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DESCRIPTION

Field of the Invention

[0001] The present invention relates to the field of point of care assays (POC) for
discriminating between viral and bacterial infections. More particularly, the invention pertains to
an Immunoassay that rapidly distinguishes between viral and/or bacterial infections.

Background Art

[0002] Fever iIs a common cause of childhood visits to urgent care centers for both family
practice and pediatric offices. Most commonly, this relates to either a respiratory infection or
gastroenteritis. The high incidence of fever in children and the precautious administration of
unnecessary antibiotics 1s reason to develop a rapid screening test for the biomarkers that
Indicate viral and/or bacterial infection.

[0003] Severe community-acquired pneumonia is caused by bacterial infections in around 60%
of cases, requiring admission to an intensive care unit (ICU) for about 10% of patients. The
remaining 40% are related to respiratory viruses. Most respiratory infections are related to
pharyngitis of which 40% are caused by viruses and 25-50% by group A beta hemolytic
streptococcus. The latter causes are acute bronchiolitis and pneumonia.

[0004] About 80% of all antimicrobials are prescribed Iin primary care, and up to 80% of these
are for respiratory tract indications. Respiratory tract infections are by far the most common
cause of cough In primary care. Broad spectrum antibiotics are often prescribed for cough,
Including acute bronchitis, and many of these prescriptions will benefit patients only marginally
If at all, and may cause side effects and may promote antibiotic resistance. Factors that urge
physicians to give antibiotics include the absence of an adequate diagnostic marker of bacterial
Infections, the concern about lack of patient follow-up, and the time pressure.

[0005] It is still challenging to differentiate quickly viral from bacterial infections. More recently,
many new diagnostic markers have been identified. Several of these markers show great
promise to differentiate viral from bacterial infections. Such proteins include the Mx-GTPases
and the C-Reactive Protein (CRP).

[0006] Mx homologous proteins are members of the superfamily of high molecular weight
GTPases. Accordingly, these GTPases are upregulated by type | alpha/beta or type I
Interferons (IFN). The Mx GTPases are expressed exclusively in IFN alpha/beta but not [FN
gamma treated cells. Type | interferons play important roles in innate iImmune responses and
have iImmunomodulatory, antiproliferative, and antiviral functions.
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[0007] Own studies have shown that Mx-homologous human proteins have the following
advantages: 1) The Mx-homologous human proteins In human are expressed mostly
Intracellular. They can be visible by intracellular staining in most cell compartments [16]. 2) The
Mx-homologous proteins are induced in a dose-dependent manner [6]. 3) The Mx-homologous
human proteins are specifically induced by type-l-interferons, not by IFN-gamma, IL-I, TNF-
alpha, or any of the other cytokines by bacterial infection [8,12]. 4) The Mx-homologous human
proteins are much longer detectable in comparison with type-l-interferon Iin the peripheral
blood system [6]. Therefore, these proteins are marker to identify viral diseases [/,14,15].
Furthermore, these proteins could be used as a marker to identify patients treated with type-I-
Interferons If the |IFN-treatments are successful or not [5,9,10,11]. In early studies we detected

these proteins by Western Blotting after SDS-PAGE. 2 But this procedure need more than two
days. Therefore, we established an ELISA to detect these proteins within two days [13].

[0008] Based on these facts and on the assumption, that type-l-interferons remain within
normal levels in patients with bacterial infections, the Mx-homologous protein expression In
peripheral blood is a sensitive and specific marker for viral infection.

Similarly, most viral infections have been reported to cause little concentrations of acute phase
response, and low C-reactive protein (CRP) concentrations, procalcitonin (PCT) levels and
bactericidal/permeability-increasing protein (BPIl). Therefore, these proteins will be used to
distinguish illnesses of viral origin from those of bacterial etiology. Because the plasma
concentration of CRP Increases rapidly after stimulation and decreases rapidly with a short
half-life, CRP can be a very useful tool in diagnosing and monitoring infections and
Inflammatory diseases. In Scandinavia, point of care CRP testing i1s part of the routine
evaluation of patients with respiratory infections in general practice, and its use has proved
cost-effective. In general practice, CRP is found valuable in the diagnosis of bacterial diseases
and In the partial differentiation between bacterial and viral infections. Often the diagnostic
value of CRP Is found superior to that of the erythrocyte sedimentation rate (ESR) and superior
or equal to that of the white blood cell count (WBC). The disadvantage of this point of care
testing Is the long detection time. These tests need between minimum 30 minutes and 2 hours.

