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ESTIMATING CELLULAR POPULATIONS

FIELD

The field of the specification is broadly diagnostics and estimating biomarker
expression levels of cellular biological populations. More specifically, assays and kits
are provided for identifying or monitoring neutrophil activation, pathophysiological
conditions following neutrophil activation and particularly sepsis or severe infection or
a risk of developing sepsis or a severe infection in subjects, including neonatal subjects.
The present assays are applicable in a wide range of immunoassay formats and
developed for algorithm-based diagnostic assays ranging from rapid point of care
assays and devices to more data-rich applications employing hard ware and software to
input and process data including via an algorithm to assess the statistical significance of
altered biomarker levels and formulating output data capable of integrating with
pathology platform systems.

BACKGROUND
Bibliographic details of references in the subject specification are also listed at the end

of the specification.

Reference to any prior art in this specification is not, and should not be taken as,
acknowledgement or any form of suggestion that this prior art forms part of the

common general knowledge in any country.

A diverse range of techniques are used in research, analysis, development and clinically
to detect cells of interest. Manual or automated techniques are available to count cells
in specially designed chambers that permit cell numbers in a sample to be evaluated.
Cells may be stained with particular stains in order to differentiate between cell types.
Histochemical techniques may be applied to further differentiate between cells in a
sample. The ability of cells to respond to particular antigens by proliferating or
producing cytokines, bind other cells, engulf other cells or move by chemotaxis may
also be diagnostic. Cell surface markers are particularly useful for differentiating
between cell types and evaluating the number of particular cells in a sample and
changes in the biological state of such cells in a sample. Many techniques use

antibodies to detect the presence of the marker.
1
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Flow cytometry is a powerful tool for identifying and enumerating cells. The flow
cytometer detects and counts individual cells passing in a stream through a laser beam.
By examining large numbers of cells, flow cytometry can give quantitative data on the
percentage of cells bearing different molecules, such as surface immunoglobulin, which
characterizes B cells, the T-cell receptor-associated molecules known as CD3, and the
CD4 and CD8 co-receptor proteins that distinguish the major T-cell subsets. Individual
cells within a mixed population are tagged with specific antibodies labelled with
fluorescent dyes, or for example, by specific antibodies followed by labelled anti-
immunoglobulin antibodies. The suspended mixture of labelled cells is then forced
through an aperture, creating a fine stream of liquid containing cells spaced singly at
intervals. As each cell passes through a laser beam it scatters the laser light, and any
dye molecules bound to the cell will be excited and will fluoresce. Sensitive
photomultiplier tubes detect both the scattered light, which gives information on the
size and granularity of the cell, and the fluorescence emissions, which give information
on the binding of the labelled antibodies and hence on the expression of cell-surface
proteins by each cell. If two or more antibodies are used, each coupled to a different
fluorescent dye, then the data may be displayed in the form of a two-dimensional
scatter diagram or as a contour diagram, where the fluorescence of one dye-labelled
antibody is plotted against that of a second, with the result that a population of cells
labelling with one antibody can be further subdivided on the basis of its reactivity with

the second antibody.

Immunoassays are another particularly useful form of assay that exploit the specificity,
strength and diversity of antibody-antigen reactions or other binding interactions to
analyse samples and detect or quantify specific components therein. A wide range of
immunoassay techniques are available, such as those described in Wild D. “The
Immunoassay Handbook” Nature Publishing Group, 4™ Edition, 2013 and subsequent

innovations.

Lateral flow assays and more recently non-lateral flow and microfluidics provide a
useful set up for biological assays. Such assays can be qualitative, quantitative or semi
quantitative. In microfluidic devices, small volumes of liquid are moved through
microchannels generated in, for example, a chip or cartridge. A wide range of detection

reagents are available including metal nanoparticles, coloured or luminescent materials.
2
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Resonance enhanced adsorption (REA) of bioconjugated metal nanoparticles offers
rapid processing times and other advantages. These devices have been combined with
barcode technologies to identify the patient and the analyte being tested. Computer
software and hardware for assessing input data are encompassed by the present

disclosure.

A wide range of methods for the detection of antibody to specific antigens are also
known. For example, the enzyme-linked immunosorbent assay (ELISA), Western and
dot blot assays, and radio-immunoassay (RIA) are routinely used in laboratories.

Arrays and high throughput screening methods are also employed.

Qualitative assays providing an intermediate or definitive diagnosis require integrated
cutoffs, gates or windows that permit scoring of samples as likely or not to have a
condition. Instrument readers and software are often employed to collate data and
process it through a diagnostic algorithm or decision tree.

Sepsis is a global healthcare challenge which is reported to have an annual incidence of
56-91 cases per 100 000 people worldwide, with a reported mortality rate of 30%
(Jawad, I, et al.. J. Glob. Health 2, 010404 (2012)). Severe infection and sepsis remain
significant causes of death and often result in chronic ill-health or disability in those
who survive acute episodes. Although sudden, overwhelming infection characteristic of
sepsis is comparatively rare amongst otherwise healthy adults, it constitutes an
increased risk in immunocompromised individuals, seriously ill patients in intensive
care, burns patients and young children. In a proportion of cases, an apparently
treatable infection leads to the development of sepsis; a dysregulated, inappropriate
response to infection characterised by progressive circulatory collapse leading to renal
and respiratory failure, abnormalities in coagulation, profound and unresponsive
hypotension and, in about 30% of cases death. Sepsis or severe infections can be
rapidly lethal in patients at any age, but it is especially dangerous in children, even
more dangerous in neonates, and worst in pre-term infants; each year approximately
15% or 1 million of global neonatal deaths are attributed to neonatal sepsis (severe
bacterial infection) (WHO Millennium Development Goal 4). One hurdle in
appropriate management and antibiotic treatment for sepsis has been to differentiate
between infected and non-infected individuals in the first hours after development of

signs or symptoms of sepsis, or more preferably after the early signs of infections that
3
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may ultimately lead to sepsis but before the development of more distinctive features
such as organ failure. The difficulty in diagnosis for sepsis is described in more detail
in the current consensus definition for sepsis (Singer, M. et al. JAMA 315, 801 (2016)).
In some settings, antibiotics may be given to patients showing sepsis- or severe
infection-like symptoms in the absence of specific diagnosis, but such treatment may be
unnecessary for a majority of patients whose symptoms do not indicate sepsis or severe
infection, and such treatment is associated with the risk of adverse drug effects and
other complications as well as contributing to the threat of emerging antibiotic
resistance, while other patients who do have sepsis or severe infection may not receive
timely and appropriate treatment in the absence of specific diagnosis. These problems
are most acute in neonatal sepsis, where the combination of non-specific signs and
symptoms in these patients together with rapid progression and a high death rate make
it very difficult for front-line healthcare workers to make appropriate decisions that can

save lives and prevent long-term morbidity in survivors.

Therefore there is a need for an effective diagnostic test that can be used to identify
patients with a high likelihood of sepsis or the earlier stages of severe infections that
may or may not lead to sepsis, with a strong preference for tests that can give a result in
a minimum length of time and without the need for complex laboratory procedures that
would limit its use “around the clock™ and in resource-poor settings. Preferably, such a

test would be applicable to use at the point of care (POC) or near POC.

Blood cultures for infectious organisms (bacteria, yeasts and fungi) are the “gold
standard” for the specific diagnosis of sepsis (Mancini, N. et al. Clin. Microbiol. Rev.
23, 235-51 (2010)). However this test requires training of nursing staff in aseptic
technique and venipuncture for appropriate collection of large volumes of blood
without contamination by skin flora, a laboratory, the procurement of sterile blood
culture bottles containing culture fluid, an incubator, and a microscope. Blood culture
takes typically 24 to 48 hours to get a result, and requires a trained scientist or
sophisticated automated equipment to interpret the results. The decision to initiate or
withhold antibiotic therapy must be made much earlier than this to save the life of the

individual affected by sepsis.

Approaches to developing POC diagnostics for sepsis have included simple, soluble

protein biomarkers that are traditionally considered amenable to POC technologies
4
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such as lateral flow immunochromatography. Candidate biomarkers include C-reactive
protein (CRP), procalcitonin, IL-10 and other soluble markers of infection and
inflammation have been examined (Wagner, T. A. et al.. J. Glob. Health 1, 210-23
(2011)). However none of these soluble biomarkers have demonstrated adequate
sensitivity, specificity, or positive predictive value or negative predictive value to be
useful as a standalone test to guide clinical decisions in cases of suspected sepsis. For
example, CRP is elevated for only a short period during sepsis and is also elevated in

many other inflammatory conditions, such as trauma and myocardial infarction.

The measurement of haematological markers, such as elevated or reduced white blood
cell count or elevated or reduced neutrophil count, provide some indication of the
likelihood of sepsis, but measurement of these markers also requires sophisticated
equipment such as automatic analysers or a trained scientist with microscope, and by

themselves they are not sufficient for diagnosis.

In accordance with the present disclosure, the most promising biomarkers are likely to
be the cell surface biomarkers such as receptors that are induced as part of the innate
immune response to a wide range of infections. Ideally, these biomarkers will be
elevated early after infection or the onset of sepsis, and will not be affected too quickly
by presumptive antibiotic treatment so that patients can still be identified as requiring

further support and management even if they have started antibiotics.

One such cell surface biomarker that has been extensively studied and validated as a
biomarker of sepsis is the cell surface protein CD64, also known as the high-affinity FC
gamma receptor 1 (FCyR1), that binds immunoglobulin (Ig)G with high affinity. While
CDo64 is constitutively expressed on the surface of monocytes and macrophages, it is
expressed at only very low levels on neutrophils in the absence of infection or sepsis,
but higher levels of neutrophil expression are rapidly induced during these conditions.
CD64 is not expressed on other abundant blood cells such as T-cells but it is expressed
on the less numerous dendritic cells. Because of the very low number of circulating

dendritic cells relative to neutrophils, they will not be considered further here.

An increasing number of studies on neutrophil CD64 index have been reported

(Wagner, T. A. et al. (2011)) highlighting its strong value as a biomarker for sepsis and

especially neonatal sepsis. CD64 is a leukocyte surface antigen, the FC gamma receptor
5
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1 (FCyR1), that binds immunoglobulin (Ig)G with high affinity (Masuda, M. & Roos,
D. J. Immunol. 151, 7188-95 (1993)). CD64 is part of the three major classes of
leukocyte FCy receptors including FCyRII (CD32) and FCyRIII (CD16) (Masuda, M.
& Roos, D. (1993); Hoffmann, J. J. M. L. Clin. Chem. Lab. Med. 47, 903—-16 (2009)).
The FC receptors, as ligands for immunoglobulin constant regions, play a coordinating
role in immunity and mediate functions such as endocytosis, phagocytosis, antibody-
dependent cell mediated cytotoxicity (ADCC), and cytokine production (van Vugt, M.
J. et al. Blood 94, 808-17 (1999)). CD64 is constitutively expressed on antigen
presenting cells (monocytes, macrophages and dendritic cells), to a lesser extent on
eosinophils, but only to a very low extent on resting neutrophils (Masuda, M. & Roos,
D. (1993); Hoffmann, J. J. M. L. (2009); van Vugt, M. J. et al. Blood 94, 808-17
(1999)). The up regulation of CD64 expression and display on the neutrophil cell
surface is considered to be an early step in the innate immune response to bacterial
infection (Davis, B. H., Olsen, S. H., Ahmad, E. & Bigelow, N. C. Arch. Pathol. Lab.
Med. 130, 654-61 (2006)). The levels of nCD64 remain high from about 3 days after
the onset of infection (Aikaterini, et al. CID (2014).

Many studies have looked at neutrophil CD64 expression as a potential
biomarker/indicator for detection of sepsis in adults, children and neonates. A previous
meta-analysis including 13 studies was published in 2010 (Cid, J.,, Aguinaco, R,
Sanchez, R., Garcia-Pardo, G. & Llorente, A. J. Infect. 60, 313-9 (2010)) and an
analysis of 26 studies was published in 2013 (L1, S. et al. Int. J. Infect. Dis. 17, e12-23
(2013)) to evaluate the diagnostic precision of neutrophil CD64 expression for sepsis.
The two studies showed a pooled sensitivity of 0.79 (95% confidence interval (CI)
0.70-0.86) and 0.76 (95% CI 0.74-0.78) respectively as well as a pooled specificity of
0.91 (95% CI 0.85-0.95) and 0.85 (95% CI 0.83—-0.86) respectively. Given the high
numbers of sepsis cases globally, this lower modest sensitivity is consistent with a

failure to detect a significant numbers of sepsis positive subjects.

Nevertheless, results suggest that nCD64 ratio could be used as an indicator for
differentiating sepsis infected from non-infected patients at a very early stage.
However, the need for flow cytometry, sophisticated equipment and experienced and
well-trained staff, has to date prevented the widespread adoption of nCD64 ratio even
in the developed world, and has almost completely excluded its use in resource-poor

settings. Because the nCD64 ratio requires identification of specific surface protein
6
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expression (CD64) on a specific subset of white blood cells (neutrophils), it has not
been considered as a feasible biomarker for development of a POC sepsis test.
Furthermore the sensitivity of nCD64 as a marker for sepsis even in existing flow based

tests is not ideal.

Even in the setting of an advanced tertiary care hospital such as The Alfred Hospital,
Melbourne, only about 30-40% of strongly suspected sepsis patients in the intensive
care unit (ICU) get a laboratory result indicating a positive blood culture. This may be
due to early exposure to antibiotics by the GP or emergency room before being
admitted into the hospital, ICU. However, the nCD64 value does not change with the
exposure of antibiotics (Du, J. et al. PLoS One 9, 102647 (2014), Aikaterini et al. CID
(2014)). In addition some patients may have infections with organisms that cannot be

cultured using blood culture.

There is thus a need for a rapid diagnostic test for sepsis or severe infection that can
help front-line health workers provide timely referral and treatment for the millions of
cases of severe bacterial infection in patients admitted in hospitals and ICUs globally,
and to exclude the likelihood of such infections in patients with other diseases that may
have similar signs and symptoms, such as malaria or viral infections. If it were possible
to decrease the time and preferably also the cost to diagnose sepsis, the benefits are
clear: increased survival and reduced morbidity in patients of any age, reduced cost and
length of hospitalisation, reduced unnecessary exposure to antibiotics and risk of
antibiotic resistance, and in the circumstances of neonatal and childhood sepsis, the
alleviation of parental worry and infant suffering. Hence, there is a great need for a new
rapid, affordable sensitive and specific test for sepsis that can be performed at the point
of care. Enhancing the sensitivity of existing platforms for the conduct of neutrophil

CDo64 assays is also a valuable aspect of the present disclosure.

