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Description

Technical Field

[0001] The present invention relates to methods for the identification of clinical risk in patients having, or suspected
of having, influenza. The invention also relates to methods for distinguishing between patients having influenza or viral
pneumonia from patients having a symptomatically similar condition. The methods of the invention comprise determi-
nation of the level of expression of interferon alpha inducible protein 27 (IFI27) in a biological sample from a patient
having, or suspected of having, influenza. Kits comprising suitable components for the performance of the methods are
also provided by the invention. The invention allows stratification of patients into groups defining clinical risk, for example
groups based on the severity of risk to the long-term health of the subject.

Background

[0002] Influenza/Pneumonia have been reported to rank eighth in the top ten causes of death in the USA. Influenza
virus infection represents the most common infectious disease affecting the greatest number of people each year globally.
Influenza rapidly spreads globally in seasonal epidemics and imposes considerable burden of hospitalization. Although
difficult to assess globally, the World Health Organization (WHO) estimates annual epidemics morbidity of between 3
to 5 million cases of severe illness, and mortality between 250,000 to 500,000 deaths globally annually. In the US,
influenza epidemics have been estimated by WHO to affect 5-15% of the US population with upper respiratory tract
infections, with hospitalization and deaths mainly in high-risk groups (such as the elderly and the chronically ill), and a
consequential cost of US$71-167 billion annually for the US economy. Most deaths from influenza in industrialized
countries occur in elderly people over age 65. The prevalence of infections and their potential severity in terms of patient
suffering, with consequential economic costs, has made their detection and treatment a priority for healthcare systems.
[0003] From the clinical perspective failure to identify patients with an influenza infection that have a higher risk of
developing a severe disease delays the delivery of treatment appropriate for such high risk patients, and may have
profound consequences for the recovery and long-term health of the patient. Among patients who progressed to severe
disease, an average delay of 5-7 days has been consistently reported in the literature. Avoiding treatment delays in
patients at risk of progressing to severe disease is critically important because timely administration of intensive care
therapy is associated with a reduced risk of death from influenza. For example, it has recently been reported that a delay
of one day from onset of symptom to hospital admission increased the risk of death from (H1N1) influenza by 5.5%1.
[0004] Often, influenza infection is suspected on clinical grounds alone (e.g. history of flu-like symptoms) and the
individual is treated with anti-viral medications without any formal laboratory testing. The clinical decision is therefore
not necessarily about whether the individual has influenza virus, but whether the individual should be admitted to hospital,
or safely return home. In this context, diagnostic testing for the presence of the influenza virus may be superfluous.
Instead, clinicians need a test that can assist them to quantify how adequately a patient will respond to an influenza
infection, which ultimately determines the severity of the disease. The greater the severity of disease, the more likely
the infected subject will deteriorate, and hence need hospital admission.
[0005] Currently, there are some laboratory methods that can reliably assess the severity of the influenza infection.
One example of a method that assesses the severity of influenza infection involves testing the viral load in the airway
sample as the extent of viral replication in influenza has been thought to correlate with disease severity. However, study
on airway and serum samples has shown that viral loads are the same regardless of disease severity2,12. This demon-
strates that the severity of an influenza infection does not necessarily correlate with the severity of the disease that
manifests as a result of the infection.
[0006] Hence, for various reasons, although diagnostic tests can determine the presence or absence of the influenza
virus and therefore may assist the clinician, they can be inadequate in making an impact on the clinical decisions as the
presence of the virus may not always equate to an abnormal immune response which may be the actual cause of the
disease progression in an infected patient.
[0007] In order to provide timely and appropriate treatment of individuals with a confirmed influenza infection or who
are symptomatic of an influenza infection, a specific test that assesses disease severity or potential disease severity
due to the infection is needed. Such a severity stratification tool will assist the management of such patients. It allows
clinicians to identify those patients who can be safely discharged home, whilst those identified with more severe disease
or have a higher risk of developing a more severe disease are admitted to the hospital for further observation and
treatment. It also gives doctors the opportunity to employ preventative measures to halt or slow disease progression in
patients that may be only mildly symptomatic, but would be likely to develop a severe disease.
[0008] There is a need for improved methods for assessment of individuals having, or suspected of having, influenza
in order to assist the provision of prognostic and diagnostic information to aid clinical decision-making.



EP 2 872 891 B1

4

5

10

15

20

25

30

35

40

45

50

55

Summary

[0009] The present inventors have recognised that a method that could distinguish between influenza patients (whether
or not they are confirmed and/or symptomatic) that would likely require medical intervention in a hospital or clinical
environment and those that could likely safely return home, prior to the patient showing any indication of a severe disease,
would greatly assist doctors in making better treatment decisions.
[0010] The present invention is based, at least in part, on the identification by the inventors that the expression level
of interferon alpha induced protein 27 (IFI27) gene in a subject correlates with the severity of the disease caused by the
influenza infection in that subject. The correlation may be used to predict the severity of disease arising from the infection
in a subject prior to the subject being symptomatic of an influenza infection or of severe disease. The invention relates
to methods for the detection of a particular aspect of the host response during influenza infection that may be indicative
of an inadequate response by the patient and a likelihood of developing a severe disease that requires medical intervention
in a hospital or clinical environment. In embodiments, the methods of the invention may be used to assess patients with
influenza infection to determine which individuals have a clinical risk, being those more likely to develop a serious disease
arising from the infection, characterised by the need for medical intervention such as hospital admission or even life-
support therapy.
[0011] The invention has applications in healthcare, such as in the early management of influenza infection, in mon-
itoring a patient’s immune response to the infection, and in enabling life-saving intervention to at-risk individuals who
may otherwise be missed by traditional diagnostic approaches. The inventors envisage that in patients presenting to a
doctor’s surgery or hospital with suspected influenza infection, IFI27 gene-expression level can assist the clinician to
predict whether a patient can be safely discharged home or may need admission to hospital. In this scenario, a normal
level of IFI27 expression may be indicative that a patient either does not have influenza or does have influenza but does
not have a higher risk of developing a severe disease, in which case, they may be discharged. However, an upregulated
level of IFI27 expression may be indicative of a patient with an influenza infection and a higher risk of developing a
severe disease, in which case, the patient may require medical intervention in a hospital or clinical environment.
[0012] For example, a patient may present to a doctor’s surgery with a suspected influenza infection, and relatively
mild symptoms of the infection which would ordinarily result in the patient being sent home with minimal medication.
However, the present invention may be used to determine if the patient has clinical risk, in which case the treating
physician could intervene at this early stage and admit the patient to hospital for monitoring and treatment, prior to the
infection manifesting into a serious disease.
[0013] In another example, a patient may present at a hospital and be confirmed to have an influenza infection, and
may show some symptoms that are consistent with the development of a serious disease. Ordinarily, this may result in
the patient being admitted to hospital for treatment. However, the present invention may be used to predict whether the
patient is actually likely to develop a severe disease as a result of the influenza infection, which could assist clinicians
in the appropriate allocation of staff and resources. Accordingly, the present invention may prevent over-management
of said patient where it is predicted the patient does not have clinical risk and will not develop a severe disease as a
result of the infection.
[0014] In a further example, the inventors envisage that the present invention may provide a useful screening tool in
times of influenza epidemics or pandemics, when it may not be feasible to determine if individuals are infected with
influenza, and clinical resources need to be reserved for patients at clinical risk. In these scenarios, the present invention
may be used to screen individuals or groups of individuals that may or may not show any sign of an influenza infection
to determine if they have a clinical risk of developing severe disease as a result of an influenza infection. During the
screens, a normal level of IFI27 expression may be indicative that a patient either does not have influenza or does have
influenza and is not at clinical risk of developing a severe disease, in which case, their monitoring or treatment can be
deprioritised. However, an upregulated level of IFI27 expression may be indicative of a patient with an influenza infection
and a higher risk of developing a severe disease, hence a patient with clinical risk, in which case the patient can be
further monitored and treated.
[0015] Similarly, the inventors envisage that in patients who are admitted to hospital due to an influenza infection,
IFI27 gene-expression level can assist the clinician to predict the adequacy of the patient’s immune response and
whether a patient will deteriorate further or recover. In the instance where it is predicted that the patient will deteriorate
further, appropriate therapeutic protocols can be implemented for the patient, such as admission to an intensive care
unit. Alternatively, a determination that the patient is likely to recover will allow for the patient to remain in a standard
hospital ward, as opposed to potentially occupying useful resources in the intensive care unit. The inventors envisage
that IFI27 gene-expression level may also be used to assist the clinician in the ongoing monitoring of a patient, for
example after anti-viral therapy or other care associated with the treatment of the patient’s condition.
[0016] In embodiments, the invention provides a gene-expression assay to measure the level of mRNA expression
of IFI27 in individuals suspected of influenza infection. High level of IFI27 gene expression indicates a significantly
increased risk of immune decompensating and hence warns physicians of impending deterioration in the patient’s clinical
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status. Measurement of IFI27 gene expression assists physicians in their clinical decision-making by accurately distin-
guishing individuals who present a clinical risk of developing severe disease and need admission to hospital from those
who can be safely discharged home (i.e. risk stratification). This invention therefore has practical use also in the initial
triage of patients during influenza epidemics and pandemics.
[0017] In one aspect the invention provides a method for identifying clinical risk in a patient having or suspected of
having an influenza infection, the method comprising determining the expression level of interferon alpha inducible
protein 27 (IFI27) gene in a biological sample from said patient and comparing the determined level of IFI27 gene product
to a standard level of IFI27 gene product, wherein the standard level of IFI27 is based on the level of IFI27 gene product
level in healthy subjects, in subjects infected with influenza that are asymptomatic, or in subjects that are infected with
influenza that do not develop severe disease, wherein the standard level of IFI27 gene product is indicative of no clinical
risk and an elevated level of IFI27 gene product in said patient sample in comparison with said standard level of IFI27
gene product is indicative of clinical risk in the patient, wherein a level of IFI27 gene product that is at least 40 to 60
times higher than the standard level is indicative of clinical risk, wherein clinical risk is defined as being more likely to
develop serious disease and require medical intervention in a hospital.
[0018] In an embodiment, the patient has or is suspected of having an influenza A or influenza B infection, or a sub-
type thereof. In an embodiment, the sub-type is a seasonal strain of influenza A. In an embodiment, the sub-type is a
seasonal strain of influenza B.
[0019] In an embodiment the standard level indicative of no clinical risk is based on the level of IFI27 in healthy subjects.
[0020] In an embodiment the standard level is based on the level of IFI27 in subjects infected with influenza virus who
are asymptomatic and an elevated level of IFI27 in said patient sample compared to said standard level is indicative of
clinical risk in said patient.
[0021] In an embodiment, the standard level of IFI27 gene product is indicative of clinical risk, and an equal or elevated
level of IFI27 gene product in said patient sample compared to said standard level is indicative of clinical risk in said patient.
[0022] In an embodiment the standard level is prepared at the same time as determining the expression level of IFI27
gene in the biological sample from said patient.
[0023] In an embodiment, a level of IFI27 gene product that is at least 60 times higher than the standard level based
on healthy subjects or subjects infected with influenza who are asymptomatic, is indicative of clinical risk.
[0024] In an embodiment the standard level is prepared by subjecting one or more known sample(s) of an IFI27 gene
product to the same methods for determining IFI27 gene expression level as the biological sample from said patient,
wherein the one or more known sample(s) of an IFI27 gene product are of a pre-determined amount or amounts indicative
of clinical risk, and an equal or elevated level of IFI27 gene product in said patient sample compared to said standard
level is indicative of clinical risk in said patient.
[0025] In an embodiment the standard level is prepared by subjecting one or more known sample(s) of an IFI27 gene
product to the same methods for determining IFI27 gene expression level as the biological sample from said patient,
wherein the one or more known sample(s) of an IFI27 gene product are of a pre-determined amount or amounts indicative
of no clinical risk, and an elevated level of IFI27 in said patient sample compared to said standard level is indicative of
clinical risk in said patient.
[0026] In an embodiment the invention provides a method of monitoring the progress of a patient having influenza,
the method comprising determining the expression level of IFI27 gene in a first biological sample from said patient and
determining the expression level of IFI27 gene in a second biological sample from said patient, wherein the first and
second samples are obtained from the patient at different times, and assessing the patient status on the basis of the
relative expression levels of IFI27 in the first and second samples wherein an increase in the expression level of IFI27
gene in said second biological sample compared to said first biological sample is indicative of an increased clinical risk
in said patient, wherein a decrease in the expression level of IFI27 gene in said second biological sample compared to
said first biological sample is indicative of a decreased clinical risk in said patient, wherein the first biological sample is
taken prior to treatment and the second biological sample is taken after a given period of time during which the patient
was undergoing treatment, wherein clinical risk is defined as being more likely to develop serious disease and require
medical intervention in a hospital.
[0027] In another aspect the invention provides a method for identifying influenza or viral pneumonia in a patient, the
method comprising determining the expression level of interferon alpha inducible protein 27 (IFI27) gene in a biological
sample from said patient and comparing the determined level of IFI27 gene product to a standard level of IFI27 gene
product, wherein the standard level of IFI27 gene product is based on the level of IFI27 in healthy subjects or the level
of IFI27 gene product in subjects with bacterial pneumonia, wherein an elevated expression level of IFI27 in said patient
sample compared to said standard level is indicative of influenza or viral pneumonia in said patient, wherein a level of
IFI27 gene product that is at least 40 to 60 times higher than the standard level is indicative of a patient with influenza
or viral pneumonia and clinical risk, wherein clinical risk is defined as being more likely to develop serious disease and
require medical intervention in a hospital.
[0028] In an embodiment the patient is suspected of having viral pneumonia or bacterial pneumonia.
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[0029] .
[0030] In an embodiment, a level of IFI27 gene product that is at least 60 times higher than a standard level based
on healthy subjects or subjects with bacterial pneumonia is indicative of a patient with influenza or viral pneumonia, and
clinical risk.
[0031] The following embodiments apply to all aspects of the invention described herein.
[0032] In an embodiment the method further comprises determining the expression level of at least one additional
gene(s) in said biological sample. In an embodiment the at least one additional gene(s) is a gene the expression of
which is constitutive. In an embodiment the at least one additional gene is a gene the expression of which is unaffected
by influenza infection. In an embodiment the at least one additional gene(s) is GAPDH gene.
[0033] In an embodiment the biological sample is blood, or a component thereof such as blood cell subsets. In an
embodiment the biological sample comprises a subset of white blood cells.
[0034] In an embodiment the method comprises processing a blood sample from said patient to enrich for the presence
of plasmacytoid dendritic cells (pCDs).
[0035] In an embodiment the method comprises contacting the biological sample with an agent capable of binding to
an IFI27 gene product and detecting binding between the agent and the IFI27 gene product.
[0036] In an embodiment the biological sample is RNA, mRNA, or protein.
[0037] In an embodiment the IFI27 gene product is an IFI27 mRNA or fragment thereof. In an embodiment the IFI27
gene product comprises a nucleic acid sequence of SEQ ID NO:1. In an embodiment the IFI27 gene product comprises
a nucleic acid sequence of SEQ ID NO:2. In an embodiment the IFI27 gene product is the isoform 1 transcript variant.
In an embodiment the IFI27 gene product is the isoform 2 transcript variant.
[0038] In an embodiment the IFI27 gene product is an IFI27 polypeptide or a fragment or variant thereof. In an em-
bodiment the IFI27 gene product comprises an amino acid sequence comprising the sequence of SEQ ID NO:3 or a
fragment or variant thereof. In an embodiment the IFI27 gene product comprises an amino acid sequence comprising
the sequence of SEQ ID NO:4 or a fragment or variant thereof.
[0039] In an embodiment the method comprises reverse transcription of mRNA to cDNA. In an embodiment the IFI27
cDNA sequence comprises a sequence of SEQ ID NO:5 or a fragment or variant thereof. In an embodiment the IFI27
cDNA sequence comprises a sequence of SEQ ID NO:6 or a fragment or variant thereof. In an embodiment the method
comprises amplification of an IFI27 nucleic acid sequence, such as cDNA sequence, of the sample and detecting an
amplified sequence. In an embodiment the amplification comprises polymerase chain reaction (PCR). In an embodiment
the polymerase chain reaction comprises quantitative polymerase chain reaction (qPCR). In an embodiment the polymer-
ase chain reaction may utilise one or more primers capable of amplifying a nucleic acid sequence selected from the
sequences of (i) SEQ ID NO:1, (ii) SEQ ID NO:2, (iii) SEQ ID NO:5, (iv) SEQ ID NO:6, and (v) or a fragment or variant
of any of SEQ ID NO:1, SEQ ID NO:2, SEQ ID NO:5, SEQ ID NO:6.
[0040] In an embodiment the polymerase chain reaction may utilize one or both of the primer sequences of SEQ ID
NO:7 (acctcatcagcagtgaccagt) and SEQ ID NO:8 (acatcatcttggctgctatgg), or a sequence variant thereof capable of
amplifying the same target sequence. In an embodiment the polymerase chain reaction may utilize one or both of the
primer sequences of SEQ ID NO:9 (TGCCTCGGGCAGCCT) and SEQ ID NO:10 (TTGGTCAATCCGGAGAGTCC), or
a sequence variant thereof capable of amplifying the same target sequence.
[0041] In an embodiment the method comprises contacting the sample with one or more probe(s) capable of specifically
binding to an IFI27 gene product or fragment or variant thereof. In an embodiment the one or more probe(s) is a nucleic
acid comprising (i) a sequence complementary to the sequence shown in SEQ ID NO:1 or (ii) a sequence complementary
to the sequence shown in SEQ ID NO:2, or a fragment or variant of (i) or (ii). In an embodiment the one or more probe(s)
is a nucleic acid comprising (i) a sequence complementary to the sequence shown in SEQ ID NO:5 or (ii) a sequence
complementary to the sequence shown in SEQ ID NO:6 or a fragment or variant of (i) or (ii). In an embodiment the
nucleic acid probe comprises 10 to 50 bases. In an embodiment the nucleic acid probe comprises 30 to 600 bases.
[0042] In an embodiment the method comprises the steps of (i) obtaining a blood sample from a patient having or
suspected of having an influenza infection; (ii) preparing an isolate of total RNA from said blood sample; (iii) preparing
cDNA by reverse transcription of said total RNA isolate; (iv) amplifying an IFI27 nucleic acid sequence by polymerase
chain reaction; (v) comparing the level of said amplified IFI27 nucleic acid sequence to a standard ; (vi) determining if
said patient has clinical risk on the basis of said comparing. In an embodiment the polymerase chain reaction is quantitative
polymerase chain reaction. In an embodiment, the standard may be based on a standard level of IFI27 gene product
that is indicative of clinical risk or is indicative of no clinical risk.
[0043] In an embodiment the method comprises determining the level of an IFI27 polypeptide, or fragment thereof. In
an embodiment the method comprises determining the level of an IFI27 polypeptide comprising (i) the amino acid
sequence of SEQ ID NO:3 or (ii) the amino acid sequence of SEQ ID NO:4, or an antigenic fragment or variant of (i) or
(ii). In an embodiment the method comprises contacting the sample with an antibody capable of selectively binding to
an IFI27 polypeptide comprising an amino acid sequence shown in SEQ ID NO:3 or SEQ ID NO:4, or an antigenic
fragment or variant thereof.
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[0044] In an embodiment the method comprises one or more of gel electrophoresis, nucleic acid sequencing and
amino acid sequencing.
[0045] In an embodiment the method is performed entirely ex vivo. In an embodiment comparing the level of determined
IFI27 gene product in a biological sample to a standard level is done with the assistance of a computer program. In an
embodiment allocating a clinical risk to a patient on the basis of the comparison is done with the assistance of a computer
program.
[0046] In a second aspect, there is provided a kit for determining the level of an interferon alpha inducible protein 27
(IFI27) gene product in a biological sample, the kit comprising at least one agent for detecting the presence of an IFI27
gene product.
[0047] In an embodiment the at least one agent is a primer, antibody or probe. In an embodiment the primer or probe
is specific for a nucleic acid sequence selected from the sequences shown in SEQ ID NO:1, SEQ ID NO:2, SEQ ID
NO:5, SEQ ID NO:6, or a variant or fragment thereof. In an embodiment the kit comprises a forward and a reverse primer
capable of selectively amplifying a nucleic acid sequence selected from the sequences shown in SEQ ID NO:1, SEQ
ID NO:2, SEQ ID NO:5, SEQ ID NO:6, or a variant or fragment thereof.
[0048] In an embodiment the kit comprises one or more nucleic acid sequences selected from the group consisting
of SEQ ID NO:7 (acctcatcagcagtgaccagt), SEQ ID NO:8 (acatcatcttggctgctatgg), SEQ ID NO:9 (TGCCTCGGGCAGCCT)
and SEQ ID NO:10 (TTGGTCAATCCGGAGAGTCC), or a sequence variant thereof capable of specifically binding the
same target sequence.
[0049] In one embodiment the kit comprises multiple agents capable of detecting the presence of an interferon alpha
inducible protein 27 (IFI27) gene product in a biological sample.
[0050] In an embodiment the kit comprises an antibody capable of specifically binding to a polypeptide, or fragment
or variant thereof, encoded by an IFI27 gene sequence. In an embodiment the antibody is a conjugated antibody specific
for IFI27. In one embodiment the antibody is a polyclonal antibody. In an embodiment the polyclonal antibody is a rabbit
polyclonal antibody. In one embodiment the antibody is a monoclonal antibody. In an embodiment the antibody binds
to the epitope sequence: MEASALTSSAVTSVAKVVRVASGSAVVLPLARIATVVIGGVVAVPMVLSAMGFTAAGIASSSI
AAKMMSAAAIANGGGVASGSLVATLQSLGATGLSGLTKFILGSIGSAIAAVIARFY).
[0051] In one embodiment the antibody is capable of selectively binding to (i) an IFI27 polypeptide comprising an
amino acid sequence shown in SEQ ID NO:3 or (ii) an IFI27 polypeptide comprising an amino acid sequence shown in
SEQ ID NO:4, or (iii) an antigenic fragment or variant of (i) or (ii).
[0052] In an embodiment the kit comprises one or more agents for normalisation of said method. In one embodiment
the agent(s) for normalisation are selected from the group consisting of an agent or agents for the detection of a con-
stitutively expressed gene product. In one embodiment the constitutively expressed gene product is GAPDH.
[0053] In one embodiment the kit comprises one or more calibrated standards wherein the standard comprises a
known concentration of IFI27 gene product. In an embodiment, the known concentration of IFI27 gene product is an
amount indicative of an individual having negligible clinical risk of severe disease from influenza infection, or an amount
indicative of an individual at clinical risk of severe disease from influenza infection.
[0054] In an embodiment, the calibrated standards encompass a range of indicative amounts of IFI27 gene product,
such as an amount indicative of negligible clinical risk, an amount indicative of about 5 to 10 fold more than that which
is typical of a healthy individual, an amount indicative of about 10 to 20 fold more than that which is typical of a healthy
individual, an amount indicative of about 20 to 40 fold more than that which is typical of a healthy individual, an amount
indicative of about 30 to 60 fold more than that which is typical of a healthy individual, an amount indicative of about 50
to 60 fold more than that which is typical of a healthy individual, an amount indicative of about 50 to 100 fold more than
that which is typical of a healthy individual an amount indicative of about 100 to 200 fold more than that which is typical
of a healthy individual, an amount indicative of about 150 to 600 fold more than that which is typical of a healthy individual,
or an amount indicative of about 500 to 1000 fold more than that which is typical of a healthy individual.
[0055] In an embodiment, the calibrated standards encompass a range of indicative amounts of IFI27 gene product,
such as an amount indicative of clinical risk, an amount indicative of about 1 to 2 fold more than that which is typical of
an individual with influenza infection and clinical risk, an amount indicative of about 2 to 4 fold more than that which is
typical of an individual with influenza infection and clinical risk, an amount indicative of about 3 to 6 fold more than that
which is typical of an individual with influenza infection and clinical risk, an amount indicative of about 5 to 10 fold more
than that which is typical of an individual with influenza infection and clinical risk, or an amount indicative of about 10 to
20 fold more than that which is typical of an individual with influenza infection and clinical risk.
[0056] In one embodiment the kit comprises one or more additional components selected from the group consisting
of (i) one or more reference sample(s); (ii) one or more detectable moieties; (iii) one or more substance(s) for immobilising
an agent for detecting an IFI27 gene product on a solid support; (iv) a solid support material; (v) one or more container(s)
for collection and/or storage of a biological sample; (vi) one or more reagent(s) for use in preparation of a biological
sample; (vii) one or more agents for the amplification of a nucleic acid sequence; and (viii) instructions for use of the kit
or a component(s) thereof in a method for determining the level of an IFI27 gene product in a biological sample.
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[0057] In a further aspect there is provided a method for assessing the efficacy of an agent for treatment of influenza,
the method comprising administering said agent to an individual having an influenza infection and determining the level
of an IFI27 gene product in a biological sample from said individual and comparing said determined level of IFI27 gene
product to a standard level.
[0058] In a further aspect there is provided a method for assessing the efficacy of an agent for reducing clinical risk
in an individual exposed to an influenza virus, the method comprising administering said agent to said individual, deter-
mining the level of an IFI27 gene product in a biological sample from said individual and comparing said determined
level to a standard level.
[0059] In an embodiment the individual is exposed to an influenza virus prior to administration of said agent. In an
embodiment the individual has an influenza infection when administered said agent. In an embodiment the individual is
exposed to an influenza virus after said administration of said agent.
[0060] In an embodiment the standard level indicative of clinical risk comprises a standard curve defining clinical risk.
In an embodiment, the methods of the invention comprise the use of a standard curve encompassing a range of amounts
of IFI27, such as a range from negligible clinical risk to clinical risk of severe disease.
[0061] In an embodiment the standard level is prepared by subjecting one or more known sample(s) of an IFI27 gene
product to the same methods for determining IFI27 gene expression level as the biological sample from said individual,
wherein the one or more known sample(s) of an IFI27 gene product are of a pre-determined amount or amounts indicative
of clinical risk.
[0062] In an embodiment the method further comprises determining the level of IFI27 gene product in a biological
sample obtained from said individual prior to administration of said agent. In an embodiment a decrease in the level of
an IFI27 gene product in a biological sample from said individual after administration of said agent compared to the level
prior to said administration is indicative of an agent capable of reducing disease severity in a patient exposed to an
influenza virus or having an influenza infection.
[0063] In an embodiment the method is conducted as part of a research trial or clinical trial of a candidate anti-viral
agent for the prevention or treatment of influenza.