[0009] Clinically, it can be challenging to differentiate certain systemic viral and bacterial
Infections. Bacterial cultures are usually performed In cases of severe infection such as
pneumonia, or when the consequence of missing a diagnosis can lead to severe
complications, such as with Strep throat. Often, cultures are difficult to obtain. Unfortunately,
viral cultures are not routinely performed due to the significant time delay In receiving results.
New viral screening PCR panels are useful, but they are expensive and do not provide
Information at the point of care, because the results can only be achieved after 24 hours. Thus,
there remains a need for a simple, easy to use diagnostic test that is capable of differentiating
viral and bacterial infections in short time!

[0010] WO2010/033963 discloses a lateral flow immunoassay for detection and differentiation
between viral and bacterial infections. The bacterial marker is CRP and the viral marker is Mx-
A-protein. The assay Is marketed In Europe under the tradename FebriDx®. However,
according to a study FebriDx® has only an accuracy of 63% and 84% for identifying bacterial
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and viral infections respectively'’. Therefore, there is still the need for a rapid point of care
diagnostic assay for more accurate and reliable discrimination between bacterial and viral
Infections in patients.

Summary of invention

[0011] It is the object of the present invention to provide an improved and more accurate and
specific diagnostic assay for reliable discrimination of bacterial and viral infections in patients In
short time. The object is solved by the subject matter of the present invention.

[0012] According to the Invention, there Is provided a point-of-care (POC) immune assay
device comprising:

1. a. a sample application zone, and
2. b. a detection zone with a first detection reagent with binding affinity to Mx-B-protein

(Mx-B), and a second detection reagent with binding affinity to C-reactive Protein or
procalcitonin (CRP/PCT), and

wherein the device Is configured to detect Mx-B and CRP/PCT In a sample from a subject to
discriminate between bacterial and viral infection.

[0013] According to a further embodiment of the invention, there 1s provided a point-of-care
(POC) immune assay device comprising:

1. a. a sample application zone, and

2. b. a detection zone with a first detection reagent with binding affinity to Mx-B-protein
(Mx-B), and a second detection reagent with binding affinity to C-reactive Protein (CRP),
and a third detection reagent with binding affinity to procalcitonin (PCT) and/or fourth
detection reagent with binding affinity to bactericidal/permeability-increasing protein BPI,
and

wherein the device Is configured to detect Mx-B and CRP/PCT In a sample from a subject to
discriminate between bacterial and viral infection.

[0014] One embodiment of the Invention relates to the device as described herein, further
comprising a third detection reagent with binding affinity to BPI.

[0015] One embodiment of the invention relates to device of as described herein, wherein said
detection reagents are selected from synthetic molecules, nucleotides, nucleic acids,
aptamers, peptides, proteins, enzymes, and antibodies.

[0016] One embodiment of the invention relates to the device as described herein, wherein
sald detection reagents are labelled with a detectable marker.
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[0017] A further embodiment of the invention relates to device as described herein, wherein
the detectable marker Is selected from an enzyme label, fluorescent label, radiolabel,
particulate label, colored latex particle, colored plastic particle, a colored phosphor particle, and
a fluorescent particle.

[0018] A further embodiment of the invention relates to the device as described herein, further
comprising a test window configured to allow observation of the test results.

[0019] A further embodiment of the Invention relates to the device as described herein,
wherein the detection reagents are chemically conjugated to the detectable marker to form a
permanent, irreversible reagent-marker complex.

[0020] A further embodiment of the invention relates to the as described herein, wherein the
detectable marker conjugated to the detection reagent is configured to be visible to a user
when the sample Is positive for Mx-B and/or CRP and/or PCT and/or BPI and.

[0021] A further embodiment of the invention relates to the device as described herein,
wherein the device 1s configured to/or PCT and/or BPI in human blood samples.

[0022] One embodiment of the Invention relates to a method for discriminating between
bacterial and viral infection in a subject, comprising the steps of:

1. a. providing a sample obtained from said subject,

2. b. providing the test system as described herein,

3. c. applying the sample to the test system,

4. d. observing the absence or presence of the detectable reagent-marker complex to
determine whether the sample contains Mx-B and/or CRP and/or PCT and/or BPI, and

5. e. determining the infection status of the patient.

