analyte is
lipopolysaccharide, the antibody is anti-lipopolysaccharide
antibody, the sample is a whole blood sample, and the
activator is zymosan.

[0018] In a further aspect, the present invention is directed
to a method for measuring the level of a preselected analyte
present in a sample of a bodily fluid comprising the follow-
ing steps

[0019] i) providing three aliquots of the sample,
designated aliquots A, B, and C;

[0020] ii) providing a source of oxidant-producing
phagocytic cells and a source of complement pro-
teins;

[0021] iii) providing aliquot B with an amount of
anti-analyte antibody sufficient to form an immuno-
complex with the analyte in the sample, to provide
reaction aliquot B;

[0022] iv) providing aliquot A as a control to reaction
aliquot B without added anti-analyte antibody, to
provide reaction aliquot A,

[0023] v) providing aliquot C with a equivalent
amount of the anti-analyte antibody as in reaction
aliquot B, and in addition containing a maximal
stimulatory amount of analyte, to provide reaction
aliquot C;

[0024] vi) incubating reaction aliquots A, B, and C
with oxidant-producing phagocytic cells and a
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source of complement proteins under suitable con-
ditions and for a time sufficient for any immuno-
complexes formed in the reaction aliquots to react
with  oxidant-producing phagocytic cells and
complement proteins to produce oxidants;

[0025] vii) contacting a chemiluminescent compound
which reacts with the oxidants to generate light with
reaction aliquots A, B, and C, prior to or after step
vi);

[0026] wviii) measuring light emission from reaction
aliquots A, B, and C over a predetermined time
period under suitable conditions; and

[0027] ix) correlating differences in light emission
among reaction aliquots A, B, and C as an indicator
of the amount of analyte in the sample.

[0028] The aforementioned steps may be carried out fol-
lowing manual, semi-automated, or automated procedures.
The test may provide results in a short period of time, such
that the measurement of the analyte can be performed to aid
in the rapid diagnosis of a patient’s condition. Instrumenta-
tion may be provided that can be performed in the emer-
gency room, at the bedside, or for home use. Depending on
the assay format, a test may be performed in around 20
minutes or less.

[0029] By way of non-limiting examples, the bodily fluid
in the aforementioned method may be whole blood., in
which oxidant-producing phagocytic cells are present. Alter-
natively, a source of oxidant-producing phagocytic cells
may be added, such as white blood cell fractions containing
neutrophils, lymphocytes, monocytes, or combinations. An
agent capable of increasing oxidant production by white
blood cells on exposure to immunocomplexes may be
included in reaction aliquots A, B, and C; this agent may be
by way of non-limiting example, zymosan, latex particles,
phorbol ester, N-formyl-met-leu-phe, opsonized zymosan,
opsonized latex particles, or combinations thereof. The
chemiluminescent compound may be, for example, luminol,
lucigenin or pholasin. The anti-analyte antibody may be a
monoclonal antibody of class IgM or IgG.

[0030] The analyte is any substance or component present
in a bodily fluid sample which may participate in the
formation of an antigen-antibody complex (immunocom-
plex) with added, exogenous antibody. For example, ana-
lytes may include gram-positive bacteria, gram-negative
bacteria, fungi, viruses, gram-positive cell wall constituents,
lipoteichoic acid, peptidoglycan, teichoic acid, gram-nega-
tive endotoxin, lipid A, hepatitis A, inflammatory mediators,
drugs of abuse, therapeutic drugs, and cardiac markers, as
described above. Inflammatory mediators include but are not
limited to tumor necrosis factor, interleukin-1, interleukin-6,
interleukin-8, interferon, and transforming growth factor f.
The analyte may be one indicative of infection or indicative
of sepsis.

[0031] In a preferred embodiment, the analyte is
lipopolysaccharide, the antibody is anti-lipopolysaccharide
antibody, the sample is a whole blood sample, and the
activator is zymosan.

[0032] In a further aspect of the present invention, a
diagnostic kit for measuring the level of a preselected
analyte present within a sample of a bodily fluid is provided,
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comprising: a first container of IgM or IgG antibody specific
to the preselected analyte; a second container of chemilu-
minescent compound; and a third container of analyte. A
source of oxidant-producing phagocytic cells may be
included in the kit for samples which do not contain them;
the cells may be neutrophils, lymphocytes, monocytes, or
combinations thereof. The diagnostic kit may also include
additional container containing an agent capable of increas-
ing oxidant production by white blood cells on exposure to
immunocomplexes, for example, zymosan, latex particles,
phorbol ester, N-formyl-met-leu-phe, opsonized zymosan,
opsonized latex particles, or combinations. The chemilumi-
nescent compound may be luminol, lucigenin or pholasin.