Abbreviations

[0064] The abbreviation RSV is used herein for respiratory syncytial virus.
[0065] The abbreviation IFI27 is used herein for interferon alpha inducible protein 27. The abbreviation p27 may also
be used herein for interferon alpha inducible protein 27.
[0066] The abbreviation GAPDH is used herein for glyceraldehyde phosphate dehydrogenase.
[0067] The abbreviation LPS is used herein for lipopolysaccharide.

Definitions

[0068] As used in this application, the singular form "a", "an" and "the" include plural references unless the context
clearly dictates otherwise.
[0069] Unless the context requires otherwise or it is specifically stated to the contrary, integers, steps, or elements of
the invention recited herein as singular integers; steps or elements clearly encompass both singular and plural forms of
the recited integers, steps or elements.
[0070] The term "at least one" when used in the context of a group of selectable elements includes any and all members
of the group individually selected and includes any combination of the members of the group. Similarly, the term "at least
two" when used in the context of a group of selectable elements includes any selection of two or more members of the
group in any combination.
[0071] As used herein, the term "comprising" means "including." Variations of the word "comprising", such as "comprise"
and "comprises," have correspondingly varied meanings. Thus, for example, a polynucleotide "comprising" a sequence
encoding a protein may consist exclusively of that sequence or may include one or more additional sequences. Similarly
a method "comprising" one or more stated activities may consist exclusively of those activities or may include one or
more additional activities. Similarly a kit "comprising" one or more stated components may consist exclusively of those
components or may include one or more additional components.
[0072] As used herein, the terms "antibody" and "antibodies" are used in their broadest meaning and include IgG
(including IgG1, IgG2, IgG3, and IgG4), IgA (including IgA1 and IgA2), IgD, IgE, or IgM, and IgY, whole antibodies,
including single-chain whole antibodies, and antigen-binding fragments thereof. Antigen-binding antibody fragments
include, but are not limited to, Fab, Fab’ and F(ab’)2, Fd, single-chain Fvs (scFv), single-chain antibodies, disulfide-
linked Fvs (sdFv) and fragments comprising either a VL or VH domain. The antibodies may be from any animal origin.
Antigen-binding antibody fragments, including single-chain antibodies, may comprise the variable region(s) alone or in
combination with the entire or partial of the following: hinge region, CHI, CH2, and CH3 domains. Also included are any
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combinations of variable region(s) and hinge region, CHI, CH2, and CH3 domains. Antibodies may be monoclonal,
polyclonal, chimeric, multispecific, humanized, and human monoclonal and polyclonal antibodies that specifically bind
the biological molecule.
[0073] As used herein, the terms "polypeptide" and "protein" are used interchangeably and are taken to have the same
meaning.
[0074] As used herein, the terms "nucleotide sequence" and "polynucleotide sequence" and "nucleic acid sequence"
are used interchangeably and are taken to have the same meaning.
[0075] As used herein, the term "kit" refers to any delivery system for delivering materials. In the context of the detection
assays and methods described herein, such delivery systems include systems that allow for the storage, transport, or
delivery of reaction reagents (for example labels, reference samples, supporting material, etc. in the appropriate con-
tainers) and/or supporting materials (for example, buffers, written instructions for performing the assay, etc.) from one
location to another. For example, kits include one or more enclosures, such as boxes, containing the relevant reaction
reagents and/or supporting materials.
[0076] Any discussion of documents, acts, materials, devices, articles or the like which has been included in the present
specification is solely for the purpose of providing a context for the present invention. It is not to be taken as an admission
that any or all of these matters form part of the prior art base or were common general knowledge in the field relevant
to the present invention before the priority date of this application.

Brief Description of the Drawings

[0077] A preferred embodiment of the present invention will now be described, by way of an example only, with
reference to the accompanying drawings wherein:

Figure 1 shows a screen of candidate genes using genome-wide microarray analysis. Peripheral blood was
sampled from individuals with confirmed influenza infection. RNA was extracted for microarray analysis covering
48,804 probes (Illumina Sentrix HT-12_v3_BeadChip arrays). Gene expression signals were represented by log2
of expression intensity on each axis. Diagonal line represents no change in expression when two groups were
compared (H1N1 influenza vs. healthy controls). Line above the diagonal line represents at least two fold increases
in gene upregulation. Line below the diagonal line represents at least two fold increases in gene down-regulation.
Each dot denotes individual probe on the microarray. IFI27 denotes alpha-inducible protein 27 (The IFI27 probe
was highlighted in red colour).

Figure 2 shows IFI27 expression in severe influenza infection. The development set (n=8) and validation set
(n=33) consist of individuals with severe influenza pneumonia, who developed respiratory failure and required
admission to intensive care units. Control set (n=18) consists of healthy volunteers. Peripheral blood IFI27 gene
expression was measured by PCR. Bar chart depicts mean fold change +/- SD. p values were calculated using non-
parametric Mann-Whitney U test.

Figure 3 shows IFI27 expression and severity of influenza infection. Validation of biomarker using independent
datasets in individuals with mild disease and severe disease. Mild infection cohort includes asymptomatic (n=8) and
symptomatic individuals (n=9). Severe infection cohort (n=10) includes individuals who developed respiratory failure
and required admission to intensive care units. Gene expression omnibus (GEO) provides microarray datasets for
calculation of IFI27 expression (GSE17156 - mild influenza, GSE21802 - severe influenza). Bar chart depicts mean
fold change +/- SD. p values were calculated using non-parametric Mann-Whitney U test.

Figure 4 shows IFI27 expression during recovery from influenza infection in the development set. Patients
with severe disease from influenza infection in the development set (n=8) were followed up for five days and peripheral
blood IFI27 expression was measured by quantitative PCR on day one, three and five. Bar chart depicts mean fold
change +/- SD.