[0023] One embodiment of the invention relates to the method as described herein, wherein

1. a. the presence of Mx-B and the absence and/or low detection of CRP/PCT/BPI iIs
Indicative for a viral infection,

2. b. the absence of Mx-B and the presence of CRP/PCT/BPI is Indicative for a bacterial
Infection; and

3. . the presence of Mx-B and the presence of CRP/PCT/BPI Is indicative for a mixed
Infection.

[0024] A further embodiment of the Iinvention relates to the method as described herein,
further observing the absence or presence of the detectable reagent-marker complex to
determine whether the sample contains CRP/PCT/BPI.
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[0025] One embodiment of the invention relates to the method as described herein, wherein

1. a. the presence of Mx-B and the absence of CRP/PCT and BPI is indicative for a viral
Infection,

2. b. the absence of Mx-B and the presence of CRP/PCT and BPI is indicative for a
bacterial infection; and

3. €. the presence of Mx-B and the presence of CRP/PCT and BPI is indicative for a mixed
Infection.

[0026] A further embodiment of the Iinvention relates to the method as described herein,
wherein the sample is a blood sample.

[0027] A further embodiment of the Iinvention relates to the method as described herein,
wherein the presence of Mx-B, CRP/PCT and/or BPI is visible to the naked eye.

Brief description of drawings

[0028]

Fig. 1A depicts an exemplary test stet up consisting of three test strips coated with labelled
antibodies.

Fig. 1B depicts the different test pictures for viral infections, bacterial infection, mixed
Infections, or doubtful infection.

Fig. 2 shows the results for different viral and bacterial pathogens.

Description of Embodiments

[0029] The present invention provides a point of care assay that i1s capable of differentiating
viral and bacterial infections In short time. Specifically, there 1s provided a point of care
diagnostic device comprising test markers for both viral and bacterial infection which effectively
assists the medical doctor in the rapid differentiation of viral and bacterial infections. The point
of care assay has the following advantages:

1.) This assay may dramatically reduce health care costs by limiting misdiagnosis and
consequently over- and misuse of antibiotics.

2) The efficacy and ensurement of this assay Is that the resistance against antibiotics will be
reduced, because the antibiotics will be used only when a bacterial infection is present.
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3) This assay will increase the diagnostic portfolio of doctor's office and pharmacists.

[0030] Thus, the present invention contributes use antibiotics appropriately. This means using
antibiotics only when needed and, if needed, using them correctly.

[0031] Antibiotics do not fight infections caused by viruses like colds, flu, most sore throats,
and bronchitis. Even many sinus and ear infections can get better without antibiotics. Instead,
symptom relief might be the best treatment option for these infections. Taking antibiotics for
viral infections, such as colds, flu, most sore throats, and bronchitis:

e will not cure the infection;

o will not keep other people from getting sick;

e will not help you or your child feel better;

e may cause unnecessary and harmful side effects; and

e may contribute to antibiotic resistance, which is when bacteria are able to resist the
effects of an antibiotic and continue to cause harm.

[0032] Incorrectly prescribed antibiotics have questionable therapeutic benefit and expose
patients to potential complications of antibiotic therapy. The rapid result obtained from the point
of care test thus permits a correct diagnosis and support the medical practitioner in his
decision for prescribing the correct medication.

[0033] For the point of care assay different devices may be applicable, e.g., lateral flow

Immunoassay device or an optical sensor system, which is designed to interact with a mobile
computer device as described in WO2016/116181.

[0034] Thus, according to one embodiment of the present invention a sample analysis device
IS used, for example a test strip, to determine If an infection 1s bacterial or viral. The test strip
Includes a sample application zone and a detection zone. In this method, a sample is collected,
and transferred to the test strip. The detection zone includes at least one reagent specific to a
bacterial marker and at least one reagent specific to a viral marker.

[0035] In one embodiment, the marker for viral infection 1Is Mx-B and the marker for bacterial
Infection 1s C-reactive protein (CRP). High Mx-B protein levels are strongly correlated with
systemic viral infection. The interferon-inducible myxovirus (Mx) proteins play important roles in
combating a wide range of virus infections. Mx-homologous proteins inhibits RNA and DNA
VIruses.