[0033] In another aspect, the invention is directed to a
method for determining the stage of sepsis of a patient from
a sample of whole blood comprising the concurrent mea-
surement of: (a) the level of microbial products or inflam-
matory mediators; (b) the maximum oxidant production by
the patient’s neutrophils; and (c) the level of responsiveness
of the patient’s neutrophils to a maximum stimulatory level
of immunocomplexes. These parameters are measured by
the steps of

[0034] i) providing three aliquots of said sample,
designated aliquots A, B, and C;

[0035] i) providing aliquot B with an amount of
anti-analyte antibody sufficient to form an immuno-
complex with the analyte in the sample, to provide
reaction aliquot B;

[0036] iii) providing aliquot A as a control to reaction
aliquot B without any added anti-analyte antibody, to
provide reaction aliquot A,

[0037] iv) providing aliquot C with a equivalent
amount of anti-analyte antibody as in reaction ali-
quot B, and in addition containing a maximal stimu-

latory amount of analyte, to provide reaction aliquot

G

[0038] v) incubating reaction aliquots A, B, and C
with said oxidant-producing phagocytic cells and
said source of complement proteins under suitable
conditions and for a time sufficient for any immu-
nocomplexes formed in the reaction aliquots to react
with  oxidant-producing phagocytic cells and
complement proteins to produce oxidants,

[0039] vi) contacting a chemiluminescent compound
which reacts with oxidants to generate light with
reaction aliquots A, B, and C, prior to or after step
vi);

[0040] vii) measuring light emission from reaction
aliquots A, B, and C over a predetermined time
period under suitable conditions; and

[0041] wviii) correlating differences in light emission
among reaction aliquots A, B, and C as an indicator
of the level of microbial products or inflammatory
mediators; the maximum oxidant production by the
patient’s neutrophils; and the level of responsiveness
of the patient’s neutrophils to a maximum stimula-
tory level of immunocomplexes; and

[0042] ix) determining the patient’s stage of sepsis
from the aforementioned levels.
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[0043] The non-limiting selections of components for the
steps listed above are those described hereinabove.

BRIEF DESCRIPTION OF THE DRAWINGS

[0044] FIGURE 1 depicts a typical, whole-blood chemi-
luminescence profile of a sample from a patient with endot-
oxemia. Curve A represents whole blood plus zymosan; B,
whole blood plus zymosan plus anti-endotoxin antibody;
and C, whole blood plus zymosan plus anti-endotoxin anti-
body plus exogenous endotoxin (800 pg/ml).

DETAILED DESCRIPTION OF THE
INVENTION

[0045] The present invention relates to a method for
measuring the level of a preselected analyte in a sample of
a bodily fluid, such as whole blood of a mammal, including
humans, by incubating the test sample with an antibody
specific to the analyte to form an immunocomplex, which
then interacts with phagocytic cells present in or added to the
sample and result in the production of oxidants. Oxidants
may be detected using chemiluminescent reagents added to
the sample. The phagocytic cell oxidant response may be
optionally enhanced by the inclusion of selected activator
agents such as zymosan. The level of chemiluminescence
elicited from oxidant-producing phagocytic cells by a par-
ticular level of immunocomplexes is related to the maximal
chemiluminescence elicited from phagocytic cells by a
maximal amount of immunocomplexes. In order for the
assay to provide a readout of the amount of analyte in the
sample, the present invention utilizes a separate measure of
the maximal responsiveness of the phagocytic cells in the
sample to immunocomplexes, and the ratio of oxidant pro-
duction by immunocomplexes formed from the analyte to
oxidant production by a maximal amount of analyte-anti-
body immunocomplexes provides a relative measure of the
amount of analyte in the sample. This method may be used
to determine levels of an analyte in a blood sample, such as
endotoxin and other analytes related to sepsis, in order to
assess severity and level or, in combination with other
parameters derivable from the assay herein, the stage of
sepsis of the patient, and to direct and monitor the proper
therapeutic course. The assay may also be used to measure
the level of other preselected analytes present in a blood
sample, such as hormones, acute phase proteins, toxins,
drugs of abuse, markers of cardiac muscle damage, thera-
peutic drugs, cytokines, chemokines, etc. Any analyte in the
sample for which an antibody can be added that forms an
immunocomplex capable of stimulating oxidant production
by phagocytic cells can be measured in the assay of the
present invention.

[0046] The present invention utilizes a three-aliquot assay
format for the measurement of the preselected analyte. All
three aliquots include an optional activator or enhancer of
oxidant production, such as zymosan. Two aliquots include
antibodies to the analyte, of which one also contains added
analyte to provide the maximal amount of immunocom-
plexes. Sample is added to all three tubes. Non-limiting
examples of details as to preincubation and equilibration
times, incubation times with the various components of the
assays, preincubations and reaction times are provided
below, and, with the benefit of this disclosure, can be readily
determined by the skilled artisan to maximize the sensitivity
and rapidity of the assay. Details as to the order in which the
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aliquots are prepared, samples are incubated and subdivided,
are provided for illustration purposes only and can be
modified.

[0047] The aforementioned assay may be carried out fol-
lowing manual, semi-automated, or automated procedures.
The test may provide results in a short period of time, such
that the measurement of the analyte can be performed to aid
in the rapid diagnosis of a patient’s condition. Instrumenta-
tion may be provided that can be performed in the emer-
gency room, at the bedside, or for home use, among others.
Depending on the assay format, a test may be performed in
around 20 minutes or less.