Figure 5 shows IFI27 expression during recovery from influenza infection in the validation set. Patients with
severe disease from influenza infection in the validation set (n=33) were followed up for five days and peripheral
blood IFI27 expression was measured by quantitative PCR on day one, three and five. Bar chart depicts mean fold
change +/- SD.

Figure 6 shows Interferon derived genes in mild and severe disease from influenza infection. Dark coloured
bar denotes gene expression in mild disease from influenza infection. Lighter coloured bars denote gene expression
in severe disease from influenza infection.
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Figure 7 shows IFI27 expression and increasing viral load. Peripheral blood mononuclear cells isolated from
healthy volunteers were cultured with influenza virus (H1N12009). IFI27 expression was measured via quantitative
PCR with each concentration of viral load (MOI denotes multiplicity of infection and represents the ratio of virus to
total cells). Bar chart depicts mean fold change +/- SD and represents independent experiments from three different
subjects.SEQ ID NO:1

Figure 8 shows IFI27 expression and antiviral agent. Peripheral blood mononuclear cells (PBMC) isolated from
healthy volunteers were cultured with influenza virus (H1N12009) and was then subsequently treated with anti-viral
agent (oseltamivir). Oseltamivir H denotes high concentration (37ng/ml). Oseltamivir L denotes low concentration
(0•3ng/ml). IFI27 expression was measured via quantitative PCR. Bar chart depicts mean fold change +/- SD and
represents independent experiments from three different subjects.

Figure 9 shows IFI27 expression and activators of interferon pathway. IFI27 expression was measured by
PCR after stimulation of peripheral blood mononuclear cells by IFN-alpha, IFN-beta, and IFN-lambda. Bar chart
depicts mean fold change +/- SD.

Figure 10 shows IFI27 expression and interferon alpha. Peripheral blood mononuclear cells isolated from healthy
volunteers were cultured with interferon-alpha (IFNα) at different concentrations. IFI27 expression was measured
via quantitative PCR. Bar chart depicts mean fold change +/- SD and represents independent experiments from
three different subjects.

Figure 11 shows IFI27 expression and toll-like receptor ligands. Peripheral blood mononuclear cells isolated
from healthy volunteers were cultured with ligands against toll-like receptors. IFI27 expression was measured via
quantitative PCR with each ligand. Independent experiments from different subjects were performed for each toll-
like receptor (TLR) ligand including; TLR1, TLR2, TLR3, TLR5, TLR6, TLR8, TLR9 (n=2), TLR4 (n=4), TLR7 (n=10).
Bar chart depicts mean fold change +/- SD. p value was calculated using Kruskal-Wallis test for comparison of
multiple groups.

Figure 12 shows IFI27 expression in different immune cell subset after stimulation by ligand on toll-like
receptor 7. After stimulation by Gardiquimod (TLR7 ligand), IFI27 expression was measured via quantitative PCR
in each immune cell subsets including CD4, CD8, neutrophils, B cells, monocytes, natural killer cells (NK cells),
myeloid dendritic cells (mDC), plasmacytoid dendritic cells (pDC), monocytes derived macrophage (MDM) and
monocytes derived dendritic cells (MDDC). PBMC denotes peripheral blood mononuclear cells. Bar chart depicts
mean fold change +/- SD. p value was calculated using Kruskal-Wallis test for comparison of multiple groups.

Figure 13 shows IFI27 expression and viral antigen. IFI27 expression was measured via quantitative PCR with
stimulation by viral antigen. Immune cell subsets include CD4, CD8, neutrophils, B cells, monocytes, natural killer
cells (NK cells), myeloid dendritic cells (mDC), plasmacytoid dendritic cells (pDC), monocytes derived macrophage
(MDM), and monocytes derived dendritic cells (MDDC). PBMC denotes peripheral blood mononuclear cells. Bar
chart depicts mean fold change +/- SD.

Figure 14 shows IFI27 expression in plasmacytoid dendritic cells and influenza viruses. Plasmacytoid dendritic
cells were cultured with influenza A viruses including H1N1 (Carlifornia-2009), H3N2 (Victoria-2011), and influenza
B virus. IFI27 gene expression was measured by quantitative PCR. Bar chart depicts mean fold change +/- SD.
Each data point represents independent experiments from two different subjects.

Figure 15 shows a proposed mechanism for IFI27 gene expression. pDC denotes plasmacytoid dendritic cells.
TLR7 denotes toll-like receptor 7. IFNα denotes interferon alpha. MyD88 denotes myeloid differentiation primary
response gene. IRF7 denotes interferon regulatory factor 7.

Figure 16 shows a time-course of IFI27 expression in plasmacytoid dendritic cells (pDCs). Influenza virus
was cultured with plasmacytoid dendritic cells. IFI27 gene expression was measured daily by quantitative PCR.
Apoptotic cells were identified as both annexin V and propidium iodide positive (Annexin V pos, PI pos), as gated
by flow cytometry. Bar chart depicts mean fold change +/- SD.

Figure 17 shows IFI27 expression in response to bacterial and viral pathogens. IFI27 expression was measured
via quantitative PCR after stimulation by viral (H1N1 influenza virus) and bacterial stimulation (LPS denotes lipopol-
ysaccharide). Bar chart depicts mean fold change +/- SD.
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Figure 18 shows IFI27 gene expression in different disease states. SIRS denotes systemic inflammatory re-
sponse syndrome. Peripheral blood IFI27 gene expression was measured by quantitative PCR in individuals with
influenza pneumonia (n=8), bacterial pneumonia (n=16), SIRS (n=12) and healthy controls (n=18). Bar chart depicts
mean fold change +/- SD. p values were calculated using non-parametric Mann-Whitney U test.

Figure 19 shows IFI27 expression in bacterial and influenza pneumonia. IFI27 expression was measured via
quantitative PCR in two cohorts of patients with severe influenza pneumonia (n=8) and bacterial pneumonia (n=16).
Bar chart depicts mean fold change +/- SD.

Figure 20 shows IFI27 expression in trauma and surgery patients.

Figure 21 shows IFI27 expression in a large cohort of trauma patients. Validation of biomarker using an inde-
pendent cohort of trauma patients (n=167). Gene expression omnibus (GEO) provide microarray data for calculation
of IFI27 expression (GSE11375). Gene expression data was recorded over 28 days. Each data point represents
gene expression level of an individual patient.

Figure 22 shows the nucleotide sequence of IFI27 mRNA sequence, isoform 1 (SEQ ID NO:1). Homo sapiens
interferon, alpha-inducible protein 27 (IFI27), mRNA. NCBI Reference Sequence: NM_001130080.1. Sites of primer
annealing (SEQ ID NO.: 7 and SEQ ID NO.:8) are highlighted and underlined.

Figure 23 shows the nucleotide sequence of IFI27 mRNA sequence, isoform 2 (SEQ ID NO:2). Sites of primer
annealing (SEQ ID NO.: 7 and SEQ ID NO.:8) are highlighted and underlined.

Figure 24 shows the amino acid sequence of IFI27, isoform 1 (SEQ ID NO:3). Interferon alpha-inducible protein
27, [Homo sapiens]. NCBI Reference Sequence: NP_001123552.1

Figure 25 shows the amino acid sequence of IFI27, isoform 2 (SEQ ID NO:4).

Figure 26 shows the target region of IFI27 in the examples herein. Nucleotide sequence positions by reference
to uc021sba.1_IFI27. Sites of primer annealing (SEQ ID NO.: 7 and SEQ ID NO.:8) are highlighted and underlined.

Figure 27 shows the target region of GAPDH in the examples herein. Nucleotide sequence amplified by reference
to uc001qop.1_GAPDH (SEQ ID NO.:13). Exons are indicated in uppercase font. Sites of primer annealing (SEQ
ID NO.: 14 and SEQ ID NO.:15) are highlighted and underlined.

Figure 28 shows the nucleotide sequence of Homo sapiens glyceraldehyde-3-phosphate dehydrogenase
(GAPDH), transcript variant 1, mRNA. NCBI Reference Sequence: NM_002046.4 (SEQ ID NO.: 12A). Sites of
primer annealing (SEQ ID NO.: 14 and SEQ ID NO.:15) are highlighted and underlined.

Figure 29 shows the nucleotide sequence of Homo sapiens glyceraldehyde-3-phosphate dehydrogenase
(GAPDH), transcript variant 2, mRNA. NCBI Reference Sequence: NM_001256799.1 (SEQ ID NO.: 12B). Sites
of primer annealing (SEQ ID NO.: 14 and SEQ ID NO.:15) are highlighted and underlined.

Sequences Referred to herein

[0078]

SEQ ID NO:1: IFI27 mRNA sequence, isoform 1; 665 base; from NM_001130080.1.

SEQ ID NO:2: IFI27 mRNA sequence, isoform 2, 656 base.

SEQ ID NO:3: IFI27 polypeptide amino acid sequence, isoform 1; from NP_001123552.1

SEQ ID NO:4: IFI27 polypeptide amino acid sequence, isoform 2.

SEQ ID NO:5: IFI27 cDNA sequence, isoform 1; as would be synthesized from isoform 1 mRNA (SEQ ID NO:1)
from NM_001130080.1.
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SEQ ID NO:6: IFI27 cDNA sequence, as would be synthesized from isoform 2 mRNA (SEQ ID NO:2).

SEQ ID NO:7: acctcatcagcagtgaccagt (IFI27 forward primer 59.8C).

SEQ ID NO:8: acatcatcttggctgctatgg (IFI27 reverse primer 60.1C).

SEQ ID NO:9 :TGCCTCGGGCAGCCT (IFI27 forward primer).

SEQ ID NO:10: TTGGTCAATCCGGAGAGTCC (IFI27 reverse primer).

SEQ ID NO:11: IFI27 target nucleic acid sequence as per the examples herein. Sequence and coordinates from
UCSC Genes, uc021sba.1_IFI27, positions 142-328. 187 bp target region.

SEQ ID NO:12A: GAPDH full length mRNA sequence; transcript variant 1, mRNA; NCBI Reference Sequence:
NM_002046.4.

SEQ ID NO:12B: GAPDH full length mRNA sequence; transcript variant 2, mRNA; NCBI Reference Sequence:
NM_001256799.1

SEQ ID NO:13: GAPDH target nucleic acid sequence as per the examples herein. Sequence and coordinates from
UCSC Genes, uc001qop.1_GAPDH.

SEQ ID NO:14: ACGCATTTGGTCGTATTGGG (GAPDH forward primer).

SEQ ID NO:15: TGATTTTGGAGGGATCTCGC (GAPDH reverse primer).

SEQ ID NO:16: cag gaa ttc atA TGG AGG CCT CTG CTC TCA (IFI27 forward primer from Gjermandsen et al, 1999
(ISG12f;)).

SEQ ID NO:17: cgc gaa ttc agC TAG TAG AAC CTC GCA ATG (IFI27 reverse primer from Gjermandsen et al,
1999 (ISG12r;)).