[0036] Recently it was found that the Mx-B-protein i1s the important protein which transport viral
components out of the cell [2]. For instance, the HIV-protein will be transported and eliminated
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by the Mx-B protein, and not by the Mx-A-protein [1]. Therefore, this point of care assay uses
the Mx-B-protein, because it has only a 63% homology to the Mx-A protein, and is therefore
the functional Mx-protein within the Mx GTPases family [3]. It was shown, that Mx-B strongly
Inhibits viral infections by reducing the level of integrated viral DNA. Furthermore, the Mx-B
protein is located within the nucleus and the cytoplasma. In contrast, the Mx-A protein 1s only
located In the cytoplasma [4]. Based on the new findings, Mx-B Is selected by the inventors as
a reliable marker for viral infections.

[0037] C-reactive protein (CRP), an acute phase protein produced by the liver in response to
Infection, 1s a reliable biomarker for bacterial infections. CRP levels in healthy individuals are
considered less than 0.5 mg/L, and the CRP levels are elevated in infectious conditions.

[0038] Procalcitonin (PCT) i1s a polypeptide hormone with 116 amino acids. This protein will be
mostly produced by the C-cells of the thyroid gland. Normally there is a very limit level of PCT
In the blood. In contrast, during a bacterial Infection this protein will be expressed and found to
be between 0.5 ng/ml and 2 ng/ml. The advantage of this protein is that it will be detected after
6 hours of infection, whereas the CRP will be detected in earliest time point of 12-16 hours.

[0039] According to one embodiment of the invention the present invention relates to a rapid
screening test for identifying Mx-B and/or CRP/PCT/BPI Iin a patient sample. The sample may
be, for example peripheral blood sample, nasopharyngeal aspirates, tears, spinal fluid, and
middle ear aspirates.

[0040] The bactericidal/permeabillity-increasing protein (BPI) is a pluripotent protein located In
neutrophils and tissue that likely plays a pivotal role in host defense against Gram-negative
bacteria and their endotoxin by means of its antibiotic and endotoxin neutralizing and -
disposing functions. BPI i1s considered as additional biological marker for the improved point of
care test in order to improve the reliability and accuracy of the test. During a bacterial Infection
this protein will be expressed and found to be between 1 ug/ml and 20 pug/mi

[0041] Thus, a further embodiment of the invention relates to the point of care test for
iIdentifying Mx-B, BPI, and/or CRP/PCT In a patient sample.

[0042] According to one embodiment of the invention the detection zone includes at least one
reagent with binding affinity to the viral marker Mx-B and at least one reagent with binding
affinity to the bacterial marker CRP/PCT and optionally at least one reagent with binding affinity
to BPI such that, when the markers present in the sample contact the respective reagents, a
labeled complex form. The detection zone includes a bacterial marker binding partner which
binds to the first labeled complex and a viral marker binding partner which binds to the second
labeled complex. The sample Is then analyzed for the presence of the viral marker and/or the
bacterial marker.

[0043] The detection zone may be functionalized by immobilizing various receptor molecules
which specifically bind to the respective markers. The receptor molecules may be selected
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from natural origin, e.g. antibodies, antibody fragments or the like. The receptor molecules
may be synthetically produced molecules, e.g., aptamers. The detection zone comprises at
least one sensor region, on which, as receptors for sensing the respective markers, antibodies
or other specificity imparting receptors, such as aptamers, which specifically bind to the
respective markers to be detected, are arranged. Thus, an effective, easy to apply
functionalization of the sensor region surface Is achieved.

[0044] The antibodies or other specificity imparting receptors such e.g. aptamers have a high
selectivity for detecting specific analytes; therefore, they are particularly suitable for
recognizing specific disease markers. In relation to possible receptors, the antibodies arranged
on the sensor surface or other specificity imparting receptors such as aptamers e, g. bind the
analyte to be detected and, in the process, lead to a change In the properties. In some
embodiments, the aptamers are advantageous In that they are more stable and therefore
permanently functional.

[0045] As aptamers share similar applications to antibodies, numerous detection methods that
take advantage of antibodies can be developed into aptamer-based methods. For instance,
most Immunoassays for small molecules are competitive assays relying on the replacement of
surface-bound antibodies by the analyte in solution.