SUMMARY

Throughout this specification, unless the context requires otherwise, the word
“comprise”, or variations such as “comprises” or “comprising”, will be understood to
imply the inclusion of a stated element or integer or group of elements or integers but
not the exclusion of any other element or integer or group of elements or integers. By
“consisting of” is meant including, and limited to, whatever follows the phrase

“consisting of”’. Thus, the phrase “consisting of” indicates that the listed elements are
7
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required or mandatory, and that no other elements may be present. By “consisting
essentially of” is meant including any elements listed after the phrase, and limited to
other elements that do not interfere with or contribute to the activity or action specified
in the disclosure for the listed elements.

As used herein the singular forms “a”, “an” and “the” include plural aspects unless the
context clearly dictates otherwise. Thus, for example, reference to “a composition”
includes a single composition, as well as two or more compositions; reference to “an
agent” includes one agent, as well as two or more agents; reference to “the disclosure”

includes single and multiple aspects of the disclosure and so forth.

In a broad embodiment, the present specification enables an immunoassay and
diagnostic devices suitable for, but not limited to, point of care which are useful for
detecting an elevated or altered level of neutrophil CD64 in a biological sample from a
subject and assisting in the diagnosis of sepsis or severe infection. In particular,
algorithm-based assays are described comprising simple forms suitable for visual
determination in point of care lateral flow formats, for example, or more complex
forms that require instrumentation and data processing software. In one embodiment,
subjects displaying CD64 that is determined to be differentially present are treated for
sepsis/severe infection. Antibiotics are currently the first line of defence against sepsis

generally broad spectrum antibiotics are administered intravenously.

Reference to sepsis herein includes a severe infection. The term also encompasses a
risk of infection and risk of a severe infection. Activated neutrophils display elevated
CDo64 as an early step of the cascade which will not necessarily lead to sepsis, but will
in accordance with the present invention identify severe infections with that risk - and

even if not progressing to sepsis, identify severe infections that need to be treated.

The term "differentially present" and the like, is used herein to describe the level of
biomarker, and refers to an increase or decrease in the amount of test sample detected
CD64 and/or NNM relative to the amount detected in a control subject or control
population, and encompasses a higher or lower level of biomarker in a test sample
relative to a reference sample. In certain embodiments, CD64 and/or NNM is/are
differentially present if its level in a biological sample comprising blood obtained from
a test subject is at least 110%, 120%, 130%, 140%, 150%, 160%, 170%, 180%, 190%,
8
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200%, 300%, 400%, 500%, 600%, 700%, 800%, 900% or 1000%, or no more than
about 95%, 90%, 80%, 70%, 60%, 50%, 40%, 30%, 20%, 10%, 5%, 4%, 3%, 2%, 1%,
0.5%, 0.1%, 0.01%, 0.001% or 0.0001% of the amount or activity of a corresponding
CD64 and/or NNM in a reference sample obtained from a control subject or control
population. In certain embodiments CD64 and/or NNM is/are differentially present as
determined through application of the algorithms described herein to diagnose sepsis or

severe infection.

In some embodiments, total amounts of CD64 are determined. In some embodiments,
total amounts of CD64 and NNM are determined. Accordingly, in these embodiments,
the assays and diagnostics comprise contacting the sample with an agent that
permeabilises or solubilises neutrophils such that total (i.e. internal and external)
amounts of CD64 or CD64 and NNM are determined.

The term "control sample" includes any sample that can be used to establish reference
data and predetermined control CD64 and where appropriate NNM levels from subjects
determined to be "healthy" or with a known disease status. In one embodiment, the
control sample is a healthy control sample or healthy control samples from a selected
reference population of healthy subjects. In some embodiments where NNM is
employed, as will be apparent form the results disclosed herein, samples from control
populations exhibit the close relationship between CD64 and NNM levels seen in

samples from healthy subjects over an appropriate window.

Reference to CD64 and NNM biomarkers includes a modified or homolog form
thereof. A modified form includes a derivative, polymorphic variant, truncated form
(truncate) and aggregated or multimeric forms or forms having expansion elements
(e.g. amino acid expansion elements). Prior art immunoassay methods of determining
neutrophil activation and sepsis diagnosis have used an assessment of cell surface
CDo64 on intact cells. In accordance with one particular aspect of the present invention
it has been determined, unexpectedly, that improved diagnosis of sepsis is achieved
when total levels of CD64 (or CD64 and NNM) are detected, that is both cell surface
bound (extracellular) and internal (intracellular) CD64. Additionally, any soluble CD64
or NNM that has been shed from the surface of cells (CD64) or the surface or interior
of the cells (NNM) into the plasma fraction will also be detected.
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An "altered" level means an increase or elevation or a decrease or reduction in the level
or ratio of CD64 and/or NE. The determination of the levels of the biomarkers enables
establishment of a diagnostic rule based on the levels or ratios relative to controls.
Alternatively, the diagnostic rule is based on the application of a statistical, analysis of
variance and/or a machine learning procedures. Such an algorithm uses relationships
between biomarkers and disease or healthy status observed in control subjects to infer
relationships which are then used to predict the status of patients with unknown status.
An algorithm may be employed which provides a visually detectable score or index of
probability that a patient is not indicated for sepsis or is indicated for sepsis or severe
infection. In some embodiments, an algorithm performs a multivariate or univariate

analysis function.

The terms neutrophil marker, neutrophil number marker and NNM are used
interchangeably. The marker is selected to represent the number of neutrophils in a
sample, and is expected to show a close correlation with CD64 levels in healthy control

patients.

In one embodiment, the level of CD64 and the level of a neutrophil number marker
(NNM) is detected using binding agents such as without limitation antibody or antigen-
binding fragments of antibodies that bind to CD64 or the NNM respectively and
directly or indirectly provide a detectable signal that can be quantified visually or by
instrument. The term “level” or “levels” also encompasses ratios of level/s of

biomarkers.

As used herein, "immunoassay" refers to immune assays, typically, but not exclusively
sandwich assays, capable of detecting and quantifying a desired biomarker. The
immunoassay may be one of a range of immune assay formats known to the skilled

addressee.

ECLIA, ELISA and Luminex LabMAP immunoassays are examples of suitable assays
to detect levels of the biomarkers. In one example a first binding reagent antibody is
attached to a support surface and a second binding reagent/antibody comprising a
detectable group binds to the first antibody. Examples of detectable-groups include, for
example and without limitation: fluorochromes, enzymes, epitopes for binding a second

binding reagent (for example, when the second binding reagent/antibody is a mouse
10
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antibody, which is detected by a fluorescently-labeled anti-mouse antibody), for
example an antigen or a member of a binding pair, such as biotin. The surface may be a
planar surface, such as in the case of a typical grid-type array (for example, but without
limitation, 96-well plates and planar microarrays) or a non-planar surface, as with
coated bead array technologies, where each "species" of bead is labelled with, for
example, a fluorochrome (such as the Luminex technology described in U. S. Patent
Nos. 6,599, 331,6, 592,822 and 6,268, 222), or quantum dot technology (for example,
as described in U. S. Patent No. 6,306. 610). Such assays may also be regarded as

laboratory information management systems (LIMS):

In the bead-type immunoassays, the Luminex LabMAP system can be utilized. The
LabMAP system incorporates polystyrene microspheres that are dyed internally with
two spectrally distinct fluorochromes. Using precise ratios of these fluorochromes, an
array 1is created consisting of different microsphere sets with specific spectral
addresses. Each microsphere set can possess a different reactant on its surface. Because
microsphere sets can be distinguished by their spectral addresses, they can be
combined, allowing up to 100 different analytes to be measured simultaneously in a
single reaction vessel. A third fluorochrome coupled to a reporter molecule quantifies
the biomolecular interaction that has occurred at the microsphere surface. Microspheres
are interrogated individually in a rapidly flowing fluid stream as they pass by two
separate lasers in the Luminex analyzer. High-speed digital signal processing classifies
the microsphere based on its spectral address and quantifies the reaction on the surface

in a few seconds per sample.

Suitable biological samples include whole blood or blood depleted of certain blood
cells or leukocytes such as monocytes and macrophages. In one embodiment,
monocytes and macrophages are substantially depleted by an art recognised method

such as red cell agglutination or magnetic bead approaches.

The subject contemplated herein is generally a human subject and may also be referred
to as a patient, individual or recipient. The human subject may be neonatal or an infant,
child, adolescent, teenager, young adult, adult or elderly adult of male or female
gender. Control subjects are often selected groups of subjects referred to as a
population of subjects/patients. Test samples are generally from subjects suspected of

having or being at risk of sepsis however, however samples may also be collected from
11
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subjects in individual or general population screening to exclude sepsis or risk of severe
infection. Control samples may reflect different subgroups such as neonatal subjects.
Any subject group can be usefully employed as a control population including

"unhealthy" subjects such as immunocompromised or aged populations.

The binding agent may conveniently be an antibody or an antigen-binding fragment
thereof. Other suitable binding agents are known in the art and include antigen binding
constructs such as affimers, aptamers, or suitable CD64 or neutrophil marker ligands or

parts thereof.

The term "binding agent" and like terms, refers to any compound, composition or
molecule capable of specifically or substantially specifically (that is with limited cross-
reactivity) binding to an epitope on the biomarker. The "binding agent" generally has a
single specificity. Notwithstanding, binding agents having multiple specificities for two
or more biomarkers are also contemplated herein. The binding agents (or ligands) are
typically antibodies, such as monoclonal antibodies, or derivatives or analogs thereof,
but also include, without limitation: Fv fragments; single chain Fv (scFv) fragments;
Fab' fragments; F(ab')2 fragments, humanized antibodies and antibody fragments;
camelized antibodies and antibody fragments, and multivalent versions of the
foregoing. Multivalent binding reagents also may be used, as appropriate, including
without limitation: monospecific or bispecific antibodies; such as disulfide stabilized
Fv fragments, scFv tandems [(scFv) 2 fragments], diabodies, tribodies or tetrabodies,
which typically are covalently linked or otherwise stabilized (i.e. leucine zipper or helix
stabilized) scFv fragments. "Binding agents" also include aptamers, as are described in
the art.

Methods of making antigen-specific binding agents, including antibodies and their
derivatives and analogs and aptamers, are well-known in the art. Polyclonal antibodies
can be generated by immunization of an animal. Monoclonal antibodies can be
prepared according to standard (hybridoma) methodology. Antibody derivatives and
analogs, including humanized antibodies can be prepared recombinantly by isolating a
DNA fragment from DNA encoding a monoclonal antibody and subcloning the
appropriate V regions into an appropriate expression vector according to standard
methods. Phage display and aptamer technology is described in the literature and

permit in vitro clonal amplification of antigen-specific binding reagents with very
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affinity low cross-reactivity. Phage display reagents and systems are available
commercially, and include the Recombinant Phage Antibody System (RPAS),
commercially available from Amersham Pharmacia Biotech, Inc. of Piscataway, New
Jersey and the pSKAN Phagemid Display System, commercially available from
MoBiTec, LLC of Marco Island, Florida. Aptamer technology is described for example
and without limitation in US Patent Nos. 5,270,163; 5,475,096; 5,840,867 and
6,544.776.

In one broad embodiment, the immunoassay comprises (i) assessing levels of CD64 as
a marker for neutrophil activation; and (i1) assessing levels of a neutrophil number
marker (NNM) and processing data/levels to derive a diagnostic score. In some
embodiments, a further step is (ii1) analysing levels from (1) and (ii) relative to the
number of neutrophils in the sample or alternatively to preselected thresholds derived
from levels determined from control subjects to derive a score indicating whether a
subject is likely or not to have sepsis or severe infection. In particular, in one
embodiment, the observed non-linear positive correlation between CD64 and NNM as
described herein has produced the herein described decision tree for the diagnosis of

sepsis or severe infection.

In further experiments, to improve the ability of the assays to diagnose sepsis or severe
infection a close correlation was determined between NE and CD64 levels in healthy
patients (Figure 7). This provides a “gate” of healthy levels for these two markers, with
sepsis patients falling outside this healthy “gate”. The observation that CD64 levels per
cell (or unit of NE) are higher at lower values of NE and reach a plateau value at NE of

around 2.5-5.0 pg/ml can also be controlled for in a decision tree.
Accordingly, while one option is to determine the arithmetic relationship of nCD64i vs
NE as anticipated in Figure 5, further gating approaches have been developed in light

of the above observation illustrated in Figure 7.

The skilled person will be able to design variant gating strategies aiming at a similar

result.

In one illustrative decision tree or algorithm sepsis is identified by one or more of:
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(1) elevated total CD64, above the mean plus 2 (or more) standard deviations of healthy
control population;

(2) elevated NE, above the mean plus 3 standard deviations of healthy control
population;

(3) elevated CD64 relative to NE when NE levels are less than around 5 pg/ml or more
preferably less than around 2.5 pg/ml (Figure 10, Figure 11), and the upper limit of
normal levels of CD64 are thereby defined relative to the best fit equation for CD64
versus NE for healthy subjects, multiplied by a suitable factor such as 1.5 (Figure 11),
including patients who would be defined as neutropenic and therefore do not have

enough neutrophils to produce the elevated total CD64 detected in (1).

In one embodiment, the "simple" cutoffs of CD64 (mean plus 2SD) and NE (mean plus
3SD) are especially well suited to a POC test with visual interpretation in the same way
as tests previously described for CD4 and alanine aminotransferase by some of the
inventors (see for example International Publication no. WO 2008/037026), while the
"complex" cutoffs (adjusted for neutrophil number by using the NE/NNM and an
algorithm) are more suited to an automated reader instrument such as the Axxin AX-
2x.

Embodiments of the subject assays and kits are described by comparing elevated levels
of CD64 and NE in test samples relative to their levels found in healthy control
samples. Thus elevated levels compared to controls are indicative of activated
neutrophils and sepsis. An equivalent approach apparent to the skilled person would be
to identify non-sepsis subjects in the test samples by seeking alignment with control

"healthy" levels.

Alternatively, the cutoff level of CD64 for any given value of NE can be expressed as a
suitable multiple, such as 1.6 or 1.5, multiplied by the best fit equation for CD64 versus
NE for healthy subjects, expressed in Figure 12C as a 4-factorial polynomial equation
of y = -0.0137x4 + 0.6094x3 - 9.857x2 + 65.776x (R? = 0.74). Because this equation
yields a cutoff for upper levels of NE quite similar to the use of mean plus 3 standard
deviations, either method of (Figure 12A and 12B) or Figure 12C can be used alone or

in combination to derive suitable cutoffs.
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A positive score for sepsis or severe infection or risk of same in accordance with the
present disclosure and invention permits prompt administration of antibiotics where
appropriate. Accordingly, the disclosure extends to methods of treatment and
prophylaxis involving screening subjects according to herein disclosed immunoassays
and depending upon the outcome of the assay, administering an antibiotic to the
subject. Accordingly, in another expression, the present disclosure teaches the use of
the herein disclosed assays and kits and algorithms in diagnosis and treatment and/or

prophylaxis of sepsis or severe infection or risk of same.

The present assays and kits and diagnostics and associated algorithms are for use in the
treatment and/or prophylaxis of sepsis or severe infection. Such methods are well

within the purview of the skilled person or administering physician.