Detailed Description

[0079] The present invention is based, at least in part, on the identification by the inventors that the expression level
of IFI27 in a subject correlates with the severity of disease caused by influenza infection in that subject. The invention
is used to assess patients infected with influenza by determining which individuals have a clinical risk, as defined by
being more likely to develop serious disease and require medical intervention in a hospital or clinical environment. This
determination may be made prior to a patient being symptomatic of an influenza infection, and prior to a patient showing
symptoms indicative of a severe disease. The medical intervention may include, but is not limited to, hospital admission
or life-support therapy. The invention has applications in healthcare, for example in the early management of influenza
infection, in monitoring a patient’s immune response to the disease, and in enabling life-saving intervention to at-risk
individuals who may otherwise be missed by traditional diagnostic approaches.
[0080] In one aspect of the invention there is provided a method for identifying clinical risk in a patient having or
suspected of having an influenza infection, the method comprising determining the expression level of interferon alpha
inducible protein 27 (IFI27) gene in a biological sample from said patient and comparing the determined level of IFI27
gene product to a standard level, wherein the standard level of IFI27 is based on the level of IFI27 gene product level
in healthy subjects, in subjects infected with influenza that are asymptomatic, or in subjects that are infected with influenza
that do not develop severe disease, wherein the standard level of IFI27 gene product is indicative of no clinical risk and
an elevated level of IFI27 gene product in said patient sample in comparison with said standard level of IFI27 gene
product is indicative of clinical risk in the patient, wherein a level of IFI27 gene product that is at least 40 to 60 times
higher than the standard level is indicative of clinical risk, wherein clinical risk is defined as being more likely to develop
serious disease and require medical intervention in a hospital. When comparing the level of IFI27 gene products in
patients with those of standard levels, an elevated level of IFI27 gene product in a patient may be expressed as a fold
increase over the standard level. In one aspect of the present invention, a level of IFI27 gene product in a patient that
is at least 40 to 60 times the level of IFI27 gene product typical of healthy subjects or subject with influenza that are
asymptomatic is indicative of clinical risk. In another aspect of the invention, a level of IFI27 gene product in a patient
that is at least 40 times the level of IFI27 gene product typical of healthy subjects or subject with influenza that are
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asymptomatic is indicative of clinical risk. In a further aspect, a level of IFI27 gene product in a patient that is at least 50
times the level of IFI27 gene product typical of healthy subjects or subject with influenza that are asymptomatic is
indicative of clinical risk. In yet another aspect of the present invention, a level of IFI27 gene product in a patient that is
at least 60 times the level of IFI27 gene product typical of healthy subjects or subject with influenza that are asymptomatic
is indicative of clinical risk.
[0081] In another aspect of the disclosure there is provided use of an agent capable of detecting an IFI27 gene product
in a biological sample for the manufacture of a diagnostic for identifying clinical risk in a patient having or suspected of
having an influenza infection.
[0082] In another aspect of the disclosure there is provided an agent capable of detecting an IFI27 gene product in a
biological sample for use in a method of identifying clinical risk in a patient having or suspected of having an influenza
infection.
[0083] It will be understood that determining the level of IFI27 gene product, for example in a biological sample, may
alternatively be referred to herein as determining the expression level of IFI27 gene, for example in a biological sample.
Hence, determining the expression level of IFI27 gene product is meant in its broadest sense, such that the "level" may
include any IFI27 transcript or downstream product, such as IFI27 protein or fragment thereof.
[0084] The interferon alpha induced protein 27 (IFI27) gene product may be any appropriate gene product, including,
but not limited to, nucleic acids, for example RNA transcripts, cDNA derivatives of such transcripts, and the like, proteins
and polypeptides. Typically the gene product is an mRNA or fragment thereof or a polypeptide, protein or fragment thereof.
[0085] The present invention addresses a lack of risk stratification tools in infectious disease medicine which com-
pounds the morbidity, mortality and social and financial cost of an infectious disease, especially during an epidemic (e.g.
annual seasonal influenza) or a pandemic (e.g. H1N1 2009 influenza virus), because the capacity to effectively manage
factors which mitigate against spread and severity of the disease is diminished or unavailable. Such mitigating factors
include determination and prioritization of (1) patients requiring quarantine, to control against disease spread; (2) patients’
susceptibility to deterioration, to reduce severity of disease and length of infection; and (3) patients’ pre-disposal to
comorbidity, to neutralize high-risk or difficult cases early.
[0086] Risk stratification by an IFI27 biomarker as described herein may minimize delays for hospital admission and
hence potentially save lives. By providing a risk stratification tool for influenza infection that can be employed prior to
patients becoming symptomatic of an infection or of severe disease, high risk patients can be identified early ensuring
prompt delivery of appropriate medical care to these patients.
[0087] The methods of the invention also permit a clinician to monitor the progress of a patient having influenza. This
allows the clinician to monitor a patient for possible deterioration from a relatively mild manifestation of disease to clinical
risk, or to monitor the improvement of a patient from a state of clinical risk to recovery.
[0088] Typically this type of monitoring would be done, in the methods of the invention, by determining the level of
IFI27 gene product in a first biological sample from the patient and determining the level of IFI27 gene product in a
second biological sample from the patient, where the first and second samples have been obtained from the patient at
different times. For example, the first may have been obtained prior to treatment being commenced, and the second
may have been obtained after a given period of time during which the patient was undergoing treatment or observation.
[0089] Any number of subsequent samples may of course be used in order to further monitor the patient, as may be
desirable. Samples may be obtained from the patient at appropriate intervals, such as intervals of one or several hours,
or daily or weekly. Samples may be obtained after a certain treatment has been undertaken, such as the administration
of a therapeutic agent to treat the disease cause by the influenza infection.
[0090] In this manner an increase in the level of IFI27 gene product in the second (or subsequent) biological sample
compared to said first biological sample is indicative of an increased clinical risk in said patient, whereas a decrease is
indicative of a reduced clinical risk. An increased clinical risk may be defined as an increased likelihood that the patient
will need or continue to need medical intervention, while a decreased clinical risk is a decreased likelihood that the
patient will need or continue to need medical intervention. Depending on the results of such monitoring, the clinician
may adjust the treatment of the patient. The method thus assists clinicians in the treatment and management of patients.
[0091] The inventors have also demonstrated through in vitro testing that the elevated expression of IFI27 is specific
to influenza infection and is not increased in bacterial infection. As a result the invention also provides methods to
distinguish patients having influenza and related conditions, such as viral pneumonia, from patients having other con-
ditions, which may present with similar symptoms, such as bacterial pneumonia. This ability is advantageous for the
treating clinician in a number of circumstances, and can assist in avoiding the over-management of patients that may
have symptoms that could be indicative of both influenza and bacterial infections. Consequently, the present invention
may alleviate one or more issues typical of influenza infection management, particularly at general practice level, such
as the "over-treatment" of influenza patients with antibiotics on precautionary rather than stratified diagnosis. So extensive
is this practice that antibiotic resistant bacteria are emerging. The present invention may alleviate situations of gross
under-management or over-management of the disease, respectively leading to either large-scale unnecessary mor-
bidity, often compounded to produce mortality, or to over-prescription of antibiotics, encouraging development of resistant
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bacterium.
[0092] In another scenario, a patient may be admitted to hospital first with viral pneumonia. The patient may subse-
quently develop a complication, such as bacterial pneumonia. The clinicians need to know whether the patient is not
getting better because (1) the viral pneumonia persists, or (2) a bacterial infection has superimposed. The present
invention provides the capability of distinguishing between the two on the basis of expression of IFI27 gene product,
which will be elevated in the patient, as determined by analysis of a biological sample from the patient, if the viral
pneumonia persists and or clinically significant influenza persists but will be at or near basal levels if the patient has
bacterial pneumonia instead.
[0093] A further scenario is that the patient first presents to an emergency department with atypical or unusual symptoms
such that the physician cannot diagnose with confidence whether it is bacterial or viral pneumonia in the first instance.
This is a more common clinical dilemma and so far, traditional tests have not been helpful in resolving this issue. As a
precautionary measure, such patients would often be treated with antibiotics. By providing the capability of distinguishing
between a patient having viral pneumonia, in which it is expected that IFI27 expression determined in a biological sample
from the patient will be elevated, from a patient having only bacterial pneumonia in which it is expected that IFI27
expression levels will not be elevated, the present invention offers the physician an improved diagnostic tool thereby
allowing clinically relevant treatment to be commenced at an earlier time.
[0094] In another aspect, the invention thus provides a method for identifying influenza or viral pneumonia in a patient,
the method comprising determining the expression level of IFI27 gene in a biological sample from said patient and
comparing the determined level of IFI27 gene product to a standard level, wherein the standard level is based on the
level of IFI27 gene products in healthy patients, or patients that have a bacterial pneumonia, wherein an elevated level
of IFI27 gene product in said patient is indicative of a patient with influenza or viral pneumonia, wherein a level of IFI27
gene product that is at least 40 to 60 times higher than the standard level is indicative of influenza or viral pneumonia
and clinical risk, wherein clinical risk is defined as being more likely to develop serious disease and require medical
intervention in a hospital.
[0095] In another aspect of the disclosure there is provided the use of an agent capable of detecting an IFI27 gene
product in a biological sample for the manufacture of a diagnostic for identifying influenza or viral pneumonia in a patient.
[0096] In another aspect of the disclosure there is provided an agent capable of detecting an IFI27 gene product in a
biological sample for use in a method of identifying influenza or viral pneumonia in a patient.
[0097] In another aspect of the invention there is provided a kit for use in a method of identifying influenza or viral
pneumonia in a patient, the kit comprising at least one agent capable of detecting an IFI27 gene product in a biological
sample.
[0098] The identification by the inventors that IFI27 expression correlates with the severity of disease cause by influenza
infection also has benefits in testing of, and for, agents that may be useful in the treatment or prevention of influenza.
This may be, for example, agents capable of reducing disease severity in subjects exposed to an influenza virus. Anti-
viral (influenza virus) is a major area of research and clinical trials are conducted to investigate the efficacy of potential
or putative anti-viral medication or agents. Typically, these trials use clinical parameters such as heart rate, oxygen level
in the blood, blood pressure, death rate (mortality), etc. There are significant limitations with these parameters. This is
because they are not measuring disease severity (e.g. heart rate and blood pressure are non-specific for infection
severity). In addition, events such as death are a rare event in influenza infection. This means the clinical trial needs to
recruit thousands of patients in order to have adequate statistical power to detect a difference between treatment and
control groups. An alternative to overcome or ameliorate limitations in clinical trials is to use a surrogate marker. Ideally,
a surrogate marker reflects the biological activity of the disease and correlates with treatment effect (i.e. its level decreases
with the success of the treatment). As demonstrated herein, IFI27 has the potential to be such a surrogate marker. It
can help monitor treatment response during clinical trials of anti-viral drugs.

Interferon alpha induced protein 27 (IFI27)

[0099] IFI27 is one member of a family of small interferon alpha inducible genes of unknown function. IFI27 is alter-
natively known as interferon alpha-induced 11.5 kDa protein, interferon-stimulated gene 12a protein and by the alternative
abbreviations ISG12, ISG12(a), FAM14D, and P27. The cDNA for IFI27 was originally cloned as an estrogen-inducible
gene in the human epithelial cell line MCF-7 and designated p273. IFI27 has been reported to be upregulated in lesional
and non-lesional psoriatic skin4 in lesional psoriatic epidermis as well as being detectable in non-lesional keratinocytes
in a quantitative RT-PCR study5. The same study also reported expression in other skin conditions, such as lichen
planus, chronic eczema, cutaneous squamous cell cancers and showed upregulated expression when keratinocytes
were stimulated with IFN-γ, TNF-α or TGF-β1. As a result, it has been postulated that IFI27 is a marker of epithelial
proliferation and cancer. IFI27 has also been reported as being significantly over-expressed in systemic lupus erythema-
tosus synovial tissue as compared with osteoarthritis and rheumatoid arthritis synovial tissue6.
[0100] The instant application provides the first description of a correlation between an increased expression level of
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IFI27 and clinical risk in subjects having influenza.
[0101] The human IFI27 gene is 11,852 bp in length, located at 14q32. There are reports of splice variants giving rise
to different protein isoforms7. There are two known transcript variants of IFI27, referred to as isoform 1 (665 nucleotides)
and isoform 2 (656 nucleotides). NM_001130080.1 is the NCBI Reference Sequence for isoform 1 (see http://www.nc-
bi.nlm.nih.gov/nuccore/NM_001130080.1). This variant represents an allele commonly found in the human population.
The complete polypeptide sequence is 119 amino acids (http://www.uniprot.org/uniprot/P40305). NM_005532.3 is the
NCBI Reference Sequence for isoform 2 (see http://www.ncbi.nlm.nih.gov/nuccore/NM_005532.3). This variant (2) rep-
resents an alternate allele that lacks a 9-nt segment in the CDS, as compared to variant 1. The resulting isoform (2)
lacks an internal 3 amino acid segment and differs at two adjacent amino acid, as compared to isoform 1. This variant
represents a second allele commonly found in the human population. The IFI27 polypeptide is alternately known as
interferon alpha-induced 11.5 kDa protein.
[0102] Expression of IFI27 has been investigated in various reports, primarily utilizing investigation at the nucleotide
level, for example by RT-PCR5,6,8, and by Northern analysis5. Expression of IFI27 gene product has also been reported
on the basis of detection and or quantitative analysis of the level of IFI27 polypeptide, for example utilizing immunoassay
or western blotting6. Methods for the detection and or determination of expression of IFI27 gene product described in
prior publications are appropriate for the working of the methods of the present invention.

Patients

[0103] Methods of the invention comprise analysis of a patient sample for the presence and quantification of an IFI27
gene product. In this manner the level of IFI27 gene product in the sample may be determined, thereby allowing iden-
tification of clinical risk in a patient. Similarly, the methods of the invention permit an assessment of a patient for the
presence of influenza or viral pneumonia as distinct from conditions, which may have similar clinical presentation, such
as bacterial pneumonia.
[0104] It will be understood that the use herein of the term "patient" is intended to have broad meaning. The patient
is any individual in respect of which the method is performed. Typically, the patient is an individual having or suspected
of having an influenza infection. By way of non-limiting example, the patient may be a hospitalised individual, an individual
who presents at a hospital outpatient or emergency department, an individual who presents at a doctor’s clinic or surgery
or medical practice or at any health assessment or health testing facility. The patient may be an individual who is a
member of a population presenting with or without one or more symptoms of influenza infection. The patient may be a
member of a group or population considered to be "at-risk" of potentially developing severe disease due to influenza
infection, for example, the elderly, the chronically ill, the immune compromised, those with a history of severe disease
from influenza virus, those with a history of flu-like symptoms. Members of such groups or populations may be subject
to screening as part of a broad health objective, such as during an influenza outbreak, pandemic or epidemic.

Biological sample

[0105] In embodiments the method of the invention comprises obtaining a biological sample from the patient. The
biological sample is typically a blood sample. The biological sample may be a selected component of blood, such as
blood cell subsets, a protein fraction or a nucleic acid fraction, such as total RNA or mRNA. The biological sample may
be processed to fractionate or enrich it for the presence of one or more components, such as white blood cells, or a
specific component thereof such as pDCs.
[0106] The step of obtaining a biological sample, such as a blood sample, from a patient may be undertaken as part
of a consecutive series of steps in the performance of the method of the invention. The step of obtaining a blood sample
from a patient may be undertaken as a distinct step or steps separate from one or more remaining steps of the method
of the invention, for example separate in time, location or operator. Accordingly, in the performance of the method of
the invention obtaining the blood sample may not involve extraction of blood from said patient. Performance of the
method of the invention may, for example, comprise receiving a blood sample in a container, the blood having previously
been extracted from the patient as an exercise separate from the performance of the method of the invention. As a
further example, obtaining a blood sample may comprise retrieving from temporary storage a blood sample extracted
from the patient as an exercise separate from the performance of the method of the invention. It will be understood that
the performance of the method of the invention may thus be conducted entirely ex vivo.
[0107] A biological sample obtained from a patient may undergo one or more transformation steps either as part of
the working of the invention or as a separate step or series of steps. For example, where a blood sample is obtained
from a patient, the sample may be further processed to produce a more convenient form of biological sample that is
used in methods of the invention. This may be, for example, processing of the blood to isolate different cell subsets,
which is used in the assessment of IFI27 gene product. Alternatively, or in addition it may simply be the processing of
the blood to remove components that might interfere with the efficient operation of the methods, such as red blood cells,
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or anticoagulant, which may have been used in the collection of the sample.
[0108] As a further alternative or additive step or steps, the sample may be processed to create a fraction that is used
in the determination of IFI27 gene product and a fraction or fractions that is not. This processing or fractionation may
include, for example, the isolation of total RNA from the sample, or the isolation of messenger RNA (mRNA) from the
sample, or the isolation of protein or polypeptides from the sample, any of which may be suitable for use in determining
IFI27 gene product. The skilled addressee will be aware that methods exist for the processing of blood samples in this
manner, for example RNeasy mini kit, Qiagen and FOCUS membrane protein kit, GBiosciences protocols).

