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Methods of detecting complement activation including steps
of detecting in a sample from a subject a level of iC3b wherein
the detecting involves specific interaction between the iC3b
and a non-cross-reactive antibody thereto, comparing the
detected level with a reference level, which reference level is
within a range of about 10 ng/ml to about 5,000 ng/ml,
wherein determination that the detected level is above the
reference level indicates that the subject is suffering from or
susceptible to undesirable and/or pathologic complement
activation, and administering treatment to treat undesired
complement activation if the detected level is above the ref-
erence level. Other methods of detecting complement activa-
tion with or without measuring iC3b are also provided.
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C3 is activated and deactivated by protease activity
FIG. 2
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Antibody pairs that recognize either intact C3 or iC3b
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FIG. 4
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Intact C3 and iC3b in whole blood from a healthy donor

Publication

1:10 whole blood dilution
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Est. 300 ng/ml 1C3b in whole blood

1:100 whole blood dilution
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Est. 100 ng/ml 1C3b in whole blood

FIG.18

Whole Blood Test Results 2 Hours Following 100 mile bicycle ride

1:10 whole blood dilution

1:100 whole blood dilution
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Native C3 LI'A at 20 minutes
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DETECTING COMPLEMENT ACTIVATION

RELATED APPLICATIONS

[0001] This application is a continuation-in-part of U.S.
Non-Provisional application Ser. No. 13/287,432. filed Nov.
2, 2011, which claims priority under 35 U.S.C. §119(e) to
U.S. Provisional Application Ser. No. 61/409,297, filed Nov.
2, 2010, the contents of which are incorporated by reference
herein in their entirety.

BACKGROUND

[0002] Inflammation is the physiological response of vas-
cularized tissue to injury, infection, and certain diseases. The
inflammatory process is a biological requirement for wound
healing after traumatic injury and for the clearance of infec-
tion. However, inflammation can also damage self-tissue. For
this reason, inflammation is often considered a double-edged
sword.

[0003] Complement is the most ancient arm of the immune
system and is deeply rooted in the inflammatory process. The
complement protein cascade is a first line of defense against
invading microbes and a critical player in the wound healing
process. The complement cascade involves more than 30
serum and cellular proteins and plays important roles in
innate and adaptive immunity. Complement activation can
occur via three major pathways: the classical, alternative, and
lectin pathways. All three major pathways of complement
activation converge on the central protein complement com-
ponent 3 (C3). C3 is a central mediator of inflammation and is
activated by most factors that cause inflammation. FIGS. 1

and 2 provide schematic overviews of C3 and its activation
products.

[0004] Complement, and C3 in particular, is associated
with several disease indications, both acute and chronic.

Examples include, but are not limited to, trauma, respiratory
distress, sepsis, other forms of infection, infectious diseases
(e.g., hemorrhagic fevers), multiple organ failure, age-related
macular degeneration, rheumatoid arthritis, systemic lupus
erythematosus, glomerular nephritis, ischemia, reperfusion
injury, inflammatory bowel disease, intracranial hemorrhage,

myocardial infarction, and cardiac arrest.

[0005] Several reports have shown that complement acti-
vation occurs immediately after injury and correlates with
severity of injury. In one study, circulating levels of comple-
ment protein in trauma patients were found to correlate with
patient outcome. See Hecke, et al., Circulating complement
proteins in multiple trauma patients—correlation with injury
severity, development of sepsis, and outcome, Crit. Care Med.

25(12): 2015-24 (1997). In this study, the authors measured
the plasma concentrations of both C3a and total C3 directly
after the injury and in the ICU in the days following injury.

They detected evidence of complement C3 activation at the
earliest time points following injury. However, complement
activation was more pronounced in non-survivors than survi-
vors for the first eight hours. At the earliest time points, the
degree of C3 activation correlated with patient outcome.

Hecke et al. also found the ratio of the C3 split product, C3a,

when taken as a ratio to total complement, was a better pre-
dictor of outcome than C3a alone.

[0006] A similar study by Zilow, et al., Complement acti-
vation and the prognostic value of C3a in patients at risk of
adult respiratory distress syndvome, Clin. Exp. Immunol. 79:

151-57 (1990), retrospectively found that monitoring of C3a
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and total C3 at frequent (6 hr) intervals might be useful for
identifying patients at high risk for or in the early stages of
respiratory distress. These investigators drew the first plasma
sample within 2 hours of injury and repeated 6 hour sam-
plings for the first 48 hours and then at daily intervals there-
after. Zilow et al. found a significant correlation between C3a
levels and C3a:total C3 ratio at 6 and 12 hours, as well as from
5 days outward.

[0007] Inthe field of trauma care, the first hour after injury
is sometimes referred to as the “Golden Hour”” While not
desiring to be bound by theory, it is generally believed that
intervention within the first hour after traumatic injury greatly
increases the outcome of the patient. Better diagnostic infor-
mation provided earlier would help improve the critical care
specialist’s intuition when making treatment decisions.

SUMMARY OF THE INVENTION

[0008] The present inventors have developed new methods
and assays for the qualitative and quantitative measurement
of native or intact C3 and/or iC3b. The present inventors
further provide point-of-care implementations of such meth-
ods and assays.

[0009] Provided methods and assays are suitable for use,
for example, in medicine, including in diagnostics and thera-
peutics, and particularly in clinical settings. Among other
things, provided methods and assays are suitable for use in
directing patient care at the earliest time points immediately
following traumatic injury or other physiological crises.
Alternatively or additionally, provided methods and assays
are suitable for use, for example to select, monitor, and/or
adjust treatments for patients suffering from or susceptible to
one or more diseases states affected by presence or level of
complement activation. Such disease states include, for
example, autoimmune diseases such as systemic lupus
erythematosus.

[0010] By carefully selecting, capturing and detecting anti-
body pairs that avoid interfering cross-talk, the inventors have
surprisingly found that it is possible to detect and quantify
biomarkers of complement activation including native or
intact C3 and/or iC3b, while avoiding the false positive
results that have plagued more conventional testing methods
for these analytes. This invention may be applied in a variety
of formats; the inventors have further found that a lateral flow
assay type format, and particularly a lateral flow immunoas-
say format, provides particular advantages and surprising
features.

[0011] While the complement response is an important
defense system against disease, several features make accu-
rate measurement of complement activation difficult, particu-
larly in a clinically relevant time period. Known technologies
require an hour, and often two hours or more to determine
complement levels. During this time, significant deterioration
of apatient’s condition may be occurring that does not visibly
manifest until significant, or even irreversible, damage has
occurred. Additionally, complement proteins are known to be
easily activated by handling and other experimental condi-
tions. The Applicants have discovered, among other things,
that levels or types of handling not previously appreciated to
activate complement indeed can significantly affect assay
results. Perhaps most surprisingly, Applicants demonstrate
herein that the passage of time is a significant factor in spon-
taneous complement activation, even without handling.
[0012] The present invention provides technologies that
address these previously unidentified sources of problems.
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For example, in some embodiments, the present invention
provides methods in which relevant steps are all performed
within a restricted time period. According to the present
invention, such methods provide advantages including mini-
mizing spontaneous complement activation and, alternatively
or additionally, providing clinically relevant data within a
time period, measured from initiation of sample collection
from a subject, that is materially reduced as compared with
standard methodologies. In some embodiments, provided
assays are completed within a time period, measured from
initiation of sample collection from a subject, that is less than
about 60 minutes or fewer, about 50 minutes or fewer, about
40 minutes or fewer, about 30 minutes or fewer, about 20
minutes or fewer, about 10 minutes or fewer, or about 5
minutes or fewer. By contrast, many prior art assays do not
provide data for hours. Such a difference in time can make a
life or death difference to a patient.

[0013] The present invention further identifies a previously
unappreciated source of a problem with prior art assays that
detect changes (e.g., decreases) in total complement protein
levels. The rationale behind such prior art assays is that injury
or disease can trigger massive complement activation, result-
ing in decrease in total complement protein levels. However,
the present invention encompasses the finding that higher
levels of complement activation than previously appreciated
can be triggered within an individual by non-pathogenic
events such as exercise, and also within a sample by handling,
or even by the passage of time. The present invention there-
fore reveals that prior art assays lack specificity in that they
cannot distinguish the reason that complement proteins are
reduced, or the fate of relevant complement proteins. By
contrast, embodiments of the present invention provide
assays that permit discrimination between undesirable and/or
pathological and non-undesirable and/or pathological
complement activation. For example, some such provided
assays measure levels of intact C3 and/or of one or more
activation products, such as iC3b. Assessment of complement
protein levels, rather than total complement protein, in accor-
dance with the present invention, distinguishes undesirable
and/or pathologic complement activation from a general
decrease in circulating complement protein, for example as
may occur in response to lifestyle changes or the like.

[0014] In one aspect, the present invention provides meth-
ods including steps of detecting in a sample from a subject a
level of intact C3, wherein the detecting involves specific
interaction between the intact C3 and a non-cross-reactive
antibody thereto, comparing the detected level with a refer-
ence level, which reference level is within a range of about
350 ug/ml to about 1,700 ug/ml, wherein determination that
the detected level is below the reference level indicates that
the subject is suffering from or susceptible to undesirable
and/or pathologic complement activation, and optionally
administering treatment if the detected level is below the
reference level.

[0015] In one aspect, the present invention provides meth-
ods including steps of detecting in a sample from a subject a
level of iC3b, wherein the detecting involves specific inter-
action between the iC3b and a non-cross-reactive antibody
thereto, comparing the detected level with a reference level,
which reference level is within a range of about 10 ng/ml to
about 5,000 ng/ml, wherein determination that the detected
level is above the reference level indicates that the subject is
suffering from or susceptible to undesirable and/or patho-
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logic complement activation, and optionally administering
treatment if the detected level is above the reference level.
[0016] In one aspect, the present invention provides meth-
ods steps of detecting in a sample a ratio of intact C3 level to
iC3b level, wherein the detecting involves specific interaction
between the intact C3, the iC3b, or both with a non-cross-
reactive antibody thereto, comparing the detected level with a
reference ratio of about 0.001 wherein determination that the
detected level is below the reference level indicates that the
subject is suffering from or susceptible to undesirable and/or
pathologic complement activation, and optionally adminis-
tering treatment if the detected level is below the reference
level.

[0017] These and other objects, features, embodiments,
and advantages will become apparent to those of ordinary
skill in the art from a reading of the following detailed
description and the appended claims.

BRIEF DESCRIPTION OF THE DRAWING

[0018] FIG. 1 provides a schematic overview of the
complement system. Complement is activated by three major
pathways, all of which converge on the activation of intact C3.
Proteolytic activation of C3 produces the C3 split products
C3a and C3b. C3b is further proteolytically modified to form
iC3b, a biomarker for C3 activation. Intact C3 and 1C3b are
circled in the schematic.

[0019] FIG. 2 provides a schematic representation of C3
activation and deactivation. Intact C3 is activated proteolyti-
cally to C3a and C3b. Some C3b molecules covalently attach
to surfaces; others react with water and stay in circulation.
C3b is deactivated by the protease Factor 1. The first deacti-
vation product is iC3b, which is formed by the activity of
Factor 1 removing a short peptide, C3f. iC3b is further
degraded to C3c and C3dg, the latter ultimately being
degraded to C3d.

[0020] FIG. 3 is a schematic representation of specific rec-
ognition of intact C3 and iC3b by antibody pairs. (A) Intact
C3 is recognized by two antibodies: a first antibody recog-
nizes C3a, which is only present in the intact C3 molecule; a
second antibody recognizes a region in C3d that is present in
both intact C3 and iC3b. The second antibody participates in
distinguishing C3 and its derivatives from other protein mol-
ecules but not intact C3 from iC3b. An alternate pair of
antibodies for intact C3 include antibodies that recognized
C3a and C3f. (B) The iC3b protein is recognized by another
antibody pair. The first antibody contacts the protein at a
neoepitope believed to be located near the C3g region. This
epitope is revealed once Factor I removes the C3f fragment.
The neoepitope is occluded once Factor I degrades iC3b to
C3c and C3dg. The second antibody recognizes the C3d
epitope. An alternate pair for iC3b includes the aforemen-
tioned iC3b antibody and a second that recognizes activated
C3d (Quidel® A250).

[0021] FIG. 4is a schematic of one embodiment of a lateral
flow immunoassay of the present invention.

[0022] FIG. 5is a schematic representation of two embodi-
ments of a lateral flow immunoassay in accordance with the
present invention. (A) shows a lateral flow immunoassay for
detection of a single analyte. (B) shows a lateral flow immu-
noassay for detection of two separate analytes (intact C3 and
iC3b) in parallel membrane strips.

[0023] FIG. 6 s a depiction of three embodiments of single
analyte lateral flow immunoassays. (A) shows a test cassette
for a total C3 lateral flow immunoassay. (B) shows a test
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cassette for an intact C3 lateral flow immunoassay. (C) shows
a test cassette for an iC3b lateral flow immunoassay.

[0024] FIG. 7 is a depiction of two embodiments of a
double analyte lateral flow immunoassay test cassette, for the
assessment of intact C3 and iC3b. (A) shows a test cassette
comprising two separate ports for sample loading and two
membrane strips in parallel, one for each analyte. (B) shows
a test cassette with a single port for sample loading and two
membrane strips in parallel, one for each analyte.

[0025] FIG. 81is a depiction of two embodiments of a triple
analyte lateral flow immunoassay test cassette, for the assess-
ment oftotal C3, intact C3, andiC3b. (A) shows a test cassette
comprising three separate ports for sample loading and three
membrane strips in parallel, one for each analyte. (B) shows
a test cassette with a single port for sample loading and three
membrane strips in parallel, one for each analyte.

[0026] FIG.9is a schematic representation of two embodi-
ments of a lateral flow immunoassay. (A) shows a lateral flow
immunoassay for detection of a single analyte. (B) shows a
lateral flow immunoassay for detection of two separate ana-
lytes (intact C3 and iC3b) in series on the same membrane
strip.

[0027] FIG. 10 is a depiction of two embodiments of a
lateral flow immunoassay for multiple analytes in series. (A)
shows a lateral flow immunoassay for detection of two ana-
lytes and a control in series on the same membrane strip. (B)
shows a lateral flow immunoassay for detection of three ana-
lytes and a control in series on the same membrane strip.

[0028] FIG. 11 shows a comparison of sensitivities,
dynamic range, test-to-test variability, and assay time for
three embodiments of the instant lateral flow immunoassays.
(A) shows a standard curve graph for a test strip detecting
iC3b without a cassette casing. (B) shows a standard curve
graph of an embodiment of the lateral flow immunoassay
wherein the test strips are enclosed in a cassette, which allows
more controlled administration of the test sample volume.
Concentration of antibody solution used for gold conjugation
is 0.5 mg/ml and BSA is included in the reaction mixture. (C)
shows a standard curve graph of another embodiment of a test
strip integrated into a cassette, wherein the concentration of
antibody solution used for gold conjugation is 1 mg/ml and
BSA is removed from the reaction mixture. Sensitivity of the
assay reaches 10 ng/ml with a dynamic range extending to 10
ug/ml.

[0029] FIG. 12 shows sensitivity of an embodiment of a
lateral flow immunoassay for iC3b. Sensitivity ranges from
10 ng/ml to 10 ug/ml. Standard error is less than 3% at 20
minutes. R square=0.9892.

[0030] FIG. 13 shows sensitivity of an embodiment of a
lateral flow immunoassay for intact C3. Sensitivity ranges
from 20 ng/ml to 10 ug/ml. Standard error is less than 3% at
20 minutes. R square=0.9964. Error bars are shown, but are
smaller than the plotted points.

[0031] FIG. 14 shows crosstalk between intact C3 and iC3b
antibodies in exemplary lateral flow immunoassays.