Accordingly, in one embodiment the present description provides an immunoassay for
evaluating test sample neutrophil activation suitable for assisting in the diagnosis of
sepsis or severe infection, the assay comprising the steps of:

(1) optionally contacting the sample with an agent that permeabilises or
solubilises neutrophils;

(i) simultaneously with (i) or sequentially, contacting the sample with a
binding agent that binds specifically to CD64 in the sample and forms CD64-binding
agent complex a;

(ii1) simultaneously with (i) and/or (i1) or sequentially, contacting the sample
with a second binding agent that binds specifically to a neutrophil number marker
(NNM) in the sample and forms neutrophil marker-binding agent complex b;

(iv) employ the amount of complex a and complex b to determine the relative
level of CD46 and of NNM in the sample.

In one embodiment the present description provides an immunoassay for evaluating test
sample neutrophil activation suitable for assisting in the diagnosis of sepsis or severe
infection, the assay comprising the steps of:

(1) optionally contacting the sample with an agent that permeabilises or
solubilises neutrophils;

(i) simultaneously with (i) or sequentially, contacting the sample with a
binding agent that binds specifically to CD64 in the sample and forms CD64-binding
agent complex a;
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(ii1) simultaneously with (i) and/or (ii) or sequentially, contacting the sample
with a second binding agent that binds specifically to a neutrophil number marker
(NNM) in the sample and forms neutrophil marker-binding agent complex b;

(iv) employ the amount of complex a and complex b to determine the relative
level of CD46 and of NNM in the sample. and

(v) directly or indirectly score the sample as comprising control (eg. healthy)

or supranormal levels of neutrophil CD64/activation.

In another related embodiment there is described an immunoassay for assisting in the
diagnosis of sepsis or severe infection in a patient/subject, the assay comprising the
steps of’

(1) optionally contacting a test sample comprising neutrophils from the
patient with an agent that permeabilises or solubilises neutrophils;

(i) simultaneously with (i) or sequentially, contacting the sample with a
binding agent that binds specifically to CD64 in the sample and forms a CD64-binding
agent complex a;

(ii1) simultaneously with (i) and/or (ii) or sequentially, contacting the sample
with a second binding agent that binds specifically to a neutrophil number marker
(NNM) in the sample and forms a neutrophil marker-binding agent complex b;

(iv) employ the amount of complex a and complex b to determine the relative
level of CD46 and of NNM in the sample.

In one embodiment there is described an immunoassay for assisting in the diagnosis of
sepsis or severe infection in a patient/subject, the assay comprising the steps of:

(1) optionally contacting a test sample comprising neutrophils from the
patient with an agent that permeabilises or solubilises neutrophils;

(i) simultaneously with (i) or sequentially, contacting the sample with a
binding agent that binds specifically to CD64 in the sample and forms a CD64-binding
agent complex a;

(ii1) simultaneously with (i) and/or (ii) or sequentially, contacting the sample
with a second binding agent that binds specifically to a neutrophil number marker
(NNM) in the sample and forms a neutrophil marker-binding agent complex b;

(iv) employ the amount of complex a and complex b to determine the relative
level of CD46 and of NNM in the sample; and
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(v) directly or indirectly score the sample and thus the patient as not indicated

for sepsis or severe infection or as indicated for sepsis or severe infection.

In a particular embodiment, step (1) comprises contacting the sample with an agent that
permeabilises or solubilises neutrophils such that total (i.e. internal and external)

amounts of CD64 are determined.

In one embodiment the sample is a whole blood cell sample. In another embodiment
the sample is or has been depleted of one or more leucocytes such as monocytes or
macrophages.

In one embodiment step (v) includes comparing the level of CD64 and/or NNM in the
test sample with respective CD64 and/or NNM levels predetermined from control

healthy samples.

In one embodiment step (v) includes determining a ratio of CD64 and NNM
(CD64:NNM) from the test sample.

In one embodiment step (v) includes scoring neutrophil activation or sepsis or severe
infection when CD64 levels are above the predetermined mean plus 2 or more standard

deviations of healthy control populations.

In one embodiment step (v) includes scoring neutrophil activation or sepsis when NNM
levels are above the predetermined mean NNM level plus 3 or more standard deviations

of healthy control populations.

In one embodiment step (v) includes scoring neutrophil activation or sepsis or severe
infection when CD64 relative to NNM levels from the test sample are elevated
compared to a predetermined multiple of the line of best fit for CD64 versus NNM of a

selected control population.

In one embodiment the description provides an immunoassay for assisting in the
diagnosis or prognosis of sepsis or severe infection in a patient/subject, the assay
comprising the steps of

(1) optionally contacting a test sample comprising neutrophils from the

patient with an agent that permeabilises or solubilises neutrophils;
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(i) simultaneously with (i) or sequentially, contacting the sample with a
binding agent that binds specifically to CD64 in the sample and forms a CD64-binding
agent complex a;

(ii1) simultaneously with (i) and/or (i1) or sequentially, contacting the sample
with a second binding agent that binds specifically to a neutrophil number marker
(NNM) in the sample and forms a neutrophil marker-binding agent complex b;

(iv) employ the amount of complex a and complex b to determine the (relative)
level of CD46 and of NNM in the sample; and

(v) directly or indirectly score the sample and thus the patient as not indicated
for sepsis or severe infection or as indicated for sepsis or severe infection, and wherein
step (v) includes scoring the test sample as comprising one or two or three of: (i)
elevated CD64 above the mean plus 2 or more standard deviations relative to a control
population; (ii) elevated NNM above the mean plus 3 or more standard deviations

relative to a control population; and (ii1) elevated CD64 relative to NNM.

In one embodiment step (i) comprises contacting the sample with an agent that
permeabilises or solubilises neutrophils such that total (i.e. internal and external)

amounts of CD64 are determined.

In one embodiment the selected control population is a population of neonatal subjects.

In one embodiment the assay comprises diagnosing the subject as having supranormal
amounts of neutrophil CD64/activation if the CD64/NNM ratio exceeds a cutoff level
predetermined as a function of the amount of the NNM in the test sample (internally

corrected for neutrophil number).
In one embodiment the ratio of CD64 to NNM in the sample is internally corrected for
the number of neutrophils in the sample determined using the level of NNM in the

sample.

In one embodiment the NNM is selected from: neutrophil elastase (NE), lactoferrin,

myeloperoxidase and human neutrophil lipocalin.

In one embodiment the assay is a point-of-care assay.
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In one embodiment the assay is an enzyme-linked immunosorbent (ELISA)-type, flow
cytometry, bead array, lateral flow, cartridge, microfluidic or immunochromatographic
based method or the like.

In one embodiment the binding agent is an antibody or an antigen-binding fragment or
derivative thereof, an antigen-binding construct such as an affimer, aptamer or a ligand

or binding part thereof.

In one embodiment the binding agent is immobilised on a support.

In one embodiment, in step (ii), the sample is contacted with the binding agents of step
(i1) and (ii1) by applying the sample to a sample portion of an immunoassay device
wherein the device sample portion is operably connected to spaced capture portions of
the device and whereby the components of the sample flow from the device sample
portion to and through the device capture portions, and wherein one capture portion
comprises the binding agent which specifically binds to CD64 in the sample such that
the CD64 is captured by the binding agent to form a binding agent-CD64 complex in
the capture portion, and wherein a second capture portion comprises the binding agent
which specifically binds to NNM in the sample such that the NNM captured by the
binding agent to form a binding agent-neutrophil number marker complex in the

capture portion.

In one embodiment the amount of CD64 complex and the amount of NNM binding
agent complex is detected using a binding agent such as an antibody or antigen-binding
fragment, ligand, aptamer or affimer that binds to CD64 or NNM respectively and
directly or indirectly provides a detectable signal that can be quantified visually or by

instrument.

In one embodiment the instrument comprising software is used to input data based on
the observed amounts/levels of CD64 and NNM and optionally manage/process the
data relative to a database comprising data from control subjects/populations following
the herein disclosed diagnostic algorithms such as those defined in the preceding

claims.
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In one embodiment the binding agent is conjugated to a detectable marker or

microparticles comprising a detectable marker, that provide a detectable signal.

In one embodiment the capture portion is a test line.

In one embodiment the sepsis is neonatal sepsis.

In another aspect the present disclose enables a kit or component of a diagnostic
comprising (i) an immunoassay (such as a POC) device comprising a microchannel or
porous membrane operably connected to a sample portion, two or more capture (test)
portions, and optionally one or more of the following; a conjugate (detection marker)
portion, a sucker portion, a suitable control portion and a cell lysis, dilution or
solubilisation agent portion, and (ii) a binding agent that binds specifically to CD64 in
the sample and forms a CD64-binding agent complex, and a second binding agent that
binds specifically to NNM in the sample and forms a NNM-binding agent complex
wherein the binding agents are either immobilised to separate capture portions and/or
contained within conjugate portions and (iii) optionally instructions for using the kit or
component to evaluate test samples for neutrophil activation suitable for assisting in the

diagnosis of sepsis or severe infection.

In one embodiment of this aspect the sample portion comprises or in use comprises a

neutrophil lysis agent/solution.

In another embodiment the binding agent is an antigen binding construct such as an
affimer, aptamer, a ligand or an antibody or antigen-binding fragment or derivative
thereof.

In one embodiment the kit or diagnostic is for use in performing all of part of an assay

herein disclosed.

In one embodiment, the disclosure enables and provides a point of care device capable

of performing the assays disclosed and claimed herein.

In another broad aspect, the present description enables assay step for enhancing the

sensitivity and/or specificity of an assay that evaluates sample neutrophil (leukocyte)
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activation by measuring the level of cell surface CD64 on the surface of neutrophils
(leukocytes) in a sample, the step comprising measuring the total level of CD64 in the
sample by permeabilising/solubilizing neutrophils (leukocytes) to allow for detection of
intracellular as well as surface CD64 (total CD64) in the sample using a CD64 binding

agent.

In one embodiment the assay step for enhancing the sensitivity and/or specificity of an
assay that evaluates sample neutrophil (leukocyte) activation by measuring the level of
cell surface CD64 on the surface of neutrophils (leukocyte) in a sample, comprises
measuring the total level of CD64 and NNM in the sample by permeabilising
/solubilizing neutrophils (leukocyte) to allow for detection of intracellular as well as
surface CD64 and NNM in the sample.

In one embodiment, the assay step is of an assay which employs one or more of flow
cytometric quantification techniques (eg. fluorescent microbeads), microfluidic,
cartridge, IFA, ELISA-type, and lateral flow devices, etc optionally together with an

instrument reader and/or associated software to evaluate neutrophil activation.

In another expression, there is provided a method of treatment or prophylaxis
comprising conducting an assay or step as described and claimed herein and
administering treatment or prophylaxis for sepsis or severe infection to a subject as

indicated by the results of the assay.

In one embodiment there is provided for use of binding agents to CD64 and NNM in

the manufacture of a diagnostic or prognostic kit to diagnose sepsis or severe infection.

In one embodiment there is provided for use of a binding agent to CD64 and a
neutrophil lysis solution in the manufacture of a diagnostic or prognostic kit to

diagnose sepsis or severe infection.
In another embodiment there is provided for use of a binding agent to CD64 and a

binding agent to NE and a neutrophil lysis solution in the manufacture of a diagnostic

or prognostic kit to diagnose sepsis or severe infection.
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The assay and diagnostic described herein is suitable for rapid point of care assays and
devices such as lateral flow devices where for example, the simple algorithms
described herein can be deployed through the medium of visually or instrument

detectable test lines representing levels of biomarkers.

The assay described herein permits integration into existing or newly developed
pathology architecture or platform systems. For example, the method described herein
allows a user to determine the status of a subject with respect to a pathophysiological
condition associated with neutrophil activation such as sepsis or severe infection, the

assay including:

(a) receiving data in the form of levels of CD64 and NNM in a test sample from the
user via a communications network;

(b) processing the subject data via an algorithm which provides a score or disease index
value by comparing levels and/or ratios of CD64 and NNM to those from

predetermined control levels.

In some embodiments, an indication of the status of the subject to the user is
transferred via a communications network. It will also be appreciated that in one
example, the end stations can be hand-held devices, such as PDAs, mobile phones, or
the like, which are capable of transferring the subject data to the base station via a
communications network such as the Internet, and receiving the reports. When a server
is used, it is generally a client server or more particularly a simple object application
protocol (SOAP).

In particular, the embodiments described in Example 1 and Figures 3 to 6 provide one
way of determining a cutoff for sepsis based upon measuring relative levels of CD64
and NE. The further examples and Figures illustrate a simplified analytical method
based upon the original findings, in which the close correlation between NE and CD64
levels in healthy patients (Figure 7) provides a “gate” of healthy levels for these two
markers, with sepsis patients falling outside this healthy “gate” — but still with the
observation that CD64 levels per cell (or unit of NE) are higher at lower values of NE
and reach a plateau value at NE of around 2.5-5.0 pg/ml.
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In one embodiment, there is taught a “decision tree” or algorithm where sepsis is
identified by one or more of (1) elevated total CD64, above the mean plus 2 (or more)
standard deviations of healthy control population; (2) elevated NE, above the mean plus
3 standard deviations of healthy control population; (3) elevated CD64 relative to NE
when NE levels are less than around 5 pg/ml or more preferably less than around 2.5
ug/ml (Figure 10, Figure 11), and the upper limit of normal levels of CD64 are thereby
defined relative to the best fit equation for CD64 versus NE for healthy subjects,
multiplied by a suitable factor such as 1.5 (Figure 11), including patients who would be
defined as neutropenic and therefore do not have enough neutrophils to produce the
elevated total CD64 detected in (1). This analysis may employ a principal component

analysis, but needing only 2 markers.

Alternatively, the cutoff level of CD64 for any given value of NE can be expressed as a
suitable multiple, such as 1.6 or 1.5, multiplied by the best fit equation for CD64 versus
NE/NNM for healthy subjects, expressed in Figure 12C as a 4-factorial polynomial
equation of y = -0.0137x4 + 0.6094x3 - 9.857x2 + 65.776x (R? = 0.74). Because this
equation yields a cutoff for upper levels of NE quite similar to the use of mean plus 3
standard deviations, either method of (Figure 12A and 12B) or Figure 12C can be used
alone or in combination to derive suitable cutoffs.

Aspects of the present disclosure provide numerical values in various ranges. Slight
variations above and below the stated ranges can be used to achieve substantially the
same results as values within the ranges. Also, these ranges are intended as a
continuous range including every value between the minimum and maximum values. In
addition, the present disclosure extends to ratios of CD64 and NE levels providing a
numerical value associated with a state of neutrophil activation, sepsis or severe

disease.

In one embodiment, it is not necessary for scoring or diagnosis for NNM to provide

accurate numbers of neutrophils.

In one embodiment, it may be clarified that markers for monocyte/macrophage cells,

such as CD163, are not required as controls.