Polynucleotides and polypeptides

[0109] The inventors have identified that the level of expression of IFI27 gene in subjects having influenza correlates
with disease severity, and therefore can be utilized as an indicator of clinical risk. Accordingly, in the working of the
invention, a sample may be tested for the presence of an IFI27 gene product. The gene product may be an IFI27 mRNA
or transcript. The full polynucleotide sequence of the IFI27 mRNA has been determined and is reported, for example at
Ensembl/Havana merge: ENSG00000165949. As noted herein there are variants of the IFI27 transcript previously
described. In an embodiment analyzing the sample for the presence of an IFI27 gene comprises analyzing the sample
for the presence of an IFI27 mRNA sequence, such as a sequence shown in SEQ ID NO:1 or SEQ ID NO:2, or a fragment
or variant thereof.
[0110] The gene product may be the IFI27 polypeptide, ISG12, and two isoforms of the ISG12 polypeptide have been
reported and the sequences determined, for example, NP_001123552.1. In an embodiment analyzing the sample for
the presence of an IFI27 gene product comprises analyzing the sample for the presence of an IFI27 polypeptide, such
as those shown in SEQ ID NO:3 or SEQ ID NO:4, or a fragments or variants thereof
[0111] In addition to the polynucleotides and polypeptide sequences set forth herein, also included within the scope
of the methods of the invention are variants and fragments thereof. Hence, where it is stated that a sample may be
tested for the presence of a given polynucleotide sequence it will be understood that the statement also means that the
sample may be tested for the presence of a fragment or variant of that polynucleotide sequence.
[0112] As used in the methods of the invention the polynucleotides disclosed herein may be deoxyribonucleic acids
(DNA), ribonucleic acids (RNA) or complementary deoxyribonucleic acids (cDNA).
[0113] RNA may be derived from RNA polymerase-catalyzed transcription of a DNA sequence. The RNA may be a
primary transcript derived from transcription of a corresponding DNA sequence. RNA may also undergo post-transcrip-
tional processing. For example, a primary RNA transcript may undergo post-transcriptional processing to form a mature
RNA. As described herein it is known that there are at least two isoforms of IFI27 transcript, one of 665 nucleotides and
one of 656 nucleotides (see SEQ ID NO: 1 and 2, respectively). Messenger RNA (mRNA) refers to RNA derived from
a corresponding open reading frame that may be translated into protein by the cell. cDNA refers to a single-stranded
DNA that is complementary to and derived from mRNA. cDNA corresponding to the isoform 1 and isoform 2 IFI27
sequences referred to herein as SEQ ID NO:5 and 6, respectively. Sense RNA refers to RNA transcript that includes
the mRNA and so can be translated into protein by the cell. Antisense RNA refers to an RNA transcript that is comple-
mentary to all or part of a target primary transcript or mRNA and may be used to block the expression of a target gene.
[0114] The skilled addressee will recognise that RNA and cDNA sequences encoded by the DNA sequences disclosed
herein may be derived using the genetic code. An RNA sequence may be derived from a given DNA sequence by
generating a sequence that is complementary the particular DNA sequence. The complementary sequence may be
generated by converting each cytosine (’C’) base in the DNA sequence to a guanine (’G’) base, each guanine (’G’) base
in the DNA sequence to a cytosine (’C’) base, each thymidine (’T’) base in the DNA sequence to an adenine (’A’) base,
and each adenine (’A’) base in the DNA sequence to a uracil (’U’) base.
[0115] A complementary DNA (cDNA) sequence may be derived from a DNA sequence by deriving an RNA sequence
from the DNA sequence as above, then converting the RNA sequence into a cDNA sequence. An RNA sequence can
be converted into a cDNA sequence by converting each cytosine (’C’) base in the RNA sequence to a guanine (’G’)
base, each guanine (’G’) base in the RNA sequence to a cytosine (’C’) base, each uracil (’U’) base in the RNA sequence
to an adenine (’A’) base, and each adeneine (’A’) base in the RNA sequence to a thymidine (’T’) base.
[0116] In general, polypeptide sequence variants possess qualitative biological activity in common. Polynucleotide
sequence variants generally encode polypeptides, which generally possess qualitative biological activity in common.
Accordingly, the inventors envisage that variation in the specific sequence of IFI27 is likely to exist in nature, without
causing significant alteration in the biological activity of the encoded gene, by comparison to the sequences provided
herein. As a result, the present invention is not limited to the IFI27 sequence as specifically stated herein but is also
applicable to variant sequences of IFI27 as may exist in nature. Such sequences herein would be expected to retain the
characteristic expression of gene product demonstrated herein and thus are equally applicable as indicative markers of
clinical risk in a patient or subject having or suspected of having an influenza infection.
[0117] As a consequence, the use of variant sequences of those explicitly stated herein is also included within the
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invention. The term "variant" as used herein refers to a substantially similar sequence. In general, two sequences are
"substantially similar" if the two sequences have a specified percentage of amino acid residues or nucleotides that are
the same (percentage of "sequence identity"), over a specified region, or, when not specified, over the entire sequence.
Accordingly, a "variant" of a polynucleotide and polypeptide sequence disclosed herein may share at least 40%, 45%,
50%, 55%, 60%, 65%, 70%, 75%, 80%, 83% 85%, 88%, 90%, 93%, 95%, 96%, 97%, 98% or 99% sequence identity
with the reference sequence.
[0118] Further, the term "variant" also includes analogues of the polypeptides disclosed herein. A polypeptide "ana-
logue" is a polypeptide, which is a derivative of a polypeptide disclosed herein, which derivative comprises addition,
deletion, substitution of one or more amino acids, such that the polypeptide retains substantially the same function. The
term "conservative amino acid substitution" refers to a substitution or replacement of one amino acid for another amino
acid with similar properties within a polypeptide chain (primary sequence of a protein). For example, the substitution of
the charged amino acid glutamic acid (Glu) for the similarly charged amino acid aspartic acid (Asp) would be a conservative
amino acid substitution.
[0119] In general, the percentage of sequence identity between two sequences may be determined by comparing two
optimally aligned sequences over a comparison window. The portion of the sequence in the comparison window may,
for example, comprise deletions or additions (i.e. gaps) in comparison to the reference sequence (for example, a poly-
nucleotide or polypeptide sequence disclosed herein), which does not comprise deletions or additions, in order to align
the two sequences optimally. A percentage of sequence identity may then be calculated by determining the number of
positions at which the identical nucleic acid base or amino acid residue occurs in both sequences to yield the number
of matched positions, dividing the number of matched positions by the total number of positions in the window of com-
parison, and multiplying the result by 100 to yield the percentage of sequence identity.
[0120] In the context of two or more nucleic acid or polypeptide sequences, the percentage of sequence identity refers
to the specified percentage of amino acid residues or nucleotides that are the same over a specified region, (or, when
not specified, over the entire sequence), when compared and aligned for maximum correspondence over a comparison
window, or designated region as measured using one of the following sequence comparison algorithms or by manual
alignment and visual inspection.
[0121] For sequence comparison, typically one sequence acts as a reference sequence, to which test sequences are
compared. When using a sequence comparison algorithm, test and reference sequences are entered into a computer,
subsequence coordinates are designated, if necessary, and sequence algorithm program parameters are designated.
Default program parameters can be used, or alternative parameters can be designated. The sequence comparison
algorithm then calculates the percent sequence identities for the test sequences relative to the reference sequence,
based on the program parameters. Methods of alignment of sequences for comparison are well known in the art. Optimal
alignment of sequences for comparison can be determined conventionally using known computer programs, including,
but not limited to: CLUSTAL in the PC/Gene program (available from Intelligenetics, Mountain View, California); the
ALIGN program (Version 2.0) and GAP, BESTFIT, BLAST, FASTA, and TFASTA in the GCG Wisconsin Genetics
Software Package, Version 10 (available from Accelrys Inc., 9685 Scranton Road, San Diego, California, USA).
[0122] The BESTFIT program (Wisconsin Sequence Analysis Package, for Unix, Genetics Computer Group, University
Research Park, 575 Science Drive, Madison, Wis. 53711) uses the local homology algorithm of Smith and Waterman
to find the best segment of homology between two sequences (Smith and Waterman, Advances in Applied Mathematics
2:482-489 (1981)). When using BESTFIT or any other sequence alignment program to determine the degree of homology
between sequences, the parameters may be set such that the percentage of identity is calculated over the full length of
the reference nucleotide sequence and that gaps in homology of up to 5% of the total number of nucleotides in the
reference sequence are allowed.
[0123] GAP uses the algorithm described in Needleman and Wunsch (1970) J. Mol. Biol. 48:443-453, to find the
alignment of two complete sequences that maximizes the number of matches and minimizes the number of gaps. GAP
considers all possible alignments and gap positions and creates the alignment with the largest number of matched bases
and the fewest gaps. It allows for the provision of a gap creation penalty and a gap extension penalty in units of matched
bases. GAP presents one member of the family of best alignments.
[0124] Another method for determining the best overall match between a query sequence and a subject sequence,
also referred to as a global sequence alignment, can be determined using the FASTDB computer program based on
the algorithm of Brutlag and colleagues (Comp. App. Biosci. 6:237-245 (1990)). In a sequence alignment the query and
subject sequences are both DNA sequences. An RNA sequence can be compared by converting U’s to T’s. The result
of said global sequence alignment is in percent identity.
[0125] The BLAST and BLAST 2.0 algorithms may be used for determining percent sequence identity and sequence
similarity. These are described in Altschul et al. (1977) Nuc. Acids Res. 25:3389-3402, and Altschul et al (1990) J. Mol.
Biol. 215:403-410, respectively. Software for performing BLAST analyses is publicly available through the National
Center for Biotechnology Information. This algorithm involves first identifying high scoring sequence pairs (HSPs) by
identifying short words of length W in the query sequence, which either match or satisfy some positive-valued threshold
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score T when aligned with a word of the same length in a database sequence. T is referred to as the neighborhood word
score threshold (Altschul et al, supra). These initial neighborhood word hits act as seeds for initiating searches to find
longer HSPs containing them. The word hits are extended in both directions along each sequence for as far as the
cumulative alignment score can be increased. Cumulative scores are calculated using, for nucleotide sequences, the
parameters M (reward score for a pair of matching residues; always > 0) and N (penalty score for mismatching residues;
always < 0). For amino acid sequences, a scoring matrix is used to calculate the cumulative score. Extension of the
word hits in each direction are halted when: the cumulative alignment score falls off by the quantity X from its maximum
achieved value; the cumulative score goes to zero or below, due to the accumulation of one or more negative-scoring
residue alignments; or the end of either sequence is reached. The BLAST algorithm parameters W, T, and X determine
the sensitivity and speed of the alignment. The BLASTN program (for nucleotide sequences) uses as defaults a wordlength
(W) of 11, an expectation (E) or 10, M=5, N=-4 and a comparison of both strands. For amino acid sequences, the BLASTP
program uses as defaults a wordlength of 3, and expectation (E) of 10, and the BLOSUM62 scoring matrix (see Henikoff
and Henikoff (1989) Proc. Natl, Acad. Sci USA 89:10915) alignments (B) of 50, expectation (E) of 10, M=5, N=-4, and
a comparison of both strands. [0028] The BLAST algorithm also performs a statistical analysis of the similarity between
two sequences (see, e.g., Karlin and Altschul (1993) Proc. Natl. Acad. Sci. USA 90:5873-5787). One measure of similarity
provided by the BLAST algorithm is the smallest sum probability (P(N)), which provides an indication of the probability
by which a match between two nucleotide or amino acid sequences would occur by chance. For example, a nucleic acid
is considered similar to a reference sequence if the smallest sum probability in a comparison of the test nucleic acid to
the reference nucleic acid is less than about 0.2, more preferably less than about 0.01, and most preferably less than
about 0.001.
[0126] Also contemplated are fragments of the polynucleotides disclosed herein. A polynucleotide "fragment" is a
polynucleotide molecule that encodes a constituent or is a constituent of a polynucleotide disclosed herein or variant
thereof. Fragments of a polynucleotide do not necessarily need to encode polypeptides which retain biological activity.
The fragment may, for example, be useful as a hybridization probe or PCR primer. The fragment may be derived from
a polynucleotide of the disclosure or alternatively may be synthesized by some other means, for example by chemical
synthesis. The fragment may, for example, be that which is detected in the determination of the level of IFI27 gene
product in a biological sample, such that, for example, the probe or primer(s) are specific to a region of the IFI27 gene
product and it is that region that is detected in the working of the invention. This is typical, for example, in methods where
PCR is used such that the target region of the IFI27 gene product, typically mRNA or cDNA, will constitute less than the
complete IFI27 mRNA or cDNA sequence length. For example, it may be a target region of about 50 to 100 bases or
base pairs, or about 75 to 150 bases or base pairs, or about 120 to 250 bases or base pairs, or about 200 to 300 bases
or base pairs, or about 250 to 350 bases or base pairs, or about 300 to 400 bases or base pairs, or about 350 to 450
bases or base pairs, or about 400 to 500 bases or base pairs.
[0127] The sequences disclosed herein may comprise discrete sequences in which the entire sequence comprises
only the sequence, or a fragment thereof, of the IFI27 gene identified herein. The sequences disclosed herein may
instead be non-discrete sequences, in that they comprise the sequence, or part thereof, of the IFI27 gene identified
herein or a variant thereof together with sequence, which is not part of that gene. In a similar fashion, the sequences
may also include unrelated sequence, such as sequence associated with vectors, tags, such as for assisting purification
or detection, and hybridisation aids.
[0128] A polynucleotide may be cloned into a vector. The vector may comprise, for example, a DNA, RNA or comple-
mentary DNA (cDNA) sequence. The vector may be a plasmid vector, a viral vector, or any other suitable vehicle adapted
for the insertion of foreign sequences, their introduction into cells and the expression of the introduced sequences.
Typically the vector is an expression vector and may include expression control and processing sequences such as a
promoter, an enhancer, ribosome binding sites, polyadenylation signals and transcription termination sequences. The
disclosure also contemplates host cells transformed by such vectors. For example, the polynucleotides disclosed herein
may be cloned into a vector, which is transformed into a bacterial host cell, for example E. coli. Methods for the construction
of vectors and their transformation into host cells are generally known in the art, and described in, for example, Molecular
Cloning: A Laboratory Manual, 4th ed., Green and Sambrook, 2012, Cold Spring Harbor Laboratory Press, Plainview,
New York, and, Ausubel F. M. et al. (Eds) Current Protocols in Molecular Biology, John Wiley and Sons, Inc.

Nucleotide Probes, Primers and Antibodies

[0129] The present invention is based, at least in part, on the identification by the inventors that the expression level
of interferon alpha induced protein 27 (IFI27) gene in a subject correlates with the severity of influenza in that subject.
The invention thus relates to methods for the detection of host response during influenza infection through the detection
and determination of the level of expression of an interferon alpha induced protein 27 (IFI27) gene in a sample obtained
from a subject of interest. In the working of the method nucleotides and fragments based on the sequence of the IFI27
polynucleotide, or fragments or variants thereof, may be used as primers and probes for the detection and determination
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of the level of an interferon alpha induced protein 27 (IFI27) gene product.
[0130] The nucleotides and fragments may be in the form of oligonucleotides. Oligonucleotides are short stretches of
nucleotide residues suitable for use in nucleic acid amplification reactions such as PCR, typically being at least about
5 nucleotides to about 80 nucleotides in length, more typically about 10 nucleotides in length to about 50 nucleotides in
length, and even more typically about 15 nucleotides in length to about 30 nucleotides in length. The skilled addressee
will understand that any appropriate length of sequence may be used such as 10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20,
21, 22, 23, 24, 25, 26, 27, 28, 29, or 30 nucleotides or more.
[0131] Probes are nucleotide sequences of variable length, for example between about 10 nucleotides and several
thousand nucleotides, for use in detection of homologous sequences, typically by hybridization. For example, a probe
for use in hybridization may be about 10 to 25 bases or base pairs, or about 20 to 40 bases or base pairs, or about 30
to 50 bases or base pairs, or about 50 to 100 bases or base pairs, or about 75 to 150 bases or base pairs, or about 120
to 250 bases or base pairs, or about 200 to 300 bases or base pairs, or about 250 to 350 bases or base pairs, or about
300 to 400 bases or base pairs, or about 350 to 450 bases or base pairs, or about 400 to 500 bases or base pairs.
Hybridization probes may be genomic DNA fragments, cDNA fragments, RNA fragments, or other oligonucleotides.
[0132] Methods for the design and/or production of nucleotide probes and/or primers are generally known in the art,
and are described in Molecular Cloning: A Laboratory Manual, 4th ed., Green and Sambrook, 2012; Itakura K. et al.
(1984) Annu. Rev. Biochem. 53:323; Innis et al., (Eds) (1990) PCR Protocols: A Guide to Methods and Applications
(Academic Press, New York); Innis and Gelfand, (Eds) (1995) PCR Strategies (Academic Press, New York); and Innis
and Gelfand, (Eds) (1999) PCR Methods Manual (Academic Press, New York). Nucleotide primers and probes may be
prepared, for example, by chemical synthesis techniques for example, the phosphodiester and phosphotriester methods
(see for example Narang S. A. et al. (1979) Meth. Enzymol. 68:90; Brown, E. L. (1979) et al. Meth. Enzymol. 68:109;
and U.S. Patent No. 4356270), the diethylphosphoramidite method (see Beaucage S.L et al. (1981) Tetrahedron Letters,
22:1859-1862). A method for synthesizing oligonucleotides on a modified solid support is described in U.S. Patent No.
4458066.
[0133] The nucleic acids mentioned herein, may be labelled by incorporation of a marker to facilitate their detection.
Techniques for labelling and detecting nucleic acids are described, for example, in Ausubel F. M. et al. (Eds) Current
Protocols in Molecular Biology (2007), John Wiley and Sons, Inc. and in Molecular Cloning: A Laboratory Manual, 4th
ed., Green and Sambrook, 2012. Examples of suitable markers include fluorescent molecules (e.g. acetylaminofluorene,
5-bromodeoxyuridine, digoxigenin, fluorescein) and radioactive isotopes (e.g. 32P, 35S, 3H, 33P). Detection of the
marker may be achieved, for example, by chemical, photochemical, immunochemical, biochemical, or spectroscopic
techniques.
[0134] In hybridization techniques, all or part of a known nucleotide sequence is used to generate a probe that selectively
hybridizes to other corresponding nucleic acid sequences present in a given sample. The hybridization probes may be
genomic DNA fragments, cDNA fragments, RNA fragments, or other oligonucleotides, and may be labelled with a
detectable marker. Thus, for example, probes for hybridization can be made by labelling synthetic oligonucleotides based
on the sequences disclosed herein.
[0135] The level of homology (sequence identity) between probe and the target sequence will largely be determined
by the stringency of hybridization conditions. In particular the nucleotide sequence used as a probe may hybridize to a
homologue or other variant of a polynucleotide disclosed herein under conditions of low stringency, medium stringency
or high stringency. There are numerous conditions and factors, well known to those skilled in the art, which may be
employed to alter the stringency of hybridization. For instance, the length and nature (DNA, RNA, base composition) of
the nucleic acid to be hybridized to a specified nucleic acid; concentration of salts and other components, such as the
presence or absence of formamide, dextran sulfate, polyethylene glycol etc; and altering the temperature of the hybrid-
ization and/or washing steps.
[0136] Typically, stringent hybridization conditions will be those in which the salt concentration is less than about 1.5
M Na ion, typically about 0.01 to 1.0 M Na ion concentration (or other salts) at pH 7.0 to 8.3 and the temperature is at
least about 30°C for short probes (e.g., 10 to 50 nucleotides) and at least about 60°C for long probes (e.g., greater than
50 nucleotides). Stringent conditions may also be achieved with the addition of destabilizing agents such as formamide.
Exemplary low stringency conditions include hybridization with a buffer solution of 30% to 35% formamide, 1 M NaCl,
1% SDS (sodium dodecyl sulfate) at 37 C, and a wash in 1X to 2X SSC (20X SSC = 3.0 M NaCl/0.3 M trisodium citrate)
at 50°C to 55 C. Exemplary moderate stringency conditions include hybridization in 40% to 45% formamide, 1.0 M NaCl,
1% SDS at 37 C, and a wash in 0.5X to 1X SSC at 55°C to 60 C. Exemplary high stringency conditions include hybridization
in 50% formamide, 1 M NaCl, 1% SDS at 37 C, and a final wash in 0.1X SSC at 60°C to 65°C for at least about 20
minutes. Optionally, wash buffers may comprise about 0.1% to about 1% SDS. The duration of hybridization is generally
less than about 24 hours, usually about 4 to about 12 hours.
[0137] Under a PCR approach, oligonucleotide primers can be designed for use in PCR reactions to amplify corre-
sponding DNA sequences from cDNA or genomic DNA extracted from any organism of interest. Methods for designing
PCR primers and PCR cloning are generally known in the art and are disclosed in Sambrook et al. (1989) Molecular
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Cloning: A Laboratory Manual (2nd ed., Cold Spring Harbor Laboratory Press, Plainview, New York); Ausubel F. M. et
al. (Eds) Current Protocols in Molecular Biology (2007), John Wiley and Sons, Inc; Molecular Cloning: A Laboratory
Manual, 4th ed., Green and Sambrook, 2012; Maniatis et al. Molecular Cloning (1982), 280-281; Innis et al. (Eds) (1990)
PCR Protocols: A Guide to Methods and Applications (Academic Press, New York); Innis and Gelfand, (Eds) (1995)
PCR Strategies (Academic Press, New York); and Innis and Gelfand, (Eds) (1999) PCR Methods Manual (Academic
Press, New York). Known methods of PCR include, but are not limited to, methods using paired primers, nested primers,
single specific primers, degenerate primers, gene-specific primers, vector-specific primers, partially-mismatched primers,
and the like.
[0138] The skilled addressee will recognise that the primers described herein for use in PCR or RT-PCR may also be
used as probes for the detection of sequences of interest, such as for the detection of interferon alpha induced protein
27 (IFI27) gene product.
[0139] In a particular embodiment a fragment or probe is a fragment of the IFI27 gene, for example a fragment that
may be used in hybridisation analysis, such as northern analysis. As a specific example, Suomela et al (2004) describe
that a 482bp fragment of human IFI27 cDNA used to detect IFI27 RNA transcripts in total RNA isolates from cultured
human cells. Any appropriate length fragment of IFI27 nucleic acid sequence, or a variant thereof, may be used in the
methods of the invention. The skilled addressee will be able to determine an appropriate sequence on the basis of the
information provided herein and according to methods known in the art, for example methods for the selection of a
sequence, which selectively binds to the target sequence under desired conditions.
[0140] In a particular embodiment a fragment, probe or primer is a fragment of the IFI27 gene, for example the sequence
ACCTCATCAGCAGTGACCAGT (forward primer; SEQ ID NO:7) or the sequence ACATCATCTTGGCTGCTATGG (re-
verse primer; SEQ ID NO:8). In a specific embodiment of the method of the invention PCR may be performed using the
primer pair ACCTCATCAGCAGTGACCAGT (SEQ ID NO:7) and the sequence ACATCATCTTGGCTGCTATGG (SEQ
ID NO:8), which amplifies a sequence of 187 bp (SEQ ID NO:11).
[0141] In a particular embodiment a fragment, probe or primer is a fragment of the IFI27 gene, for example a sequence
known in the art as specific for an IFI27 gene or fragment or variant thereof. The skilled addressee will be able to
determine appropriate conditions for the use of such nucleic acid sequences in the methods of the invention.
[0142] In a particular embodiment a fragment, probe or primer is a fragment of the IFI27 gene, for example the sequence
TGC CTC GGG CAG CCT (SEQ ID NO:9) or the sequence TTG GTC AAT CCG GAG AGT CC (SEQ ID NO:10). In a
specific embodiment of the method of the invention PCR may be performed using the primer pair TGC CTC GGG CAG
CCT (forward primer; SEQ ID NO:9) and the sequence TTG GTC AAT CCG GAG AGT CC (reverse primer; SEQ ID
NO:10)5. The skilled addressee will be able to determine appropriate conditions for the use of such nucleic acid sequences
in the methods of the invention. The skilled addressee will also find guidance on the use of such nucleic acid sequences
for the amplification and detection of IFI27 gene product in Suomela et al5.
[0143] In a particular embodiment a fragment, probe or primer is a fragment of the IFI27 gene, for example the sequence
cag gaa ttc atA TGG AGG CCT CTG CTC TCA (ISG12f; SEQ ID NO:16) or the sequence cgc gaa ttc agC TAG TAG
AAC CTC GCA ATG (ISG12r; SEQ ID NO:17). In a specific embodiment of the method of the invention PCR may be
performed using the primer pair cag gaa ttc atA TGG AGG CCT CTG CTC TCA (ISG12f; SEQ ID NO:16) and the
sequence cgc gaa ttc agC TAG TAG AAC CTC GCA ATG (ISG12r; SEQ ID NO:17)8. In the sequences stated as ISG12f
and ISG12r the uppercase letters correspond to cDNA sequences. The skilled addressee will be able to determine
appropriate conditions for the use of such nucleic acid sequences in the methods of the invention. The skilled addressee
will also find guidance on the use of such nucleic acid sequences for the amplification and detection of IFI27 gene product
in Gjermandsen et al (1999)8.