[0048] In general, the assay is carried out as follows. The
assay readout for a particular analyte is provided in units of
activity. In the example of endotoxin as the analyte of
interest, the assay readout is endotoxin activitry, or EA. The
assay may be modified for automation, or semi-automation,
and performed in any order or sequence which provides
equivalent data. For example, two aliquots of whole blood
are dispensed into suitable tubes that are free of any con-
taminants or other materials that may adversely influence the
outcome of the test. The tubes are placed in a incubator or
other equivalent device in which the temperature of all three
tubes may be maintained similarly, to keep the conditions
the same among the tubes. For example, a thermostatted
aluminum block pre-heated to about 37° C. may be used.
One tube contains an amount of the analyte to maximally
stimulate oxidant production when combined, in a subse-
quent step, with antibody to the analyte. The other tube
contains no additives. These tubes are incubated for about 10
min. at 37° C. During the last 5 minutes of this incubation
assay three tubes per assay tubes are loaded into the heating
block. One tube, herein referred to as Tube A, contains a
control reagent used for antibody stabilization or no reagent
at all, Tubes B and C contain the same amount of antibody
to the analyte. To each tube a mixture of buffer containing
the chemuluminescent compound, optionally with the stimu-
lant, such as non-opsonized zymosan, is added. This mixture
is temperature equilibrated for at least about 5 min. After the
blood has incubated for a total of about 10 min. at about 37°
C., an equal volume, for example 20 ul, is transferred into
assay tubes A and B from the blood tube with no LPS and
the same volume, in this example, 20 ul, is transferred from
the blood tube containing LPS into assay tube C. All tubes
are mixed well and placed in the chemiluminometer for
reading. The luminometer is thermostatted at about 37° C.
and the assay is read for a total of about 20 min. Individual
tube light integrals are calculated and the analyte activity, for
example, EA is determined by the calculation:

Light Integral Tube B — Light Integral Tube A

Activity= 100 .
ety x Light Integral Tube C — Light Integral Tube A

[0049] The various components and conditions described
above may be tailored to the specific analyte being mea-
sured. The amount of components, the lengths of preincu-
bation and incubation, the period of time over which the
luminescence is read, the temperatures and other parameters
of the assay may be adjusted by the skilled artisan within the
range of operability of the particular assay. Numerous varia-
tions in the examples provided are embraced herein.
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[0050] The various components of the assay are as fol-
lows.

[0051] Preselected analyte.

[0052] The analyte is any substance or component present

in a bodily fluid sample which may participate in the
formation of an antigen-antibody complex (immunocom-
plex) with added, exogenous antibody. For example, ana-
lytes may include gram-positive bacteria, gram-negative
bacteria, fungi, viruses, gram-positive cell wall constituents,
lipoteichoic acid, peptidoglycan, teichoic acid, gram-nega-
tive endotoxin, lipid A, hepatitis A, inflammatory mediators,
drugs of abuse, therapeutic drugs, or cardiac markers, such
as myoglobin, creatine kinase MB, troponin I or troponin T.
Inflammatory mediators include but are not limited to tumor
necrosis factor, interleukin-1, interleukin-6, interleukin-8,
interferon, and transforming growth factor p. The analyte
may be one indicative of infection or indicative of sepsis.

[0053] In a preferred embodiment, the analyte is
lipopolysaccharide, the antibody is anti-lipopolysaccharide
antibody, the sample is a whole blood sample, and the
activator is zymosan.

[0054]

[0055] The antibody against the preselected analyte of the
present method is preferably of the IgM class. IgM-analyte
immunocomplexes trigger a reaction sequence which results
in the stimulation of white blood cell oxidant production via
complement pathway activation. The antibody against the
analyte can also be of the IgG class.

[0056] For the detection of LPS (endotoxin), Xomen-E5,
a comercially-available murine monoclonal IgM pentamer
directed against a lipid A component of gram-negative
endotoxin, produced by Xoma, Palo Alto, Calif., is suitable.

[0057] The antibody may be provided in a stabilized liquid
or solid form, for example, lyophilized in bead form with the
stabilizing agent trehalose. A non-limiting example of such
a bead form is described in copending application Ser. No.
(Attorney’s Docket Number 1112-1-999), incorporated
herein by reference.

[0058]

[0059] Although stimulants such as zymosan or latex
beads are not required additions to the test procedure, the
chemiluminescence produced by immunocomplexes in the
test sample is enhanced by such inclusion. Zymosan and
latex beads enhance the chemiluminescent response by
stimulating concerted white cell oxidant production and
phagocytosis. This stimulation may be further enhanced if
the zymosan or latex beads are opsonized, through the
binding of immunoglobulin G and complement factors
(iC3b and C3b). The addition of zymosan or latex acts as an
amplification process to increase oxidant production and is
preferred in the practice of the present invention, but is not
obligatory for the recognition of immunocomplexes by
white blood cells. There are many kinds of latex beads
depending upon the polymer from which they are prepared
which can be utilized in the practice of this invention. These
include, for example, polystyrene, styrene divinylbenzene,
and acrylic acid polymers; polystyrene is preferred.

[0060] Further examples of suitable stimulants include
phorbol esters, such as phorbol 12-myristate 13-acetate, and

Anti-analyte antibody.

Optional white cell stimulant.
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peptides such as N-formyl-methionine-leucine-phenylala-
nine, abbreviated fMLP or N-formyl-met-leu-phe.