[0046] One embodiment of a device of the present invention includes a sample application
Zone.

[0047] A further embodiment of the invention relates to the device which additionally includes a
reagent zone. The reagent zone comprises at least one reagent specific to the viral bacterial
marker such that, when a viral marker present in the sample contacts said reagent, a labeled
viral reagent complex forms. Further, the reagent zone comprises at least one reagent specific
to the bacterial marker such that, when a bacterial marker present in the sample contacts said
reagent, a labeled bacterial reagent complex forms. In one embodiment of the invention the
reagent zone comprises one reagent specific to the bacterial marker CRP/PCT and one
reagent specific to the bacterial marker BPI, such that, when said bacterial markers present In
the sample contact said reagents, labeled complexes are formed.

[0048] The detection zone on the device includes a viral marker binding partner which binds to
the labeled viral reagent complex and a bacterial marker binding partner which binds to the
labeled bacterial reagent complex. The device could be a chromatography test strip.

[0049] In a preferred embodiment, the presence of the viral marker or the bacterial marker is
Indicated by a test line visible to the naked eye. The presence of the viral marker may be
Indicated by a first test line while the presence of the bacterial marker is indicated by a second
and/or third test line. In some embodiments, the first test line displays a first color when
positive and the second test line displays a second color different from the first color when
positive, and/or the third test line displays a third color different from the first and second color
when positive. In embodiments where the first, the second and the third test line are located In
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the same space on the sample analysis device, it Is advantageous having different colors
formed when the first, the second, and/or third test line are positive.

[0050] In one embodiment, the two or three test lines are spatially separate from each other
on the device. In such an embodiment, the color may be the same when the test lines are
positive.

[0051] In one embodiment of the Iinvention, the sample to be analyzed is applied to a carrier.
The carrier can be made of one single chromatographic material, or preferably several
capillary active materials made of the same or different materials and fixed on a carrier
backing. These materials are in close contact with each other so as to form a transport path
along which a liquid driven by capillary forces flows from an application zone, passing the
reagent zone, towards one or more detection zones and.

[0052] Preferably, the sample Is directly applied to the carrier by dipping the carrier's
application zone into the sample. Alternatively, application of the sample to the carrier may be
carried out by collecting the sample with a dry or wetted wiping element from which the sample
can be transferred, optionally after moistening, to the carrier's application zone. Usually, the
wiping element is sterile and may be dry or pretreated with a fluid before the collection step.
Materials suitable for wiping elements according to the Iinvention may comprise synthetic
materials, woven fabrics or fibrous webs.

[0053] Depending on the type of detection method, different reagents are present in the
reagent zone, which is located between the application zone and the detection zone. In a
sandwich immunoassay, It I1s preferred to have a labeled, non-immobilized reagent In the
reagent zone that is specific to the viral and bacterial marker to be detected. Thus, when a viral
or bacterial marker present in the sample contacts the corresponding labeled viral or bacterial
reagent present in the reagent zone, a labeled complex is formed between the marker and the
corresponding labeled reagent. The labeled complex in turn 1s capable of forming a further
complex with an immobilized viral or bacterial marker binding partner in the detection zone. In
a competitive iImmunoassay, the reagent zone preferably contains a labeled, non-immobilized
marker analogue which competes with the marker for the immobilized marker binding partner
In the detection zone. The marker binding partners in the reagent zone and in the detection
zone are preferably monoclonal, polyclonal or recombinant antibodies or fragments of
antibodies capable of specific binding to the corresponding marker.

[0054] Detection of the marker may be achieved in the detection zone. The iImmobilized
molecule binds the labeled complex or the labeled marker-analogue by immune reaction or
other reaction in the detection zone, thus building up a visible test line in the detection zone
during the process. Preferably, the label is an optically detectable label. Forming a complex at
the detection zone immobilizes the label and the test line becomes visible for the naked eye,
Indicating a positive test result. Suitable are direct labels, e.g. particularly gold labels which can
be best recognized by the naked eye. Additionally, an electronically read out device (e.g. on
the basis of a photometrical, acoustic, impedimetric, potentiometric and/or amperometric
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transducer) can be used to obtain more precise results and a semi-quantification of the
analyte. Other suitable labels may be latex, fluorophores or phosphorophores.