[0032] FIG. 15 shows intact C3 and iC3b levels in basal
tears from a single individual at 12 hour intervals, as assayed
by exemplary lateral flow immunoassays described herein.
[0033] FIG. 16 shows intact C3 and iC3b levels in whole
blood from a normal healthy individual. Results show
approximately 2500-fold more intact C3 than iC3b in whole
blood from a healthy donor.
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[0034] FIG. 17 shows intact C3 and iC3b levels in whole
blood from a healthy individual. Results show approximately
333-fold more intact C3 than iC3b in whole blood from a
healthy donor.

[0035] FIG. 18 shows intact C3 and iC3b levels in a normal
individual 2 hours after heavy exertion (100 mile bicycle
ride). Results show greater than 1000-fold more intact C3
than iC3b in whole blood from a healthy individual post-
exertion.

[0036] FIG. 19 is a table of exemplary body fluids suitable
for use with the assays and methods disclosed herein.
[0037] FIG. 20 shows two schematic representations of
lateral flow embodiments of the present invention that may be
used to measure a single analyte from a sample. (A) shows a
schematic of an exemplary embodiment of the present inven-
tion, and (B) shows a schematic of an exemplary process
according to aspects of the present invention.

[0038] FIG. 21 depicts an exemplary method of carrying
out one or more aspects of the present invention. Also shown
are exemplary illustrations of how the method may look when
carried out, as well as pictures of assay test strips and a test
strip reader in accordance with aspects of the present inven-
tion.

[0039] FIG. 22 shows photographs of assay test strips that
were used in accordance with certain embodiments of the
invention, as described in Examples, to generate the standard
curves in FIG. 23. Each data point in FIG. 23 was generated
from triplicate measurements shown in this FIG. 22.

[0040] FIG. 23 shows a several standard curves generated
according to methods of the present invention showing levels
of native C3 protein at 10 minutes, 20 minutes, and 30 min-
utes following sample preparation.

[0041] FIG. 24 shows variance in measured values for
native C3 for the samples shown in FIG. 22 and the data
shown in FIG. 23.

[0042] FIG. 25 shows photographs of the assay test strips
that were used to generate the standard curves in FIG. 26.
Each data point in FIG. 26 was generated from triplicate
measurements shown in this figure.

[0043] FIG. 26 shows a several standard curves generated
according to methods of the present invention showing levels
of iC3b protein at 10 minutes, 20 minutes, and 30 minutes
following sample preparation.

[0044] FIG. 27 shows triplicate measures of (A) native C3
and (B)iC3b from a single blood sample as assayed according
to methods of the present invention.

[0045] FIG. 28 shows measurements of native C3 levels
from three donors as measured in whole blood, serum, and
plasma according to methods of the present invention.

[0046] FIG. 29 shows measurements of iC3b levels in
plasma or serum as measured by methods of the present
invention and compared to known ELISA methods. Panels
(A), (B), and (C) show data by donor in bar graph form, while
(D) shows the data from all three donors in tabular form.
[0047] FIG. 30 shows iC3b levels from samples of purified
iC3b protein as measured by methods of the present invention
and compared to known ELISA methods, and shows a com-
parison to data generated from a sample of plasma using
either an assay of the present invention or a traditional
ELISA.

[0048] FIG. 31 shows levels of iC3b protein as measured
from samples of whole blood, plasma, or serum from two
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donors. The assays were run either when the samples were
fresh or when the samples had been exposed to room tem-
perature for four hours.

[0049] FIG. 32 shows the effect of time on measured i1C3b
levels on samples of whole blood (labeled “Blood”) as com-
pared to an iC3b standard curve (labeled “iC3b”). Samples
were exposed to room temperature for (A) 5 minutes, (B) 10
minutes, (C) 15 minutes or (D) 20 minutes.

[0050] FIG. 33 shows measured iC3b levels in samples of
plasma, or serum from three donors. Samples from each
donor were exposed to one of two conditions, either exposure
to room temperature for five (§) minutes or exposure to room
temperature for sixty (60) minutes. Levels of iC3b were mea-
sured at six intervals during the exposure time and the levels
were normalized to an iC3b standard curve for direct com-
parison purposes.

[0051] FIG. 34 shows the effect of time on the generation of
iC3b in human plasma samples. (A) shows a photo of lateral
flow test strips in accordance with aspects of the invention,
and (B) shows a graph of the iC3b generation over time as
read from the strips shown in (A).

[0052] FIG. 35 depicts iC3b activation in human plasma
and serum samples after (A) 2 minutes of incubation and (B)
5 minutes of incubation using an ELISA format assay.
[0053] FIG. 36 shows a bar chart of iC3b activation in
samples of human serum after 2 minutes, 5 minutes, 15 min-
utes, or 60 minutes of incubation in an ELISA format assay.
[0054] FIG. 37 shows human serum-derived C3 deposition
and activation over time, in the absence of an antigen:anti-
body complex.

[0055] FIG. 38 shows human serum-derived C3 deposition
and activation over time, in the absence of antibody-coated
wells.

DETAILED DESCRIPTION OF CERTAIN
EMBODIMENTS OF THE INVENTION

[0056] Heretofore, a point-of-care assay for measuring
complement activation within the actionable window of treat-
ment has not been known in the art. Although associations
between complement and disease or trauma have long been
recognized, C3 is monitored in only a small number of dis-
eases or conditions. Even in those instances, current assay
methods have limitations. First, in most cases, traditional
complement assays are directed to total C3 as the target
analyte (for example, via turbidity assays and ELISA). Total
C3 is a combination of intact (or native) C3 and C3 activation
and deactivation products. These tests generally detect
decreases in circulating total C3 levels. Decreased levels of
total C3 therefore only measure C3 depletion due to massive
activation. However, other factors such as diet or exercise can
cause lower steady state levels of C3. As total C3 assays do
not measure turnover, the causes of activation cannot be dis-
tinguished. Furthermore, a test that measures total C3 cannot
monitor the real-time changes in C3 activation signature that
would be useful in directing patient care. For example,
patients suffering from trauma or systemic lupus (marked by
decreased C3 levels) would benefit from improved C3 acti-
vation monitoring. Currently, treatment effectiveness for sys-
temic lupus is measured by a return of depressed C3 levels to
normal levels. However, the physician has difficulty in dis-
cerning whether the underlying disease process has been
halted or just retarded sufficiently for homeostatic mecha-
nisms to return C3 to physiologically normal levels.
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[0057] A second limitation in current C3 testing is the time
required to perform most assays. A typical ELISA assay for
the detection of complement activation requires hours to per-
form and the ready availability of a laboratory and a skilled
technician. This assay platform is therefore not useful for
indications of inflammatory dysfunction, in which biomark-
ers change on the order of minutes and clinical intervention is
required on a similar timescale.

[0058] A third limitation in current C3 testing lies in the
nature of the protein cascade itself. Complement is notori-
ously fastidious and can become activated by virtue of stan-
dard analysis procedures (handling, storage, and exposure to
foreign materials that contact C3 during analysis). Comple-
ment is very effective at lysing invading microbes and initi-
ating the wound healing response at sites of injury. This
effectiveness is due in part to the ability of C3 to be activated
by foreign materials such as bacterial cell wall components.
While this property is useful in directing an immune response
to new foreign pathogens, this same property presents formi-
dable challenges to experimental and diagnostic study. Mate-
rials such as plastics used in sample handling, manipulation
of the sample itself, and improper storage conditions can also
trigger complement activation. The more processing and han-
dling steps required to perform a given assay, the more false
positives can be expected, due to activation of complement by
virtue of the assay itself. Such false positives complicate
traditional testing and render current testing methods unsuit-
able for use in directing patient care in near real-time.
[0059] A further consideration in complement activation
testing is the selection of the best biomarker for detecting real
time changes in the inflammatory response. C3 has several
attractive qualities as a biomarker in inflammation. First, as
the central protein of the complement system, C3 is activated
by most stimuli that will cause complement activation. Sec-
ond, C3 activates in proportion to the degree of injury or
infection. Third, C3 responds in near real-time to a physi-
ological insult. Complement activation occurs in direct
response to an agent causing crisis, in contrast to other acute
phase inflammatory markers that take hours or days to
respond. This rapid response property is not present in other
biomarkers frequently used in the clinic.

[0060] Specifically, intact (or native) C3 is a valuable
marker of inflammatory status. Intact C3 represents the
amount of C3 available for activation. Total C3 represents
intact C3 as well as all C3 activation products. At present,
standard complement assays generally measure total C3 via
turbidity assays or ELISA. Although technically easier to
perform, total C3 assays cannot detect C3 depletion as accu-
rately as intact C3 assays. Monitoring intact C3, especially
over time, is useful for following massive complement acti-
vation events, such as those that occur in trauma and other
systemic complement activation indications. Monitoring
intact C3 over time allows a clinician to detect the onset of an
immunosuppressive state caused by depletion of C3. Further,
intact C3 may be more useful than total C3 when calculating
complement activation indexes. Intact C3 assays have histori-
cally proven difficult to administer or depend upon, in part
because intact C3 is very labile and can denature or self-
activate if not handled properly.

[0061] TheC3 split product, iC3b, is also a valuable marker
of inflammatory response. iC3b has a half-life of 30 to 90
minutes, serving as a less volatile (compared to C3a), but still
rapidly responsive biomarker. However, iC3b is present at
much lower levels than intact C3 in patient samples. Even a
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small degree of cross-talk (for example 1%) between intact
C3 protein and the iC3b-specific assay produces a false posi-
tive iC3b signal at a level twice that of normal circulating
iC3b. Hence, while a desirable marker of inflammation. here-
tofore iC3b has posed significant challenges in diagnostic
testing.

[0062] WO 2010/135717, by Zhang et al., published Nov.
25, 2010, is directed to methods for assessing complement
activation via the biomarkers intact C3, iC3b, and total C3.
However, Zhang et al. is limited to traditional sandwich-type
immunoassays such as ELISA, requiring laboratory process-
ing and the expertise of skilled technicians. Further, the
assays and methods of Zhang et al. require sample prepara-
tion, storage, and handling steps that are known to activate the
labile intact C3 produce false positive test results, impeding
the ability to accurately measure intact C3. Moreover, the
assays and methods of Zhang et al. require hours to process
and are thus incapable of providing the near real-time data
that can impact patient care in the earliest time points after
physiological crisis.

[0063] The details of one or more embodiments of the
presently-disclosed subject matter are set forth in this docu-
ment. Modifications to embodiments described in this docu-
ment, and other embodiments, will be evident to those of
ordinary skill in the art after a study of the information pro-
vided in this document.

[0064] While the following terms are believed to be well
understood by one of ordinary skill in the art, definitions are
set forth to facilitate explanation of the presently-disclosed
subject matter.

[0065] Unless defined otherwise, all technical and scien-
tific terms used herein have the same meaning as commonly
understood by one of ordinary skill in the art to which the
presently disclosed subject matter belongs.

[0066] Unless otherwise indicated, all numbers expressing
quantities of ingredients, properties such as reaction condi-
tions, and so forth used in the specification and claims are to
be understood as being modified in all instances by the term
“about.” Accordingly, unless indicated to the contrary, the
numerical parameters set forthin this specification and claims
are approximations that can vary depending upon the desired
properties sought to be obtained by the presently-disclosed
subject matter.

[0067] As used herein, the term “about,” when referring to
a value or to an amount of mass, weight, time, volume, con-
centration or percentage is meant to encompass variations of
in some embodiments +20%, in some embodiments +10%, in
some embodiments +5%, in some embodiments +1%, in
some embodiments +0.5%, and in some embodiments +0.1%
from the specified amount, as such variations are appropriate
to perform the disclosed method.

[0068] “‘Analyte” means any entity, particularly a chemical,
biochemical or biological entity to be assessed, e.g., whose
amount (e.g., concentration or mass), activity, composition,
or other property(ies) is/are to be detected, measured, quan-
tified, evaluated, analyzed, etc. An “analyte” can be a single
molecular species or can be composed of multiple distinct
molecular species.

[0069] “Antibody” encompasses intact and/or full length
immunoglobulins of types IgA, IgG (e.g., 1gG1, IgG2, 1gG3,
1gG4), IgE, IgD, IgM, IgY, antigen-binding fragments or
single chains of complete immunoglobulins (e.g., single
chain antibodies, Fab fragments, F(ab')2 fragments, Fd frag-
ments, scFv (single-chain variable), and dAb fragments), and
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other proteins that include at least one antigen-binding immu-
noglobulin variable region, e.g., a protein that comprises an
immunoglobulin variable region, e.g., a heavy (H) chain vari-
able region (VH) and a light (L) chain variable region (VL).
The light chains of an antibody may be of type kappa or
lambda. An antibody may be polyclonal or monoclonal. A
polyclonal antibody contains immunoglobulin molecules
that differ in sequence of their complementarity determining
regions (CDRs) and, therefore, typically recognize different
epitopes of an antigen. Often a polyclonal antibody is derived
from multiple different B cell lines each producing an anti-
body with a different specificity. A polyclonal antibody may
be composed largely of several subpopulations of antibodies,
each of which is derived from an individual B cell line. A
monoclonal antibody is composed of individual immunoglo-
bulin molecules that comprise CDRs with the same sequence,
and, therefore, recognize the same epitope (i.e., the antibody
is monospecific). Often a monoclonal antibody is derived
from a single B cell line or hybridoma. An antibody may be a
“humanized” antibody in which for example, a variable
domain of rodent origin is fused to a constant domain of
human origin or in which some or all of the complementarity-
determining region amino acids often along with one or more
framework amino acids are “grafted” from a rodent, e.g,,
murine, antibody to a human antibody, thus retaining the
specificity of the rodent antibody.

[0070] Inanother embodiment, the capturing and/or detect-
ing agents include other ligands, such as natural receptors for
activated C3 (e.g., complement receptors 1, 2, and 3), aptam-
ers, peptides, other small molecule ligands, and the like.

[0071] Anaspect of certain embodiments of the invention is
the selection of antibodies for use as capture and detection
agents. The inventors discovered that many published and
commercially available antibodies exhibited crosstalk
between intact C3 and various C3 cleavage products or
between different C3 cleavage products. For example, certain
monoclonal antibodies against human C3a show significant
and unexpected cross-reactivity with C3b and iC3b. It was
recognized that cross-reactivity could be a significant source
of inaccuracy in certain situations. Of particular concern in
developing an assay for iC3b was crosstalk between intact C3
and iC3b observed with many of the iC3b antibodies tested.
Further testing showed that crosstalk between C3b and iC3b
was even more significant with at least some of these anti-
bodies. This was of concern because iC3b levels are expected
to be present at much lower levels than intact C3 in patient
samples. One aspect of certain embodiments of the invention
is the selection of antibodies with specificity for intact C3 or
iC3b so as to minimize such crosstalk. In certain embodi-
ments, antibodies with specificity for intact C3 oriC3b arenot
substantially cross-reactive. In this context, “not substantially
cross-reactive” means less than about 0.1% cross-reactive,
meaning that a 1 ug/ml solution of C3 must register as less
than about 1 ng/mlofiC3b. The about 0.1% threshold is based
on the physiological levels of intact C3 and iC3b in a normal
individual. Normal iC3b levels are approximately 0.5% that
of total C3 in circulation. If C3 crosstalk contributes more
than about 25% to the iC3b signal in a complement activation
assay, the assay can produce false positive results that abro-
gate the utility of the assay.

[0072] “Body fluid” means any fluid in the body that may
be assayed for complement activation. Body fluids include,
but are not limited to, whole blood, serum, plasma, urine,
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tears, saliva, wound exudate, broncheoalveolar lavage fluid,
and cerebrospinal fluid. See FIG. 19 for a non-limiting list of
suitable body fluids.