Antibodies

[0144] Also contemplated by the methods of the invention are antibodies, which are capable of binding specifically to
a polypeptide, encoded by IFI27 gene, or a fragment or variant thereof. An antibody or antibodies may be used to
qualitatively or quantitatively detect and analyse one or more polypeptides in a given sample, specifically polypeptides
or fragments encoded by an IFI27 gene. Antibody detection and quantitation of additional polypeptides for the purpose
of control or standardization of an assay may also be conducted. By "binding specifically" it will be understood that the
antibody is capable of binding to the target polypeptide or fragment thereof with a higher affinity than it binds to an
unrelated protein. For example, the antibody may bind to the polypeptide or fragment thereof with a binding constant in
the range of at least about 10-4M to about 10-10M. Preferably the binding constant is at least about 10-5M, or at least
about 10-6M, more preferably the binding constant of the antibody to the polypeptide or fragment thereof of interest is
at least about 10-7M, at least about 10-8M, or at least about 10-9M or more.
[0145] The antibodies may exist in a variety of forms, including for example as a whole antibody, or as an antibody
fragment, or other immunologically active fragment thereof, such as complementarity determining regions. Similarly, the
antibody may exist as an antibody fragment having functional antigen-binding domains, that is, heavy and light chain
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variable domains. Also, the antibody fragment may exist in a form selected from the group consisting of, but not limited
to: Fv, Fab, F(ab)2, scFv (single chain Fv), dAb (single domain antibody), chimeric antibodies, bi-specific antibodies,
diabodies and triabodies.
[0146] An antibody ’fragment’ may be produced by modification of a whole antibody or by synthesis of the desired
antibody fragment. Methods of generating antibodies, including antibody fragments, are known in the art and include,
for example, synthesis by recombinant DNA technology. The skilled addressee will be aware of methods of synthesising
antibodies, such as those described in, for example, US Patent No. 5296348 and Ausubel F. M. et al. (Eds) Current
Protocols in Molecular Biology (2007), John Wiley and Sons, Inc.
[0147] Preferably antibodies are prepared from discrete regions or fragments of the polypeptide of interest. An antigenic
portion of a polypeptide of interest may be of any appropriate length, such as from about 5 to about 15 amino acids.
Preferably, an antigenic portion contains at least about 5, 6, 7, 8, 9, 10, 11, 12, 13 or 14 amino acid residues.
[0148] In the context of this specification reference to an antibody specific to a polypeptide encoded by an IFI27 gene
also includes an antibody that is specific to a fragment or variant of the polypeptide of interest.
[0149] Antibodies that specifically bind to a polypeptide disclosed herein can be prepared, for example, using a purified
polypeptide encoded by an IFI27 gene using any suitable methods known in the art. For example, a monoclonal antibody,
typically containing Fab portions, may be prepared using hybridoma technology described in Harlow and Lane (Eds)
Antibodies - A Laboratory Manual, (1988), Cold Spring Harbor Laboratory, N.Y; Coligan, Current Protocols in Immunology
(1991); Goding, Monoclonal Antibodies: Principles and Practice (1986) 2nd ed; and Kohler & Milstein, (1975) Nature
256: 495-497. Such techniques include, but are not limited to, antibody preparation by selection of antibodies from
libraries of recombinant antibodies in phage or similar vectors, as well as preparation of polyclonal and monoclonal
antibodies by immunizing rabbits or mice (see, for example, Huse et al. (1989) Science 246: 1275-1281; Ward et al.
(1989) Nature 341: 544-546).
[0150] It will also be understood that antibodies disclosed herein include humanised antibodies, chimeric antibodies
and fully human antibodies. An antibody disclosed herein may be a bi-specific antibody, having binding specificity to
more than one antigen or epitope. Methods for the preparation of humanised antibodies, chimeric antibodies, fully human
antibodies, and bispecific antibodies are known in the art and include, for example as described in United States Patent
No. 6995243 issued February 7, 2006 to Garabedian, et al. and entitled "Antibodies that recognize and bind phospho-
rylated human glucocorticoid receptor and methods of using same".
[0151] Generally, a sample potentially comprising a polypeptide encoded by an IFI27 gene can be contacted with an
antibody that specifically binds the polypeptide or fragment thereof. Optionally, the antibody can be fixed to a solid
support to facilitate washing and subsequent isolation of the complex, prior to contacting the antibody with a sample.
Examples of solid supports include, for example, microtitre plates, beads, ticks, or microbeads. Antibodies can also be
attached to a ProteinChip array or a probe substrate as described above.
[0152] Detectable labels for the identification of antibodies bound to the polypeptide of interest include, but are not
limited to fluorochromes, fluorescent dyes, radiolabels, enzymes such as horse radish peroxide, alkaline phosphatase
and others commonly used in the art, and colorimetric labels including colloidal gold or coloured glass or plastic beads.
Alternatively, the marker in the sample can be detected using an indirect assay, wherein, for example, a second, labelled
antibody is used to detect bound marker-specific antibody.
[0153] Methods for detecting the presence of or measuring the amount of, an antibody-marker complex include, for
example, detection of fluorescence, chemiluminescence, luminescence, absorbance, birefringence, transmittance, re-
flectance, or refractive index such as surface plasmon resonance, biosensor, ellipsometry, a resonant mirror method,
a grating coupler wave guide method or interferometry. Radio frequency methods include multipolar resonance spec-
troscopy. Electrochemical methods include amperometry and voltametry methods. Optical methods include imaging
methods and non-imaging methods and microscopy.
[0154] Useful assays for detecting the presence of or measuring the amount of, an antibody-marker complex include,
include, for example, enzyme-linked immunosorbent assay (ELISA), a radioimmune assay (RIA), or a Western blot
assay. Such methods are described in, for example, Clinical Immunology (Stites & Terr, eds., 7th ed. 1991); Methods
in Cell Biology: Antibodies in Cell Biology, volume 37 (Asai, ed. 1993); and Harlow & Lane, supra.
[0155] In a particular embodiment the method of the invention may utilise one or more antibodies known in the art.
Antibodies capable of binding to IFI27 polypeptides are known in the art and include anti-IFI27 polyclonal antibody
catalogue number: LS-C70809, LSBio; IFI27 polyclonal antibody (A01) catalogue number: H00003429-A01, Abnova
Corporation; IFI27 polyclonal antibody catalogue number: PAB8961, Abnova Corporation; IFI27 Antibody catalogue
number: H00003429-A01, Novus Biologicals; IFI27 Antibody catalogue number: H00003429-D01P, Novus Biologicals;
IFI27 rabbit polyclonal antibody (Sapphire Bioscience, USA), IFI27 MaxPab rabbit polyclonal antibody..
[0156] As noted herein, investigation of IFI27 expression by immunoassay and related methods has been reported in
the literature, such as by Nzeusseu Toukap et al (2007), and it will be appreciated that the methods and kits of the
present invention may incorporate the use of antibodies previously reported for the investigation of IFI27. It will be
appreciated that the invention and therefore the methods and kits of the invention include any suitable antibody according
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to the description herein, and is not limited only to those antibodies specifically mentioned herein. The skilled addressee
will be aware that suitable antibodies may be identified through literature searches, routine testing and may be listed in
online databases, such as www.antibodies-online.com.