[0055] In one embodiment, the sensitivity of visually read lateral flow immunoassay tests is
enhanced by adding a small quantity of fluorescing dye or fluorescing latex bead conjugates to
the Initial conjugate material. Wwhen the visible spectrum test line 1s visibly present, the test
result iIs observed and recorded.

[0056] In one embodiment of the Invention, the reagents are configured such that the visible
test line corresponding to the presence of the viral marker will be separate from the test lines
corresponding to the presence of the bacterial markers. Therefore, it can be readily
determined whether the sample contained bacterial or viral markers (or both) simply by the
location of the development of the test lines in the detection zone. In another preferred
embodiment, the reagents may be chosen such that differently colored test lines are
developed. That Is, the presence of a viral marker will cause the development of a differently
colored line than that developed by the presence of a bacterial marker. For example, the label
corresponding to the reagent recognizing the viral marker may be red, whereas the label
corresponding to the reagent recognizing the bacterial markers may be green. Differently
colored labels that may be attached to the non-immobilized reagents are well known. Some
examples include, but are not limited to, colloidal gold, colloidal selenium, colloidal carbon,
latex beads, paramagnetic beads, fluorescent and chemiluminescent and mixtures thereof.

[0057] Figure 1 show a chromatography test strip with a test line corresponding to the
presence of a viral marker, a second, separate test line that detects the presence of a first
bacterial marker and a third, separate test line that detects the presence of a second bacterial
marker. The sample Is applied to the application zone of the test strip. As shown In Figure 1,
the sample then passes a reagent zone containing at least one labeled viral binding partner
and at least one labeled bacterial binding partner. The labeled viral binding partner is capable
of specifically binding to a viral marker of interest to form a conjugate which in turn is capable
of specifically binding to another specific reagent or binding partner in the detection zone. The
labeled bacterial binding partner 1s capable of specifically binding to a bacterial marker of
Interest to form a conjugate which in turn 1s capable of specifically binding to another specific
reagent or binding partner in the detection zone.

[0058] The test strip also Includes a detection zone containing at least one first section for
detection of a viral marker, e.g. a test line, including an immobilized specific binding partner,
complementary to the viral reagent complex formed by the viral marker and its labeled binding
partner. Thus, at the test line, detection zone binding partners trap the labeled viral binding
partners from the reagent zone along with their bound viral markers. This localization of the
viral marker with its labeled binding partners gives rise to an indication at the test line. At the
test line, the presence of the viral marker i1s determined by qualitative and/or quantitative
readout of the test line indication resulting from the accumulation of labeled binding partners.

[0059] The detection zone also Includes at least one section for detection of at least one
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bacterial marker, e.g. a test line, Including an immobilized specific binding partner,
complementary to the bacterial reagent complex formed by the bacterial marker and its labeled
binding partner. Thus, at the test line, detection zone binding partners trap the labeled
bacterial binding partners from the reagent zone along with their bound bacterial markers. This
localization of the bacterial marker with its labeled binding partners gives rise to an indication at
the test line. At the test line, the presence of the bacterial marker is determined by qualitative
and/or quantitative readout of the test line indication resulting from the accumulation of labeled
binding partners

[0060] In one embodiment of the invention the detection zone may contain a further test line to
detect a second bacterial marker.

[0061] One example of a point of care test for distinguishing viral and bacterial infection is
shown In Figure 1. As discussed above, Mx-B i1s a diagnostic marker for viral infection, while
CRP and BPI| are diagnostic markers for bacterial infection. A positive result for the Mx-B
protein, with a negative result for the CRP/PCT and BPI protein indicates a viral infection. A
positive result for the CRP/PCT and BPI| with a negative result for the Mx-B protein indicates a
bacterial infection. A weak positive result for Mx-B, CRP/PCT and BPI indicates an infection
with both a bacterium and a virus (co-infection). No bacterial or viral infection is indicated by a
negative result for Mx-B, CRP/PCT and BPI. While particular color lines are discussed In this
example, other colors, or the same colors at different locations on the test strip to indicate viral
or bacterial markers, are within the spirit of the present invention.