[0073] “Complement activation level” means the amount
of complement (generally C3) that is activated at a given time
point. Amounts (i.e., levels) of intact C3, iC3b, and/or total
C3 are typically expressed in terms of concentration but may
be expressed in terms of mass or weight. Concentration may
be expressed in various ways, e.g., in terms of molarity,
molality, mole fraction, mass fraction (mass of a substance in
amixture as a fraction of the mass of the entire mixture), mass
per unit volume, etc. For purposes of description herein,
concentration (e.g., mass per unit volume) will generally be
used. Complement activation level can also be described as a
ratio of iC3b to intact or total C3, or as a ratio of C3a to total
C3.

[0074] “Complement-associated disorder,” as used herein,
refers to a disorder or condition characterized by a modifica-
tion in complement activation. Examples of complement
associated disorders include, but are not limited to, trauma,
such as traumatic brain injury, spinal cord injury, surgery, and
intracranial pressure; inflammatory distress, such as severe
allergies, systemic inflammatory response syndrome (SIRS),
multiple organ failure (MOF), acute or adult respiratory dis-
tress syndrome (ARDS), septic shock, and shock; paroxys-
mal nocturnal hemoglobinuria (PNH); hereditary angio-
dema; renal disease, such as glomerular nephritis, infection,
lupus nephritis, and renal disease requiring organ transplant;
autoimmune disease, such as diabetes mellitus I, inflamma-
tory bowel disease, Crohn’s disease, multiple sclerosis,
myasthenia gravis, rheumatoid arthritis, and systemic lupus
erythematosus; ischemia/reperfusion injury; heart disease,
such as myocardial infarction and cardiac arrest; pregnancy,
including preeclampsia and fetal hypoxia syndrome; ocular
disease, such as age-related macular degeneration, dry eye
syndrome, and ocular infection; organ transplant, including
transplant rejection, detecting imminent rejection, detecting
infection, and monitoring adjustments in immunosuppressive
drug regimens; infection, including sepsis, pneumonia, blad-
der infection, urinary tract infection, and kidney infection;
and neurological disorders, including multiple sclerosis,
Alzheimer’s disease, Parkinson’s disease, schizophrenia, and
post-traumatic stress disorder.

[0075] “Control” refers to a sample having a known refer-
ence level of complement activation. In some embodiments,
the control has a complement activation level comparable to
that of an individual who is not experiencing a complement-
associated disorder, such that a test sample having a comple-
ment activation level that is deviated compared to the control
is indicative of a complement-associated disorder. In certain
embodiments, a complement-associated disorder is indicated
when the test sample complement activation level is statisti-
cally significantly deviated compared to the control.

[0076] “C3 activation signature,” as used herein, means
changes in C3 activation levels over time.

[0077] “Deviated” and “a deviation” as used herein, refer to
statistically significant deviations as compared to a reference
level in a control. Depending on the analyte being assayed, a
deviated test sample level may be elevated or decreased rela-
tive to the control level.

[0078] “Decreased,” as compared to a reference level in a
control, means statistically significantly decreased. In an
acute inflammatory response, intact C3 levels are depleted as
C3 is broken down into its activation products. In certain
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embodiments, intact C3 levels are considered decreased as
compared to a reference level in a control at about 10%.
[0079] “Elevated,” as compared to a reference level in a
control, means statistically significantly elevated. In an acute
inflammatory response, iC3b levels increase as C3 is broken
down into its activation products. In certain embodiments, a
ratio of iC3b to intact C3 that is elevated as compared to the
normal ratio of 0.005 is indicative of C3 activation.

[0080] “Epitope” refers to the minimum portion of a mol-
ecule that is recognized by, and thus determines the immuno-
specificity of, an antibody that binds to such epitope. The term
is also used herein to refer to the minimum portion of a
molecule that is recognized by a non-antibody specific bind-
ing agent. Unless otherwise indicated, it is assumed herein
that a specific binding agent that binds to a complement
protein binds to an epitope present and accessible for binding
in the native protein, i.e., the epitope is not a neoepitope.
[0081] “Inflammatory distress” or “inflammatory dysfunc-
tion” occurs when the inflammatory response fails to resolve
or remove the stimuli toward which the inflammatory
response is directed. In such acute cases, the inflammatory
response increases until homeostatic control over the process
erodes. In one embodiment, a complement activation level
determined by the assays and methods disclosed herein cor-
relates directly with the severity of inflammatory distress
being experienced by an individual. For example, when iC3b
concentration is about 12.5% of intact C3, the patient’s
inflammatory distress can be said to be mildly severe. When
1C3b concentration is about 2.5-5% of intact C3, the patient’s
inflammatory distress can be said to be moderately severe.
When iC3b concentration is over 5% of intact C3, the
patient’s inflammatory distress is said to be highly severe.
Understanding the severity of a patient’s inflammatory dis-
tress can inform a physician’s treatment of the individual. For
example, if the individual presents with a highly severe
inflammatory distress level, as indicated by the assays and
methods disclosed herein, the physician can provide emer-
gency medical treatment within the earliest time points of
inflammatory distress, in order to minimize damage from
inflammatory response.

[0082] “Label” refers to a moiety that facilitates the direct
or indirect detection and/or quantitative or relative measure-
ment of a molecule to which it is attached. A detectable label
often produces a signal such as fluorescence, chemilumines-
cence, radioactivity, color, magnetic or paramagnetic propet-
ties, etc., that renders it detectable, e.g., by the use of instru-
ments that detect fluorescence, chemiluminescence,
radioactivity, color, magnetic field, magnetic resonance, etc.,
or in some cases by visual inspection. The label may be, e.g,,
fluorescent substance; pigment; chemiluminescent or lumi-
nescent substance; colored substance; magnetic substance; or
a non-magnetic metal particle such as gold colloid. In a spe-
cific embodiment, the detecting antibodies suitable for use in
the instant methods and assays are conjugated to a colloidal
gold label, which provides a color signal.

[0083] “Neoepitope” refers to an epitope that is generated
or becomes detectable as a result of proteolytic cleavage of a
complement component or cleavage product.

[0084] In certain embodiments of the assays and methods
disclosed herein, the complement present in the body fluid
sample tested is not substantially activated by the assay or
method itself. “Not substantially activated,” as used in this
context, means that the methods and assays of the present
invention are substantially free of in vitro activation caused
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by the test methods and/or materials. In this way, false posi-
tive test results for complement activation are avoided, since
the lateral flow immunoassay is rapid and requires less
sample manipulation, thus avoiding many of the stimuli that
contribute to in vitro complement activation.

[0085] “Point-of-care,” as used herein, refers to a device or
method that can be used or carried out at the bedside or site of
injury of the patient. Point-of-care tests generally do not
require shipping a sample to a laboratory for processing or the
expertise of a skilled laboratory technician. The point-of-care
methods and tests described herein allow a clinician to receive
critical information at the patient’s bedside, or at the site of
traumatic injury or triage, which can direct patient care during
the critical first moments after a physiological crisis that
triggers complement activation.

[0086] “Reader” refers to an instrument suitable for the
detecting of the signal produced by the label. Various instru-
ments are known in the art for the detection of label signals in
diagnostic testing. In a specific embodiment of the present
invention, the label is colloidal gold and the reader is an
instrument suitable for the qualitative and/or quantitative
detection of the color signal produced by the label. Suitable
readers are available commercially from a variety of vendors,
including BioAssay Works ([jamsville, Md.), the ESE-Quant
from Qiagen (Hilden, Germany), Easterline LRE (Nordlin-
gen, Germany), and Detekt Biomedical (Austin, Tex.). In
some specific embodiments, the reader is a handheld reader
that quantifies the amount or concentration of intact C3,1C3b,
or total C3.

[0087] “Treatment,” as used herein, encompasses any diag-
nostic, therapeutic, preventive, or remedial treatment admin-
istered to an individual. In some embodiments, treatment
encompasses performing additional diagnostic testing on the
individual. In other embodiments, treatment encompasses
therapeutic treatment, such as administering a therapeutic
agent to the individual. In certain embodiments, the therapeu-
tic agent is selected from the group consisting of antibiotics,
anti-inflammatory agents, and inhibitors of complement. In
other embodiments, treatment encompasses modifying a
treatment the individual has already received or is receiving.
For example, in one embodiment treating an individual on a
ventilator encompasses optimizing the ventilator.

Overview of the Complement System

[0088] The complement system comprises more than 30
serum and cellular proteins and plays important roles in
innate and adaptive immunity. There are three major path-
ways of complement activation. The classical pathway is
primarily activated by immune complexes, specifically IgG/
IgM antibodies bound to antigen. Other activators include
lipopolysaccharide, myelin, polyanionic compounds, Creac-
tive protein (CRP), and microbial DNA and RNA. The lectin
pathway is activated by polysaccharides with free-mannose
group and other sugars common to fungi and bacteria. The
alternative pathway is mediated by direct C3 activation by
“foreign” substances that often include microbial cell wall
components. All three major pathways of complement acti-
vation converge on the central protein complement compo-
nent 3 (C3). C3 is a central mediator of inflammation and is
activated by most factors that cause inflammation. See FIGS.
1 and 2 for a schematic overview of the complement system.
[0089] The classical pathway is typically triggered by
immune complexes, which are complexes of antigen bound
with antibodies, generally belonging to the IgM or 1gG 1so-
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types. Immune complexes in turn bind to complement com-
ponent C1, which is comprised of Clq, Clr, and Cls. The
binding of C1q to an antibody-antigen complex triggers acti-
vation of Clrand Cls. Activated C1s then cleaves component
C4 to produce C4a and C4b. C4b is capable of covalent
attachment to cell surfaces, although only about five percent
does so. The remaining 95 percent reacts with water to form
a soluble, activated C4b. Component 2 can then associate
with C4b, which after which it is activated by Cls to C2a and
C2b. C4b and C2a combine to form C4bC2a, the classical
pathway (CP) C3 convertase.

[0090] The CP convertase cleaves C3 to form C3a and C3b.
Like activated C4b, C3b can covalently bind to cell surfaces
or react with H,O and stay in solution. Activated C3b has
multiple roles. By itself, it can serve as an opsonin to make the
decorated cell or particle more easily ingested by phagocytes.
In addition, C3b can associate with C4bC2a (the CP C3
convertase) to form a C5 convertase. The complex, termed
C4bC2aC3b is termed the CP C5 convertase. Alternatively,
C3b can form the core of another C3 convertase called the
alternative pathway (AP) C3 convertase.

[0091] Thealternative pathway (AP) is another mechanism
by which C3 can become activated. It is typically activated by
targets such as microbial surfaces and various complex
polysaccharides and other materials. This alternative path-
way can also be initiated spontaneously by the cleavage ofthe
thicester bond in C3 by a water molecule to form C3(H,0).
C3(H,0) binds factor B, which allows factor D to cleave
factor B to Ba and Bb. Bb remains associated with C3(H,O)
to form C3(H,O)Bb complex, which acts as a C3 convertase
and cleaves C3, resulting in C3a and C3b.

[0092] C3b formed either via this process or via the classi-
cal or lectin pathways binds to targets (e.g., on cell surfaces)
and forms a complex with factor B, which is subsequently
cleaved by factor D and form Bb, resulting in C3bBb, which
is termed the alternative pathway (AP) C3 convertase. Bind-
ing of another molecule of C3b to the AP C3 convertase
produces C3bBbC3b, which is the AP C5 convertase.

[0093] Thelectin complement pathway is initiated by bind-
ing of mannose-binding lectin (MBL) and MBL-associated
serine protease (MASP) to carbohydrates. The MB11 gene
(known as LMANI in humans) encodes a type 1 integral
membrane protein localized in the intermediate region
between the endoplasmic reticulum and the Golgi. The
MBL2 gene encodes the soluble mannose-binding protein
found in serum. In the human lectin pathway, MASpl and
MASP? are involved in proteolysis of C4 and C2, leading to
C3 convertase, which lead to production ofa C5 convertase as
described above for the CP.

[0094] C5 convertase generated via any of the three path-
ways cleave C5 to produce C5a and C5b. C5b then binds to
C6, C7, and C8, which catalyses polymerization of C9 to
form the C5b-9 membrane attack complex (MAC). The
assembling MAC inserts itself into target cell membrane,
forming a pore delineated by a ring of C9 molecules. MAC
formation causes cell lysis of invading microbes, MAC for-
mation on host cells can also cause lysis, but not necessarily.
Sublytic amounts of MAC on the membrane of cells may
affect cell function in a variety of ways. The small cleavage
products C3a, C4a, and C5a are anaphylatoxins and mediate
multiple reactions in the acute inflammatory response. C3a
and CS5a are also potent chemotactic factors that attract
immune system cells such as neutrophils and macrophages
into the area of crisis.
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Complement as a Biomarker for Physiological Crisis

[0095] Complement component C3 is useful as a general
alert biomarker that the body is responding to some form of
physiological crisis, such as injury, infection, or other disease
process. Complement has been associated with a wide variety
of diseases, including lupus, arthritis, intracranial hemor-
rhage, diabetes, multiple sclerosis, heart disease, and age-
related macular degeneration. In many cases, the severity of
disease correlates with the level of complement activation. In
some cases, complement can play arole in disease pathology.
In these cases, the body is not able to successfully control the
cause of inflammation, which goes from local to systemic.
Complement activation can directly damage tissue or do so
indirectly by over-activating cells and recruiting immune
cells that in turn cause tissue destruction. Examples of over
activation include anaphylactic shock, multiple organ failure
(MOF), acute respiratory distress syndrome (ARDS), and
systemic inflammatory response syndrome (SIRS).

[0096] Complement activation in the immediate and early
post-trauma period has been well documented and occurs by
several different mechanisms, likely involving all three major
pathways. Release and activation of proteolytic enzymes may
directly activate complement components. Tissue damage
and disruption of the endothelial lining expose surfaces that
lack the endogenous complement inhibiting molecules that
normally protect host tissues. These surfaces are susceptible
to deposition of C3b and alternative pathway activation.
Complement activation is also triggered by reperfusion of
tissues following post-traumatic ischemia.

[0097] Multiple lines of evidence suggest that complement
activation is an important factor in many of the complications
of severe trauma, contributing significantly to 1/R injury,
ARDS, MODS, secondary CNS injury, and sepsis. First, it is
clear that complement activation is a common occurrence in
the immediate post-trauma period in human trauma victims,
and several studies have provided evidence suggesting that
the extent of complement activation correlates positively with
poor outcomes. Second, there is considerable evidence that
complement activation is a major cause of I/R injury in animal
models of trauma as well as in human trauma victims. Third,
numerous studies have demonstrated that complement defi-
ciency or administration of complement inhibitors reduces
tissue damage and improves outcomes in a variety of experi-
mental models including hemorrhage, I/R injury, and CNS
injury.

[0098] Several studies measured complement activation in
trauma patients at sequential time points following severe
trauma and investigated the existence of a correlation
between complement activation and injury severity. Adverse
outcomes such as ARDS, multi-organ failure, sepsis, and
death were also monitored in relation to complement activa-
tion. In one study, complement parameters were determined
over 14 days in trauma patients at risk of ARDS. All patients
showed a decrease in serum levels of C3, C4, C5 and of the
inhibitors C1-INH, complement factor H (CFH), and comple-
ment factor I (CFI) in the first 24 hours, indicating consump-
tion by high levels of complement activation. See Catania et
al., Immunological consequences of trauma and shock, Ann.
Acad. Med. Singapore 28:120-32 (1999); Hecke, et al., Cir-
culating complement proteins in multiple trauma patients—
correlation with injury severity, development of sepsis, and
outcome, Crit. Care Med. 25(12): 201524 (1997); Huber-
Lang et al., Complement-induced impairment of innate
immunity during sepsis, J, Immunol. 169:3223-31 (2002),
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Kang et al., Change of complement system predicts the out-
come of patients with severe thermal injury, J. Burn Care
Rehabil. 24:148-53 (2003); and Younger et al., Detrimental
effects of complement activation in hemorrhagic shock, J.
Appl. Physiol. 90:441-46 (2001).