[0061]

[0062] The phenomenon of chemiluminescence resulting
from the production of neutrophil oxidants is described by
Allen, R. C. Methods in Enzymology 133:449 (1986) using
the acyl azide dye luminol as a light emitting agent. This
technique permits the sensitive measurement of neutrophil
respiratory burst activation using small numbers of poly-
morphonuclear leukocytes or later, even white cells in whole
blood. Other chemiluminescent dyes which produce light as
a result of neutrophil oxidant production have also been
identified including lucigenin and pholasin; others will be
known by the skilled artisan.

[0063]

[0064] If whole blood samples are used, or other bodily
fluid samples containing white blood cells, oxidant-produc-
ing phagocytic cells are already present in the sample.
Whole blood is the preferred bodily fluid. For samples
without such cells or too little to provide a means for
producing oxidants proportional to the amount of immuno-
complexes, phagocytic cells can be added to the sample.
Appropriate cells include but are not limited to neutrophils,
lymphocytes, and monocytes. These cells may be derived
from another sample, cell culture, artificially prepared cells,
and other source.

Chemiluminescent indicator.

Oxidant-producing phagocytic cells.

[0065] Immunocomplexes to maximally stimulate white
blood cells.
[0066] Inclusion in the assay described herein of a mea-

sure of the maximal response to a maximal stimulatory level
of immunocomplexes, by the white blood cells present in or
added to the sample, enables the present invention to provide
a measure of the amount of analyte in the sample. This
measure may be achieved with any antigen and correspond-
ing anti-antigen antibody that achieves the desired stimula-
tion, such as endotoxin and anti-endotoxin antibody. Anti-
bodies of the IgM class are preferred. For simplification of
the assay, the same analyte as the preselected analyte is
preferably used. For example, for a LPS assay, all three
tubes contain zymosan; two tubes contain the same amount
of anti-LPS antibodies, of which one tube also contains an
amount of LPS which forms a maximal amount of immu-
nocomplexes with the anti-LPS. The sample, whole blood
containing an unknown amount of LPS, is added in equal
amounts to all three tubes. All tubes contain a reagent which
produces light in response to oxidants. White blood cells in
the sample provide the oxidants in response to immunocom-
plexes. The first tube, containing sample and zymosan only,
produces a background level of chemiluminescence. The
second tube, containing zymosan, sample LPS, and anti-LPS
antibodies, produces a level of chemiluminescence propor-
tional to the amount of analyte, LPS, in the sample. The third
tube, containing zymosan, sample LPS, added maximal
LPS, and anti-LPS antibodies, produces a maximal amount
of chemiluminescence. As will be seen below, the ratio of
the integrated chemiluminescence of the second tube, minus
that of the control tube, to the integrated chemiluminescence
of the third tube, minus that of the same control, provides the
readout of the relative amount of LPS in the sample.

[0067] For samples that do not contain white blood cells
capable of producing oxidants in response to immunocom-
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plexes, suitable white blood cells or equivalent cells from
another source, such as a whole blood sample, cultured
white blood cells, or other white cells, artificially prepared
cells, and other source.

[0068]

[0069] The following procedure is a non-limiting example
of a protocol that may be followed to provide a rapid and
sensitive assay for endotoxin (LPS). The assay readout is
endotoxin activity, or EA. The assay may be modified for
automation, or semi-automation, and performed in any order
or sequence which provides equivalent data. In the follow-
ing example, two aliquots of blood (500 ul) are dispensed
into depyrogenated glass tubes into a thermostatted alumi-
num block pre-heated to 37° C. One tube contains LPS as a
maximum calibrator the other tube contains no additives.
These tubes are incubated for 10 min. at 37° C. During the
last 5 minutes of this incubation glass or polystyrene assay
tubes are loaded into the heating block. Three tubes are used
per assay. Tube A contains a control reagent used for
antibody stabilization or no reagent at all, Tubes B and C
contain antibody. To each tube a mixture of Luminol Buffer
with unopsonized zymosan is added (500 ul per tube). This
mixture is temperature equilibrated for at least 5 min. After
the blood has incubated for a total of 10 min. at 37° C., 20
ulis transferred into assay tubes A and B from the blood tube
with no LPS and 20 gl is transferred from the blood tube
containing LPS into assay tube C. All tubes are vortexed and
placed in the chemiluminometer for reading. The luminom-
eter is thermostatted at 37° C. and the assay is read for a total
of 20 min. The luminometer cumulates the light output of
each tube over time and provides an integral of the light
output. From the Individual tube light integrals, the endot-
oxin activity, EA, is calculated using the formula:

Assay procedure.

_ Light Integral Tube B — Light Integral Tube A
"~ Light Integral Tube C — Light Integral Tube A”

[0070] In this manner the EA is calculated and the decision
of whether a patient is endotoxemic or not is based on a
cutoff value of range. The clinical cutoff value may be
chosen on the basis of epidemiological studies on the
particular analyte of interest, and the sensitivity and speci-
ficity of the particular assay compenents, to provide normal
and abnormal ranges, cutoff values, as well as the positive
and negative predictive values of the assay. Under a par-
ticular set of operating conditions provided herein by way of
non-limiting example, a value of >35 EA, would indicate
clinically significant endotoxemia.