Methods and kits for detection

[0157] As used herein, determining the level of the interferon alpha inducible protein 27 (IFI27) gene product may in
various embodiments include determining the presence, absence, or amount of a gene product in a sample, and may
include quantifying the amount of gene product in a sample. In preferred embodiments all steps of the method of the
invention occur outside the subject body, such as a subject human body or animal body, such that the method is not
practiced on the body. As such, in preferred embodiments the invention does not involve any physical intervention
practiced on the human or animal body.
[0158] Determining the level of the IFI27 gene product includes relative quantification, such as where a given sample
is assessed for the presence of an IFI27 gene product by comparison to another sample or reference, for example where
the test sample is found to be more than, less than or about the same amount of gene product as the reference.
[0159] Quantifying, and hence determining the level may also include normalization of the sample or the method to
account for differences within the assay specific to the sample. Typically this includes determining the level of another
component detectable in the sample. For example, where determining the level of an IFI27 gene product comprises
determination of the level of an IFI27 mRNA transcript, samples may be normalized to account for intersample differences
in performance of the invention. The internal reference marker may be any appropriate component in the sample, such
as a gene product and would typically be a component the presence of which is uniform in samples from healthy subjects
and in unhealthy subjects, or a component the presence of which is uniform in samples from subjects not infected with
influenza and in subjects infected with influenza. As a specific example, a glyceraldehyde 3-phosphate dehydrogenase
(GAPDH) gene product is used as an internal reference.
[0160] Thus the methods of the invention include comparison of the level of the IFI27 gene product in a biological
sample from the patient to a reference standard indicative of clinical risk. Any appropriate reference standard may be
used. For example the reference standard may be a sample from a healthy subject or may be an amount of an IFI27
gene product typical of that found in a healthy subject. In this case an elevated level of IFI27 in the patient sample
compared to the standard is indicative of clinical risk in the patient. As a further example the reference standard may
be a sample from a subject infected with influenza virus who is asymptomatic or may be an amount of an IFI27 gene
product typical of that found in a subject infected with influenza virus who does not develop severe disease; an elevated
level of IFI27 in a patient sample compared to such a reference standard is indicative of clinical risk in the patient.
[0161] The reference standard may be indicative of clinical risk, in which case an equal or elevated level of IFI27 gene
product in a patient sample compared to such a reference is indicative of clinical risk in a subject.
[0162] As a further example the reference standard may be a standard curve defining clinical risk.. In this case, the
reference standard may be independent of the determination of the level of IFI27 gene product in the patient sample,
for example the standard curve may be in the form of a supplied reference curve defining clinical risk..
[0163] The reference standard may be prepared at the same time as determining the level of IFI27 gene product in
the biological sample from the patient. For example, this may comprise the preparation of the standard by subjecting
one or more known sample(s) of an IFI27 gene product to the same methods for determining IFI27 gene product level
as the biological sample from said patient, wherein the one or more known sample(s) of an IFI27 gene product are of a
pre-determined amount or amounts indicative of clinical risk, or no clinical risk or of selected fold increase over an amount
typical of a subject having no or negligible clinical risk, such as 5 fold, 10 fold, 20 fold, 30 fold, 40 fold, 50 fold, 60 fold,
100 fold, 200 fold, 300 fold, 500 fold or 1000 fold.
[0164] As illustrated in specific embodiments of the invention herein, and particularly in the examples, where quantitative
detection of an IFI27 gene product was undertaken, there was at least an approximate 40-fold to 60-fold increase in the
detected IFI27 gene product in samples from patients having developed a severe disease from influenza infection,
compared to that seen in healthy or asymptomatic individuals. By comparison to healthy or asymptomatic individuals
there was an increase of at least approximately 10-fold in the detected IFI27 gene product in samples from patients with
influenza or viral pneumonia.
[0165] Determining the level of an IFI27 gene product may also include absolute quantification such as where the
amount of an IFI27 gene product in a sample is determined such as may be expressed in appropriate units, for example
an amount may be expressed as fold change, units/volume of sample, such as grams, micrograms, nanograms, pico-
grams, femtograms, and the like, per millilitre, micro litre, nanolitre and the like.
[0166] A cut-off value may be implemented in a variety of embodiments of the invention. For example, in one embod-
iment a cut-off value may be implemented by quantitative measurement of an actual amount of the IFI27 gene product
in a sample, such as measurement in terms of amount/ml of sample. In another embodiment a cut-off value may be
implemented by setting a lower limit or threshold of detectability at the desired cut-off value. In this manner detection of
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the IFI27 gene product in a sample (which, in this context, may be referred to as a positive signal) is indicative of a
severe disease due to influenza infection in the subject providing the sample whilst no detectable IFI27 gene product in
a sample (which in this context may be referred to as a negative signal) is indicative of the subject providing the sample
not having influenza or being asymptomatic. Such an embodiment, at any suitable positive/negative cut-off value may
find particular use in situations where a relatively rapid diagnosis is desirable or where relatively sophisticated testing
equipment is not always available. This may be, for example, at point of care or in a medical practitioner’s consulting rooms.
[0167] Detection of polynucleotides and polypeptides disclosed herein may be performed using any suitable method.
For example, methods for the detection of an IFI27 gene product, such as a polynucleotide and/or polypeptide may
involve the use of a primer, probe or antibody specific for the IFI27 gene product. Suitable techniques and assays in
which the skilled addressee may utilise a primer, probe or antibody include, for example, the polymerase chain reaction
(and related variations of this technique), antibody based assays such as ELISA and flow cytometry, and fluorescent
microscopy. Methods by which the characteristic polypeptides disclosed herein may be identified are generally known
in the art, and are described for example in Coligan J. E. et al. (Eds) Current Protocols in Protein Science (2007), John
Wiley and Sons, Inc; Walker, J. M., (Ed) (1988) New Protein Techniques: Methods in Molecular Biology, Humana Press,
Clifton, N.J; and Scopes, R. K. (1987) Protein Purification: Principles and Practice, 3rd. Ed., Springer-Verlag, New York,
N.Y. For example, polypeptides encoded by IFI27 may be detected by western blot or spectrophotometric analysis.
Other examples of suitable methods for the detection of polypeptides are described, for example, in US Patent No.
4683195, US Patent No. 6228578, US Patent No. 7282355, US Patent No. 7348147 and PCT publication No.
WO/2007/056723.
[0168] In a preferred embodiment of the invention, the detection of and determination of the level of an IFI27 gene
product is achieved by amplification of nucleotide sequence from the sample of interest by polymerase chain reaction,
using primers that hybridise specifically to a sequence, or a variant or fragment thereof, of the IFI27 gene product and
detecting the amplified sequence. In this case a typical target sequence is an IFI27 mRNA such as having a sequence
shown in SEQ ID NO:1 or SEQ ID NO:2, or a cDNA sequence of IFI27 such as having a sequence shown in SEQ ID
NO:5 or SEQ ID NO:6, or a fragment or variant of any thereof. In embodiments of the invention multiple target sequences,
fragments or variants thereof may be employed.
[0169] The method may include detection of multiple sequences, fragments or variants thereof. The method may also
further comprise the inclusion of controls, such as for the correct or consistent performance of the method or to permit
mRNA expression levels to be normalised between samples. For example, the method may include the detection of one
or more polynucleotide or polypeptides, or fragment or variant thereof, known to be expressed constitutively, such as
GAPDH, or known to be expressed at a consistent level in subjects infected with influenza and in subjects not infected
with influenza.
[0170] Suitable methods for the extraction and purification, to the extent necessary or desired, of nucleic acids for
analysis using the methods and kits of the invention are generally known in the art and are described, for example, in
Ausubel F. M. et al. (Eds) Current Protocols in Molecular Biology (2007), John Wiley and Sons, Inc; Molecular Cloning:
A Laboratory Manual, 4th ed., Green and Sambrook, 2012. The skilled addressee will readily appreciate that the invention
is not limited to the specific methods for nucleic acid isolation described therein and other suitable methods are encom-
passed by the invention. The invention may be performed without nucleic acid isolation prior to analysis of the nucleic acid.
[0171] Suitable methods for the extraction and purification, to the extent necessary or desired, of polypeptides for the
purposes of the invention are generally known in the art and are described, for example, in Coligan J. E. et al. (Eds)
Current Protocols in Protein Science (2007), John Wiley and Sons, Inc; Walker, J. M., (Ed) (1988) New Protein Tech-
niques: Methods in Molecular Biology, Humana Press, Clifton, N.J; and Scopes, R. K. (1987) Protein Purification: Prin-
ciples and Practice, 3rd. Ed., Springer-Verlag, New York, N.Y. Examples of suitable techniques for protein extraction
include, but are not limited to, dialysis, ultrafiltration, and precipitation. Protein purification techniques suitable for use
include, but are not limited to, reverse-phase chromatography, hydrophobic interaction chromatography, centrifugation,
gel filtration, ammonium sulfate precipitation, and ion exchange.
[0172] In accordance with the methods and kits of the invention, polynucleotides or variants or fragments thereof may
be detected by any suitable means known in the art. In a preferred embodiment of the invention, the polynucleotides
are detected by PCR amplification. Under the PCR approach, oligonucleotide primers can be designed for use in PCR
reactions to amplify a polynucleotide representative of an IFI27 gene product. Typically the PCR comprises quantitative
amplification of complementary DNA (cDNA) prepared from messenger RNA (mRNA) by reverse-transcription of relevant
sequences (RT-PCR). Known methods of PCR include, but are not limited to, methods using paired primers, nested
primers, single specific primers, degenerate primers, gene-specific primers, vector-specific primers, partially-mismatched
primers, and the like. Methods for designing PCR and RT-PCR primers are generally known in the art and are disclosed,
for example, in Ausubel F. M. et al. (Eds) Current Protocols in Molecular Biology (2007), John Wiley and Sons, Inc;
Maniatis et al. Molecular Cloning (1982), 280-281; Innis et al. (Eds) (1990) PCR Protocols: A Guide to Methods and
Applications (Academic Press, New York); Innis and Gelfand, (Eds) (1995) PCR Strategies (Academic Press, New York);
Innis and Gelfand, (Eds) (1999) PCR Methods Manual (Academic Press, New York); and Sambrook et al. (1989) Molecular
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Cloning: A Laboratory Manual (2nd ed., Cold Spring Harbor Laboratory Press, Plainview, New York; Molecular Cloning:
A Laboratory Manual, 4th ed., Green and Sambrook, 2012.
[0173] The skilled addressee will readily appreciate that various parameters of PCR and RT-PCR procedures may be
altered without affecting the ability to achieve the desired product. For example, the salt concentration may be varied
or the time and/or temperature of one or more of the denaturation, annealing and extension steps may be varied. Similarly,
the amount of DNA, cDNA, or RNA template may also be varied depending on the amount of nucleic acid available or
the optimal amount of template required for efficient amplification. The primers for use in the methods and kits of the
present invention are typically oligonucleotides typically being at least about 5 nucleotides to about 80 nucleotides in
length, more typically about 10, 11, 12, 13, or 14 nucleotides in length to about 50 nucleotides in length, and even more
typically about 15 nucleotides in length to about 30 nucleotides in length, such as any of 15, 16, 17, 18, 19, 20, 21, 22,
23, 24, 25, 26, 27, 28, 29, or 30 nucleotides in length. The skilled addressee will recognise that the primers described
herein may be useful for a number of different applications, including but not limited to PCR, RT-PCR, and use of probes
for the detection of sequences identified herein as characteristic of the highly invasive strains.
[0174] Such primers can be prepared by any suitable method, including, for example, direct chemical synthesis or
cloning and restriction of appropriate sequences. Not all bases in the primer need reflect the sequence of the template
molecule to which the primer will hybridize, the primer need only contain sufficient complementary bases to enable the
primer to hybridize to the template. A primer may also include mismatch bases at one or more positions, being bases
that are not complementary to bases in the template, but rather are designed to incorporate changes into the DNA upon
base extension or amplification. A primer may include additional bases, for example in the form of a restriction enzyme
recognition sequence at the 5’ end, to facilitate cloning of the amplified DNA.
[0175] The skilled addressee will recognise that any primers capable of amplifying a sequence representative of an
IFI27 mRNA sequence, or fragment thereof, are suitable for use in the methods of the invention. An IFI27 mRNA sequence
is shown in SEQ ID NO:1 and 2. Any oligonucleotide primer pairs suitable for amplification of a nucleic acid comprising
the sequence of SEQ ID NO:1 and 2 or a fragment or variant thereof may be used. The skilled addressee will be aware
that suitable primers and primer pairs can be chosen through routine methods for the detection, such as through PCR
amplification, of a sequence representative of an IFI27 mRNA transcript.
[0176] As specific examples, the PCR amplification may utilise a primer pair selected from the group consisting of (i)
ACCTCATCAGCAGTGACCAGT (forward primer; SEQ ID NO:7) and ACATCATCTTGGCTGCTATGG (reverse primer;
SEQ ID NO:8); (ii) TGC CTC GGG CAG CCT (forward primer; SEQ ID NO:9) and TTG GTC AAT CCG GAG AGT CC
(reverse primer; SEQ ID NO:10); (iii) cag gaa ttc atA TGG AGG CCT CTG CTC TCA (ISG12f; SEQ ID NO:16) and cgc
gaa ttc agC TAG TAG AAC CTC GCA ATG (ISG12r; SEQ ID NO:17)..
[0177] Also included within the scope of the present disclosure are variants and fragments of the exemplified oligo-
nucleotide primers. The skilled addressee will also recognise that the invention is not limited to the use of the specific
primers exemplified, and alternative primer sequences may also be used, provided the primers are designed appropriately
so as to enable the amplification of characteristic sequences of interest. Suitable primer sequences can be determined
by those skilled in the art using routine procedures without undue experimentation. The location of suitable primers for
the amplification of desired sequences may be determined by such factors as G+C content and the ability for a sequence
to form unwanted secondary structures.
[0178] Suitable methods of analysis of the amplified nucleic acids are well known to those skilled in the art and are
described for example, in, Sambrook et al. (1989) Molecular Cloning: A Laboratory Manual (2nd ed., Cold Spring Harbor
Laboratory Press, Plainview, New York); Ausubel F. M. et al. (Eds) Current Protocols in Molecular Biology (2007), John
Wiley and Sons, Inc; and Maniatis et al. Molecular Cloning (1982), 280-281. Suitable methods of analysis of the amplified
nucleic acids include, for example, gel electrophoresis which may or may not be preceded by restriction enzyme digestion,
and/or nucleic acid sequencing. Gel electrophoresis may comprise agarose gel electrophoresis or polyacrylamide gel
electrophoresis, techniques commonly used by those skilled in the art for separation of DNA fragments on the basis of
size. The concentration of agarose or polyacrylamide in the gel in large part determines the resolution ability of the gel
and the appropriate concentration of agarose or polyacrylamide will therefore depend on the size of the DNA fragments
to be distinguished.
[0179] In other embodiments of the invention, an IFI27 gene product, which is a polynucleotide and variants or fragments
thereof may be detected by the use of suitable probes. A probe may be any suitable probe capable of selective hybrid-
ization to an IFI27 gene product, such as mRNA or an amplified derivative thereof. Probes are nucleotide sequences of
variable length, for example between about 10 nucleotides and several thousand nucleotides, for use in detection of
homologous sequences, typically by hybridization. For the detection of a sequence representative of an IFI27 mRNA
transcript a probe would typically be of a size less than or equal to the length of the transcript. Hybridization probes
disclosed herein may be genomic DNA fragments, cDNA fragments, RNA fragments, or other oligonucleotides.
[0180] Methods for the design and/or production of nucleotide probes are generally known in the art, and are described,
for example, in Robinson P. J.. et al. (Eds) Current Protocols in Cytometry (2007), John Wiley and Sons, Inc; Ausubel
F. M. et al. (Eds) Current Protocols in Molecular Biology (2007), John Wiley and Sons, Inc; Sambrook et al. (1989)
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Molecular Cloning: A Laboratory Manual (2nd ed., Cold Spring Harbor Laboratory Press, Plainview, New York; and
Maniatis et al. Molecular Cloning (1982), 280-281. Nucleotide probes may be prepared, for example, by chemical syn-
thesis techniques, for example, the phosphodiester and phosphotriester methods (see for example Narang S. A. et al.
(1979) Meth. Enzymol. 68:90; Brown, E. L. (1979) et al. Meth. Enzymol. 68:109; and U.S. Patent No. 4356270), the
diethylphosphoramidite method (see Beaucage S.L et al. (1981) Tetrahedron Letters, 22:1859-1862). A method for
synthesizing oligonucleotides on a modified solid support is described in U.S. Patent No. 4458066.
[0181] Probes disclosed herein or for use in methods and kits of the invention may be labelled by incorporation of a
marker to facilitate their detection. Techniques for labelling and detecting nucleic acids are described, for example, in
Ausubel F. M. et al. (Eds) Current Protocols in Molecular Biology (2007), John Wiley and Sons, Inc. Examples of suitable
markers include fluorescent molecules (e.g. acetylaminofluorene, 5-bromodeoxyuridine, digoxigenin, fluorescein) and
radioactive isotopes (e.g. 32P, 35S, 3H, 33P). Detection of the marker may be achieved, for example, by chemical,
photochemical, immunochemical, biochemical, or spectroscopic techniques.
[0182] The methods and kits of the invention also encompass the use of antibodies, which are capable of binding
specifically to the polypeptides disclosed herein. The antibodies may be used to qualitatively or quantitatively detect and
analyse one or more polypeptides in a given sample. Methods for the generation and use of antibodies are generally
known in the art and described in, for example, Harlow and Lane (Eds) Antibodies - A Laboratory Manual, (1988), Cold
Spring Harbor Laboratory, N.Y: Coligan, Current Protocols in Immunology (1991); Goding, Monoclonal Antibodies:
Principles and Practice (1986) 2nd ed; and Kohler & Milstein, (1975) Nature 256: 495-497. The antibodies may be
conjugated to a fluorochrome allowing detection, for example, by flow cytometry, immunohistochemistry or other means
known in the art. Alternatively, the antibody may be bound to a substrate allowing colorimetric or chemiluminescent
detection. The invention also contemplates the use of secondary antibodies capable of binding to one or more antibodies
capable of binding specifically to the polypeptides disclosed herein.
[0183] In the methods of the invention it will be understood that the description of the use of a sample or preparation,
for example, includes the use of less than the total amount available as may be determined by the skilled addressee as
appropriate in the circumstances. For example, in the description of preparing an isolate of total RNA from a blood
sample obtained from a patient, the entire blood sample need not be used if the skilled addressee deems appropriate,
an aliquot of the sample may instead be used. As another example, in the preparation of cDNA by reverse transcription
of a total RNA isolate, the entire total RNA isolate need not be used if the skilled addressee deems appropriate, an
aliquot of the total RNA isolate may instead be used.