Assays for the Detection and Quantification of Complement
Activation and their Methods of Use

[0099] Presently disclosed assays and methods provide
several advantages over previous complement assays and
methods known in the art: for example, the instant assays and
methods are suitable for point-of-care use, producing results
in a matter of minutes, rather than hours. The rapid return of
results allows a clinician to act upon changes in C3 activation
in near real-time to direct patient care during the critical first
moments after traumatic injury or at the onset of physiologic
crisis. Provided assays and methods are relatively easy to use
and do not require the availability of an outside laboratory or
a skilled lab technician. Alternatively or additionally, pro-
vided assays and methods require fewer handling steps, and
thus minimize intact C3 activation due to handling and pro-
cessing, which leads to false positive test results. Alterna-
tively or additionally, provided assays and methods described
herein employ antibody pairs carefully selected to allow for
measurement of the complement proteins intact C3 and/or
1C3b, C3’s major activation biomarker. This more precise
measurement of complement activation, in comparison to
traditional assays of total C3, permits analysis of turnover and
actual amount of C3 remaining and available for activation.

[0100] One aspect of the invention encompasses a method
including steps of detecting in a sample from a subject a level
of intact C3, wherein the detecting involves specific interac-
tion between the intact C3 and a non-cross-reactive antibody
thereto, comparing the detected level with a reference level,
which reference level is within a range of about 350 ug/ml to
about 1,700 ug/ml, wherein determination that the detected
level is below the reference level indicates that the subject is
suffering from or susceptible to undesirable and/or patho-
logic complement activation, and administering treatment to
treat undesired complement activation if the detected level is
below the reference level.

[0101] Samples used in methods of the present invention
may vary according to the specific application of the inven-
tion. Typically, a sample will be taken from an individual
suffering from a complement-associated disorder. Exemplary
complement-associated disorders include trauma, inflamma-
tory distress, autoimmune disorders, intracranial hemor-
rhage, infection such as bacteremia, transplant rejection, ocu-
lar disease, heart disease, ischemia/reperfusion injury, age-
related macular degeneration, paroxysmal noctural
hemoglobinuria (PNH), hereditary angiodema, renal disease,
pregnancy-associated disorders, and neurological disorders.
In some embodiments, the complement-associated disorder
is an autoimmune disorder. Autoimmune disorders include a
variety of diseases and conditions associated with an inap-
propriate immune response against tissues and substances
normally found in the body. Examples of autoimmune dis-
eases include, but are not limited to, systemic lupus erythe-
matosus, amyotrophic lateral sclerosis, Celiac disease,
Crohn’s disease, Graves® disease, and rheumatoid arthritis,
among others. In other embodiments, the complement-asso-
ciated disorder is inflammatory distress. Inflammatory dis-
tress, also known as inflammatory dysfunction, includes a
variety of diseases and conditions associated with hyperin-
flammation. Examples of diseases and conditions associated



US 2015/0056639 A1

with inflammatory distress include, but are not limited to,
organ failure, systemic inflammatory response syndrome
(SIRS), adult respiratory distress syndrome (ARDS), sepsis,
ventilator associated pneumonia (VAP), respiratory distress
and pneumonia.

[0102] According to several aspects of the invention, the
sample may be a sample of body fluid or derived therefrom.
Exemplary body fluids that may comprise or be processed to
produce a sample include whole blood, serum, plasma, urine,
tears, saliva, wound exudate, broncheoalveolar-lavage fluid,
and cerebrospinal fluid. See FIG. 19 for a non-limiting list of
suitable body fluids. In some embodiments, the body fluid
may be obtained from the individual within one hour of a
physiological event triggering complement activation. In
other embodiments, the body fluid may be whole blood.
[0103] Complement activation levels may be assessed for
deviation from a reference value of a control (i.e. a “normal”
level) which indicates complement is activated in the indi-
vidual. As an example, in certain embodiments, the level or
concentration of iC3b in the test sample may be elevated in
comparison to a control, indicating C3 is activated and has
been further split into its activation product, iC3b. As a further
example in other embodiments, the level or concentration of
intact C3 is decreased in comparison to a control, indicating
intact C3 has been converted to its breakdown or activation
products and is hence depleted in the individual.

[0104] Insome embodiments, a “normal” intact C3 level in
a patient sample (e.g., bodily fluid) falls within a range with a
lower boundary and an upper boundary that is higher than the
lower boundary. In some embodiments, the lower boundary is
selected from the group consisting of 30 ug/ml, 35 ug/ml, 40
ug/ml, 45 ug/ml, 50 ug/ml, 55 ug/ml, 60 ug/ml, 65 ug/ml, 70
ug/ml, 75 ug/ml, 80 ug/ml, 85 ug/ml, 90 ug/ml, 95 ug/ml, 100
ug/ml, 110 ug/ml, 120 ug/ml, 130 ug/ml, 140 ug/ml, 150
ug/ml, 160 ug/ml, 170 ug/ml, 180 ug/ml, 190 ug/ml, 200
ug/ml, 210 ug/ml, 220 ug/ml, 230 ug/ml, 240 ug/ml, 250
ug/ml, 260 ug/ml, 270 ug/ml, 280 ug/ml, 290 ug/ml, 300
ug/ml, 350 ug/ml, 400 ug/ml, 450 ug/ml, 500 ug/ml, 550
ug/ml, 600 ug/ml 650 ug/ml, 700 ug/ml or more. In some
embodiments, the upper boundary is selected from the group
consisting of 2,000 ug/ml, 1,900 ug/ml, 1,800 ug/ml, 1,700
ug/ml, 1,600 ug/ml, 1,500 ug/ml, 1,400 ug/ml, 1,300 ug/ml,
1,200 ug/ml, 1,100 ug/ml, 1,000 ug/ml, 900 ug/ml, 800
ug/ml, 700 ug/ml, 600 ug/ml, 500 ug/ml, 400 ug/ml, 300
ug/ml or less. In some embodiments a “normal” level of intact
C3 falls within the range of 30 ug/ml-2,000 ug/ml; in other
embodiments a “normal” level of intact C3 falls within the
range of 100 ug/ml-1,500 ug/ml; in other embodiments a
“normal” level of intact C3 falls within the range of 200
ug/ml-1,200 ug/ml; in other embodiments a “normal” level of
intact C3 falls within the range of 200 ug/ml-1,000 ug/ml; in
other embodiments a “normal” level of intact C3 falls within
the range of 200 ug/ml-800 ug/ml; in other embodiments a
“normal” level of intact C3 falls within the range of 200
ug/ml-500 ug/ml; in other embodiments a “normal” level of
intact C3 falls within the range of 600 ug/ml-1,800 ug/ml; in
other embodiments a “normal” level of intact C3 falls within
the range of 700 ug/ml-1,700 ug/ml.

[0105] In some embodiments, where the sample is blood,
plasma or serum, a “normal” level of intact C3 may fall within
the range 300 ug/ml-1,700 ug/ml; in other embodiments, a
“normal” level of intact C3 may fall within the range 400
ug/ml-1,400 ug/ml; in still other embodiments, a “normal”
level of intact C3 may fall within the range 500 ug/ml-1,300

Feb. 26,2015

ug/ml; in still other embodiments, a “normal” level of intact
C3 may fall within the range 500 ug/ml-1,200 ug/ml; in still
other embodiments, a “normal” level of intact C3 may fall
within the range 500 ug/ml-1,100 ug/ml; in still other
embodiments, a “normal” level of intact C3 may fall within
the range 500 ug/ml-1,000 ug/ml; in still other embodiments,
a “normal” level of intact C3 may fall within the range 500
ug/ml-900 ug/ml; in yet other embodiments, a “normal” level
of intact C3 may fall within the range 500 ug/m1-800 ug/ml;
in yet other embodiments, a “normal” level of intact C3 may
fall within the range 500 ug/ml-700 ug/ml; in yet other
embodiments, a “normal” level of intact C3 may fall within
the range 500 ug/ml-600 ug/ml.

[0106] As a more specific example, in some embodiments
where the sample is whole blood, a “normal” level of intact
C3 may fall within the range 500 ug/ml-1,000 ug/ml.

[0107] As a more specific example, in some embodiments
where the sample is plasma, a “normal” level of intact C3 may
fall within the range 700 ug/ml-1,700 ug/ml.

[0108] As a more specific example, in some embodiments
where the sample 1s serum, a “normal” level of intact C3 may
fall within the range 700 ug/ml-1,700 ug/ml.

[0109] In other embodiments, where the sample is tears, a
“normal” level of intact C3 may fall within the range 30
ug-ml-100 ug/ml, in other embodiments, a “normal” level of
intact C3 may fall within the range 40 ug/ml-90 ug/ml; in still
other embodiments, a “normal” level of intact C3 may fall
within the range 50 ug/ml-80 ug/ml; in still other embodi-
ments, a “normal” level of intact C3 may fall within the range
50 ug/ml-70 ug/ml; in still other embodiments, a “normal”
level of intact C3 may fall within the range 50 ug/ml-60
ug/ml.

[0110] Insome embodiments, intact C3 is detected using a
non-cross reactive antibody characterized in that a 1 ug/ul
solution of iC3b produces signal equivalent to less than about
1 ng/ml of C3. In other embodiments, the non-cross reactive
antibody is HM2075.

[0111] Complement activation level may correlate to a
severity of inflammatory distress: the higher the complement
activation level, the greater the risk of developing inflamma-
tory distress and/or the greater the severity of inflammatory
distress experienced by the individual. Therefore, according
to some embodiments of the invention, the complement-as-
sociated disorder is inflammatory distress and the concentra-
tion of one or more of intact C3 and iC3b correlates to a
severity of inflammatory distress.

[0112] The complement activation level determined by the
instant method may provide point-of-care diagnostic infor-
mation that can direct patient care. Based on the risk of
complement-associated disorder or severity of disease or dis-
order, a clinician can select the appropriate treatment for the
individual. In some embodiments, the treatment comprises
performing additional testing on the individual to determine
the cause of inflammatory distress. For example, severe
trauma patients that require ventilator assistance for breath-
ing are at risk for acute respiratory distress caused either by
Ventilator Associated Pneumonia (VAP) or non-infectious
inflammatory dysfunction. A level of complement activation
may indicate active or imminent inflammatory dysfunction
before clinical signs of respiratory crisis are presented. The
instant assays and methods may indicate whether the indi-
vidual is experiencing VAP or non-infectious respiratory dis-
tress. Alternatively, the instant assays and methods may indi-
cate additional testing (such as broncheoalveolar lavage
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(BAL)) at a time point earlier than is now standard practice. If
the individual is suffering from VAP, the treatment may com-
prise administering a therapeutic agent such as an antibiotic
or set of antibiotics. If the inflammatory dysfunction is caused
by non-infectious means, a therapy may be selected from the
group consisting of ventilator adjustment, anti-inflammatory
agents, and inhibitors of complement.

[0113] If the individual is suffering from systemic lupus
erythematosus, the additional testing may be genetic testing.
If the individual is suffering from traumatic brain injury or
intracranial hemorrhage, the additional testing may comprise
obtaining a cerebrospinal fluid sample for additional analysis.
If the individual is suffering from a wound, including a non-
healing wound, the further testing may comprise obtaining a
sample of wound exudate for additional analysis.

[0114] Many inhibitors of complement are known in the art
and suitable for use with the methods of the present invention.
In some embodiments, the inhibitor of complement is
selected from the group consisting of natural complement
inhibitors and derivatives thereof, compstatin and analogs
thereof, anti-membrane attack complex (MAC) antibodies,
anti-C3 antibodies, anti-C5 antibodies, C3a receptor antago-
nists, and C5a receptor antagonists. Examples of additional
complement inhibitors can be found, for example, in Emlen et
al., Therapeutic complement inhibition: new developments,
Semin. Thromb. Hemost. 36(6):660-68 (2101); Wagner et al.,
Therapeutic potential of complement modulation, Nat. Rev.
Drug Discov. 9(1):43-56 (21010); and Ricklin et al., Comple-
ment-targeted therapeutics, Nat. Biotechnol. 25(11):1265-75
(2007), the contents of which are incorporated by reference
herein in their entirety.

[0115] One of the benefits of methods of the present inven-
tion is the rapid return of results, which enables a clinician to
direct patient care in response to changes in complement
activation in near real-time. Whereas previous assays for
complement activation known in the art require full labora-
tories, skilled technicians, and hours to complete, the instant
methods and assays provide results in a much shorter time
frame. In some embodiments, the instant method may pro-
vide a measurement of the complement activation level in the
sample in about 30 minutes or less. In other embodiments, the
method may provide a complement activation level in the
sample in about 30, about 25, about 20, about 15, about 10,
about 5, orabout 3 minutes or less. The rapidity of the method
enables the clinician to determine a complement activation
level and select an appropriate therapy in response, during a
clinically-meaningful time period. Indeed, the instant meth-
ods can be carried out at the bedside or even at the site of
traumatic injury—for example, in an ambulance or in triaging
a patient on the battlefield—and the complement activation
level determined by the assay and method can direct patient
care within the critical first hour post-trauma.

[0116] Another aspect of the invention encompasses a
method including the steps of detecting in a sample from a
subject alevel of iC3b wherein the detecting involves specific
interaction between the iC3b and a non-cross-reactive anti-
body thereto, comparing the detected level with a reference
level, which reference level is within a range of about 10
ng/ml to about 5,000 ng/ml, wherein determination that the
detected level is above the reference level indicates that the
subject is suffering from or susceptible to undesirable and/or
pathologic complement activation, and administering treat-
ment to treat undesired complement activation if the detected
level is above the reference level
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[0117] Samples used in methods of the present invention
may from any of a variety of sources. Typically, a sample will
be taken from an individual suffering from a complement-
associated disorder. Exemplary complement-associated dis-
orders include trauma, inflammatory distress, autoimmune
disorders, intracranial hemorrhage, infection such as bacter-
emia, transplant rejection, ocular disease, heart disease,
ischemia/reperfusion injury, age-related macular degenera-
tion, paroxysmal noctural hemoglobinuria (PNH), hereditary
angiodema, renal disease, pregnancy-associated disorders,
and neurological disorders. In some embodiments, the
complement-associated disorder is an autoimmune disorder.
Autoimmune disorders include a variety of diseases and con-
ditions associated with an inappropriate immune response
against tissues and substances normally found in the body.
Examples of autoimmune diseases include, but are not lim-
ited to, systemic lupus erythematosus, amyotrophic lateral
sclerosis, Celiac disease, Crohn’s disease, Graves’ disease,
and rheumatoid arthritis, among others. In other embodi-
ments, the complement-associated disorder is inflammatory
distress. Inflammatory distress, also known as inflammatory
dysfunction, includes a variety of diseases and conditions
associated with hyperinflammation. Examples of diseases
and conditions associated withinflammatory distress include,
but are not limited to, organ failure, systemic inflammatory
response syndrome (SIRS), adult respiratory distress syn-
drome (ARDS), sepsis, ventilator associated pneumonia
(VAP), respiratory distress and pneumonia.

[0118] According to several aspects of the invention, the
sample may be a sample of body fluid or derived therefrom.
Exemplary body fluids that may comprise or be processed to
produce a sample include whole blood, serum, plasma, urine,
tears, saliva, wound exudate, broncheoalveolar lavage fluid,
and cerebrospinal fluid. See F1G. 19 for a non-limiting list of
suitable body fluids. In some embodiments, the body fluid
may be obtained from the individual within one hour of a
physiological event triggering complement activation. In
other embodiments, the body fluid may be whole blood.