[0071] As noted above, other analytes may be determined
utilizing the methods of the present invention. The levels of
such other analytes may also be expressed in relative units,
expressed as a ratio to maximal chemiluminescence, as
corrected by background. For example, cardiac markers to
identify the cause of chest pain and distinguish unstable
angina from a heart attack, using combinations of markers
including myoglobin, creatine kinase MB, troponin I or
troponin T, and other cardiac specific and skeletal muscle
specific markers for ruing in or ruling out heart attack, are
embraced within the present invention.

[0072] As mentioned above, various automated and semi-
automated methods may be used with adaptations of the
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present invention. For example, chemiluminescence of the
three tubes may be determined serially, in an instrument that
reads a single channel, by the appropriate timing and addi-
tion of reagents to the appropriate tubes, with the appropriate
preincubation times. A single whole blood sample may be
used successively for determining the background chemilu-
minescence, that of the sample analyte, and lastly, the
maximal stimulatory dose. A multichannel luminometer may
subtract the background values during measurement. The
assays also may be adapted to a thin film format, rather than
liquid in tubes, to facilitate the automation and simplifica-
tion of assay. For example, a test strip-like device may be
prepared with three separate fluid paths, to conduct a whole
blood sample, such as that obtained by finger prick, to three
separate regions, each of which has the appropriate reagents
corresponding to tubes A, B, and C as described above. The
strip may be inserted into a luminometer device, such as a
handheld device. In another embodiment, the reagents used
to detect the level of the phagocyte oxidant burst yields a
chromogen, visible or fluorescent, the density of which is
proportional to the oxidant level and, proportionately, the
immunocomplex level. Reflectometry may be used to quan-
titate the color and calculate the analyte level. These and
other variations on the invention are embraced herein.

[0073] As mentioned above, the quantity of infection or
sepsis related analytes in circulation may be used to indicate
the severity and level or stage of sepsis. In addition, the
present assay may be used to add additional parameters to
the diagnosis of stage of sepsis. The maximum oxidant
production of neutrophils, as measured by CLmax, is a
measure of the ability of the white blood cell to respond to
programmed opsonic challenge. The responsiveness of the
patient’s neutrophils to immunocomplexes, termed respon-
siveness, is a measure of the maximal ability of the white
blood cell to bind and respond to opsonized immunocom-
plexes. A large responsiveness is indicative of a large
response reserve for processing opsonized immunocom-
plexes and is viewed as the normal healthy state. A small
responsiveness represents a diminished reserve for process-
ing opsonized immunocomplexes and is indicative of an
immunocompromised or diseased state. Lack of a robust
response in an indication of anergy, the inability of the
immune system to mount an effective immune response. In
the final stage of anergy in sepsis, during the terminal stage
of the condition, the patient’s immune system is progres-
sively weakening in its ability to combat microbial infection.
Patients progressing to this latter stage suffer a very poor
prognosis.

[0074] The examples below describe several methods of
practicing the invention, such as varying the order in which
to add the reagents, varying blood dilutions, and omitting
zymosan. Modifications of these protocols while within the
scope of the invention, may be conceived by the skilled
artisan. In place of a whole blood sample, a sub-fraction of
white blood cells, such as neutrophils or lymphocytes or
monocytes, may be used as a substrate. A chemiluminescent
compound other than luminol may be used, such as, lucige-
nin or pholasin.

EXAMPLE I

Measurement of LPS

[0075] To measure the amount of endotoxin in a sample of
whole blood, the following reaction aliquots were prepared:
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[0076] A Whole blood+zymosan
[0077] B Whole blood+zymosan+anti-LPS antibody
[0078] C Whole blood+zymosan+anti-LPS anti-

body+exogenous LPS (800 pg/ml)

[0079] Allreaction aliquots contained Zymosan in order to
optimize oxidant production of the patient’s white blood
cells in response to immunocomplexes. In addition to the
patient’s blood sample and zymosan, tube B contained
antibody against the analyte to be measured, in this case
endotoxin. Tube A served as a control to tube B. In order to
determine the maximal response of the patient’s white blood
cells to immunocomplexes, tube C contained a maximal
stimulatory amount of immunocomplexes, derived from the
same amount of anti-endotoxin antibody as in tube B, with
the addition of LPS from E. coli 055:B5 (determined to be
800 pg/ml or 0.67 EU/ml at an antibody concentration of 0.4
ug/assay). While in this example the antigen used to form
immunocomplexes to determine maximal response (endot-
oxin-anti-endotoxin) was identical to the analyte, this does
not need to be the true for all analytes, although it is most
convenient to do so.

[0080] The following materials were used and methods
followed in carrying out the assay. Variations in the com-
ponents described here as well as the procedures may be
modified by standard procedures without deviating from the
invention.