The above summary is not and should not be seen in any way as an exhaustive

recitation of all embodiments of the present disclosure.
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BRIEF DESCRIPTION OF THE FIGURES
Figure 1 illustrates the large number of candidate Sepsis Biomarkers evaluated in the

literature.

Figure 2 illustrates that Visitect CD4 Test developed by some of the inventors, at
Burnet Institute (produced under license by Omega Diagnostics, UK). In the CD4 T-
cell test, monocytes and macrophages are depleted from the whole blood sample (30
ul) by interaction with RosetteSep reagent (StemCell Technologies, Vancouver,
Canada), causing their agglutination with red blood cells in the sample pad (well “A”).
The remaining blood fraction containing plasma and white blood cells apart from
monocytes/macrophages flows towards the test zone and interacts with detergent
(Triton X-100), lysing the white blood cells and solubilising cell-associated full-length
CD4 on T-cells in the sample. The sample then flows past the test line, being a binding
reagent (monoclonal antibody) directed against the cytoplasmic domain of CD4, found
only in cell-associated CD4 and not in the fraction of soluble CD4 in plasma. The
captured CD4 is then detected with colloidal gold complexed with a second
monoclonal antibody, directed against the extracellular domain of CD4, initiated by
addition of buffer to the gold conjugate pad (well “B”). The intensity of the test line is
therefore representative of the total amount of T-cell associated CD4 in the sample, and
by inference the number of CD4 T-cells because the amount of CD4 molecules per cell
is substantially constant. That is, the amount of CD4 is directly proportional to the
number of CD4 T-cells. The test signal is then compared visually or by instrument
reader versus one or more reference lines representing clinically relevant levels of CD4
T-cells, in the figure the example of 350 T-cells per ul which is recommended by WHO

for prioritisation of antiretroviral therapy in HIV infection.

Figure 3 illustrates the principles of the CD4 T-cell test and SepsiTest nCD64i test. In
the condition of HIV infection progressing towards acquired immunodeficiency
syndrome (AIDS), the number of CD4 T-cells may decline, while the amount of CD4
on each remaining cell remains constant. The amount of CD4 is therefore proportional
to the number of CD4 T-cells present in the same. In the condition of invasive infection
or sepsis, the number of neutrophils may increase, decrease or stay the same, but the
level of expression of CD64 (shown as blue molecules on the surface of the cells) is

substantially increased. The number of neutrophils can be measured in the same way as
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the number of T-cells using an antigen that is associated with the neutrophils, such as
but not limited to neutrophil elastase. The amount of CD64 can be measured in the
same way as CD4, and either cell-associated or both cell-associated and soluble CD64
may be measured using methods well known in the art including methods for
exclusively cell-associated transmembrane proteins (US Patent 8,409,818 and other
territories). However in the case of CD64 the amount per cell will be either low in
healthy individuals, or elevated in the case of severe infection or sepsis, and this
difference will be detected as an increase in the ratio between CD64 and the neutrophil-

specific protein (neutrophil elastase in this example).

Figure 4 is a graphical representation of neutrophil elastase, CD64 and neutrophil
counts among healthy individuals. 4A shows the good correlation (R2= 0.89609)
between ELISA Neutrophil Elastase (Neutrophil specific marker) and Neutrophil
(Granulocyte) count. 4B shows good correlation (R2= 0.86146) between CD64/NE
ratio (nCD64 index) and Granulocyte count, but a surprising higher level of CD64
index at lower neutrophil counts. 4C shows good correlation (R2= 0.9151) for CD64
versus granulocyte count in Whole Blood Lysate, with the unexpected observation that
CD64 amounts are higher in samples with lower neutrophil (granulocyte) count,

leading to the observed variable relationship seen in Figure 4B.

Figure 5 is a graphical representation showing estimation of a potential diagnostic
cutoff for nCD64 index using CD64 and NE values. The total amount of NE and CD64
was measured in monocyte-depleted whole blood from healthy adult volunteers, and
the nCD64 index ratio calculated. The results show a highly significant correlation (P=
.0166) and again show the variable relationship with higher nCD64i at lower neutrophil
counts. The dashed red lines show the lower and upper 95% confidence intervals for
the relationship, and it is predicted that samples with nCD64i falling above the upper
95% confidence interval for the measured NE concentration would have a strong

suspicion of sepsis.

Figure 6 illustrates a format for lateral flow immunochromatographic POC test for

sepsis measuring the neutrophil CD64 index. Visitect CD4 test (A), expanded view and

schematic of proposed nCD64 index test (B, red boxes), and Axxin AX-2 reader (C).

For visual interpretation an intensity for the CD64 line greater than the NE line might

be considered to be diagnostic, however with the use of a reader such as the Axxin AX-
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2 reader (Fig. 6C) the cutoff would be adjusted according to the total amount of
neutrophils (NE quantity), and the appropriate cutoff calculated for the instant patient

sample.

Figure 7 shows results of ELISA for NE and CD64 in whole blood for healthy
subjects. NE and CD64 were assessed via ELISA in whole blood for healthy subjects
(n=30), and shows that in healthy subjects, the total amount of CD64 in whole blood is
closely correlated with the total amount of NE in whole blood (R2= 0.74).

Figure 8 shows the results of ELISA for NE and CD64 in whole blood for sepsis
patients. NE and CD64 were assessed via ELISA in whole blood for sepsis patients (red

markers, n=11) together with the healthy subjects as shown in Figure 7 (blue markers).

Figure 9 shows the same results as Figures 7 and 8 but highlights the four different
classifications of sepsis patient samples according to the cutoffs based on the mean plus
2 SD of CD64 and mean plus 3 SD of NE. By these criteria, one patient is positive only
for NE, 5 patients are positive for both NE and CD64, 4 patients are positive for CD64
only, while one patient is negative for both NE and CD64, with very low values for

both markers, and suggesting that the patient may have low levels of neutrophils.

Figure 10 shows the analysis of CD64 versus NE for low values of NE. The X axis
shows total CD64 as ng/mL and the X axis shows the total NE as pug/mL.

Figure 11 shows the analysis of CD64 versus NE for low values of NE. The X axis
shows total CD64 as ng/mL and the X axis shows the total NE as pug/mL.

Figure 12 shows the gate for healthy levels of CD64 versus NE. Panel A, B and C.

Figure 13 illustrates the results of a comparison of Leuko64 and the subject assay (in
ELASA format) to identify sepsis patients. Leuko64 showed highly significantly higher
values for sepsis patients than for healthy controls, but using the manufacturer
recommended cutoff of 1.2, only 8/11 sepsis patients were identified with this test,
consistent with many reports in the literature that show around 70-80% sensitivity of
this method. Similarly, detection of total whole blood CD64 alone by ELISA showed
highly significantly higher values for sepsis patients than for healthy controls, but using
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the cutoff of mean plus 2 SD (209 ng/ml), only 9/11 sepsis patients were identified with
this test.

Figure 14 shows the results of this analysis (Figure 13) for patient SEP009, the patient
with the lowest levels of NE in Figure 13. In panel A, it is shown that the neutrophils
from this patient have high levels of surface expression of CD64 (red line) consistent
with very high relative CD64 expression in Leuko64 (panel B), but even higher levels
of CD64 per cell when intracellular CD64 is detected as well (blue line). However the
low level of NE (panel D) and presumed low neutrophil counts for this patient result in
a total CD64 result that is below the cutoff based on CD64 alone (panel C), but
detectable using the algorithm approach illustrated in Figures 8-12 and described
herein. This result also suggests that for patients with low levels of NE, the Leuko64
approach or other methods may be of additional utility given the very high Leuko64

result for this patient.

Figure 15 shows the same analysis for patient SEPO10, the patient with elevated levels
of CD64 but just below the cutoff in Figure 9 derived from the mean plus 2 SD of
CD64 from healthy subjects. In this patient, there was minimal surface staining of
CD64 (panel A, comparing red line and isotype control for surface staining) consistent
with low relative CD64 expression in Leuko64 (panel B), but there were high levels of
CD64 detected when intracellular CD64 was stained as well (panel A blue line).
Consistent with this observation, patient SEPO10 had modest levels of total CD64 by
ELISA, although still just below the cutoff for total CD64 based on mean plus 2SD
(panel C), whereas the Leuko64 result of 0.7 was well below the manufacturer cutoff of
1.2 for that test (panel B). However, when NE is examined the patient SEPO10 is seen
to have very highly elevated levels of NE, providing unequivocal diagnosis of sepsis
using the cutoff derived from the mean plus 3SD of NE, and also using the cutoff

derived from the trendline equation.

Figure 16 shows the same analysis for patient SEPO11, a patient with elevated levels of

both CD64 and NE. In this patient, there was significant surface staining of both

intracellular and surface CD64 (panel A, comparing red line and isotype control for

surface staining, blue line and isotype control for total staining) consistent with high

relative CD64 expression in Leuko64 (panel B), well above the manufacturer cutoff.

Patient SEPO11 had highly elevated levels of total CD64 by ELISA (panel C), and also
27



10

15

20

25

30

35

WO 2018/018095 PCT/AU2017/050788

highly elevated levels of NE (panel D), providing unequivocal diagnosis of sepsis using
the cutoff derived from the mean plus 3SD of NE, AND the cutoff derived from the
mean plus 2SD of CD64, AND also using the cutoff derived from the trendline

equation.

Figure 17 is an illustration, modified from van der Poel (2011), showing how in
healthy individuals, low levels of CD64 (FcyR1) are expressed on the cell surface, and
these are saturated by monomeric IgG which does not result in cell signaling or antigen
complex internalization (Figure 17A). Upon initial stimulation of the neutrophil by
interferon gamma or other stimuli associated with bacterial infection or sepsis,
additional CD64 is synthesized and translocated to the surface of the neutrophil and
associated with membrane microdomains, together allowing for binding of multimeric

Ig in immune complexes which leads to cell signaling (Figure 17B).

Figure 18 illustrates activated neutrophils having different levels of surface CD64,
even though they have the same elevated level of total CD64. On the left, a “healthy”
neutrophil is shown schematically with low levels of CD64, expressed on the surface.
These cells may also contain small amounts of pre-formed, intracellular CD64. In
sepsis, “activated” neutrophils are shown on the right, each with equally large amounts
of CD64, significantly increased compared to healthy neutrophils, but with distribution
on the surface (similar to the patient sample SEP09, Figure 14), or evenly distributed
between the surface and intracellular (similar to the patient sample SEPO11, Figure 16),
or predominantly distributed to the intracellular compartment (similar to patient sample
SEPO10, Figure 15). As such, any method that allows the detection of both cell surface

and intracellular CD64 is likely to allow improved diagnosis of sepsis.

DISCUSSION OF EMBODIMENTS

Unless defined otherwise, all technical and scientific terms used herein have the same
meanings as commonly understood by one of ordinary skill in the art to which this
disclosure belongs. Any materials and methods similar or equivalent to those described
herein can be used to practice or test the present disclosure. Practitioners are
particularly directed to Wild D. “The Immunoassay Handbook™ Nature Publishing
Group, 4™ Edition, 2013 and Ausubel et al., Current Protocols in Molecular Biology,
Supplement 47, John Wiley & Sons, New York, 1999; Colowick and Kaplan, eds.,
Methods In Enzymology, Academic Press, Inc.; Weir and Blackwell, eds., Handbook
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of Experimental Immunology, Vols. I-IV, Blackwell Scientific Publications, 1986; for
definitions and terms of the art and other methods known to the person skilled in the

art. Immunoassays can be done in any convenient format known in the art.

Antibodies are often used in immunoassays because of the ability to produce them in
large quantities and the homogeneity of the product . The preparation of hybridoma cell
lines for monoclonal antibody production is derived by fusing an immortal cell line and
lymphocytes sensitized against the antigen of interest or can be done by techniques
which are well known to those who are skilled in the art. (See, for example, Douillard
and Hoffman, Basic Facts about Hybridomas, in Compendium of Immunology Vol. II,
ed. by Schwartz, 1981; Kohler and Milstein, Nature 256: 495-499, 1975, European
Journal of Immunology 6: 511-519, 1976 or more recent references Sambrook,
Molecular Cloning: A Laboratory Manual, 3rd Edition, CSHLP, CSH, NY, 2001). The
DNA that encodes antibodies can be manipulated in vitro and introduced back into
lymphoid cell lines, thus allowing the production of genetically-engineered antibodies.
In the last decade, the use of transient mammalian expression systems for the
production of native complex proteins has increased (see S. Geisse, B. Voedisch
Methods Mol. Biol., 899 (2012), pp. 203-219) boosted by the publication of efficient
transfection protocols and the availability of suspension cell lines growing at high
density. For transient expression, mainly the HEK-293 and CHO-K1 cell lines have
been applied. Both cell lines can be adapted to suspension culture, and sub clones are
available which grow in chemically defined medium at high cell densities. With its ease
of transfection, high expression yield and native human glycosylation, the human

embryonic kidney 293 cell line may be used.

Antibodies (and their smaller formats such as scFv and Fab fragments can be produced
in any cell type known in the art. Cell-free protein synthesis, also termed in vitro
translation, facilitates the production of a given target protein by utilizing the
translational machinery without using the living cell. Cell-free systems have been
successfully used for the high-throughput production of protein libraries as well as for
the high-yield synthesis of selected target proteins. In particular, the use of linear DNA
templates contributes to the ease and speed of cell-free translation systems, since no
time-consuming cloning steps are required prior to protein production. Antibodies of a
given target protein takes approximately one to two days, whereas cell-based

expression, including the cloning procedure and cell-transformation, may take up to
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two weeks. Phage display technology is the most commonly used technique for the in

vitro selection and evolution of antibody fragments.

Alternatives to antibodies as specific binding agent are described in the literature and
are recognised in the field for their potential to improve inter alia, assay reproducibility
and stability. A review of antibody alternatives is provided by McLeod et al The
Scientist February 2016 incorporated herein, and includes aptamers and affimers. Any
such binding agent may be employed in the present assays and kits without undue

experimentation.

The presence of complexes may be evaluated using ELISA-type procedures. A wide
range of immunoassay techniques are available as can be seen by reference to U.S. Pat.
Nos. 4,016,043, 4,424,279 and 4,018,653. These include both single-site and two-site
or “sandwich” assays of the non-competitive types, as well as in the traditional
competitive binding assays. The skilled person will appreciate that the selection and

implementation of a known label system involves only routine experimentation.