[0119] In some embodiments, a “normal” iC3b level in a
patient sample (e.g., bodily fluid) falls within a range with a
lower boundary and an upper boundary that is higher than the
lower boundary. In some embodiments, the lower boundary is
selected from the group consisting of 75 ng/ml, 80 ng/ml, 85
ng/ml, 90 ng/ml, 95 ng/ml, 100 ng/ml, 110 ng/ml, 120 ng/ml,
130 ng/ml, 140 ng/ml, 150 ng/ml, 160 ng/ml, 170 ng/ml, 180
ng/ml, 190 ng/ml, 200 ng/ml, 210 ng/ml, 220 ng/ml, 230
ng/ml, 240 ng/ml, 250 ng/ml, 260 ng/ml, 270 ng/ml, 280
ng/ml, 290 ng/ml, 300 ng/ml or more. In some embodiments,
the upper boundary is selected from the group consisting of 5
ug/ml, 4.5 ug/ml, 4 ug/ml, 3.5 ug/ml, 3 ug/ml, 2.5 ug/ml, 2
ug/ml, 1.9 ug/ml, 1.8 ug/ml, 1.7 ug/ml, 1.6 ug/ml, 1.5 ug/ml,
1.4 ug/ml, 1.3 ug/ml, 1.2 ug/ml, 1.1 ug/ml, 1.0 ug/ml, 0.9
ug/ml, 0.8 ug/ml, 0.7 ug/ml, 0.6 ug/ml, 0.5 ug/ml, 0.4 ug/ml,
0.3 ug/ml or less. In some embodiments a “normal” level of
iC3b falls within the range of 100 ng/ml-5 ug/ml; in other
embodiments a “normal” level of iC3b falls within the range
of 100 ng/ml-4 ug/ml; in other embodiments a “normal” level
of iC3b falls within the range of 100 ng/ml-3 ug/ml; in other
embodiments a “normal” level of iC3b falls within the range
of 100 ng/ml-2 ug/ml; in other embodiments a “normal” level
of iC3b falls within the range of 100 ng/m1-1.5 ug/ml; in other
embodiments a “normal” level of iC3b falls within the range
0f 200 ng/ml-1 ug/ml; in other embodiments a “normal” level
ofiC3b falls within the range of 200 ng/m1-0.7 ug/ml; in other



US 2015/0056639 A1

embodiments a “normal” level of iC3b falls within the range
of 200 ng/ml-0.5 ug/ml; in other embodiments a “normal”
level of iC3b falls within the range of 200 ng/m1-0.3 ug/ml.

[0120] In some embodiments, where the sample is blood,
plasma or serum, a “normal” level of iC3b may fall within the
range 150 ng/ml-5,000 ng/ml; in other embodiments a “nor-
mal” level of iC3b may fall within the range 150 ng/ml-4,000
ng/ml; in other embodiments a “normal” level of iC3b may
fall within the range 150 ng/ml-3,000 ng/ml; in other embodi-
ments a “normal” level of iC3b may fall within the range 150
ng/ml-2,000 ng/ml; in other embodiments a “normal” level of
iC3b may fall within the range 150 ng/ml-1,000 ng/ml; in
other embodiments a “normal” level of iC3b may fall within
the range 175 ng/m1-900 ng/ml; in still other embodiments a
“normal” level of iC3b may fall within the range 200 ng/ml-
800 ng/ml; in still other embodiments a “normal” level of
iC3b may fall within the range 200 ng/ml-700 ng/ml; in still
other embodiments a “normal” level of iC3b may fall within
the range 200 ng/m1-600 ng/ml; in still other embodiments a
“normal” level of iC3b may fall within the range 200 ng/ml-
500 ng/ml; in still other embodiments a “normal” level of
iC3b may fall within the range 200 ng/ml-400 ng/ml; in still
other embodiments a “normal” level of iC3b may fall within
the range 200 ng/ml-300 ng/ml.

[0121] As a more specific example, in some embodiments
where the sample is whole blood, a “normal” level of iC3b
may fall within the range 10 ng/ml-1,500 ng/ml.

[0122] As a more specific example, in some embodiments
where the sample is plasma, a “normal” level of 1C3b may fall
within the range 10 ng/ml-3,000 ng/ml.

[0123] As a more specific example, in some embodiments
where the sample is serum, a “normal” level of iC3b may fall
within the range 10 ng/ml-5,000 ng/ml.

[0124] In some embodiments, where the sample is tears, a
“normal” level of iC3b may fall within the range 1 ng-ml-50
ng/ml; in other embodiments, a “normal” level of iC3b may
fall within the range 1 ng/ml-40 ng/ml; in still other embodi-
ments, a “normal” level of iC3b may fall within the range 1
ng/ml-30 ng/ml; in yet other embodiments, a “normal” level
of iC3b may fall within the range 1 ng/ml-20 ng/ml; in still
other embodiments, a “normal” level of iC3b may fall within
the range 2 ng/ml-10 ng/ml; in yet other embodiments, a
“normal” level of iC3b may fall within the range 4 ng/ml-10
ng/ml.

[0125] Insomeembodiments, iC3b is detected using a non-
cross reactive antibody characterized in that a 1 ug/ul solution
of intact C3 produces signal equivalent to less than about 1
ng/ml of iC3b. In other embodiments, the non-cross reactive
antibody is selected from the group consisting of A209,
MCA2607, and HM2199.

[0126] In still another aspect, the invention encompasses a
method including the steps of detecting in a sample a ratio of
intact C3 level to iC3b level, wherein the detecting involves
specific interaction between the intact C3, the iC3b, or both
with a non-cross-reactive antibody thereto, comparing the
detected level with a reference ratio of about 0.001 wherein
determination that the detected level is below the reference
level indicates that the subject is suffering from or susceptible
to undesirable and/or pathologic complement activation, and
administering treatment to treat undesired complement acti-
vation if the detected level is below the reference level.

[0127] Some embodiments of the invention will comprise a
reference ratio in the range of 0.001 to 0.005. In certain
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embodiments, the reference ratio is selected from the group
consisting 0f 0.001, 0.002, and 0.005.

[0128] Insomeembodiments methods ofthe present inven-
tion, the form of the assay may be a lateral flow immunoassay
that detects the presence or absence of one or more of intact
C3 and iC3b in the sample. In other embodiments of the
method, the lateral flow assay detects the presence of total C3.
In still other embodiments, the lateral flow immunoassay is
read by a reader. In a more specific embodiment, the reader
quantifies a concentration of one or more of intact C3 and
iC3b in the sample. In another specific embodiment, the
reader quantifies a concentration of total C3 in the sample.

[0129] In lateral flow assay embodiments of the invention,
U.S. Pat. No. 7,910,381 (Ford et al.) describes several such
assays that are contemplated as useful in accordance with the
present invention and the disclosure of this patent is hereby
incorporated in its entirety. Embodiments of the disclosed
lateral flow assays are presently sold under the CFLAT®
name. FIG. 20 shows one embodiment of a lateral flow assay
cassette in accordance with the teachings of U.S. Pat. No.
7,910,381.

[0130] In certain embodiments, the clinician may detect a
decrease in complement activation in response to the treat-
ment the patient is receiving. Accordingly, the clinician may
then modify the individual’s treatment by adjusting the dos-
ing of medications administered, such as anti-inflammatory
agents or complement inhibitors, or discontinuing treatment
once complement levels have returned to normal (i.e., a level
in an individual who is not experiencing a complement-asso-
ciated disorder). In other embodiments, the clinician may
detectarise in complement activation levels in response to the
treatment the patient is receiving. Accordingly, the clinician
may then modify the individual’s treatment by increasing the
dosage of medications, such as anti-inflammatory agents or
complement inhibitors, until a desired stabilization or
decrease in complement activation levels is achieved. If no
change in complement activation level is detected, the clini-
cian may modify the individual’s treatment or may elect to
maintain the individual’s treatment regimen until a change in
complement activation levels is observed.

[0131] Referring to FIG. 4, a lateral flow immunoassay
embodiment of the present invention is described herein and
is comprised of a cellulose membrane strip 3, upon which is
disposed a sample pad 1 to absorb the sample fluid and allow
gradual migration of the sample-and-particle-conjugate
immune complexes, a wick 6 at the distal end of the strip that
absorbs the liquid sample and conjugate material to facilitate
capillary migration through the cellulose membrane strip 3,
and a particle conjugate pad 2 comprising a detecting anti-
body bound to a label, or detection conjugate. The cellulose
membrane strip 3 is the test zone region, upon which is
disposed a test line 4, comprising monoclonal or polyclonal
antibodies striped for capturing the detection conjugate and a
control line 5, comprising an antibody that binds a control
analyte, such as IgG, and indicates to the user that the test was
successfully run. The lateral flow immunoassay further com-
prises a polyester film backing 7 attached to the cellulose
membrane strip 3, and a pressure-sensitive laminate film
backing 8. Each lateral flow immunoassay may be packaged
in a MYLAR® zero-vapor barrier pouch, for example.
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[0132] When a test sample is applied to the sample pad 1,
the sample migrates from the sample pad 1 through the par-
ticle conjugate pad 2, where any target analyte present will
bind to the detecting antibody conjugate. The sample then
continues to migrate across the membrane 3 until it reaches
the test line 4 where the target/conjugate complex will bind to
the immobilized antibodies producing a visible line on the
membrane. The sample then migrates further along the mem-
brane strip 3 until it reaches the control line 5, where excess
antibody conjugate that did not bind the test line will bind the
control line and produce a second visible line on the mem-
brane. The control line ligand is often an antibody against the
Fe region of the conjugated antibody. This control line indi-
cates that the sample has migrated across the membrane as
intended.

[0133] Incertainembodiments, a lateral flow immunoassay
in accordance with the present invention comprises a single
membrane strip for the detection of a single analyte. In other
embodiments, the lateral flow immunoassay detects two or
more analytes. When the lateral flow immunoassay detects
two or more analytes, the test can be configured with multiple
membrane strips arranged in parallel (see, for example, the
schematic of FIG. 5(B)), or with multiple test lines arranged
in series on a single membrane strip (see, for example, the
schematic of F1IG. 9(B)).

[0134] Referring to FIG. 6, in some embodiments, the lat-
eral flow immunoassay membrane strip is enclosed in a test
cassette 9 having a port 10 for instilling the test sample and a
window 11 for viewing the test results. The lateral flow immu-
noassays of FIG. 6 are configured to assay for a single analyte
and each comprise one test line 4 and one control line 5.
[0135] Referring to FIG. 7, in some embodiments, the lat-
eral flow immunoassay is configured to test for two analytes
in a single test cassette in parallel. In some embodiments, the
lateral flow immunoassay comprises two ports 10 for instill-
ing the test samples and a separate membrane strip 3 for each
analyte (see FIG. 7(A)). In other embodiments, the lateral
flow immunoassay comprises one port 10 for instilling the
sample and a separate membrane strip 3 for each analyte (see
FIG. 7(B)).

[0136] Referring to FIG. 8, in some embodiments, the lat-
eral flow immunoassay may be configured to test for three
analytes in a single test cassette in parallel. In some embodi-
ments, the lateral flow immunoassay may comprise three
ports 10 for instilling the test sample and a separate mem-
brane strip 3 for each analyte (see FIG. 8(A)). In other
embodiments, the lateral flow immunoassay may comprise
one port 10 for instilling the test sample and a separate mem-
brane strip 3 for each analyte (see FIG. 8(B)).

[0137] Referring to FIG. 10, in certain embodiments, the
lateral flow immunoassay may be configured to test for mul-
tiple analytes in a single test cassette in series. FIG. 10(A)
depicts atest cassette comprising a membrane strip 3 with two
test lines 4 and one control line 5 arranged in series. FIG.
10(B) depicts a test cassette comprising a membrane strip 3
with three test lines 4 and one control line 5 arranged in series.
[0138] The lateral flow immunoassay presently disclosed
may provide qualitative and/or quantitative detection of the
target markers. Qualitatively, two clear lines on the mem-
brane may represent a positive result, whereas a single line in
the control zone may represent a negative result.

[0139] Insomeembodiments ofthe invention, a lateral flow
immunoassay for the point-of-care detection of a marker of
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complement activation in a body fluid sample comprising
complement proteins is provided, with the exemplary lateral
flow immunoassay comprising: a membrane strip; a detecting
antibody that binds a first epitope of the marker; a test line
comprising a capturing antibody that binds a second epitope
of the marker; and a control line comprising an antibody that
binds a control analyte, wherein the marker 1s selected from
the group consisting of intact C3 and iC3b.

[0140] An exemplary embodiment of such a device is
shown in FIG. 20, with (A) showing a conceptual rendering of
the structure of the device with the membrane strip being a
nitrocellulose membrane strip and employing a gold-labeled
conjugate pad, which is desirable in certain applications, and
(B) showing a method of using the embodiment shown in (A)
to assess complement activation levels in a sample.

[0141] Insome embodiments, the detecting antibody com-
prises a label that provides a signal that can be read visually by
a clinician or electronically via a commercial reader. Various
labels are suitable for use in the instantly disclosed assays. In
a specific embodiment, the label may be colloidal gold as
shown in FIG. 20(A).

[0142] According to several embodiments, detecting and
capturing antibody pairs should be carefully selected to avoid
interfering crosstalk between C3 and iC3b. The primary con-
cern is intact C3 producing a signal in an assay for the detec-
tion of iC3b. As both molecules are derived from the same
protein molecule, crosstalk can present a problem. As C3 is
present at levels about 200 times higher than iC3b in normal
individuals, even a slight degree of crosstalk can have a major
impact on the accurate measurement of iC3b and C3 activa-
tion. This is further complicated by the fact that improper
handling, improper storage, and even reagents themselves
can cause in vitro C3 activation. Surprisingly, Applicants
discovered that not all antibodies suitable for use in tradi-
tional ELISA assays are equally suitable for use in the assays
of the instant invention.

[0143] Tables 1 and 2 below show the difficulties in iden-
tifying antibody pairs suitable for use in the assays of the
instant invention. The inventors analyzed 19 pairs of antibod-
ies in the intact C3 immunoassay and 18 pairs of antibodies in
the iC3b lateral flow immunoassay. Of these pairs, Hycult®
HM2075 and MP Biomedicals® 55237 yielded the best
results, with no cross-reactivity, in the intact C3 lateral flow
immunoassay. Quidel® A209 with either MP Biomedicals®
55237 or Quidel® A250 yielded the best results in the iC3b
lateral flow immunoassay. Interestingly, the inventors noted
that antibody pairs suitable for use in traditional ELISA
assays are not necessarily equally suitable for use in the
lateral flow immunoassays described herein. For example,
Hycult® HM2198 yielded an assay with about a 1% cross-
reactivity, with considerable test-to-test variability. This
cross-reactivity produced a false positive iC3b signal at a
level of twice that of normal circulating iC3b. As actual
double or tripling of iC3b levels would be signs of massive
complement activation, a lateral flow immunoassay with 1%
cross reactivity is without clinical utility. MP Biomedicals®
(55237) worked far better, producing cross reactivity of less
than about 0.5% (about 0.05%), compatible with clinical
utility. However, it is noteworthy that both antibodies per-
formed equally well in traditional ELISA assays.
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Antibody Screening Results in intact C3 assay

capturing antibody detection antibedy
species antigen  supplier species antigen supplier notes
mouse C3a Hycult (HM2075)  goat C3 MP Biomedicals (55237) no cross reactivity under assay conditions
mouse C3a Quidel (A203) goat C3 MP Biomedicals (55237) assay to assay variance too high
chicken C3a GenTex (GTX78198) rabbit  C3d Abcam (ab15981) 1o positive readings (doesn’t work)
mouse C3a Quidel (A203) rabbit  C3d Abcam (ab15981) cross-reacts with C3b/iC3b+++
goat C3a SantaCruz (sc17237) rabbit  C3d Abcam (ab15981) the AB may only react with C3a, not intact C3
mouse C3a Hyeult (HM2073)  rabbit C3d Abcam (ab15981) cross reacts with C3b/iCb+
mouse C3a Hycult (HM2074)  rabbit  C3d Abcam (ab15981) 1o positive readings
chicken C3a Abcam (ab48580)  rabbit  C3d Abcam (ab15981) 1o positive readings
mouse C3a Hyeult (HM2073)  chicken C3a Abcam (ab48580) 1o positive readings
mouse C3a Quidel (A203) chicken C3a Abcam (ab48580) 1o positive readings
chicken C3a Abcam (ab48380)  goat C3 MP Biomedicals (55237) cross reacts with C3b/iC3b+++
mouse C3a Hyeult (HM2073)  goat C3 MP Biomedicals (55237) cross reacts with C3b/iC3b+++
goat C3a SantaCruz (sc17237) goat C3 MP Biomedicals (55237) similar to HM2073, better in diluted serum
rabbit  C3d Abcam(ab135981) mouse C3a Quidel (A203) when anti-C3d is capture Ab, it binds to C3b and iC3b
rabbit  C3d Abcam(ab135981) chicken C3a GenTex (GTX78198) as well, which prevents efficient binding of intact C3
rabbit  C3d Abcam (ab13981)  goat C3a SantaCruz (sc17237) when analyzing mixed samples.
rabbit  C3d Abcam (ab15981)  chicken C3a Abcam (ab48580)
rabbit  C3d Abcam (ab13981)  mouse C3a Hyeult (HM2073)
rabbit  C3d Abcam (ab13981) mouse C3a Hycult (HM2074)
TABLE 2
Antibody Screening Results in iC3b assay
capturing antibody detection antibody
species antigen supplier species  antigen supplier notes
mouse iC3b Quidel (A209) goat C3 MP Biomedicals (55237) no cross reactivity under assay conditions, good
signal

mouse iC3b AbD serotec (MCA2607)  goat C3 MP Biomedicals (55237) cross reacts with C3b/C3c at high cone
mouse iC3b AbD serotec (MCA2607)  rabbit  C3d Abcam (ab15981) lower signal strength than using anti-C3
mouse iC3b Quidel (A209) rabbit  C3d Abcam (ab15981) lower signal strength than using anti-C3
mouse iC3b Quidel (A209) rat C3d Hyecult (HM2198) good signal, lower than using anti-C3
mouse iC3b Quidel (A209) rat C3g Hyecult (HM2199) no signal
mouse iC3b Quidel (A209) mouse  1eo Quidel (A250) lower signal strength than using HRP-anti C3,