[0081] All glass surfaces used for endotoxin assay or
storage of reagents for endotoxin assay including assay
tubes were depyrogenated by heating to 300° C. for at least
6 hours. All polystyrene and polyethylene surfaces used for
storage of antibodies, HBSS-luminol or blood products were
sterile and essentially endotoxin free as determined by
chromogenic LAL assay of pyrogen free water left in contact
with the surface of interest. All pipette tips used for fluid
transfer were sterile and pyrogen free (Diamed, Mississauga,
Ontario, Canada). Blood samples used for the assay were
drawn by venipuncture or through indwelling arterial lines
into sterile 3 ml EDTA anti-coagulated Vacutainer tubes
(Becton Dickenson, Franklin Lakes, N.J.) which were pre-
tested for LPS content (less than 0.005 EU/ml).

[0082] Luminol (5-amino-2,3-dihydro-1,4-phthalazinedi-
one, free acid), zymosan A (Saccharomyces cerevisiae),
lipopolysaccharides from Escherichia coli (E. coli) sero-
types (026:B6, 055:B5, 0111 :B4) (gram-negative endot-
oxin), and lipoteichoic acids from Streptococcus spp.
(Gram-positive cell wall constituent) were purchased from
Sigma (Sigma Chemical Co., St. Louis, Mo.).

[0083] Buffer for measurement of whole blood or white
cell chemiluminescence studies was HBSS (pyrogen free,
endotoxin less than 0.005 EU/ml) containing 1.5 mM cal-
cium salt and 0.9 mM magnesium salt (Gibco BRL, Grand
Island, N.Y.). This buffer (500 ml) was vigorously mixed
overnight at 25° C. with luminol to yield a saturated solution
(150 uM, HBSS-luminol) and then supplemented with 4
U/ml of lithium heparin.

[0084] All chemiluminescence experiments were assayed
in triplicate and the results expressed as the mean luminom-
eter counts per minute *1 SD. Assays may also be prepared
using duplicate or single tubes for reaction tubes A, B and

[0085] The following assay protocol was followed. Two
aliquots of blood (500 ul) are dispensed into depyrogenated
glass tubes into a thermostatted aluminum block pre-heated
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to 37° C. One tube contained a maximal dose of LPS; the
other tube is empty. These tubes are incubated for 10 min.
at 37° C. During the last 5 minutes of this incubation glass
or polystyrene assay tubes are loaded into the heating block.
Three tubes are used per assay. Tube A contains control
reagent used for antibody stabilization or no reagent at all,
Tubes B and C contain antibody. To each tube a mixture of
Luminol Buffer with unopsonized zymosan is added (500 ul
per tube). This mixture is temperature equilibrated for at
least 5 min. After the blood has incubated for a total of 10
min. at 37° C., 20 ul is transferred into assay tubes A and B
from the blood tube with no LPS and 20 ul is transferred
from the blood tube containing LPS into assay tube C. All
tubes are vortexed and placed in the chemiluminometer for
reading. The luminometer is thermostatted at 37° C. and the
assay is read for a total of 20 min.

[0086] A typical whole blood chemiluminescence profile
of a patient with endotoxemia is shown in FIGURE 1. The
20-minute light integrals of tubes A, B and C are used to
calculate the amount of LPS in the sample as follows. The
amount of LPS present in the sample is referred to as“en-
dotoxin Activity” (EA), and calculate from the light inte-
grals as follows:

Light Integral Tube B - Light Integral Tube A

EA = 100x Light Integral Tube C - Light Integral Tube A’

[0087] In this manner the EAis calculated and the decision
of whether a patient is endotoxemic or not may be based on
a cutoff value of range, i.e. >35 EA, an indicator of of
clinically significant endotoxemia.

[0088] Further parameters are available from the three-
tube assay results as pertains to the stage of sepsis. Respon-
siveness (R) of the patients white blood cells, a measure of
the maximal ability of the white blood cell to bind and
respond to opsonized immunocomplexes as defined above,
is calculated as follows:

R Light Integral Tube A ]
~ 7 | Light Integral Tube C |

[0089] Furthermore, a measure of the level of white blood
cell activation and cell number (CL,,,,,) may be measured as
the peak luminometer count rate of tube A during the course
of the assay. The maximum oxidant production of neutro-
phils, as measured by CLmax, is a measure of the ability of
the white blood cell to respond to programmed opsonic
challenge.

[0090] The following data in Table 1 is generated from the
experiment. Explanations for the calculations of B-A, C-A,
EA, and Responsiveness are provided above.

TABLE 1

Light Integral Respon-

Sample Tube A Tube B Tube C B-A C-A EA siveness

1 0.054 0122 0.154 0.068 0.099 68 65
2 0.045 0.067 0.119 0.022 0.074 30 62
3 0.047 0.077  0.096 0.030 0.049 62 51
4 0.095 018  0.180 0.092 008 107 47
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TABLE 1-continued

Light Integral Respon-

Sample Tube A Tube B Tube C B-A C-A EA siveness

5 0.096 0.202  0.269 (0.106 0.173 61 64
6 0.068 0124  0.128 0.056 0.060 93 47
7 0.054 0122 0.154 0.068 0.099 68 65
8 0.031 0.040  0.137 (0.009 0.105 8 77
9 0.033 0.083 0.141 0.050 0.107 46 76
10 0.292 0.711 1112 0.419 0.620 51 74
1 0.074 0126  0.251 0.053 0177 29 71
12 0.038 0105 0.174 0.067 0136 49 8
13 0.266 0.828 1.882 (0.562 1616 34 86
14 0.612 1552 1442 0940 0830 113 58
15 0.290 0.412  0.692 (0.122 0.401 30 58
16 0.042 0.073  0.235 0.031 0193 16 82
17 0.231 0.395 0.589 (.1e4 0358 46 61
18 0.047 0.285  0.965 0.238 0918 26 95

[0091] While the invention has been described and illus-
trated herein by references to various specific material,
procedures and examples, it is understood that the invention
is not restricted to the particular material combinations of
material, and procedures selected for that purpose. Numer-
ous variations of such details can be implied as will be
appreciated by those skilled in the art.