Sandwich assays are among the most useful and commonly used assays. A number of
variations of the sandwich assay technique exist, and all are intended to be
encompassed by the present invention. Briefly, in a typical forward assay, an binding
agent is immobilized on a solid or semi-solid substrate and the sample to be tested
brought into contact with the bound molecule. After a suitable period of incubation, for
a period of time sufficient to allow formation of an binding agent-antigen complex, a
second binding agent specific to the antigen, labelled with a reporter molecule capable
of producing a detectable signal is then added and incubated, allowing time sufficient
for the formation of another complex of binding agent-antigen-labelled binding agent.
Any unreacted material is washed away, and the presence of the marker is determined
by observation of a signal produced by the detectable marker (reporter molecule). The
results may be qualitative or quantitative, by simple observation of the visible signal, or
may be quantitated by comparing with a control sample containing known amounts of
marker. Variations on the forward assay include a simultaneous assay, in which both
sample and labelled binding agent are added simultaneously to the bound binding
agent. These techniques are well known to those skilled in the art, including any minor
variations as will be readily apparent. In accordance with the present invention, the

sample is generally a biological sample comprising biological fluid, and is most
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conveniently a whole blood sample such as capillary or venous blood that may be

treated with an anticoagulant.

In a typical forward sandwich assay, a first binding agent having specificity for a
marker is either covalently or passively bound to a solid or semi-solid support. The
support is typically glass or a polymer, the most commonly used polymers being
nitrocellulose, cellulose, polyacrylamide, nylon, polystyrene, polyvinyl chloride,
polypropylene or mixture or derivatives of these. The solid supports may be in the form
of tubes, beads, discs or microplates, or any other surface suitable for conducting an
immunoassay. The binding processes are well-known in the art and generally consist of
cross-linking covalently binding or physically adsorbing the polymer-binding agent
complex to the solid surface which is then washed in preparation for the test sample.
An aliquot of the sample to be tested is then added to the solid phase complex and
incubated for a period of time sufficient (e.g. 2-40 minutes or overnight if more
convenient) and under suitable conditions (e.g. from room temperature to about 37° C.
including 25° C.) to allow binding of any subunit present in the binding agent.
Following the incubation period, the binding agent subunit solid phase is washed and
incubated with a second binding agent specific for a portion of the antigen. The second
binding agent is linked to a detectable marker which is used to indicate the binding of

the second binding agent to the antigen.

An alternative method involves immobilizing the target molecules in the biological
sample and then exposing the immobilized target to specific binding agent which may
or may not be labelled with a detectable marker. Depending on the amount of target
and the strength of the signal from the detectable marker, a bound target may be
detectable by direct labelling with the binding agent. Alternatively, a second labelled
binding agent, specific to the first binding agent is exposed to the target-first binding
agent complex to form a target-first binding agent-second binding agent tertiary
complex. The complex is detected by the signal emitted by the reporter molecule. A
significant improvement of the bead-based methods involves tagging each bead with a
unique identifier tag, such as an oligonucleotide or electrophoretic tag, so as to
facilitate identification of the amino acid sequence of each library member. These
improved bead-based methods are described in International Publication No. WO
93/06121.
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In other embodiments, the method is a liquid phase method. In one example of a liquid
phase immunoassay (see for example U.S. Pat. No. 6,632,603) the sample is contacted
with an agent capable of binding a marker and a detector agent comprising a visually
detectable agent such as colloidal gold or silver labelled. The test sample is applied by
flowing onto a defined zone of an insoluble porous support film having a pore size
impassable to a complex formed between the marker and its target, and if present, with
a binding substance and a detector substance, but passable to the binding substance and
detector substance while remaining uncomplexed in the absence of the desired target. If
the target is present in the test specimen, the detector substance binds with the target
and the binding substance to form a visually inspectable complex on the surface of the
porous support film. After application of the test sample to the porous support, the
surface of the porous support is visually inspected for colour to determine the presence

and quantity or the absence of the marker being assayed.

In another assay, magnetic antibodies that bind to markers are used to tag markers and
a high Tc superconducting quantum interference device is used to measure the amount
of target protein. A liposome immunomigration, liquid-phase competition strip
immunoassay is, for example, described in Glorio-Paulet et al J Agric Food Chem 48
(5):1678-1682, 2000.

General formats and protocols for the conduct of various formats of ELISA are
disclosed in the art and are known to those of skill in the field of diagnostics. For
example, reference may be made to Chapter 11 of Ausubel (Ed) Current Protocols in
Molecular Biology, 5th Edition, John Wiley & Sons, Inc, NY, 2002. Rundstrom, G et
al. describe lateral Flow immunoassay using Europium (III) Chelate Microparticles and
Time-Resolved Fluorescence for eosinophils and neutrophils in Whole Blood. Clinical
Chemistry 53, 342-348 (2007), incorporated herein.

Various methods are available for depleting monocytes or red blood cells from blood, if
required. In some embodiments, monocytes in the sample are depleted by contacting
the sample with anti-CD14 or other relevant antibodies bound to a solid or semi-solid
support. In another embodiment, red blood cells are depleted in the sample by
contacting the sample with anti-glycophorin A antibodies bound to a solid or semi-solid

support.
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In some embodiments, a chromatographic device is provided comprising material
which has a pore size which allows or facilitates capillary flow of the components of
the method. In some embodiments, the device comprises portions comprising material
of different pore size, or non-porous material, the material being contiguous with the
first material and designed to receive a sample or receive or store components of the
method. In some embodiments, the portions of the chromatographic device are

separate, contiguous or overlapping or designed to come together in use.

In some embodiments, the sample pad is chromatographically connected to a test
portion of the device, the test portion comprising a binding agent such as an antibody or
an antibody binding fragment thereof, an antigen-binding constructs such as an
affimers or ligands or parts thereof. In an illustrative embodiment, the subject is a
mammal and the test portion comprises an antibody or affimer which, under the
appropriate conditions, recognizes and binds CD64. In an illustrative embodiment, the
subject is a mammal and a second test portion comprises an antibody or affimer which,
under the appropriate conditions, recognizes and binds a neutrophil specific marker,
such as NE.

In some embodiments, the sample pad is chromatographically connected to a test
portion of the device, the test portion comprising an antibody or an antibody binding
fragment thereof, affimers, aptamers or ligands or parts thereof. In an illustrative
embodiment, the subject is a mammal and the test portion comprises an antibody
which, under the appropriate conditions, recognizes and binds a neutrophil specific

marker.

In some embodiments, when chromatographically active portions of the sample to be
tested move from the sample pad towards and through the test portion, NE and CD64
are captured onto test or control portions of the device and the remainder of the sample
flowing from the sample pad is uncaptured. In some embodiments, the uncaptured
components of the test sample are collected chromatographically into an absorbent pad,

which is positioned in any orientation with respect to the test portion.

Components of the subject sample, such as red blood cells or particular white blood
cells may be retained in the sample pad, for example, by selecting a pad of suitable

mesh or pore size and/or by the inclusion of specific reagents such as antibodies or
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lectins to bind and retain these components. For example monocytes may be retained
using anti-CD14 antibodies. Anti-glycophorin antibodies may be used to retain/remove
red blood cells.

In some embodiments, once the test portion of the immunochromatographic device has
been exposed to CD64 and neutrophil specific marker in the subject sample, the
method proceeds by allowing contact between the test portions and a detection binding
agent. In some embodiments, the detection marker/s stored in a separate portion of the
kit.

In some embodiments, the detection marker comprises a visually detectable reporter
molecule and a positive result may be essentially immediately observed in the test

and/or control portions of the immunochromatographic device.

Permeabilising agents and solutions may also cause leukocyte cell lysis, fixation or
solublisation and the term is used broadly herein to encompass these events, if
preferred. Permeabilization is performed to facilitate access to cell markers within the

cell (internal).

Permeabilization of the cells can be performed by any suitable method known in the
art. These methods include, but are not limited to, exposure to a detergent (such as
CHAPS, cholic acid, deoxycholic acid, digitonin, n-dodecyl-fD-maltoside, lauryl
sulfate, glycodeoxycholic acid, n-lauroylsarcosine, saponin, and Triton X-100). Other
permeabilising methods comprise the use of certain peptides or toxins that render
membranes permeable. Permeabilization may also be performed by addition of an
organic alcohol to the cells. Selection of an appropriate permeabilising agent and
buffers if required can easily be performed by one of ordinary skill in the art.
Permeabilization can occur concurrently with a fixation step. Fixing solutions include,
for example, Cytofix/Cytoperm (BD Biosciences). Commonly used cell fixatives
include, but not limited to formaldehyde, paraformaldehyde, glutaraldehyde, acetic
acid, picric acid, methanol, ethanol, and acetone. Illustrative fixation buffer suitable for
whole blood samples is Phosflow Lyse/Fix Buffer (BD Biosciences). Fixatives have
been used for detection of both surface and intracellular antigens. Some fixatives
include alcohol and formaldehyde/paratformaldehyde. Illustrative fixatives are
described in U.S. Pat. No. 5,422,277 and U.S. Pat. No. 5,597,688.
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In other embodiments, the detection marker may be detected using further detection
protocols and devices such as will be well known to those of ordinary skill in the art.
For example, colloidal metal or metal oxide particles or colloidal non-metal particles or

dyes or colored latex are conveniently used.

In early experiments described in example 1 a diagnostic gate or cutoff was determined
by assessing the ratio of CD64 to NNM.

In one embodiment the assay comprises:

1) optionally contacting the sample with an agent that lyses or
solubilises neutrophils;

(1)  contacting the sample with a binding agent that binds specifically to
CD64 in the sample and forms a CD64-binding agent complex, and
a second binding agent that binds specifically to a neutrophil
marker in the sample and forms a neutrophil marker-binding agent
complex; and

(1i1)  measuring and determining the relative amount of each complex
from step (i1) to obtain a modified CD64 index (ratio of CD64 to
NNM) indicating or representing the average amount of CD64 per

neutrophil in the sample.

In another early embodiment, the CD64 index from step (iii) is corrected for the
number of neutrophils in the sample determined by the amount of the neutrophil

marker-binding agent complex measured in step (iii).

In one embodiment, the assay further comprises diagnosing the subject including a
neonatal subject as having sepsis including neonatal sepsis or having a risk of
developing sepsis including neonatal sepsis if the CD64 index exceeds a cutoff level
above which supranormal amounts of neutrophil CD64 are indicated in the sample.

Cutoff levels can be modified depending upon, inter alia, the age of the subject.

In one embodiment, the CD64 index from step (iii) is compared with or plotted against
the number of neutrophils in the sample determined by the amount of the neutrophil
marker-binding agent complex measured in step (iii) and the cutoff nCD64 index is

corrected for the number of neutrophils in the sample. As shown in Figure 4C there is a
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strong correlation between total CD64 and neutrophil counts in healthy donors.
However, in samples with low neutrophil counts the total amount of CD46 expressed is
in fact higher. This means, surprisingly, that the cutoff nCD4 ratio indicating sepsis or
risk of sepsis should not, for increased accuracy, be a constant value, but instead should
be corrected on a case by case basis for the total number of neutrophils in the sample
(eg., neutrophils expressed as cells/volume). As the value of the index may be a
function of the neutrophil count greater accuracy is obtained by making an adjustment
of the cutoff, which was not possible when using flow cytometry alone as without a
separate reference method, there is no way of getting an absolute neutrophil count by
Flow cytometry. In one embodiment, a simple algorithm is embedded or available via
an instrument reader to set the cutoff value for any given value of neutrophil count. For
example, in one embodiment, the cutoff value is above the 95% confidence interval of
the best line of fit for the CD64/NE ratio, as shown in Figure 3B. This is illustrated in
Figure 5.

In one embodiment, the binding agent is immobilised on a support. Suitable supports

are well known in the art, as described herein.

In some embodiments, the assay is performed wherein, in step (ii), the sample is
contacted with the binding agents of step (i1) by applying the sample to a sample
portion of an immunochromatographic or microfluidic device wherein the device
sample portion is operably connected to spaced capture portions of the device and
whereby the components of the sample flow from the device sample portion to and
through the device capture portions, and wherein one capture portion comprises the
binding agent which specifically binds to CD64 in the sample such that the CD64 is
captured by the binding agent to form a binding agent-CD64 complex in the capture
portion, and wherein a second capture portion comprises the binding agent which
specifically binds to neutrophil markers in the sample such that the neutrophil marker
or the binding part thereof is captured by the binding agent to form a binding agent-

neutrophil marker complex in the capture portion.

In one embodiment, the amount of CD64 complex and the neutrophil-marker binding
agent complex is detected using binding agents such as antibody or antigen-binding

fragments that bind to CD64 or the neutrophil marker respectively and directly or
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indirectly provide a detectable signal that can be quantified visually or photometrically

including fluorometrically (by instrument reader).

In relation to this embodiment, the binding agents may be conjugated to a detectable
marker or microparticles comprising a detectable marker, that provide a detectable
signal. Illustrative particles and methods are described in Rundstrom, G et al. Lateral
Flow Immunoassay Using Europium (III) Chelate Microparticles and Time-Resolved
Fluorescence for Eosinophils and Neutrophils in Whole Blood. Clinical Chemistry 53,
342-348 (2007).

In one embodiment, the capture portion is a test line.

In one embodiment, the ratio of the visual or photometrically/instrument calculated
signal from the CD64 test line and the visual or photometrically/instument calculated
signal from the neutrophil marker test line provides the modified neutrophil CD64

index indicating the amount of CD64 per neutrophil in the sample.

Immunochromatographic test kits are expressly contemplated and another aspect the
present specification provides a kit comprising (1) a chromatographic device
comprising a porous membrane operably connected to a sample portion, two or more
capture (test) portions, and optionally one or more of the following; a conjugate
(detection marker) portion, a sucker portion, a suitable control portion and a cell lysis
or solubilisation portion, and (ii) a binding agent that binds specifically to CD64 in the
sample and forms a CD64-binding agent complex, and a second binding agent that
binds specifically to neutrophil markers (NNM) in the sample and forms a neutrophil
marker-binding agent complex wherein the binding agents are either immobilised to
separate capture portions and/or contained within conjugate portions and (iii)
optionally instructions for using the device to determine a modified neutrophil CD64

index and/or assessment of sepsis.

In one embodiment, the kit is suitable for reverse or lateral flow

immunochromatographic formats.
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In one embodiment, the binding agent is an antibody or antigen-binding fragment or a
derivative thereof, ligand or receptor binding part thereof, or an antigen-binding

construct such as an affimer,

Mlustrative binding agents include antigen-binding construct comprising a protein
scaffold which is linked to one or more epitope-binding domains wherein the antigen-
binding construct has at least two antigen binding sites at least one of which is from an

epitope binding domain and at least one of which is from a paired VH/VL domain.

In one embodiment the neutrophil specific marker is selected from the group
comprising neutrophil elastase, lactoferrin, myeloperoxidase and human neutrophil
lipocalin, or equivalent cell marker whose amount on neutrophils effectively correlates

with neutrophil cell number.

In one embodiment the neutrophil specific marker is selected from the group
comprising neutrophil elastase, lactoferrin, and human neutrophil lipocalin, or
equivalent cell marker whose amount on neutrophils effectively correlates with

neutrophil cell number.

The level of linear or reproducible non-linear correlation needed for the marker to serve
as an accurate indication of neutrophil numbers will vary depending upon the marker
and the assay employed. Generally a correlation of not less than about 70% will be
effective. Levels of 71%, 72%, 73%, 74%, 75%, 76%, 77%, 78%, 79%, 80%, 81%,
82%, 83%, 84%, 85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%,
97%, 98% or 99% are contemplated.