C3d better specificity than using anti-C3d
rat iC3b Hyeult (HM2199) goat C3 MP Biomedicals (55237) good signal
rat iC3b Hyeult (HM2199) mouse  active Hycult (HM2168) weak signal

C3
rat iC3b Hyeult (HM2199) mouse  active Hyeult (HM2257) no signal

C3
rat iC3b Hyeult (HM2199) mouse  iC3b Quidel (A209) no signal
rat iC3b Hyeult (HM2199) mouse  neo Quidel (A250) no signal

C3d
mouse active C3  Hyeult (HM2168) goat Cc3 MP Biomedicals (55237) too much crosstalk with C3
mouse active C3  Hyeult (HM2168) rat C3g Hyecult (HM2199) weak signal
mouse active C3  Hyeult (HM2257) goat Cc3 MP Biomedicals (55237) no signal
mouse active C3  Hyeult (HM2257) rat C3g Hycult (HM2199) no signal
mouse C3 alpha  Meridian (H54189M) goat Cc3 MP Biomedicals (55237) no signal
mouse neo C3d  Quidel (A250) rat C3g Hycult (HM2199) very low signal
[0144] In one exemplary embodiment, the marker may be further embodiment, the marker is iC3b and the capturing

intact C3 and the detecting antibody binds a first epitope of
intact C3, wherein the first epitope is a C3a domain which is
present on intact C3 and which is lost upon activation of C3.
In a further embodiment, the marker is intact C3 and the
capturing antibody binds a second epitope on C3, wherein the
second epitope is a region in the C3d domain which is present
on intact C3, C3b, iC3b, and C3d. See FIG. 3(A).

[0145] In another exemplary embodiment, the marker may
be iC3b and the detecting antibody binds a first epitope of
1C3b, wherein the first epitope is a neoepitope on iC3b which
is revealed when C3b is deactivated to iC3b and which is
occluded when 1C3b is further degraded to C3c and C3d. Ina

antibody binds a second epitope on iC3b, wherein the second
epitope is a neoepitope present only on C3b, iC3b, and C3dg.
See F1G. 3(B).

[0146] In a specific example, the marker is intact C3, the
capturing antibody is Hycult® HM2075 and the detecting
antibody is MP Biomedicals® 55237. Inanother very specific
example, the marker is iC3b, the capturing antibody is
Quidel® A209 and the detecting antibody is MP Biomedi-
cals® 55237. In another specific example, the marker 1s iC3b,
the capturing antibody is Quidel® A209 and the detecting
antibody is Quidel® A250.
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[0147] One skilled in the art will appreciate that various
control analytes are suitable for use in the methods of the
instant invention to provide verification that the assay was
successfully completed. In one embodiment, the control ana-
lyte is TgG.

[0148] Another advantage of the instant methods is the
avoidance of substantial complement activation in the sample
by virtue of the test itself, which can lead to false positive
results. It is well known that C3 is a fastidious protein capable
of selfactivation due to sample handling, storage, and contact
with foreign materials or substances. Thus, the nature of C3
can lead to false positives in traditional ELISA and turbidity
assays for complement activation that involve extensive
sample handling and multiple steps. The instant methods
avoid such false positives by reducing and/or eliminating
sample preparation and handling steps, particularly when
used in the context of a lateral flow assay, for example.
Accordingly, in one embodiment of the methods, comple-
ment in the body fluid sample is not substantially activated
experimentally by a lateral flow immunoassay.

[0149] In some embodiments of the present methods, it is
desirable to have a lateral flow immunoassay that can detect
more than one marker of complement activation in a single
assay. For example, a dual lateral flow immunoassay that can
qualitatively and quantitatively detect both intact C3 and
iC3b in the same aliquot of a body fluid may be highly
desirable. Hence, in another embodiment, a lateral flow
immunoassay for the point-of-care detection of markers of
complement activation in a body fluid sample comprising
complement proteins is provided, the lateral flow immunoas-
say comprising: a menibrane strip; a first detecting antibody
that binds a first epitope of intact C3; a first test line compris-
ing a first capturing antibody that binds a second epitope of
the intact C3; a second detecting antibody that binds a first
epitope of iC3b; a second test line comprising a second cap-
turing antibody that binds a second epitope of iC3b; and at
least one control line comprising an antibody that binds a
control analyte.

[0150] Insomeembodiments, the first and second detecting
antibodies comprise a label that provides a signal. Various
labels are suitable for use in the instantly disclosed methods.
In some embodiments, the label is colloidal gold.

[0151] According to several aspects of the invention
complement in the sample is not substantially activated
experimentally by the lateral flow immunoassay itself.

[0152] In some embodiments, the first detecting antibody
binds a first epitope of intact C3, wherein the first epitope of
intact C3 is a C3a domain which is present on intact C3 and
which is lost upon activation of C3.

[0153] In other embodiments, the first capturing antibody
binds a second epitope of intact C3, wherein the second
epitope is a region in the C3d domain which is present on
intact C3, C3b, iC3b, and C3d.

[0154] In still other embodiments, the second detecting
antibody binds a first epitope of iC3b, wherein the first
epitope of iC3b is a neoepitope on iC3b which is revealed
when C3b is deactivated to iC3b and which is occluded when
1C3b is further degraded to C3c and C3d.

[0155] In yet other embodiments, the second capturing
antibody binds a second epitope of iC3b, wherein the second
epitope of iC3b is a neoepitope present only on C3b, iC3b,
and C3dg.
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[0156] In still other embodiments, the antibodies that bind
intact C3 and the antibodies that bind iC3b are not substan-
tially cross-reactive.

[0157] According to several embodiments, the detecting
and comparing steps may be carried out in 30 minutes or less.

EXAMPLES

[0158] The following examples are given by way of illus-
tration and are in no way intended to limit the scope of the
present invention.

Example 1

Patient Triage

[0159] Before the first test sample is assayed, a standard
curve is performed using 10 ng/m1, 30 ng/ml, 100 ng/m1, 300
ng/ml, and 1000 ng/ml of intact C3 and iC3b standards.
Lateral flow immunoassay cassettes are read with an elec-
tronic reader after 20 minutes.

[0160] The test is used to gauge injury severity within 15,
30, or 60 minutes of injury. It is most useful for patients who
may have suffered injuries not obvious by visual inspection.
A drop of blood is collected either from an arterial line
(A-line) or finger stick. A 10 ul sample is drawn up using a
fixed volume pipet. The sample then mixed with 990 ul of
sample buffer. The blood and sample buffer are mixed. Using
a fixed volume pipet bulb, 100 ul is drawn up and pipetted
onto the lateral flow immunoassay cassette containing inte-
grated intact C3 and iC3b test strips. Alternatively, 100 ul can
be applied to separate intact C3 and iC3b lateral flow assay
cassettes. After 10 minutes but before 40 minutes, the cassette
is read and results recorded, preferably electronically by a
reader. If the first reading has an i1C3b level (or equivalent
iC3b:intact C3 ratio) higher than 50 pg/ml in blood, evidence
of complement activation and high inflammation exist. Staff
assumes severe injury and alerts ER staff. Otherwise, a sec-
ond reading is taken 5 minutes later. If the iC3b level (or
equivalent iC3b:intact C3 ratio) is higher than 50 pg/ml in
blood or the iC3b level has increased by more than 25%, the
patient is assumed to have severe injury and ER staff is
alerted. A lesser increase or no increase is suggestive, but not
conclusive, of less severe injury.

Example 2

Trajectory Monitoring of a Trauma Patient

[0161] At the beginning of the shift, ICU staff performs a
standard curve using 10 ng/ml, 30 ng/ml, 100 ng/ml, 300
ng/ml, and 1000 ng/ml of intact C3 and iC3b standards.
Lateral flow immunoassay cassettes are read with an elec-
tronic reader after 20 minutes.

[0162] The objective of trajectory monitoring is to detect
changes in inflammatory and immune status of patients that
have been stabilized after severe trauma. In this example,
respiratory distress caused by either pneumonia or inflamma-
tory dysfunction is to be detected. The expected patient pro-
file is one who has an injury severity score (ISS) equal or
greater to 16 and who requires ventilator assistance for
breathing.

[0163] The patient receives a complement test at frequent
intervals, which aligns with the time points for testing glucose
levels in blood. This interval between testing is usually about
two hours. Blood is collected using the same method as for
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glucose testing, either by A-line or by finger stick. A 10 ul
sample is drawn up using a fixed volume pipet. The sample
then mixed with 990 ul of sample buffer. The blood and
sample buffer are mixed. Using a fixed volume pipet bulb, 100
ul is drawn up and pipetted onto the L.FA cassette containing
integrated intact C3 and iC3b lateral flow immunoassay cas-
settes. Alternatively, 100 ul can be applied to separate intact
C3 and iC3b cassettes. The cassette or cassettes will be placed
in reader at the patient’s bedside. The reader is set to take a
reading after 20 minutes. Datais collected and iC3b, intact C3
and iC3b:(intact C3) values recorded at each time point.
[0164] Changes in intact C3 or iC3b levels over time or
changes in the rate of change may indicate a change in inflam-
matory status. A sharp rise in iC3b, accompanied by a
decrease inintact C3, indicates imminent respiratory distress.
As anext course of action, a clinician performs a broncheoal-
veolar lavage (BAL) on the patient to determine whether the
patient is experiencing VAP. If bacteria are present at levels of
104 per ml or higher, VAP is indicated and the patient is
placed on antibiotic therapy. Otherwise, noninfectious
inflammatory dysfunction is assumed and the patient may be
treated with anti-inflammatory agents and/or complement
inhibitors. The patient may also have his ventilator setting
adjusted.

Exaniple 3

Determining Disease Severity and Effectiveness of
Treatment in a Patient with Systemic Lupus
Erythematosus (SLE)

[0165] Before the first test sample is assayed, a standard
curve is performed using 10 ng/ml 30 ng/ml, 100 ng/ml, 300
ng/ml, and 1000 ng/ml of intact C3 and iC3b standards.
Lateral flow immunoassay cassettes are read with an elec-
tronic reader after 20 minutes.

[0166] The test is used to gauge the initial severity of dis-
ease as well as the effectiveness of therapy. One of the stan-
dard diagnostics performed on SLE patients is measurement
of total C3 levels. C3 levels are normally depressed in SLE
patients and return to normal (>1 mg/ml) following success-
ful treatment. However, it is not known generally whether the
C3 activation has been abrogated or only slowed enough to
allow normal replenishment mechanisms to restore C3 levels
to normal.

[0167] Ateachdoctor visit, a patient’s blood is collected for
total C3, intact C3, and iC3b tests. Only one drop is required
for the combined 3 tests. Blood is collected by fingerstick
unless blood is being drawn for other tests, in which case, the
blood will come from that source. A 10 ul sample is drawn up
using a fixed volume pipet. The sample then mixed with 990
ul of sample buffer. The blood and sample buffer are mixed.
Using a fixed volume pipet bulb, 100 ul is drawn up and
pipetted onto the LFA cassette containing integrated lateral
flow cassette that measures total C3, intact C3 and iC3b.
Alternatively, 100 ul can be applied to separate cassettes for
each assay. The cassette or cassettes are placed in reader at the
doctor’s office. The reader is set to take a reading after 20
minutes.

[0168] Data is collected at each doctor visit. At the initial
visit, adding the iC3b and intact C3 tests provides the spe-
cialist with more information about the severity of the
patient’s condition than is now possible. New information
becomes available at the time that the specialist would con-
sider the patient’s status stable. At this point, the 1C3b and
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intact levels indicate the extent of remaining disease process.
If iC3b levels, in particular, are above normal (generally
>1%), the underlying disease process is still very active and
the specialist may opt to further adjust therapy by increasing
anti-inflammatory drug doses or adding additional medica-
tion.

Example 4

Determination of Basal Intact C3 and iC3b Levels in
the Basal Tear Fluid of a Healthy Individual Over a
24 Hour Period

[0169] Before the first test sample is assayed, a standard
curve is performed using 10 ng/ml, 30 ng/ml, 100 ng/ml, 300
ng/ml, 1000 ng/ml, and 3000 ng/ml of intact C3 and iC3b
standards. Lateral flow immunoassay cassettes are read with
an electronic reader after 20 minutes.

[0170] For determining intact C3 and iC3b levels in the eye
of a healthy individual, three readings in total were taken.
Samples were collected and evaluated of Time=0 hours, 12
hours, and 24 hours.

[0171] For tear collection, the lower eyelid is pulled back
and briefly dapped with a Kimwipe® to the lower part of the
eye. The Kimwipe® is then quickly cut where the tear was
collected leaving a few millimeters of dry edge surrounding
the tear spot. The Kimwipe®-tear sample is then placed into
220 ul of BioAssay Works Diluent Buffer and vortexed thor-
oughly for 10 seconds. After a one minute wait period, the
sample 1s vortexed again briefly. Next, 100 ul of sample is
transferred to each lateral flow immunoassay (intact C3 and
1C3b) and assayed.

[0172] Foranalysis, each cassette is inserted into the reader
and read after 20 minutes.

[0173] Theresults ranged between 50-60 pl/ml of intact C3
and between 5-8 ul/ml of iC3b (See FIG. 15).

Example 5

Determination of Basal Intact C3 and iC3b Levels in
Two Health Individuals at a Single Time Point

[0174] Before the first test sample is assayed, a standard
curve is performed using 10 ng/ml, 30 ng/ml, 100 ng/ml, 300
ng/ml, 1000 ng/ml, and 3000 ng/ml of intact C3 and iC3b
standards. Lateral flow immunoassay cassettes are read with
an electronic reader after 20 minutes.