What is claimed is:
1. A method for measuring the amount of a preselected
analyte in a sample of a bodily fluid comprising:

a. forming an immunocomplex between said analyte and
an antibody thereto;

b. reacting said immunocomplex with an oxidant-produc-
ing phagocytic cell in the presence of an activator; and

c¢. measuring the amount of oxidant produced as com-
pared with that produced by a maximal amount of
immunocomplexes between said analyte and said anti-
body in the presence of said activator as an indicator of
the amount of said preselected analyte in said bodily
fluid.

2. The method of claim 1 wherein said bodily fluid is
whole blood.

3. The method of claim 2 wherein said oxidant-producing
phagocytic cells are selected from the group consisting of
neutrophils, lymphocytes, monocytes, and combinations
thereof.

4. The method of claim 1 wherein said oxidant-producing
phagocytic cells are present in the sample of bodily fluid.

5. The method of claim 1 wherein said activator is
selected from the group consisting of zymosan, latex par-
ticles, phorbol ester, fMLP, opsonized zymosan, opsonized
latex particles, and combinations thereof.

6. The method of claim 1 wherein said measuring of the
amount of oxidant produced is achieved using a chemilu-
minescent compound which reacts with said oxidants to
generate light.

7. The method of claim 6 wherein said chemiluminescent
compound is selected from the group consisting of luminol,
lucigenin and pholasin.

8. The method of claim 1 wherein said antibody is a
monoclonal antibody of class IgM or IgG.

9. The method of claim 1 wherein said analyte is selected
from the group consisting of gram-positive bacteria, gram-
negative bacteria, fungi, viruses, gram-positive cell wall

Mar. 14, 2002

constituents, lipoteichoic acid, peptidoglycan, teichoic acid,
gram-negative endotoxin, lipid A, hepatitis A, inflammatory
mediators, drugs of abuse, therapeutic drugs, and cardiac
markers.

10. The method of claim 9 wherein said inflammatory
mediator is selected from the group consisting of tumor
necrosis factor, interleukin-1, interleukin-6, interleukin-8,
interferon, and transforming growth factor f.

11. The method of claim 1 wherein said analyte is
indicative of infection.

12. The method of claim 1 wherein the amount of said
analyte measured is indicative of sepsis.

13. The method of claim 1 wherein said analyte is
lipopolysaccharide, and said antibody is an anti-lipopolysac-
charide antibody.

14. The method of claim 13 wherein said activator is
Zymosan.

15. A method for measuring the level of a presclected
analyte present in a sample of a bodily fluid comprising:

1) providing three aliquots of said sample, designated
aliquots A, B, and C;

ii) providing a source of oxidant-producing phagocytic
cells and a source of complement proteins;

iii) providing aliquot B with an amount of anti-analyte
antibody sufficient to form a detectable immunocom-
plex with said analyte in the sample, to provide reaction
aliquot B;

iv) providing aliquot A as a control to reaction aliquot B
without said anti-analyte antibody, to provide reaction
aliquot A;

v) providing aliquot C with a equivalent amount of
anti-analyte antibody as in reaction aliquot B, and in
addition containing a maximal stimulatory amount of
analyte, to provide reaction aliquot C;

vi) incubating reaction aliquots A, B, and C with said
oxidant-producing phagocytic cells and said source of
complement proteins under suitable conditions and for
a time sufficient for any immunocomplexes formed in
the reaction aliquots to react with oxidant-producing
phagocytic cells and complement proteins to produce
oxidants;

vii) contacting a chemiluminescent compound which
reacts with said oxidants to generate light with reaction
aliquots A, B, and C, prior to or after step vi);

viii) measuring light emission from reaction aliquots A, B,
and C over a predetermined time period under suitable
conditions; and

ix) correlating differences in light emission among reac-
tion aliquots A, B, and C as an indicator of the amount
of said analyte in said sample.

16. The method of claim 15 wherein said sample is whole

blood.

17. The method of claim 15 wherein said phagocytic cells
comprise white blood cell fractions derived from whole
blood, said fractions selected from the group consisting of
neutrophils, lymphocytes, monocytes, and combinations
thereof.

18. The method of claim 15 wherein an agent capable of
increasing oxidant production by white blood cells on expo-
sure to immunocomplexes is included in reaction aliquots A,
B, and C.
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19. The method of claim 18 wherein said agent is selected
from the group consisting of zymosan, latex particles, phor-
bol ester, fIMLP, opsonized zymosan, opsonized latex par-
ticles, and combinations thereof.