As illustrated in Example 2 the specification teaches that NNMs can provide a useful
correction for the number of neutrophils, without a strong absolute correlation with
neutrophil number. This is because the utility of the NNM is not necessarily dependent
on being well correlated with neutrophil numbers, but rather being correlated with

neutrophil CD64 levels and associated with neutrophil number.

Accordingly, in some embodiments, a NNM biomarker may have a positive correlation
with neutrophil numbers of less than about 70%, but a correlation with neutrophil-
specific CD64 of not less than about 70%, and this will be effective.
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By "about" is meant a measurement, quantity, level, activity, value, number, frequency,
percentage, dimension, size, amount, weight or length that varies by as much as 10, 9,
8,7,6,5,4,3,20r 1% to a reference measurement, quantity, level, activity, value,

number, frequency, percentage, dimension, size, amount, weight or length.

Each embodiment in this specification is to be applied mutatis mutandis to every other
embodiment unless expressly stated otherwise.

In one embodiment, the present specification enables an immunoassay suitable for
point of care use performed on a whole blood sample obtained from a subject, or the
whole blood sample substantially depleted of one or more of red blood cells,

monocytes and macrophages, for determining a modified neutrophil CD64 index.

As used herein the phrase “substantially depleted” means at least 70%, 71%, 72%,
73%, T4%, 75%, 76%, T7%, 78%, 79%, 80%, 81%, 82%, 83%, 84%, 85%, 86%, 87%,
88%, 89%, 90%,91%, 92%, 93%, 94%, 95%, 96%, 97%, 98% or 99% free of the cell,

such as monocytes and macrophages.

In some embodiments, the subject is a human and includes neonatal humans. The
present invention extends, however, to primates, livestock animals, laboratory test
animals, companion animals and avian species as well as non-mammalian animals such
as reptiles. The assay has applications, therefore in human, livestock, veterinary and
wild-life therapy and diagnosis.

Whole blood refers to an essentially unprocessed sample of blood from a subject,
generally anticoagulant has been added when the blood is obtained by venous
collection, or it may or may not be omitted if the blood is obtained by fingerprick or

fingerstick collection and used without delay at point of care.

Numbered clauses describing embodiments of the assay and kits described inter alia in

example 1 and Figures 1 to 6 as also provided as follows:

1.  Animmunoassay suitable for point of care use performed on whole blood

sample obtained from a subject, or the whole blood sample substantially
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depleted of one or more of red blood cells, monocytes and macrophages, for
determining a modified neutrophil CD64 index, the assay comprising:
(i) optionally contacting the sample with an agent that lyses or
solubilises neutrophils;
(ii1) contacting the sample with a binding agent that binds specifically to
CD64 in the sample and forms a CD64-binding agent complex, and
a second binding agent that binds specifically to neutrophil markers
in the sample and forms a neutrophil marker-binding agent
complex; and
(iv) measure and determine the relative amount of each complex from
step (i1) to obtain a modified CD64 index (ratio) indicating the

average amount of CD64 per neutrophil in the sample.

The assay of clause 1 further comprising diagnosing the subject as having
supranormal amounts of neutrophil CD64 if the CD64 index exceeds a cutoff
level indicative of supranormal amounts of neutrophil CD64 in the sample,
wherein said cutoff level is determined as a function of the amount of the

neutrophil marker-binding agent complex measured in step (iii).

The assay of clause 1 further comprising diagnosing the subject as having sepsis
or having a risk of developing sepsis if the CD64 index exceeds a cutoff level
indicative of supranormal amounts of neutrophil CD64 in the sample, wherein
said cutoff level is determined as a function of the amount of the neutrophil

marker-binding agent complex measured in step (iii).

The assay of clause 1 wherein the CD64 index is corrected for the number of
neutrophils in the sample determined by the amount of the neutrophil marker-

binding agent complex measured in step (iii).
The assay of any one of clause 1 to 4 wherein the assay is an enzyme-linked

immunosorbent (ELISA)-type, flow cytometry or immunochromatographic
method.
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10.

11.

The assay of any one of clause 1 to 5 wherein the binding agent is an antibody
or an antigen-binding fragment thereof, an antigen-binding construct such as an

affimer, or a ligand or binding part thereof.

The assay of clause 5 or 6 wherein the assay is an enzyme-linked
immunosorbent (ELISA)-type or chromatographic method and the binding

agent is immobilised on a support.

The assay of any one of clause 1 to 7 wherein, in step (ii), the sample is
contacted with the binding agents of step (ii) by applying the sample to a
sample portion of an immunochromatographic device wherein the device
sample portion is operably connected to spaced capture portions of the device
and whereby the components of the sample flow from the device sample portion
to and through the device capture portions, and wherein one capture portion
comprises the binding agent which specifically binds to CD64 in the sample
such that the CD64 is captured by the binding agent to form a binding agent-
CD64 complex in the capture portion, and wherein a second capture portion
comprises the binding agent which specifically binds to neutrophils in the
sample such that the neutrophil or the binding part thereof is captured by the
binding agent to form a binding agent-neutrophil marker complex in the capture

portion.

The assay of any one of clause 1 to 8 wherein the amount of CD64 complex and
the amount of neutrophil-marker binding agent complex is detected using
binding agents such as an antibody or antigen-binding fragment, ligand or
affimer that bind to CD64 or the neutrophil marker respectively and directly or
indirectly provide a detectable signal that can be quantified visually or

photometrically including fluorometrically (by instrument reader).

The assay of clause 9 wherein the binding agents are conjugated to a detectable
marker or microparticles comprising a detectable marker, that provide a
detectable signal.

The assay of any one of clause 8 to 10 wherein the capture portion is a test line.
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12.

13.

14.

15.

16.

17.

18.

The assay of clause 11 wherein the ratio of the visual or photometrically
calculated signal from the CD64 test line and the visual or photometrically
calculated signal from the neutrophil marker test line provides the modified
neutrophil CD64 index indicating the amount of CD64 per neutrophil in the
sample.

The assay of any one of clause 1 to 12 wherein the neutrophil specific marker is
selected from the group comprising neutrophil elastate, lactoferrin, and human
neutrophil lipocalin, or equivalent cell marker whose amount on neutrophils

correlates with neutrophil cell number.

The assay of any one of clause 1 to 12 wherein monocytes and macrophages are

substantially depleted by, for example, red cell agglutination.

A kit comprising (1) a chromatographic device comprising a porous membrane
operably connected to a sample portion, two or more capture (test) portions, and
optionally one or more of the following; a conjugate (detection marker) portion,
a sucker portion, a suitable control portion and a cell lysis or solubilisation
portion, and (i1) a binding agent that binds specifically to CD64 in the sample
and forms a CD64-binding agent complex, and a second binding agent that
binds specifically to neutrophils in the sample and forms a neutrophil marker-
binding agent complex wherein the binding agents are either immobilised to
separate capture portions and/or contained within conjugate portions and (iii)
optionally instructions for using the device to determine a modified neutrophil
CD64 index and/or assessment of sepsis.

The kit of clause 14 suitable for reverse or lateral flow immunographic formats.
The kit of clause 14 or 15 wherein the binding agent is an antigen binding
construct such as an affimer, a ligand or an antibody or antigen-binding

fragment thereof.

The kit of clause 17 wherein the binding agent is an affimer.

42



10

15

20

25

30

WO 2018/018095

PCT/AU2017/050788

19. The kit of any one of clause 14 to 17 wherein the neutrophil specific marker is

selected from the group comprising neutrophil elastase, lactoferrin, and human

neutrophil lipocalin, or equivalent cell marker whose amount on neutrophils

correlates with neutrophil cell number.

20. The kit of any one of clause 15 to 19 for use in the assay of any one of clause 1

to 1.

The following kits/reagents are illustrative of the reagents used in the development of

the assays described herein.

ELISA kits used:

Item Description: Human FCGR1A/CD64 ELISA kit
Catalogue Number: L.S-F4795
Company Name: LS Bio

Item Description: PMN Elastase Human ELISA Kit
Catalog Number: ab119553

Company Name: Abcam

Antibodies and recombinant proteins used:

Item Description: Neutrophil Elastase, Recombinant Protein
Catalog Number:-MBS957715

Company Name: MyBioSource

Item Description: Supply Human Neutrophil Elastase
Catalog Number: INHE

Company Name: Cardinal Bioresearch

Item Description: Anti-Neutrophil Elastase antibody Mouse Monoclonal

Catalog Number: ab41179

Company Name: Abcam
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Item Description: Anti-Neutrophil Elastase antibody Rabbit Polyclonal
Catalog Number: ab126154

Company Name: Abcam

Item Description: Anti-Neutrophil Elastase antibody (Biotin)
Catalog Number: ab79962

Company Name: Abcam

Item Description: Recombinant Human CD64
Catalog Number: 1257- FC
Company Name: R&D Systems

Item Description: Anti-CD64 antibody [10.1] (Biotin)
Catalog Number: ab27928

Company Name: Abcam

Item Description: Anti-CD64 antibody Rabbit Polyclonal
Catalog Number: ab95244

Company Name: Abcam

Item Description: Anti-CD64 antibody [3D3] Mouse Monoclonal
Catalog Number: ab140779

The embodiments of the kits, steps and assays are further identified with the following

illustrative examples.

Example 1

Development of an alternative to Flow cytometric based neutrophil activation assay
useful for point of care (POC). Assessing the immunoassay cutoff using the ratio of
CD64 to NNM.

Recognising that a POC test for measuring neutrophil activation (nCD641) would have
great clinical utility, a novel method was devised as described herein that would allow
the measurement of an analogue or equivalent of the Flow Cytometry nCD641 value,
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using an algorithm and the values for a combination of markers that are independently

suited to measurement at POC.

In some respects, the present approach draws upon some of the inventors experience in
development of a lateral flow, POC test for measuring CD4 T-cells (US Patent
8,409,818 and other territories).

From the inventors experience with the CD4 POC test, it was understood that the
amount of CD4 per cell is constant and therefore the amount of CD4 is directly
proportional to the number of CD4 T-cells. In contrast, the amount of CD64 on
neutrophils is variable (being elevated in sepsis), and the nCD64i value measured by
Flow Cytometry represents the average amount of CD64 protein per neutrophil (and is
sometimes expressed as Mean Fluorescence Index). Therefore nCD64i can be
represented as the numerical fraction (total CD4 in blood depleted of monocytes and
macrophages) / (total number of neutrophils) or CD64/neutrophil. In the Flow
Cytometer, this is measured as fluorescence intensity for each individual cell and then
averaged over the entire number of neutrophils sampled (typically 50,000 cells or
100,000 cells).

The inventor/s predicted that if they were able to measure the total amount of CD64 in
whole blood, after removal of monocytes and macrophages, for example, using the
same method shown in the example of the CD4 test, then that would give the numerator
of the CD64/neutrophil fraction. This measurement of CD64 could be achieved by
methods such as enzyme-linked immunosorbent assay (ELISA-type assays seldom use
enzymes but are still called ELISA's) using simple laboratory facilities, or more
preferably by POC methods such as lateral flow immuonochromatography following
the example of CD4 T-cells in the Visitect CD4 T-cell test.

The inventor/s further recognised that the number of neutrophils, representing the
denominator of the CD64/neutrophil fraction, could be measured using the same
method as the CD4 T-cell test, based on a protein that demonstrates a constant or
predictable level of expression for each neutrophil, such that the amount of such protein
is proportional to the number of neutrophils. As one example, the neutrophil-specific
protein neutrophil elastase (NE) may be measured, but other proteins such as lactoferrin

and myeloperoxidase may also be used, among others. Illustrative lateral flow methods
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and a radioimmunoassay method for the detection and enumeration of neutrophils
together with eosinophils has been reported in the literature, using the proteins
eosinophil protein X (EPX) and human neutrophil lipocalin (HNL), and showing
acceptable levels of agreement with traditional cell counting methods (Rundstrom, G et
al. Lateral Flow Immunoassay Using Europium (IIT) Chelate Microparticles and Time-
Resolved Fluorescence for Eosinophils and Neutrophils in Whole Blood. Clinical
Chemistry 53, 342-348 (2007)).

Prior art methods for detecting NE are used on plasma or cell culture, where they detect
the NE that has been released due to degranulation of neutrophils. In contrast, in the
present assay, total NE is measured in whole blood including that inside intact
neutrophils. The amount in plasma is much lower and essentially irrelevant compared

to the intracellular amount.

NE has been considered as a marker for sepsis itself but only the plasma/serum amount,
since the whole blood amount serves instead as a marker of neutrophil count. NE is
released in response to infection but the balance between release and turnover is

considered too variable to make this useful as a marker for sepsis.

It was therefore predicted that by using immunoassays such as a lateral flow
immunochromatographic immunoassay for parallel measurement (in the same assay
run at the same time) of both the total amount of neutrophil CD64 and the absolute
number of neutrophils (for example using neutrophil elastase as the marker) in whole
blood, the simple arithmetic fraction of CD64/NE could be obtained and would provide
an alternative, point of care (POC) friendly measurement of the nCD64 index or (also
called the nCD64 ratio). The principle of the tests for enumeration of CD4 T-cell
numbers (Visitect CD4) and the herein described POC friendly nCD64i test (which
may be called the SepsiTest) is shown in Figure 3.

To test the prediction that the simple arithmetic fraction of CD64/NE could be obtained
as an alternative measurement of the nCD64 index, ELISAs were used to measure the
total amount of Neurophil Elastase (NE) and CD64 in whole blood from healthy
volunteers. For these initial experiments (Figure 4), the monocytes and macrophages
were not first removed as the total number of monocytes and macrophages is much

smaller than the number of neutrophils and so the effect of these cells is not expected to
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be a problem, however in the final test it is expected that monocytes and macrophages

will be substantially/optionally depleted.

The experimental data (see Figure 4) using ELISAs show strong correlation between
the total amount of the neutrophil specific protein, neutrophil elastase (NE) and
neutrophil (granulocyte) counts in healthy donors (Fig 4A; p=0.0002, R2 = 0.896).

Similarly, there is strong correlation between total CD64 and neutrophil (granulocytes)
counts in healthy donors (Fig 4C, p=0.0003, R2 = 0.915). However, the surprising
observation was made that the amount of CD64 per cell in healthy individuals is not
constant, but instead is affected by the total number of neutrophil/granulocytes. That is,
in samples with low levels of neutrophils (approaching the level of neutropenia), the
total amount of CD64 is in fact higher, representing a higher amount of CD64 per cell
even in these healthy individuals. To our knowledge this has not previously been
observed.