[0175] Resting levels of intact C3 and iC3b are collected
from two healthy donors. The lateral flow immunoassay
reader is turned on. Finger is cleaned using an alcohol swab.
Finger is stuck with lancet and squeezed gently to collect 10
ul of blood using the MICROSAFE® Tube by capillary
action. Blood sample was expelled directly into a tube filled
with 990 ml of sample assay buffer and then capped and
mixed by inversion 6-8 times. 100 ul of blood sample mixture
was transferred to CompAct intact C3 test using the 100 ul
ExactVolume Pipet. A second 100 ul of blood sample mixture
was then transferred to the CompAct iC3b test using a fresh
100 ul Exact Volume Pipet. The timer was set to read after 20
minutes for both tests.

[0176] Theresults from the first patient were determined to
be approximately 500 pg/ml for intact C3 and 200 ng/ml for
iC3b. This indicates there is 2500 ratio of intact C3 to iC3b in
this individual (see FIG. 16). The second individual’s results
were approximately 1000 pg/ml for intact C3 and 300 ng/ml
for iC3b (see FIG. 17). Both of these values are within the
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expected normal ranges. The iC3b values are in the lower
range of what is considered normal.

Example 6

Determination of Basal Intact C3 and iC3b Levels in
a Healthy Individual at a Single Time Point after
Strenuous Exercise

[0177] Using the above protocol of Example 5, one of the
healthy individuals was tested again after strenuous exercise
(see FIG. 18). Exertion did not significantly alter iC3b or C3
levels.

Example 7

Crosstalk Between Intact C3 and iC3b Antibodies in
Lateral Flow Immunoassays

[0178] Inal milliliter volume, 50 ng/ml of iC3b was mixed
with varying amounts of intact C3 (ranging from 0 ng/ml to
100,000 ng/ml). Samples were mixed by inversion 6-8 times
and then 0.1 ml was pipetted onto the cassette. Readings were
taken at 20 minutes. Reader output was converted to iC3b
concentration using a standard curve generated from 10
ng/ml to 100,000 ng/ml. Background from a cassette run only
with buffer was subtracted. Fractional contributions were
calculated by subtracting the actual iC3b concentration (from
iC3b test with no added C3) from apparent concentration of
1C3b at each point and then normalizing against actual iC3b
concentrations. See FIG. 14. For the HO8K-01 cassettes, at
the highest concentration of C3 tested, about half the 1C3b
signal came from intact C3 and half from actual iC3b. For the
J24K 03 version, about four times as much iC3b signal came
from intact C3 cross talk than from actual iC3b. Although
these antibody pairs work well in ELISA assays, they exhibit
significant crosstalk when used in lateral flow immunoassays
for the same analytes. At the physiologically relevant 250:1
and 500:1 ratios, intact C3 contributes more to iC3b signal
output than iC3b itself in J24K-03.

[0179] J24K-03 is an assay with mouse anti-C3a mono-
clonal on the gold conjugate and mouse anti-C3d monoclonal
onthetest line. HO8K-01 has mouse anti-iC3b monoclonal on
the gold conjugate and Anti-C3 polyclonal on the test line.

Example 8

Generation of 1C3b Standard Curve for Lateral Flow
Immunoassays

[0180] One embodiment of the invention comprises a lat-
eral flow assay strip without the cassette casings. These strips
had anti-iC3b monoclonal (Quidel® A209) conjugated to the
gold and anti-C3 antibody (MP Biomedical® 55237) conju-
gated to the strip. Standard curves are shown in FIG. 11(A).
The standard curves indicated a linear range of about 10 fold
and a sensitivity of about 100 ng/ml. Another embodiment of
the invention configures the strips for use in a cassette that
allows controlled application of the sample to the assay strip.
This improved assay-to-assay reproducibility, although there
is still considerable time dependence on the assay. Standard
curve results are shown in FIG. 11(B). A third embodiment
increases the antibody concentration from 0.5 mg/ml to 1
mg/ml applied to on the gold conjugate and removes BSA
from the absorption buffer. Standard curve results are shown
in FIG. 11(C).
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[0181] Standard curves are generated as described in
example 9 below.

Example 9

Generation of iC3b Standard Curve for Lateral Flow
Immunoassays

[0182] Ten (10) pl of a stock of iC3b (concentration 1
mg/ml) was diluted into 990 ul of sample dilution buffer to
create 10 ug/ml working stock using a 2 ml capped tube. Tube
was mixed by slowly inverting 10-12 times. Investigator
diluted 500 ul of 10 ug/ml stock into 500 ul BAW Buffer to
create a 5 ug/ml stock in another 2 ml capped tube. Mixing
was performed by slowly inverting tube 10-12 times. The 1:1
dilution (500 ul:500 ul) was repeated, as described above,
nine more times to create the following working stocks: 10
ug/ml, 5ug/ml, 2.5 ug/ml, 1.25 ug/ml, 625 ng/ml, 313 ng/ml,
156 ng/ml. 78 ng/ml, 39 ng/ml, 20 ng/ml, 10 ng/ml, and 0
ng/ml (buffer alone).

[0183] Lateral flow immunoassay (LFA) cassettes were
prepared by labeling and laying out in groups of three. For
each dilution, investigator pipetted 100 ul of first working
stock (10 ug/ml for intact C3 and 5 ug/ml for iC3b) into
sample port of 1st LFA. For each concentration, investigator
waited 20 seconds before loading 100 ul of same working
stock into the 2nd LFA. Cassettes were read after 10, 20, and
30 minutes using BioAssay Works Reader LFDR 101 (Forsite
Diagnostics) using the Test line setting followed by the Con-
trol line setting, and the data recorded.

[0184] After the experiment is completed, data was plotted
using GraphPad Prism 5 software. The standard curve fits the
three-parameter logistic equation: Y=Bottom+(Top-Bot-
tom)/(1+EC50/X). See FIG. 12.

Example 10

Generation of Intact C3 Standard Curve for Lateral
Bow Immunoassays

[0185] Ten (10) w of a stock of intact (concentration 1
mg/ml) was diluted into 990 ul of sample dilution buffer to
create 10 ug/ml working stock using a 2 ml capped tube. Tube
was mixed by slowly inverting 10-12 times. Investigator
diluted 500 ul of 10 ug/ml stock into 500 ul BAW Buffer to
create a 5 ug/ml stock in another 2 ml capped tube. Mixing
was performed by slowly inverting tube 10-12 times. The 1:1
dilution (500 ul:500 ul) was repeated, as described above,
nine more times to create the following working stocks:
[0186] 10ug/ml, 5Sug/ml,2.5ug/ml, 1.25ug/ml, 625 ng/ml,
313 ng/ml, 156 ng/ml, 78 ng/ml, 39 ng/ml, 20 ng/ml, 10
ng/ml, and 0 ng/ml (buffer alone).

[0187] LFA cassettes were prepared by labeling and laying
out in groups of three. For each dilution, 100 ul of first
working stock (10 ug/ml for intact C3 and 5 ug/ml for iC3b)
was pipetted into sample port of 1st LFA. For each concen-
tration, investigator waited 20 seconds before loading 100 ul
of same working stock into the 2nd LFA. Cassettes were read
after 10, 20, and 30 minutes using BioAssay Works Reader
LFDR 101 (Forsite Diagnostics) using the Test line setting
followed by the Control line setting, and the data recorded.
[0188] After the experiment is completed, data was plotted
using GraphPad Prism 5 software. The standard curve fits the
three-parameter logistic equation: Y=Bottom+(Top-Bot-
tom)/(1+EC50/X). See FIG. 13.
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Example 11

Embodiment of a CompAct™ Lateral Flow Assay
Procedure

[0189] FIG. 21 depicts an exemplary embodiment of a lat-
eral flow format immunoassay. Initially, a finger of a patient is
cleaned with an alcohol swab and the finger is pricked with a
lancet. The finger is then squeezed to facilitate presentation of
blood, which is then collected in a Microsafe™ tube. The
blood is expelled from the Microsafe™ tube directly into a
sample port of a CompAct™ test cassette. Next, three drops
of assay buffer are added into the sample port to mix with and
dilute the blood sample. The samples are allowed to sit for a
period of time, for example 15 to 20 minutes. If desired, a
second blood sample may be drawn as described and the
sample then introduced to a second CompAct™ test cassette
(“B”). At some point at or before the end of the desired time
period, each test cassette may be visually inspected to be sure
that the control line is readily visible and that smearing of the
sample is not likely to cause a problem in reading the data.
Once the desired time period has elapsed, each test cassette
may be introduced to a reading device to capture data from
each test, for example, as shown in FIG. 21. Also shown in
FIG. 21 are conceptual sketches of the cleaning and sample
extraction procedures as well as photographs of test cassettes
and a test reader contemplated as within the scope of the
present invention.

Example 12

Sensitivity of CompAct™ Lateral Flow Assay
Embodiment for Human C3

[0190] Ten (10) pl of a stock of purified human C3 protein
(Complement Technology, Inc., #A113, concentration 1
mg/ml) was diluted into 990 ul of Sample Diluent Buffer
(BioAssay Works, ISOT-003) to create 10 ug/ml working
stock in a 2 ml capped tube. The working stock was mixed by
slowly inverting 10-12 times. Investigator diluted 500 ul of 10
ug/ml stock into 500 ul BAW Buffer to create a 5 ug/ml stock
in another 2 ml capped tube. Mixing was performed by slowly
inverting tube 10-12 times. The 1:1 dilution (500 ul:500 ul)
was repeated, as described above, nine more times to create
the following working stocks: 10 ug/ml, 5 ug/ml, 2.5 ug/ml,
1.25 ug/ml, 625 ng/ml, 313 ng/ml, 156 ng/ml, 78 ng/ml. 39
ng/ml, 20 ng/ml, 10 ng/ml, and 0 ng/ml (buffer alone).
[0191] Lateral flow assay (LFA) cassettes were prepared by
labeling and laying out in groups of three. Each set of tripli-
cate tests were photographed (Nikon D80 with 60 mm AF
Micro Nikkor lens), and the images were assembled into a
single image using a Paint application. The photographs of
each replicate can be seen in FI1G. 22.

[0192] For each dilution, 100 ul of first working stock (10
ug/ml for intact C3 and 5 ug/ml for iC3b) was pipetted into
sample port of a first LFA. For each concentration, investiga-
tor waited 20 seconds before loading 100 ul of same working
stock into the 2nd LFA. Cassettes were read after 10, 20, and
30 minutes using BioAssay Works Reader LFDR-001 (For-
site Diagnostics) using the Test line setting followed by the
Control line setting, and the data recorded. The Sandwich
value for each time point was calculated as a percentage: [ Test
line]/[Control line]x100% and the results are shown in FIG.
23. As assessment of variability of the assays used in this
example was calculated and is shown in FIG. 24.

Feb. 26,2015

Example 13

Sensitivity of CompAct™ Lateral Flow Assay
Embodiment for Human iC3b

[0193] Ten (10)ulofastock of purified humaniC3b protein
(Complement Technology, Inc., #A115, concentration 1
mg/ml) was diluted into 990 ul of sample diluent buffer (Bio-
Assay Works, ISOT-003) to create a 10 ug/ml working stock
in a 2 ml capped tube. The working stock was mixed by
slowly inverting 10-12 times. Investigator diluted 500 ul of 10
ug/ml stock into 500 ul BAW Buffer to create a 5 ug/ml stock
in another 2 ml capped tube. Mixing was performed by slowly
inverting tube 10-12 times. The 1:1 dilution (500 ul:500 ul)
was repeated, as described above, nine more times to create
the following working stocks: 10 ug/ml, 5 ug/ml, 2.5 ug/ml,
1.25 ug/ml, 625 ng/ml, 313 ng/ml, 156 ng/ml, 78 ng/ml, 39
ng/ml, 20 ng/ml, 10 ng/ml, and 0 ng/ml (buffer alone).

[0194] Lateral flow immunoassay (LFA) cassettes were
prepared by labeling and laying out in groups of three. Each
set of triplicate tests were photographed (Nikon D80 with 60
mm AF Micro Nikkor lens), and the images were assembled
into a single image using a Paint application. The photo-
graphs of each replicate can be seen in FIG. 25.

[0195] Foreachdilution, investigator pipetted 100 ul of first
working stock (10 ug/ml for intact C3 and 5 ug/ml for iC3b)
into sample port of 1st LFA. For each concentration, investi-
gator waited 20 seconds before loading 100 ul of same work-
ing stock into the 2nd LFA. Cassettes were read after 10, 20,
and 30 minutes using BioAssay Works Reader LFDR-001
(Forsite Diagnostics) using the Test line setting followed by
the Control line setting, and the data recorded. The Sandwich
value for each time point was calculated as a percentage: [ Test
line]/[Control 1ine]x100% and the results are shown in FIG.

Example 14

Assessment of Human Native C3 and iC3b Using a
Lateral Flow Assay Embodiment

[0196] Whole blood was collected via a finger stick using a
safety lancet (Fisher Healthcare, 02-675-160) and transferred
via a pipet to a 2 ml tube. Next, 30 ul of blood was immedi-
ately diluted into 270 ul Sample Diluent Buffer (BioAssay
Works, ISOT-003) in a separate 2 ml tube, and 100 ul of the
1:10 blood dilution was applied to the iC3b LFA. The 1:10
blood dilution was further diluted into Sample Diluent Buffer
to a final concentration of 1:3162, and 100 ul was applied to
the C3 LFA. The Test and Control lines were read for each test
at 20 and 30 minutes using a reader (Forsite, #LFDR-001) and
triplicate samples were run for each data point. The estimated
concentration of native C3 and iC3b were derived using the
Sandwich value for the sample and the standard curve for the
particular assay. The data for these assays is shownin FIG. 27.

Example 15

Assessment of Human C3 Levels from Samples of
Human Whole Blood, Plasma, and Serum

[0197] This study analyzed human donor samples of whole
blood, plasma, and serum for levels of native C3 and levels of
iC3b. Three donors had samples taken at three different time
points during a one week period at days 1, 2, and 5. The
procedures used to extract the samples and introduce them to
the cassettes were substantially as described in Example 11.
Whole blood samples were tested immediately after extrac-
tion via a CompAct™ lateral flow assay test, while plasma
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and serum samples were prepared and tested either via a
CompAct™ lateral flow assay test or a standard ELISA assay.
[0198] For samples tested with a CompAct™ lateral flow
assay, plasma-EDTA and serum were prepared from fresh
whole blood per manufacturer’s protocols (Becton, Dickin-
son and Company) and frozen in aliquots at -80° C. Aliquots
were thawed on ice and assayed via the CompAct™ assay.
Estimated iC3b concentrations were derived from purified
protein standard curves.

[0199] For samples tested in a standard ELISA assay, the
following procedures were used. First, 96 well plates were
coated using 50 ul of monoclonal antibody diluted to 2 ug/ml
in 1x PBS. For the human C3 ELISA assays, Immnulon
4HBX plates (Thermo Scientific, 3855) were coated with
mouse anti-human C3/C3a monoclonal antibody (Cell Sci-
ences, HM2075). For the human iC3b ELISA assays, Immu-
lon 1B 96-well plates (Thermo Scientific, 3355) were coated
with mouse anti-human iC3b monoclonal antibody (Quidel,
A209). The ELISA plates were allowed to incubate at room
temperature for 1-2 hours. The liquid containing the mono-
clonal antibody was discarded and each well was washed
twice with 1X PBS-Tween 0.05% (PBS-T). Next, the wells
were blocked with 200 ul of StartingBlock buffer (Thermo
Scientific, 37538) and incubated for one hour at room tem-
perature. The buffer was then discarded and cells were
washed three times with 1X PBS-T. The purified protein
standards were diluted into 1X PBS to a concentration of 1
ug/ml in a separate microtiter plate (Thermo Fisher #9205).
The human C3 standard used was from Complement Tech-
nology, Inc (#A113) and the human iC3b standard used was
also from Complement Technology, Inc. (#A115). Each stan-
dard was then serially diluted using equal volumes of 1X
PBS.