[0062] VWhen development of different colored lines i1s utilized, the lines may or may not be
separated by space. In the latter instance, the labels are chosen such that the color seen when
both markers are present Is different from the colors seen when the individual markers are
present. For example, the presence of the viral marker may be Indicated by a red line; the
presence of the bacterial marker by a blue line; and the presence of both by a purple line
(combined red and blue).

[0063] In another embodiment, the test strip may also include a control section which indicates
the functionality of the test strip. If present, the control section can be designed to convey a
signal to the user that the device has worked. For example, the control section may contain a
reagent (e.g., an antibody) that will bind to the labeled reagents from the reagent zone. As a
further alternative, the control section could contain immobilized viral and bacterial markers
which will react with excess labeled reagent from the reagent zone. The control section may be
located upstream or downstream from the detection zone. A positive control indicator tells the
user that the sample has permeated the required distance through the test device.

[0064] Mx homologues could also be detected in about 10% of bacterial infection associated
with fever. In order to enhance the reliability of the test the cut-off for Mx-B protein Is set to be
In the range of 0.01 - 0.05 U/10,000 leucocytes, preferably 1s 0.025 U/10,000 leucocytes. For
CRP, the cut-off I1s set to be In the range of 5 - 100 mg/L, or in the range of 25 -75 mg/L, or is
40 mg/L. For PCT the cut off i1s set to be In the range of 0.5 ng/ml to > 2 ng/ml. For BPI the cut
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off Is set to be In the range of 1 yg/ml to > 10 pyg/mi.

Examples

[0065] The Examples which follow are set forth to aid in the understanding of the invention but
are not intended to, and should not be construed to Iimit the scope of the invention in any way.
The Examples do not include detailed descriptions of conventional methods. Such methods are
well known to those of ordinary skill in the art.

Example 1 - Description of Assay

[0066] The Point of Care Assay Is performed with a lateral Flow Device. The appropriate
reagents needed for each assay are already included in the Cartridge.

Step A: Due to adhesive force a drop of blood (approx. 0.005 ml - 0.010 ml) is transferred von
the Cartridge into the device.

Step B: First of all, the cells in the blood drop are lysed with approx. 0.001 ml lysis buffer which
consists of (20% NP-40, 100 mM Tris-HCL, ph 7.2, 0.05 sodium azide).

Step C: The lysed blood is directed above two test strips and therefore incubated.

Step D: Antibody solution 1 against Mx-B binds possible available Mx-B protein in the blood.
This antibody Is already conjugated with a labeled marker.

Step D: The bound Mx-B protein will be directed over a second carrier solution, in which a
second antibody against Mx-B Is located. Only already bound Mx-B protein with the first
labeled antibody will be bound from the second antibody.

Step E: After rinsing the carrier solution the first labeled and bound antibody Is made visible In
form of a color reaction on the strip.

Step F: The detection of CRP/PCT/BPI is performed as described in step Ato step E, whereas
one antibody against CRP/PCT and one antibody against BPI is used on the second test strip.

Example 2 - Test procedure

[0067] In two different ambulances, patients of unknown origin were tested for Mx-A protein,
Mx-B protein, CRP / PCT and BPI from whole blood. All patients signed a declaration of
consent under the Helsinki Agreement that their data are intended solely for research.
113/5000. Subsequently, the anamnesis was continued In the course of the investigations and
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the origin of the infection was determined. Thus, 120 viral infections and 50 bacterial infections
could be distinguished. The result of this investigation i1s documented in FIG. 2. With the help of
the Mx-B protein, 92% of the viral infections were detected. In contrast, only 77% of the
iIdentical viral diseases were detected using the Mx-A protein. With the help of the
determination proteins CRP/PCT/ BPI, the spectrum for the detection of bacterial diseases was
Increased to 90%. If only the CRP and PCT protein had been measured, only 80% of the
bacterial diseases would have been detected. Thus, the combination of the markers Mx-B

protein for viral diseases and CRP/PCT/BPI for bacterial diseases results in a sensitivity or
specificity detection of over 90%.

Example 3 - Results

[0068] Description of the results from a viral infection: To prove that the color reaction iIs
functioning, both test strips on the left side are controls. The middle strip on the top colors, the
strip below remains colorless. Both strips on the right side remain colorless.

[0069] Description of the results from a bacterial infection:

Both strips in the middle remain colorless, the one on the top as well but the right strip below
colors.