The ratio between CD64 and NE therefore provides the nCD64 index, shown in Figure
4B. Because the relative amount of CD64 is higher in samples with lower total
neutrophil counts, a similar relationship is seen in the calculated values for the nCD64
index, with a higher nCD641 value for samples with low neutrophil counts (R2 =
0.861). This novel observation is likely to have strong clinical significance in the
development of more effective sepsis tests based on CD64 expression, because it
suggests that the cutoff ratio for nCD64i should not be a constant value, as
recommended in the Leuko64 Flow Cytometry kit but subject to individual
optimisation in each laboratory, [Beckman Coulter - see US Patent publication no.
2013/0230867 in the name of Trillium Diagnostics LLC-this kit comprises a cocktail of
three monoclonal antibodies with specificities to CD64 (FITC conjugated) and CD163
(phycoerythrin conjugated) and a proprietary fluorescent bead suspension used for
instrument calibration and the standardization of the leukocyte CD64 and CD163
expression on human blood leukocytes. The kit also contain a red cell lysing solution

concentrate].

Rather, the cut off should be a variable value depending on the total neutrophil count in
each instant sample. An algorithm could be constructed to set the cutoff value for any

given value of neutrophil count using methods well known in the art, for example
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setting the cutoff as above the 95% confidence interval of the line of best fit for the
CD64/NE ratio shown in Figure 3B. An example of this calculation is shown in Figure
5, where the nCD64 index is calculated for a larger set of healthy control samples
following monocyte depletion, and the lower and upper 95% confidence interval for the
estimated nCD64 index at different amount of NE (representing neutrophil count) is
shown as dotted red lines. Any value of nCD64i that is higher than the upper
illustrative 95% confidence interval would therefore have a high suspicion of

representing sepsis.

In some embodiments, the cutoff is set above any value between about 90% and 99%.
The choice of cutoff would be determined by expanded clinical studies and receiver

operating characteristics (ROC) analysis.

Correction of the cutoff value in light of the observed variation in CD64 levels
depending upon the neutrophil concentration may be made by various approaches
known in the art. In one embodiment, the correction factor is applied to the CD64
index, such as by making it a semi-log ratio or multiplying it by an inverse of the
neutrophil count). Alternatively, the cutoff numerical value is adjusted to have the same
effect.

The methods for transforming the individual ELISA assays for CD64 and NE into POC
tests such as lateral flow immunoassays are well known in the art, and the Visitect CD4
test and the neutrophil/eosinophil test described by Rundstrom et al (Rundstrom, G et
al. Lateral Flow Immunoassay Using Europium (IIT) Chelate Microparticles and Time-
Resolved Fluorescence for Eosinophils and Neutrophils in Whole Blood. Clinical
Chemistry 53, 342-348 (2007)) are relevant examples incorporated herein in their

entirety.

For the purpose of using lateral flow immunochromatography or other POC methods to
calculate the nCD64 index, it is anticipated that a simple arrangement such as that
shown schematically in Figure 6 would be effective. In this predictive example, the test
would have a similar format to the Visitect CD4 T-cell test, including the method for
substantial removal of red blood cells, monocytes and macrophages incorporated in that
test. However in place of the test line for CD4 and the reference line representing a
cutoff of 350 CD4 T-cells, in one embodiment, there will be 2 test lines with one

measuring the amount of CD64 and the other measuring the amount of NE or other
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neutrophil-specific marker. To determine a cut off, the arithmetic ratio between the
measured intensity of the two lines would then be calculated, either by visual
inspection or by instrument reader such as the Axxin AX-2 instrument (see for example
US publication no. 2013/0162981 incorporated by reference in its entirety, ) and the
cutoff for the individual sample would be calculated from the measured amount of NE
or other neutrophil-specific marker. The measured nCD64i would then be compared to
the instant NE-dependent cutoff, such as the upper 95% confidence interval for healthy

samples, and a decision on “likely sepsis” or “not likely sepsis” would be reported.

Example 2
Further developments are described and in particular the utility of total CD64 and total
NNM levels (i.e., internal and external levels) and different cutoff determinations in the

diagnosis of sepsis.

In (Figure 4C) it is illustrated that the amount of CD64 compared to NE (the nCD64i
measured by ELISA) was higher in samples with lower neutrophil/granulocyte counts,
with the novel suggestion of the need for a variable cutoff for CD64i as a function of
NE value to improve the use of CD64 in diagnosis of sepsis (see also Figure 5).
Notably, the results in that experiment were obtained using whole blood that had been

depleted of monocytes/macrophages using magnetic beads.

In further work, these observations have been extended and a simplified method is
described that requires only the use of NE and CD64 values from whole blood, without
the depletion of monocytes/macrophages. Monocyte/macrophage depletion is an
optional step especially for samples with low values of NE where the relative
contribution of monocyte/macrophage CD64 would be higher than in samples with
higher values of NE, for example in patient samples having NE values of less than
about 1.0 or less than about 0.5 pg/ml NE in whole blood.

In the improved method, rather than calculating the nCD64i (CD64 per neutrophil) and

comparing that number with the absolute value of NE (Fig 5), the absolute value of

CD64 is used in comparison with the absolute value of NE. That is, the method is

derived from the work described in example 1 but provides additional insights into the

system and additional strategies for using CD64 and NNM together as a sensitive

diagnostic in a wide range of immunoassays. Rather than relating the amount of NNM
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to the absolute neutrophil/granulocyte count, the close correlation between CD64 and
NNM in healthy subjects is used to define the threshold “healthy” level of CD64 for
any given level of NNM.

Figure 7 shows results of ELISA for NE and CD64 in whole blood for healthy subjects
(n=30), and shows that in healthy subjects, the total amount of CD64 in whole blood is
closely correlated with the total amount of NE in whole blood (R2= 0.74). This is likely
to reflect the correlation of NE with neutrophil/granulocyte counts, but for the purpose
of our assay this correlation of NE and neutrophil/granulocyte count is not necessary —
it is the NE concentration per se that is important (or other neutrophil number marker
(NNM) that may substitute for NE). Consistent with our observations in Figure 4C but
novel compared to the known art, the level of CD64 reached a plateau when NE
reached around 5 pg/ml, suggesting a feedback mechanism that may limit the
expression of CD64 when NE levels (and presumably neutrophil counts) are in the
higher range of normal, or elevated above normal, in healthy subjects. From this figure
it is predicted that sepsis patients would have elevated levels of CD64 relative to the
amount of NE present in the respective patient’s sample, and a presumptive cutoff for
CD64 of the mean plus 2 standard deviations of the healthy samples (209 ng/ml) could

be contemplated for samples with average or higher levels of NE.

Figure 8 shows the results of ELISA for NE and CD64 in whole blood for sepsis
patients (red markers, n=11) together with the healthy subjects as shown in Figure 7
(blue markers). It is seen that indeed 9/11 sepsis patients have highly elevated levels of
CD64 above the mean plus 2 SD. Unexpectedly however, 6/11 sepsis patients were also
found to have NE levels higher than the mean plus 3 SD of healthy subjects (17.6
ug/ml), which suggests an additional cutoff based on NE levels for sepsis. This
additional NE cutoff unequivocally identifies an additional sample that was just below
the CD64 cutoff of 209 ng/ml.

Figure 9 shows the same results but highlighting the four different classifications of
sepsis patient samples according to the cutoffs based on the mean plus 2 SD of CD64
and mean plus 3 SD of NE. By these criteria, one patient is positive only for NE, 5
patients are positive for both NE and CD64, 4 patients are positive for CD64 only,
while one patient is negative for both NE and CD64, with very low values for both

markers, and suggesting that the patient may have low levels of neutrophils. This result
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highlights that the combination of NE and CD64 is more sensitive for the diagnosis of
sepsis than the use of NE or CD64 alone, probably related to the novel observation that
with increasing supranormal levels of NE, the induced expression of CD64 in sepsis
may be somewhat restricted by a feedback mechanism as observed in healthy subjects.

While these results suggest that the simple cutoffs for NE and CD64 would provide a
highly sensitive method for diagnosis of sepsis in patients with normal or elevated
levels of NE in whole blood and by inference, normal or elevated neutrophil counts,
there are many patients with sepsis or at high risk of sepsis who have low neutrophil
counts (neutropenia), for example many neonates and patients who have undergone

chemotherapy or radiation therapy for cancer treatment.

For these neutropenic patients, advantage can be taken of the close correlation of NE
versus CD64 in healthy subjects, even when the NE level is low. As shown in Figure
10, when the analysis of NE versus CD64 is limited to those healthy subjects with NE
of <2.5 pg/ml, a very strong correlation is seen (R2 = 0.88), and the single sepsis
patient not identified using the NE and CD64 cutoffs of Figures 8 and 9 (red marker) is
seen to have a higher level of CD64 relative to NE than the healthy subjects (blue
markers). This is further illustrated in Figure 11, where an alternative cutoff for CD64
is calculated as a multiple of the trendline for CD64 versus NE in healthy subjects. In
this case, the multiple is 1.6 times the trendline and the trendline is described by the
equation y = 5.6953x2 + 45.769x where y is CD64 (ng/ml) and x is NE (pg/ml). It will
be obvious that this cutoff may be extrapolated until it reaches the same level of CD64
described by the simple cutoff of mean plus 2SD as in Figures 8 and 9, or higher levels
as may be desired to improve the specificity of the assay for example mean plus 3 SD

or higher.

On this basis, the combination of NE and CD64 markers may be used to diagnose
sepsis using the algorithm of sepsis being indicated when one or more of the following
conditions are met: CD64 > mean plus 2 SD of healthy subjects, OR NE > mean plus 3
SD of healthy subjects, OR CD64 > 1.6 times the level of CD64 predicted by the
trendline for healthy subjects with levels of NE below 2.5 ug/ml or a higher amount
such as 5 pg/ml.

However a more simple algorithm is suggested by the observation that the CD64

cutoffs can also be described by a multiple of the polynomial trendline for NE versus
51



10

15

20

25

30

WO 2018/018095 PCT/AU2017/050788

CD64 in healthy subjects, as shown in Figure 12A where the multiple is 1.6 and the
trendline is described by the equation y = -0.0137x4 + 0.6094x3 - 9.857x2 + 65.776x,
where y 1s CD64 (ng/ml) and x is NE (ug/ml). In this example, the red shaded area
defines a “gate” of values that represent “healthy” (non-septic) levels of CD64 and NE,
with an upper level of NE representing the mean plus 3 SD of healthy subjects. Figure
12B shows the sepsis patients superimposed on this model, with 11/11 (100%) sepsis

patients identified correctly.

An even more simple algorithm is achieved by further extrapolation of the cutoff
derived by a multiple of the trendline for CD64 versus NE. As shown in Figure 12C,
extrapolation of the cutoff where the multiple is 1.6 and the trendline is described by
the equation y = -0.0137x4 + 0.6094x3 - 9.857x2 + 65.776x, where y is CD64 (ng/ml)
and x is NE (ug/ml) gives a similar “gate” of healthy levels of CD64 versus NE to that
obtained in Figure 12B. Therefore, sepsis would be indicated in any subject where
CD64 (ng/ml) > 1.6 x (-0.0137x4 + 0.6094x3 - 9.857x2 + 65.776x), where x is NE
(ug/ml). It would be obvious to one skilled in the art that any combination or
modification of these various cutoff calculations could be used to achieve the sensitive
and specific diagnosis of sepsis using the values of NE and CD64 derived from whole
blood, and the actual values used in the trendline equation and the choice of multiple
could be determined using any appropriate set of samples from healthy subjects and
CD64 combined with NE or other neutrophil specific markers, and any alternative

method as well as ELISA for the measurement of these respective analytes.

Example 3
To better understand the utility of the herein described assay, sepsis patients and a
subset of the healthy subjects were examined using the commercial Leuko64 assay,

which measures the cell surface expression of CD64 on neutrophils by Flow cytometry.

The Leuko64 kit [see for example Beckman Coulter - see US Patent publication no.
2013/0230867 in the name of Trillium Diagnostics LLC] comprises a cocktail of three
monoclonal antibodies with specificities to surface CD64 (FITC conjugated) and
surface CD163 (phycoerythrin conjugated) and a proprietary fluorescent bead
suspension used for instrument calibration and the standardization of the leukocyte

CD64 and CD163 expression on human blood leukocytes.. The kit also contain a red
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cell lysing solution concentrate. Variants of this kit are available such as the Accellix
CD64 cartridge and reader (LeukoDx)

As shown in Figure 13, Leuko64 showed highly significantly higher values for sepsis
patients than for healthy controls, but using the Leuko64 kit manufacturer
recommended cutoff of 1.2, only 8/11 sepsis patients were identified with this test,
consistent with many reports in the literature that show around 70-80% sensitivity of
this method. Similarly, detection of total whole blood CD64 alone by ELISA showed
highly significantly higher values for sepsis patients than for healthy controls, but using
the cutoff of mean plus 2 SD (209 ng/ml), only 9/11 sepsis patients were identified with
this test. The total CD64 and NE values are determined by comparison with reference
standards (standard curve) provided with commercially available kits and tested in each

assay run, and then adjusted for the sample dilution used in the assays.

Individual sepsis patient samples were then examined in more detail by comparing the
amount of CD64 detected by Leuko64 (surface CD64 only) versus an standard flow
cytometry method in which cells were stained in the same way as for Leuko64 (surface
CD64 only) or after the cells were first permeabilised using a neutrophil lysis solution

comprises a detergent to allow detection of both cell surface and intracellular CD64.

Figure 14 shows the results of this analysis for patient SEP009, the patient with the
lowest levels of NE in our earlier analysis. In panel A, it is shown that the neutrophils
from this patient have high levels of surface expression of CD64 (red line- middle
peak) consistent with very high relative CD64 expression in Leuko64 (panel B), but
even higher levels of CD64 per cell when intracellular CD64 is detected as well (blue
line —total —peak on right hand side). However the low level of NE (panel D) and
presumed low neutrophil counts for this patient result in a total CD64 result that is
below the cutoff based on CD64 alone (panel C), but detectable using the algorithm
approach (Figures 8-12). This result also suggests that for patients with low levels of
NE, the Leuko64 approach or other methods may be of additional utility given the very
high Leuko64 result for this patient.

Figure 15 shows the same analysis for patient SEP010, the patient with elevated levels
of CD64 but just below the cutoff in Figure 9 derived from the mean plus 2 SD of

CD64 from healthy subjects. In this patient, there was minimal surface staining of
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CD64 (panel A, comparing red line and isotype control for surface staining) consistent
with low relative CD64 expression in Leuko64 (panel B), but there were high levels of
CD64 detected when intracellular CD64 was stained as well (panel A blue line, right
hand peak). Consistent with this observation, patient SEP010 had modest levels of total
CDo64 by ELISA, although still just below the cutoff for total CD64 based on mean plus
2SD (panel C), whereas the Leuko64 result of 0.7 was well below the manufacturer
cutoff of 1.2 for that test (panel B). However, when NE is examined the patient SEP010
is seen to have very highly elevated levels of NE, providing unequivocal diagnosis of
sepsis using the cutoff derived from the mean plus 3SD of NE, and also using the cutoff

derived from the trendline equation.