[0200] Each plasma and serum sample was prepared from
whole blood as described above, and then diluted 1:20in 1X
PBS into the separate microtiter plate and then serially diluted
using 1X PBS. Then, 50 ul of each diluted sample was trans-
ferred into the appropriate well of the ELISA plate and
allowed to incubate at room temperature for one hour. The
liquid was then discarded and each well was washed six times
using 1X PBS-T. Fifty (50) ul of goat anti-C3-HRP (MP
Biomedicals, #55237) was diluted 1:2000 into StartingBlock
buffer and added to each well of the ELISA plate. The
samples were then incubated for one hour at room tempera-
ture. The liquid was then discarded and each well was washed
six times using 1X PBS-T. Fifty (50) ul of a 1:1 mixture of
TMB horse radish peroxidase substrate (Thermo Fisher
#1854060 and #1854050) were added to each well. After
three minutes, 25 ul of 1M H,80, was added to each well to
stop the reaction. The ELISA plate was then analyzed using a
BMG Labtech POLARstart Omega plate reader at 450 nm.
The results of these experiments can be seen in FIGS. 28 and
29.

[0201] FIG. 28 shows that levels of human C3 protein
assessed using a CompAct™ lateral flow assay embodiment
of the invention generally match those levels observed in the
literature that were generated using ELISA methods.

[0202] FIG. 29 shows that the levels of iC3b protein
detected in plasma and serum samples varies significantly
between the CompAct™ lateral flow assay embodiment and
previously known ELISA methods. The data shown in (A),
(B), and (C) are shown as bar graphs by donor, while the data
in (D) is shown numerically in a table. This was a surprising
result that highlights the advantages of the methods and
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assays of the present invention. Without wishing to be held to
a particular theory, applicants propose that the significantly
lower levels of iC3b assayed using the CompAct assay may
be due to the rapid speeds at which data is generated versus
the much slower and more ELISA methods. It is possible that
shortening reaction times does not allow for factors in a
sample to act on and potentially activate complement pro-
teins. The increased number of manipulating and handling
steps required by the ELISA may also be contributing to these
results in a similar manner, buy facilitating interaction
between intact C3 and activating agents, for example.
[0203] This hypothesis is supported as shown in FIG. 30
where it is clear that when purified samples of iC3b are used,
both the CompAct™ and ELISA tests produce similar data.
However, when samples derived from body fluid are used, the
result vary significantly. Regardless of the mechanism behind
the results, such a large difference in detected levels of iC3b
in the same sample may easily lead to erroneous clinical
diagnoses, highlighting one of the advantages of embodi-
ments of the present invention.

Example 16

The Effect of Time on Detected iC3b Levels

[0204] 1Inan effortto assess the effects of time on the levels
of iC3b detected in samples exposed to room temperature
using the CompAct™ assay, diluted samples of whole blood,
plasma, and serum obtained in Example 15 wete re-tested
after four hours of time at room temperature. Other assay
methods and conditions were the same as described in
Example 15 and the data is shown in FIG. 31. The data clearly
shows that there is an approximately 100-fold increase in the
levels of iC3b in each sample due to the passage of time at
room temperature. This previously unknown effect strongly
indicates that substantial increases in iC3b levels occur rap-
idly at room temperature. This further highlights an advan-
tage of embodiments of the present invention and the poten-
tial false data generated by previous methods, including
ELISA assays, which require hours of time to generate data.
[0205] In an effort to achieve better resolution in terms of
the increases of C3 activation over time in various samples,
aliquots of whole blood, plasma, and serum samples obtain in
Bxample 15 above were assessed at different time points to
determine how quickly C3 activation may be observed.
[0206] FIG. 32 shows levels of iC3b detected using a Com-
pAct™ assay embodiment of the invention in samples of
whole blood as compared to samples containing purified iC3b
protein standards. Samples were tested after 5, 10, 15, or 20
minutes of exposure to room temperature and the assays were
run substantially as described in example 15. (A) shows that
some increases in iC3b may be detected in whole blood after
only 5 minutes at room temperature, and the magnitude of this
increase appears to accelerate over time as can be seen by the
increasing slope of the data in (B), (C) and (D).

[0207] FIG. 33 shows the difference iniC3b levels detected
in a CompAct™ assay embodiment of the invention after
either 5 minutes or 60 minutes exposure to room temperature.
The samples of plasma and serum were obtained and pre-
pared as described above for example 15. As can be seen in
FIG. 33, the increase in iC3b levels detected was far more
robust at 60 minutes than 5 minutes. Additionally and unex-
pectedly, the increases in iC3b levels does not appear to
uniformly increase over time, as evidenced by the significant
alterations in slope over time. This phenomenon adds an
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additional layer of complexity to the proper analysis of
complement activation and further highlights the importance
of minimizing assay time and processing. Several embodi-
ments of the present invention address this previously
unknown problem in the detection of complement activation.

Example 17

Time Dependent Generation of iC3b in Human
Plasma

[0208] Inthisexample, human plasma from a healthy donor
was diluted 1:10 into Sample Diluent Buffer and immediately
assay via iC3b LFA strips. The diluted plasma continued to
incubate at room temperature and was tested after an addi-
tional incubation time of 30 min, 1 hr, 2 hr, 4 hr and 72 hr (3
days). The Test and Control lines for each time point were
read by a reader (Forsite, £LFDR-001) 30 minutes after appli-
cation of the sample to the LFA. The Sandwich value was
calculated as a percentage (Test line/Control linex100%)
after subtracting out Test line signal from a buffer-alone
sample (not shown). F1G. 34 shows the time dependent acti-
vation of iC3b in plasma, with (A) showing the test strips after
incubation and (B) showing the data as read by the Forsite
reader. The graph of (B) is plotted with hours on the X-axis
and Sandwich value on the Y-axis.

Example 18

Time Dependent Generation of iC3b in Human
Plasma and Serum Using ELISA

[0209] Inthis example, as shown in FIG. 35, human plasma
and serum from a healthy donor was serially diluted into
ELISA Buffer and incubated with wells coated with anti-
1C3b monoclonal antibody for either (A) 2 minutes or (B) 5
minutes before stopping the incubation by removal and wash-
ing. Then, all the wells were incubated with HRP conjugated
anti-C3 polyclonal antibody for detection. Purified iC3b pro-
tein was also diluted and incubated side-by-side with the
plasma and serum samples for the times indicated to generate
a standard curve for each time point as is shown in FIG. 35.
The concentration of iC3b in the diluted serum was derived
from the corresponding iC3b standard curve for each time
point.

[0210] AsFIGS. 35 (A)and (B) show, activation of iC3b in
human plasma and serum can occur very quickly, even as
quickly as two minutes in some cases. The activation of iC3b
in human serum was particularly strong in this example and
highlights the dramatic effect time can have on samples ana-
lyzed using ELISA type assays.

[0211] Inanother experiment, human serum from a healthy
donor was serially diluted into ELISA Buffer and incubated
with wells coated with anti-iC3b monoclonal antibody for the
times indicated before stopping the incubation by removal
and washing. Then, all the wells were incubated with HRP
conjugated anti-C3 polyclonal antibody for detection. Puri-
fied iC3b protein was also diluted and incubated side-by-side
with the diluted serum for the times indicated to generate a
standard curve for each time point. The concentration of iC3b
in the diluted serum was derived from the corresponding iC3b
standard curve for each time point. FIG. 36 shows the relative
levels of iC3b detected over time in these samples, with a
doubling of iC3b levels shown by as little as 15 minutes of
incubation.
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Example 19

C3 Activation in the Absence of Antigen: Antibody
Complexes

[0212] After coating wells with anti-ovalbumin antibody
(does not recognize C3 or iC3b) and blocking with Starting-
Block Buffer (Pierce 37538), human serum was diluted into
Veronal Buffer (Lonza, 12-624E) in the wells and allowed to
incubate for either 10 or 60 minutes+/—10 mM EDTA. After
washing, the wells were incubated for 60 minutes with HRP-
conjugated anti-C3 polyclonal antibody for detection using
Peroxide Solution (Thermo Sci., 1854060) and Peroxidase
Substrate TMB (Thermo Sci., 1854050). The wells were read
for absorbance at 450 nm.

[0213] FIG. 37 shows that the serum-derived C3 in this
experiment was significantly activated after 10 minutes or 60
minutes of incubation on the OVA coated plate. Without
wishing to be held to a specific theory, it appears that this
activation is via an EDTA-sensitive activation pathway. It is
noteworthy that the deposition of C3 occurred onto anti-
ovalbumin antibody coated wells in the absence of ovalbu-
min, showing that an ovalbumin: ovalbumin antibody com-
plex is not required for C3 activation and deposition. This
highly unexpected result means the observed C3 deposition is
likely not occurring viaa traditional capture phenomenon that
is normally associated with an ELISA assay.

Example 20

C3 Activation in the Absence of Antibody-Coated
Wells

[0214] Wells were blocked with StartingBlock Buffer (in
the absence of antibody), human serum was diluted into
Veronal Buffer (Lonza, 12-624E) in the wells and allowed to
incubate for either 10 or 60 minutes+/-10 mM EDTA. After
washing, the wells were incubated for 60 minutes with HRP-
conjugated anti-C3 polyclonal antibody for detection using
Peroxide Solution (Thermo Sci., 1854060) and Peroxidase
Substrate TMB (Thermo Sci., 1854050). The wells were read
for absorbance at 450 nm.

[0215] FIG. 38 shows that human serum-derived C3 is
apparently activated via an EDTA-sensitive pathway and
deposited onto wells blocked with buffer in the absence of
antibody. Thus, not only is an antigen:antibody complex not
required for C3 activation and deposition, as shown in
Bxample 19, but not even an antibody is required to observe
this phenomena. Much as with Example 19 above, this highly
unexpected result indicates that the C3 deposition observed is
not a capture phenomenon that is normally associated with
ELISA immunodetection.

[0216] While particular embodiments of the present inven-
tion have been illustrated and described, it would be obvious
to one skilled in the art that various other changes and modi-
fications can be made without departing from the spirit and
scope of the invention. It is, therefore, intended to cover in the
appended claims all such changes and modifications that are
within the scope of this invention.

1-27. (canceled)

28. A method comprising steps of

detecting in a sample from a subject a first level of 1C3b
wherein the detecting involves specific interaction
between the iC3b and a detecting agent;

comparing the detected level with a reference level, which
reference level is within a range of about 10 ng/ml to
about 5,000 ng/ml; wherein determination that the
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detected level is above the reference level indicates that
the subject is suffering from or susceptible to undesit-
able and/or pathologic complement activation; and

implementing a change in treatment to treat undesired and/
or pathologic complement activation if the detected
level is above the reference level.

29. The method of claim 28, further comprising detecting
in a sample from a subject a second level of iC3b wherein the
detecting involves specific interaction between the iC3b and a
detecting agent: and

implementing a change in treatment to treat undesired and/

or pathologic complement activation if the second level
of iC3b is within or below the reference level.

30. The method of claim 28, wherein the detecting is com-
pleted within about 2 hours or less from the time the sample
is taken from the subject.

31. The method of claim 28, wherein the detecting is com-
pleted within about 60 minutes or less from the time the
sample is taken from the subject.

32. The method of claim 28, wherein the detecting is com-
pleted within about 30 minutes or less from the time the
sample is taken from the subject.

33. The method of claim 28, wherein the detecting agent is
a non-cross reactive antibody to iC3b.

34. The method of claim 33, wherein the non-cross-reac-
tive antibody is sufficiently non-cross-reactive with intact C3
that a solution concentration of at least 1 ug intact C3/ml
would be required to generate a level of binding signal com-
parable to that observed for the antibody with a 1 ng/ml
solution of iC3b.

35. The method of claim 28, wherein the reference level is
within a range of about 100 ng/ml to 3,000 ng/ml.

36. The method of claim 28, wherein the reference level is
within a range of about 200 ng/ml to 1,000 ng/ml.

37. The method of claim 28, wherein the undesirable and/
or pathologic complement activation is caused by a disorder
selected from the group consisting of trauma, inflammatory
stress, autoimmune disorders, intracranial hemorrhage,
infection, transplant rejection, ocular disease, heart disease,
ischemia/reperfusion injury, paroxysmal nocturnal hemoglo-
binuria, hereditary angiodema, renal disease, pregnancy-as-
sociated disorders, and neurological disorders.

38. The method of claim 28, wherein the sample is selected
from the group consisting of whole blood, serum, plasma,
urine, tears, saliva, wound exudate, bronchoalveolar lavage
fluid, and cerebrospinal fluid.

39. The method of claim 28, wherein the step of detecting
is performed under controlled conditions such that perfor-
mance of the step does not substantially activate complement
within the sample.

40. The method of claim 28, wherein an ELISA assay is not
utilized in either of the detecting or comparing steps.

41. The method of claim 28, wherein the detecting and
comparing steps are carried out using a lateral flow assay.

42. The method of claim 28, wherein the detecting and
comparing steps are repeated at least once at least two hours
after the performance of the first detecting and comparing
steps.

43. The method of claim 33, wherein the non-cross-reac-
tive antibody binds to a neoepitope of iC3b.

44. A method comprising steps of

detecting in a sample from a subject a first level of iC3b

wherein the detecting involves specific interaction
between the iC3b and a detecting agent;
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detecting in a sample from a subject a second level of iC3b
wherein the detecting involves specific interaction
between the iC3b and a detecting agent;

comparing the second level of iC3b to the first level of

iC3b; wherein determination that the second level of
iC3b is at least 25% above the first level of iC3b indi-
cates that the subject is suffering from or susceptible to
undesirable and/or pathologic complement activation;
and

implementing a change in treatment to treat undesired and/

or pathologic complement activation if the second level
of iC3b is at least 25% above the first level of iC3b.

45. The method of claim 44, further comprising detecting
in a sample from a subject a third level of iC3b wherein the
detecting involves specific interaction between the iC3band a
detecting agent; and

implementing a change in treatment to treat undesired and/

or pathologic complement activation if the third level of
iC3b is at least 25% below the second level of iC3b.

46. The method of claim 44, wherein at least one detecting
step is completed within about 2 hours or less from the time
the sample is taken from the subject.

47. The method of claim 44, wherein at least one detecting
step 1s completed within about 60 minutes or less from the
time the sample is taken from the subject.

48. The method of claim 44, wherein at least one detecting
step is completed within about 30 minutes or less from the
time the sample is taken from the subject.

49. The method of claim 44, wherein the detecting agent is
a non-cross reactive antibody to iC3b.

50. The method of claim 49, wherein the non-cross-reac-
tive antibody is sufficiently non-cross-reactive with intact C3
that a solution concentration of at least 1 ug intact C3/ml
would be required to generate a level of binding signal com-
parable to that observed for the antibody with a 1 ng/ml
solution of iC3b.

51. The method of claim 44, wherein the undesirable and/
or pathologic complement activation is caused by a disorder
selected from the group consisting of trauma, inflammatory
stress, autoimmune disorders, intracranial hemorrhage,
infection, transplant rejection, ocular disease, heart disease,
ischemia/reperfusion injury, paroxysmal nocturnal hemoglo-
binuria, hereditary angiodema, renal disease, pregnancy-as-
sociated disorders, and neurological disorders.

52. The method of claim 44, wherein the sample 1s selected
from the group consisting of whole blood, serum, plasma,
urine, tears, saliva, wound exudate, bronchoalveolar lavage
fluid, and cerebrospinal fluid.

53. The method of claim 44, wherein the step of detecting
is performed under controlled conditions such that perfor-
mance of the step does not substantially activate complement
within the sample.

54. The method of claim 44, wherein an ELISA assay is not
utilized in either of the detecting or comparing steps.

55. The method of claim 44, wherein the detecting and
comparing steps are carried out using a lateral flow assay.

56. The method of claim 44, wherein the detecting and
comparing steps are repeated at least once at least two hours
after the performance of the first detecting and comparing
steps.

57. The method of claim 49, wherein the non-cross-reac-
tive antibody binds to a neoepitope of 1C3b.
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