[0070] Description of the results from a mixed infection: The middle strip on the top colors and
as well the strip below.
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Patentkrav

1. Point-of-Care (PoC)-analyseanordning, som omfatter

10

15

20

25

30

39

a. en prevepafaringszone og

b. en detektionszone med et farste detektionsreagens med bindingsaffinitet til Mx-B-
protein (Mx-B) og et andet detektionsreagens med bindingsaffinitet til C-reaktivt
protein eller procalcitonin (CRP/PCT), og

C. hvor anordningen er konfigureret til at detektere Mx-B og CRP/PCT | en preve fra

et individ med det formal at skelne mellem bakterie- og virusinfektion.

Anordning ifelge krav 1, som yderligere omfatter et tredje detektionsreagens med
bindingsaffinitet til BPI.

Anordning ifelge krav 1 eller 2, hvor detektionsreagenserne er valgt blandt syntetiske

molekyler, nukleotider, nukleinsyrer, aptamerer, peptider, proteiner, enzymer og

antistoffer.

Anordning ifelge krav 3, hvor detektionsreagenserne er masrket med en detekterbar

markar.

Anordning ifelge krav 4, hvor den detekterbare marker er valgt blandt et enzymmaerke,

et fluorescerende maerke, et radioaktivt maerke, et partikulatmasrke, en farvet

latexpartikel, en farvet plastpartikel, en farvet phosphorpartikel og en fluorescerende

partikel.

Anordning ifglge et hvilket som helst af kravene 1 til 5, som yderligere omfatter et

testvindue, der er konfigureret til at muliggere observation af testresultaterne.

Anordning ifelge et hvilket som helst af kravene 4 til 6, hvor detektionsreagenserne er
kemisk konjugeret til den detekterbare markar til frembringelse af et permanent,

iIrreversibelt reagens-marker-kompleks.

Anordning ifglge et hvilket som helst af kravene 4 til 7, hvor den detekterbare marker,
der er konjugeret til detektionsreagenset, er konfigureret, sa den er synlig for en bruger,

nar preven er positiv for Mx-B og/eller CRP og/eller PCT og/eller BPI.

Anordning ifglge et hvilket som helst af kravene 1 til 8, hvor anordningen er konfigureret

til kvalitativ og/eller kvantitativ maling af tilstedeveaerelse af Mx-B og/eller CRP og/eller
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PCT 1 humane blodpraver.

Fremgangsmade til at skelne mellem bakterie- og virusinfektion hos et individ, som

omfatter trinene

d.

b
C.
d

tilvejebringelse af en pr@ve opnaet fra individet,

tilvejebringelse af testsystemet ifelge et hvilket som helst af kravene 1 til 9,
pafering af preven pa testsystemet,

observering for fravaer eller tilstedevaesrelse af det detekterbare reagens-markar-
kompleks til bestemmelse af, om preven indeholder Mx-B og/eller CRP og/eller
PCT, og hvor

tilstedevaerelse af Mx-B og fravaer og/eller lav detektion af CRP/PCT er tegn pa
en virusinfektion,

fravaer af Mx-B og tilstedeveerelse af CRP/PCT er tegn pa en bakterieinfektion:
tilstedevaerelse af Mx-B og tilstedeveerelse af CRP/PCT er tegn pa en blandet
Infektion; og

derved bestemmelse af infektionsstatus hos patienten.

Fremgangsmade ifelge krav 10, som yderligere omfatter observering for fraveer eller

tilstedevaesrelse af det detekterbare reagens-markar-kompleks til bestemmelse af, om

praven indeholder BPI.

Fremgangsmade ifelge krav 11, hvor

d.

tilstedevaerelse af Mx-B og fravaer af CRP/PCT og BPI er tegn pa en
virusinfektion,

fravaer af Mx-B og tilstedeveerelse af CRP/PCT og BPI er tegn pa en
bakterieinfektion; og

tilstedevaerelse af Mx-B og tilstedeveerelse af CRP/PCT og BPI er tegn pa en

blandet infektion.

Fremgangsmade ifelge et hvilket som helst af kravene 10 til 12, hvor praven er en

blodprave.

Fremgangsmade ifelge et hvilket som helst af kravene 10 til 13, hvor tilstedeveerelse af
Mx-B og/eller CRP/PCT er synlig for det blotte gje.
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