Figure 16 shows the same analysis for patient SEPO11, a patient with elevated levels of
both CD64 and NE. In this patient, there was significant surface staining of both
intracellular and surface CD64 (panel A, comparing red line and isotype control for
surface staining, blue line (middle peak)and isotype control for total staining)
consistent with high relative CD64 expression in Leuko64 (panel B), well above the
manufacturer cutoff. Patient SEPO11 had highly elevated levels of total CD64 by
ELISA (panel C), and also highly elevated levels of NE (panel D), providing
unequivocal diagnosis of sepsis using the cutoff derived from the mean plus 3SD of
NE, AND the cutoff derived from the mean plus 2SD of CD64, AND also using the

cutoff derived from the trendline equation.

The results in Figures 13, 14, 15 and 16 demonstrate that a further advantage of the
present method is the detection of total CD64, using ELISA or other methods and
solubilized whole blood or permeabilised intact cells, rather than only cell surface

CD64 as conventionally performed using Leuko64 or other methods.

The likely biological explanation for this novel observation is that only a variable
proportion of CD64 is present on the surface of neutrophils at any given time. This is
illustrated schematically in Figures 17 and 18. In Figure 17, modified from van der
Poel 2011, in healthy individuals, low levels of CD64 (FcyR1) are expressed on the cell
surface, and these are saturated by monomeric IgG which does not result in cell
signaling or antigen complex internalization (Figure 17A). Upon initial stimulation of
the neutrophil by interferon gamma or other stimuli associated with bacterial infection

or sepsis, additional CD64 is synthesized and translocated to the surface of the
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neutrophil and associated with membrane microdomains, together allowing for binding

of multimeric Ig in immune complexes which leads to cell signaling (Figure 17B).

However a further function of CD64 is internalization of the antigens in such immune
complexes, to allow for antigen processing and presentation. As shown in Figure 18,
this may result in activated neutrophils having different levels of surface CD64, even
though they have the same elevated level of total CD64. On the left, a “healthy”
neutrophil is shown schematically with low levels of CD64, expressed on the surface.
These cells may also contain small amounts of pre-formed, intracellular CD64. In
sepsis, “activated” neutrophils are shown on the right, each with equally large amounts
of CD64, significantly increased compared to healthy neutrophils, but with distribution
on the surface (similar to the patient sample SEP09, Figure 14), or evenly distributed
between the surface and intracellular (similar to the patient sample SEPO11, Figure 16),
or predominantly distributed to the intracellular compartment (similar to patient sample
SEPO10, Figure 15). As such, any method that allows the detection of both cell surface

and intracellular CD64 will allow for improved diagnosis of sepsis.

It is also noted that the present method can be used to similarly detect soluble CD64
that has been shed from the surface of cells into the plasma fraction, as well as NE
which has been released from activated neutrophils (sometimes known as neutrophil
extracellular traps or NETs), which may be a further advantage of our method of whole
blood analysis of CD64 and NE. In the known art, soluble NE and CD64 have been
measured in either the serum or plasma fraction, but NOT in the whole blood fraction
that would incorporate both intact cells and cells in various stages of activation and

degranulation.

Accordingly,  the  present  disclosure  provides for the use of
permeabilization/lysis/fixation of neutrophils to allow for total CD64 staining to
improve the sensitivity of flow cytometry and other methods for the detection of CD64

as a biomarker for sepsis.

It will be appreciated by persons skilled in the art that numerous variations and/or
modifications may be made to the above-described embodiments, without departing
from the broad general scope of the present disclosure. The present embodiments are,

therefore, to be considered in all respects as illustrative and not restrictive.
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CLAIMS

1. An immunoassay for evaluating test sample neutrophil activation suitable for
assisting in the diagnosis of sepsis or severe infection, the assay comprising the steps
of:

(1) optionally contacting the sample with an agent that permeabilises or
solubilises neutrophils;

(i) simultaneously with (i) or sequentially, contacting the sample with a
binding agent that binds specifically to CD64 in the sample and forms CD64-binding
agent complex a;

(ii1) simultaneously with (i) and/or (ii) or sequentially, contacting the sample
with a second binding agent that binds specifically to a neutrophil number marker
(NNM) in the sample and forms neutrophil marker-binding agent complex b;

(iv) employ the amount of complex a and complex b to determine the relative
level of CD46 and of NNM in the sample; and

(v) directly or indirectly score the sample as comprising control (eg. healthy)

or supranormal levels of neutrophil CD64/activation.

2. An immunoassay for assisting in the diagnosis of sepsis or severe infection in a
patient/subject, the assay comprising the steps of:

(1) optionally contacting a test sample comprising neutrophils from the
patient with an agent that permeabilises or solubilises neutrophils;

(i) simultaneously with (i) or sequentially, contacting the sample with a
binding agent that binds specifically to CD64 in the sample and forms a CD64-binding
agent complex a;

(ii1) simultaneously with (i) and/or (i1) or sequentially, contacting the sample
with a second binding agent that binds specifically to a neutrophil number marker
(NNM) in the sample and forms a neutrophil marker-binding agent complex b;

(iv) employ the amount of complex a and complex b to determine the relative
level of CD46 and of NNM in the sample; and

(v) directly or indirectly score the sample and thus the patient as not indicated

for sepsis or severe infection or as indicated for sepsis or severe infection.
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3. The assay of claim 1 or 2 wherein step (i) comprises contacting the sample with
an agent that permeabilises or solubilises neutrophils such that total (i.e. internal and

external) amounts of CD64 are determined.

4. The assay of claim 1 or 2 or 3 wherein the sample is a whole blood cell sample.

5. The assay of claim 1 or 2 wherein the sample is or has been depleted of one or

more leucocytes such as monocytes or macrophages.

6. The assay of any one of claims 1 to 5 wherein step (v) includes comparing the
level of CD64 and/or NNM in the test sample with respective CD64 and/or NNM

levels predetermined from control healthy samples.

7. The assay of any one of claims 1 to 6 wherein step (v) includes determining a
ratio of CD64 and NNM (CD64:NNM) from the test sample.

8. The assay of any one of claims 1 to 7 wherein step (v) includes scoring
neutrophil activation or sepsis or severe infection when CD64 levels are above the

predetermined mean plus 2 or more standard deviations of healthy control populations.

0. The assay of any one of claims 1 to 7 wherein step (v) includes scoring
neutrophil activation or sepsis when NNM levels are above the predetermined mean

NNM level plus 3 or more standard deviations of healthy control populations.

10.  The assay of any one of claims 1 to 8 wherein step (v) includes scoring
neutrophil activation or sepsis or severe infection when CD64 relative to NNM levels
from the test sample are elevated compared to a predetermined multiple of the line of

best fit for CD64 versus NNM of a selected control population.

11.  An immunoassay for assisting in the diagnosis or prognosis of sepsis or severe
infection in a patient/subject, the assay comprising the steps of
(1) optionally contacting a test sample comprising neutrophils from the

patient with an agent that permeabilises or solubilises neutrophils;
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(i) simultaneously with (i) or sequentially, contacting the sample with a
binding agent that binds specifically to CD64 in the sample and forms a CD64-binding
agent complex a;

(ii1) simultaneously with (i) and/or (ii) or sequentially, contacting the sample
with a second binding agent that binds specifically to a neutrophil number marker
(NNM) in the sample and forms a neutrophil marker-binding agent complex b;

(iv) employ the amount of complex a and complex b to determine the (relative)
level of CD46 and of NNM in the sample; and

(v) directly or indirectly score the sample and thus the patient as not indicated
for sepsis or severe infection or as indicated for sepsis or severe infection, and wherein
step (v) includes scoring the test sample as comprising one or two or three of: (i)
elevated CD64 above the mean plus 2 or more standard deviations relative to a control
population; (ii) elevated NNM above the mean plus 3 or more standard deviations

relative to a control population; and (ii1) elevated CD64 relative to NNM.

12.  The assay of claim 11 wherein step (i) comprises contacting the sample with an
agent that permeabilises or solubilises neutrophils such that total (i.e. internal and

external) amounts of CD64 are determined.

13.  The assay of claim 11 or 12 wherein the selected control population is a

population of neonatal subjects.

14.  The assay of claim 1 comprising diagnosing the subject as having supranormal
amounts of neutrophil CD64/activation if the CD64/NNM ratio exceeds a cutoff level
predetermined as a function of the amount of the NNM in the test sample (internally

corrected for neutrophil number).

15.  The assay of claim 7 wherein the ratio of CD64 to NNM in the sample is
internally corrected for the number of neutrophils in the sample determined using the
level of NNM in the sample.

16.  The assay of any one of claims 1 to 15 wherein the NNM is selected from:

neutrophil elastase (NE), lactoferrin, myeloperoxidase and human neutrophil lipocalin.
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17.  The assay of any one of claims 1 to 16 wherein the assay is a point-of-care

assay.

18.  The assay of any one of claims 1 to 17 wherein the assay is an enzyme-linked
immunosorbent (ELISA)-type, flow cytometry, bead array, lateral flow, cartridge,

microfluidic or immunochromatographic based method or the like.

19.  The assay of any one of claims 1 to 18 wherein the binding agent is an antibody
or an antigen-binding fragment or derivative thereof, an antigen-binding construct such

as an affimer, aptamer or a ligand or binding part thereof.

20.  The assay of any one of claims 1 to 19 wherein the binding agent is immobilised

on a support.

21.  The assay of any one of claims 1 to 20 wherein, in step (ii), the sample is
contacted with the binding agents of step (i1) and (iii) by applying the sample to a
sample portion of an immunoassay device wherein the device sample portion is
operably connected to spaced capture portions of the device and whereby the
components of the sample flow from the device sample portion to and through the
device capture portions, and wherein one capture portion comprises the binding agent
which specifically binds to CD64 in the sample such that the CD64 is captured by the
binding agent to form a binding agent-CD64 complex in the capture portion, and
wherein a second capture portion comprises the binding agent which specifically binds
to NNM in the sample such that the NNM captured by the binding agent to form a

binding agent-neutrophil number marker complex in the capture portion.

22.  The assay of any one of claims 1 to 21 wherein the amount of CD64 complex
and the amount of NNM binding agent complex is detected using a binding agent such
as an antibody or antigen-binding fragment, ligand, aptamer or affimer that binds to
CD64 or NNM respectively and directly or indirectly provides a detectable signal that

can be quantified visually or by instrument.

23.  The assay of claim 22 wherein the instrument comprising software is used to
input data based on the observed amounts/levels of CD64 and NNM and optionally

manage/process the data relative to a database comprising data from control
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subjects/populations following the herein disclosed diagnostic algorithms such as those

defined in the preceding claims.

24, The assay of any one of claims 1 to 23 wherein the binding agent is conjugated
to a detectable marker or microparticles comprising a detectable marker, that provide a

detectable signal.

25.  The assay of any one of claims 21 to 24 wherein the capture portion is a test

line.

26. The assay of any one claims 1 to 25 wherein the sepsis is neonatal sepsis.

27. A kit or component of a diagnostic comprising (i) an immunoassay (such as a
POC) device comprising a microchannel or porous membrane operably connected to a
sample portion, two or more capture (test) portions, and optionally one or more of the
following; a conjugate (detection marker) portion, a sucker portion, a suitable control
portion and a cell lysis, dilution or solubilisation agent portion, and (i1) a binding agent
that binds specifically to CD64 in the sample and forms a CD64-binding agent
complex, and a second binding agent that binds specifically to NNM in the sample and
forms a NNM-binding agent complex wherein the binding agents are either
immobilised to separate capture portions and/or contained within conjugate portions
and (iii) optionally instructions for using the kit or component to evaluate test samples
for neutrophil activation suitable for assisting in the diagnosis of sepsis or severe

infection.

28.  The kit or diagnostic of claim 27 wherein the sample portion comprises or in use

comprises a neutrophil lysis agent/solution.

29.  The kit or diagnostic of claim 27 or 28 wherein the binding agent is an antigen
binding construct such as an affimer, aptamer, a ligand or an antibody or antigen-

binding fragment or derivative thereof.

30.  The kit or diagnostic of any one of claims 27 to 29 for use in the assay of any

one of claims 1 to 26.
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31. A point of care device comprising the component of a diagnostic of one of

claims 27 or 28.

32.  An assay step for enhancing the sensitivity and/or specificity of an assay that
evaluates sample neutrophil (leukocyte) activation by measuring the level of cell
surface CD64 on the surface of neutrophils (leukocytes) in a sample, the step
comprising measuring the total level of CD64 in the sample by
permeabilising/solubilizing neutrophils (leukocytes) to allow for detection of
intracellular as well as surface CD64 (total CD64) in the sample using a CD64 binding
agent.

33.  An assay step for enhancing the sensitivity and/or specificity of an assay that
evaluates sample neutrophil (leukocyte) activation by measuring the level of cell
surface CD64 on the surface of neutrophils (leukocyte) in a sample, the step comprising
measuring the total level of CD64 and NNM in the sample by permeabilising
/solubilizing neutrophils (leukocyte) to allow for detection of intracellular as well as
surface CD64 and NNM in the sample.

34.  The assay of claim 32 or 33 wherein the assay step is of an assay which employs
one or more of flow cytometric quantification techniques, microfluidic, cartridge, IFA,
ELISA-type, and lateral flow devices, optionally together with an instrument reader

and/or associated software to evaluate neutrophil activation.
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Fig 1. Candidate Sepsis Biomarkers evaluated in the literature.

Fig 2. Visitect CD4 Test developed by seme of the inventors, at Burnet Institute.
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The specification does not comply with Section 40(4) because the claims do not relate to one invention only. I have found different
inventions based on the following features that separate the claims into distinct groups:

e Invention 1: Claims 1 to 31 are directed to an immunoassay comprising determining relative levels of CD64 and a
neutrophil number marker (NNM) in a sample for evaluating neutrophil activation and sepsis, and a kit or point of care
device therefor. The feature of determining relative levels of CD64 and a neutrophil number marker (NNM) is
specific to this group of claims.

o Invention 2: Claims 32-34 are directed to an assay step for enhancing sensitivity or specificity of an assay for neutrophil
activation comprising permeabilizing neutrophils and measuring intracellular and surface CD64. The feature of
permeabilizing neutrophils and measuring intracellular and surface (total) CD64 is specific to this group of claims.

Unity of invention is only fulfilled when there is at least one “special technical feature” present in the claims that both:

¢ provides a technical relationship among all the claims; and,

¢ makes a contribution over the prior art.
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all of the claimed inventions and which provides a technical relationship among them is an assay for neutrophil activation or
sepsis comprising measuring neutrophil CD64 levels. However this feature does not make a contribution over the prior art
because it is well known in the prior art, see for example D1.
Therefore in the light of this document this common feature cannot be a special technical feature. Therefore there is no special

technical feature common to all the claimed inventions and the requirements for unity of invention are consequently not satisfied a
posteriori.
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