20. The method of claim 15 wherein said chemilumines-
cent compound is selected from the group consisting of
luminol, lucigenin and pholasin.

21. The method of claim 15 wherein said anti-analyte
antibody is a monoclonal antibody of class IgM or IgG.

22. The method of claim 15 wherein said analyte is
selected from the group consisting of gram-positive bacteria,
gram-negative bacteria, fungi, viruses, gram-positive cell
wall constituents, lipoteichoic acid, peptidoglycan, teichoic
acid, gram-negative endotoxin, lipid A, hepatitis A, inflam-
matory mediators, drugs of abuse, therapeutic drugs, and
cardiac markers.

23. The method of claim 22 wherein said inflammatory
mediator is selected from the group consisting of tumor
necrosis factor, interleukin-1, interleukin-6, interleukin-8,
interferon, and transforming growth factor f.

24. The method of claim 15 wherein said analyte is
indicative of infection.

25. The method of claim 15 wherein said analyte is
indicative of sepsis.

26. The method of claim 15 wherein said analyte is
lipopolysaccharide, and said anti-analyte antibody is anti-
lipopolysaccharide antibody.

27. The method of claim 26 wherein an agent capable of
increasing oxidant production by white blood cells on expo-
sure to immunocomplexes is included in reaction aliquots A,
B, and C.

28. The method of claim 27 wherein said agent is selected
from the group consisting of zymosan, latex particles,
opsonized zymosan, opsonized latex particles, and combi-
nations thereof.

29. The method of claim 28 wherein said agent is zymo-
san.

30. A diagnostic kit for measuring the level of a prese-
lected analyte present within a sample of a bodily fluid
comprising;

1) a first container of IgM or IgG antibody specific to the
preselected analyte;

i) a second container of chemiluminescent compound;
and

iif) a third container of analyte.

31. The diagnostic kit of claim 30 wherein said analyte is
indicative of sepsis of infection.

32. The diagnostic kit of claim 31 wherein said analyte is
selected from the group consisting gram-positive bacteria,
gram-negative bacteria, fungi, viruses, gram-positive cell
wall constituents, lipoteichoic acid, peptidoglycan, teichoic
acid, gram-negative endotoxin, lipid A, hepatitis A, inflam-
matory mediators, drugs of abuse, therapeutic drugs, and
cardiac markers.

33. The diagnostic kit of claim 32 wherein said inflam-
matory mediator is selected from the group consisting of
tumor necrosis factor, interleukin-1, interleukin-6, interleu-
kin-8, interferon, and transforming growth factor f.

34. The diagnostic kit of claim 30 including an additional
container containing an agent capable of increasing oxidant
production by white blood cells on exposure to immuno-
complexes.

35. The diagnostic kit of claim 34 wherein said agent is
selected from the group consisting of zymosan, latex par-
ticles, phorbol ester, fMLP, opsonized zymosan, opsonized
latex particles, and combinations thereof.
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36. The diagnostic kit of claim 35 wherein said agent is
Zymosan.

37. The diagnostic kit of claim 30 wherein said chemi-
luminescent compound is selected from the group consisting
of luminol, lucigenin and pholasin.

38. The diagnostic kit of claim 30 further comprising
oxidant-producing phagocytic cells.

39. The diagnostic kit of claim 38 wherein said phago-
cytic cells are selected from the group consisting of neutro-
phils, lymphocytes, monocytes, and combinations thereof.

40. A method for determining the stage of sepsis of a
patient from a sample of whole blood comprising the
concurrent measurement of:

() the level of microbial products or inflammatory media-
tors;

(b) the maximum oxidant production by the patient’s
neutrophils; and

(c) the level of responsiveness of the patient’s neutrophils
to a maximum stimulatory level of immunocomplexes;
comprising:

i) providing three aliquots of said sample, designated
aliquots A, B, and C;

i) providing aliquot B with an amount of anti-analyte
antibody sufficient to form a detectable immunocom-
plex with said analyte in the sample, to provide
reaction aliquot B;

iii) providing aliquot A as a control to reaction aliquot
B without said anti-analyte antibody, to provide
reaction aliquot A;

iv) providing aliquot C with a equivalent amount of
anti-analyte antibody as in reaction aliquot B, and in
addition containing a maximal stimulatory amount
of analyte, to provide reaction aliquot C;

v) incubating reaction aliquots A, B, and C with said
oxidant-producing phagocytic cells and said source
of complement proteins under suitable conditions
and for a time sufficient for any immunocomplexes
formed in the reaction aliquots to react with oxidant-
producing phagocytic cells and complement proteins
to produce oxidants;

vi) contacting a chemiluminescent compound which
reacts with said oxidants to generate light with
reaction aliquots A, B, and C, prior to or after step
vi);

vii) measuring light emission from reaction aliquots A,
B, and C over a predetermined time period under
suitable conditions; and

viil) correlating differences in light emission among
reaction aliquots A, B, and C as an indicator of the
said level of microbial products or inflammatory
mediators; said maximum oxidant production by the
patient’s neutrophils; and said level of responsive-
ness of the patient’s neutrophils to a maximum
stimulatory level of immunocomplexes; and

ix) determining said patients stage of sepsis from said
levels.
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