Kits

[0184] The invention also provides kits for determining the level of an interferon alpha inducible protein 27 (IFI27)
gene product in a biological sample, the kit comprising at least one agent for detecting the presence of an IFI27 gene
product. The agent may be an agent capable of detecting an IFI27 gene product, where the gene product may be a
polynucleotide or polypeptide. Any suitable agent capable of detecting sequences described herein may be included in
the kit. Non-limiting examples include primers, probes and antibodies.
[0185] The kit may comprise at least one agent, which is a primer, antibody or probe. The primer or probe may be
specific for a nucleic acid sequence as shown in SEQ ID NO:1 or SEQ ID NO:2, or a variant or fragment thereof. The
primer or probe may be selected from SEQ ID NO:7 and SEQ ID NO:8. The primer or probe may be selected from any
of the sequences of the group consisting of (i) ACCTCATCAGCAGTGACCAGT (forward primer; SEQ ID NO:7) and
ACATCATCTTGGCTGCTATGG (reverse primer; SEQ ID NO:8); (ii) TGC CTC GGG CAG CCT (forward primer; SEQ
ID NO:9) and TTG GTC AAT CCG GAG AGT CC (reverse primer; SEQ ID NO:10); (iii) cag gaa ttc atA TGG AGG CCT
CTG CTC TCA (ISG12f; SEQ ID NO:16) and cgc gaa ttc agC TAG TAG AAC CTC GCA ATG (ISG12r; SEQ ID NO:17)..
[0186] The kit may comprise multiple agents capable of detecting the presence of an IFI27 gene product in a biological
sample.
[0187] The kit may comprise an antibody capable of specifically binding to a polypeptide, or an antigenic fragment or
variant thereof, encoded by an IFI27 gene sequence. The kit may comprise an antibody capable of selectively binding
to an IFI27 polypeptide comprising an amino acid sequence shown in SEQ ID NO:3 or SEQ ID NO:4., or an antigenic
fragment or variant thereof.
[0188] The kit may comprise one or more agents for normalisation of the method of the invention. The agent(s) for
normalisation may be selected from the group consisting of an agent for the detection of a constitutively expressed gene
product, such as GAPDH. For example the kit may comprise one or more nucleic acid sequences capable of selectively
binding to a GAPDH nucleotide sequence. The one or more nucleic acid sequences capable of selectively binding to a
GAPDH nucleotide sequence may be one or more of the sequences shown in SEQ ID NO:13, SEQ ID NO:14, SEQ ID
NO:15 or SEQ ID NO:16, or a fragment or variant of any thereof.
[0189] The kit may comprise one or more calibrated standards wherein the standard comprises a known concentration
of IFI27 gene product.
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[0190] The kit may comprise one or more additional components selected from the group consisting of (i) one or more
reference sample(s); (ii) one or more detectable moieties; (iii) one or more substance(s) for immobilising an agent for
detecting an IFI27 gene product on a solid support; (iv) a solid support material; (v) one or more container(s) for collection
and/or storage of a biological sample; (vi) one or more reagent(s) for use in preparation of a biological sample; (vii) one
or more agents for the amplification of a nucleic acid sequence; and (viii) instructions for use of the kit or a component(s)
thereof in a method for determining the level of an IFI27 gene product in a biological sample.
[0191] In general, the kits of the invention may comprise any number of additional components.
By way of non-limiting examples the additional components may include, reagents for cell culture, reference samples,
buffers, labels, and written instructions for performing the detection assay.

Examples

[0192] The invention will now be described with reference to specific examples, which should not be construed as in
any way limiting the scope of the invention.

Example 1: Materials and Methods

Study Participants

[0193] Experiments were performed based on a study sample consisting of a development set and a validation set.
The development set (n=54) was used to identify the candidate biomarker for influenza infection. It included several
cohorts of patients; influenza infection (n=8), bacterial infection (n=16), critically ill patients with non-infectious conditions
(n=12) and healthy volunteers (n=18). The validation set (n=33) was used to test the biomarker generated from the
development set. All study participants gave informed written consent and details of study participants are available in
Table 1.

Table 1 Demographic and clinical characteristics of individuals in development and validation sets.
Development 

Set
Validation Set Control Set

Severe Influenza 
Pneumonia

Servere 
Bacterial 

Pneumonia

Patients 
with SIRS

Severe Inluenza 
Pneumonia

Healthy 
Volunteers

Demographics
Number 8 16 12 33 18
Age (years) 34.875613.2 61.4613.4 61.5615.6 48615 43616
Male/female 3/5 7/9 10/2 9/24 6/12
Severity (%)
APACHE 18.566.5 1966.2 16.6664.5 2367.9 NA

Mortality 0 31.3 0 15.2 NA
Ventilation 100 93.8 75 90.9 NA
Dialysis 12.5 6.3 8.3 6.1 NA
Inotropes 62.5 56.3 16.7 3.0 NA
Comprbidity (%)
Hypertension 12.5 31.3 58.3 36.3 16.6

Heart Disease 0 37.5 33.3 6.1 0
Diabetes 12.5 12.5 25.0 18.2 0
COPD 25.0 37.5 16.7 15.2 0
Cancer 0 12.5 0 0 0

Total=87
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(COPD, chronic obstructive pulmonary disease; APACHE II, acute physiology and chronic health evaluation 
score; SIRS, systemic inflammatory response syndrome. Plus-minus values are means 6 standard deviation)

Gene expression analysis

[0194] To screen for potential candidate markers, transcriptome microarray analysis was performed on whole blood
from individuals with confirmed influenza infection. RNA extraction was performed using the standard protocol (PAX-
gene™ Blood RNA kit - Qiagen, Germany). RNA quality was analyzed using Agilent Bioanalyser and all samples had
RNA integrity numbers greater than 6.5, indicating high quality of samples. Sample amplification and labelling was carried
out on 200ng of total RNA using an Illumina TotalPrep Amplification kit, in batches of 24 samples at a time (Ambion,
Austin, TX). Amplified cRNA was assessed using the Agilent Bioanalyser, to ensure satisfactory amplification.
[0195] The samples (750ng of each sample) were immediately hybridized onto HT-12_v3_BeadChips. The hybridi-
zation and washing procedure was identical for each set of arrays processed and, after normalization, no significant
batch effects were identified. To minimize experimental artifacts, RNA extraction, sample amplification and labelling,
hybridization and washing, and scanning was carried out by the same operator, at the same time of day. All microarray
data are available on the Gene Expression Omnibus (GEO) (GSE40012), in accordance with minimum information about
a microarray experiment (MIAME) standards.
[0196] Prior to analysis, each probe on the array was passed through a filter requiring a detection p-value of less than
0·0050 in at least one sample to be included in any further analyses. Of the 48,804 probes present on the Illumina HT
12 array, 24840 probes (henceforth referred to as genes) passed this criterion. Genes which passed the filtering were
loaded into BRB ArrayTools where quantile normalisation and log transformation of the data was applied. Validation of
the microarray experiment was performed by measuring the expression relative to GAPDH for a subset of genes, using
qRT-PCR. The R-squared values obtained when comparing qRT-PCR and microarray relative fold-changes ranged
from 0·67 to 0·83, indicating strong concordance between the two gene-expression platforms.
[0197] Genes with low variance across all samples, defined to be less than the median, were removed from the dataset.
P-values were adjusted for multiple testing using the Benjamani and Hochberg False Discovery Rate (FDR) method (R
library multtest). A FDR of 5% was used as the cut-off for genes deemed to be differentially expressed between the two
classes.

Quantitative real- time PCR

[0198] Quantitative real-time PCR was performed on all samples in the development and validation sample sets. Total
RNAs were prepared with Qiagen RNeasy mini kit according to the manufacturer’s instructions (Qiagen, Germany).
RNA yield was determined by UV absorbance.
[0199] The first strand cDNAs were prepared using Superscript III, RNaseOut, Oligo (dT) and random primer (Invit-
rogen) in a Mastercycler®gradient 5331 (Eppendorf AG, Hamburg, Germany). For RT-PCR reactions, samples were
run in duplicate. The PCR reaction volume was 25ul containing 5ul cDNA sample, 1ul of each primer, 12·5ul of POWER
SYBR green PCR master mix (Applied Biosystems) and 5·5ul RNase free water. Oligonucleotide primers (Sigma Aldrich)
were designed so that the PCR product spanned an intron and were verified on the UCSC in silico PCR website
(http://genome.ucsc.edu/cgi-bin/hgPcr?command? command=start).
[0200] Primers used for the amplification of IFI27 were 5’-ACCTCATCAGCAGTGACCAGT-3’ (forward) (SEQ ID NO.:
7) and 5’-ACATCATCTTGGCTGCTATGG-3’ (reverse) (SEQ ID NO.: 8). PCR cycling conditions were: hold at 95°C for
10 min, 5 cycles of 95°C for 30 sec, 64°C for 30 sec, then 72°C for 30 sec 35 cycles of 95°C for30 sec, 59°C for 30 sec,
then 72°C for 30 sec, melt from 75°C to 99°C. Expression level of IFI27 was normalized using the human housekeeping
gene, GAPDH 5’-ACGCATTTGGTCGTATTGGG-3’ (forward) (SEQ ID NO.: 14) and 5’-TGATTTTGGAGGGATCTCGC-
3’ (reverse) (SEQ ID NO.: 15). Assays were run on a Rotor-Gene 2000 real-time PCR machine (Corbett Research,
NSW, Australia). Single PCR products were confirmed by both melt curve analysis and by observation of a single product
when run on an ethidium bromide stained 2% agarose gel (Sigma-Aldrich), visualized by UV-transillumination. Visuali-
zation of gene expression data was generated using GraphPad PRISM (Version 6).

Cell culture

[0201] For experiments performed in human immune cells, culture medium consisting of Gibco RPMI 1640 medium
(Life Technologies, Australia Pty Ltd) supplemented with 10% fetal bovine serum (FBS; SAFC Biosciences, Victoria,
Australia) 50 IU/ml penicillin, 50 mg/ml streptomycin, and 2 mM L-glutamine was used. All cultured cells were maintained
at 37°C in a humidified atmosphere of 5% CO2.
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Isolation of immune cell subsets

[0202] Human cell types (monocytes, NK cells, B cells, pDCs, mDCs, CD4+, CD8+ T-cells, and Neutrophils) were
purified from whole Peripheral blood mononuclear cells (PBMCs).
[0203] To isolate PBMCs, 35ml of whole blood was loaded on 15ml of Ficoll, in 50ml Falcon tubes and centrifuged at
400 x g for 30 min at 20°C, with brake off. The white layer located in the interface was extracted carefully into new Falcon
tubes. The isolated PBMCs were washed twice with Dulbecco’s Phosphate Buffer Saline without Ca2+ or Mg2+ (DPBS;
Lonza, Walkersville, MD, USA). The number of nucleated cells was determined by staining with crystal violet.
[0204] Monocytes were isolated from fresh human PBMCs using EasySep Human Monocytes Enrichment Kit (negative
selection-STEMCELL Technologies, Australia) by following the manufacturer’s instructions. The kit depletes a small
subset of CD+16 monocytes. Cells were fluorescently stained with CD14-FITC and analyzed by flow cytometry. The
purity was always more than 92%.
[0205] Natural killer (NK) cells were isolated from human PBMCs using EasySep human NK cell enrichment kit (negative
selection-STEMCELL Technologies, Australia). The kit enriches NK cells by depletion of non-NK cells. Purity of NK cells
was measured by flow cytometry after staining with CD56-PE.Cy7 and CD3-FITC. The purity was always more than 94%.
[0206] B cells were enriched to >98% purity (CD19+) by magnetic cell separation (negative selection) using a Human
B Cell Enrichment Kit (STEMCELL Technologies, Australia). The purity was always more than 90%.
[0207] Myeloid Dendritic Cells (mDCs) were isolated from human PBMCs using the Myeloid Dendritic Cell Isolation
Kit (negative selection, Miltenyi Biotec, N.S.W., Australia). mDCs are isolated by depletion of non-mDCs. Non-mDCs
were indirectly magnetically labelled with a cocktail of biotin-conjugated antibodies before addition of antibiotin-conjugated
microbeads as a secondary labelling reagent. The magnetically labelled non-mDCs were depleted by retaining these
cells on a MACS column. The unlabeled mDCs pass through the column. Cells were fluorescently stained with CD141
(BDCA-3)- FITC, CD1c (BDCA-1)- APC and analyzed by flow cytometry. The purity was always more than 90%.
[0208] Plasmacytoid Dendritic Cells (pDCs) were isolated from human PBMCs using EasySep Human plasmacytoid
DC Enrichment Kit (negative selection-STEMCELL Technologies, Vic, Australia). The kit enriches pDCs from PBMCs
by depletion of non-pDCs. Cells were fluorescently stained with CD304 (BDCA-4)-APC and HLA-DR- PerCP and analyzed
by flow cytometry. The purity was always more than 92%.
[0209] Monocyte derived dendritic cells (MDDC) (>90% CD14+) were obtained either by collection of plastic-adherent
cells or by treating PBMCs with RosetteSep CD14+ enrichment kit (STEMCELL Technologies, Australia). Isolated mono-
cytes were then subsequently cultured for six days in complete media supplemented with suitable concentrations of
recombinant human IL-4 and GM-CSF (eBioscience, San Diego, CA, USA).
[0210] CD4+ T cells were freshly isolated by negative selection (STEMCELL Technologies, Australia) according to
the protocol provided by the manufacturer. The purity of CD3+/CD4+ T cells was ≥96%.
[0211] CD8+ T cells were isolated by CD8 negative selection using the EasySep CD8 enrichment kit (STEMCELL
Technologies, Australia). Purity of the CD3+/CD8+ T cells was verified by flow cytometry (>95%).
[0212] Neutrophils were isolated from a total of 10 to 20 mL human blood obtained from healthy donors, using heparin
to prevent clotting. All subsequent steps were performed at 4°C or on ice. The blood was diluted 1:1 with Hank’s Balanced
Salt Solution (HBSS; Life Technologies, Victoria, Australia) with 2% Dextran T500 (Pharmacia) and incubated 30 minutes
to sediment red blood cells. The upper phase was transferred to a new tube and density fractionated using Ficoll-
Paque™PLUS (GE HealthCare, Australia). Neutrophils were recovered from the pellet and mononuclear cells were
recovered from the interface. The pellet was transferred to a new tube and re-suspended in RBC lysis buffer (150mM
Ammonium Chloride, 1mM Potassium Bicarbonate, 0·1mM EDTA, pH 7·2) and then washed with RPMI 1640 supple-
mented with 10% low-endotoxin fetal bovine serum (FBS) and antibiotics. Typical recovery was three to five million
neutrophils per millilitre of collected blood. Purity was more than 92%. Neutrophils were isolated before each experiment
and used immediately.
[0213] Macrophages were prepared from PBMCs from healthy blood donors that were purified as previously described.
Macrophages were generated from purified monocytes with 10 ng/ml of macrophage-colony stimulating factor (M-CSF;
R&D Systems in 96-well plates (Becton Dickinson, Franklin Lake, NJ, USA) at a density of 1·5 x 106 cells/well in RPMI
1640 medium supplemented with 10% fetal calf serum, 2mM L-glutamine, and 50IU/ml penicillin, and 50mg/ml strepto-
mycin. On days two and five, half of the medium was refreshed, and on day six monocyte-derived macrophages were
harvested. The cell populations obtained contained >90% macrophages.

Immune cell separation and FACS analysis

[0214] Cells were separated based on differential expression of surface markers as shown in Table 2. In each exper-
iment, cells (>104 cells per sample) were suspended in the medium and the purity of freshly isolated cells (cell surface
phenotype) was determined either immediately or fixed in 1% paraformaldehyde for later analysis by flow cytometry BD
LSR-II (BD Biosciences). Analysis was performed using the FlowJo software program (Tree Star, USA).
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Cell stimulation assay

[0215] Isolated immune cells were stimulated by endogenous ligands, including interferon-alpha, interferon-beta, in-
terferon-lambda, influenza viral antigen, agonists of toll-like receptors (TLR1, TLR2, TLR3, TLR4, TLR5, TLR6, TLR7,
TLR8, and TLR9), as well as live influenza viruses (H1N1, H3N2, influenza B). Pure cell populations were re suspended
in RPMI 1640 containing 10% FBS, 2mM L-glutamine, 50 IU/ml penicillin, and 50mg/ml streptomycin at the density of
1-2x106 cells per ml. To determine the effect that different concentrations of stimulators have on IFI27 expression, cells
were incubated for 6, 12, and 24 hours at 37°C with the indicated concentrations of stimulators in media. For all treatments,
a dose response was performed to define optimal stimulating conditions. Cell viability before and after stimulation was
measured by the method of Trypan blue exclusion (Sigma-Aldrich, St Louis, MO, USA).

Statistical analysis

[0216] Comparisons between 2 groups were calculated using unpaired two-tailed Student’s t-test or the non-parametric
Mann-Whitney U test where appropriate. Comparison between multiple groups was calculated using a one-way ANOVA
or the Kruskal-Wallis test where appropriate. Gene-expression data are represented as fold change relative to healthy
controls (mean +/- SD). All statistical analysis was performed using GraphPad Prism version 6 (GraphPad Software, La
Jolla, CA). All p values are two-sided with the significance threshold considered to be p < 0.05.

Example 2: IFI27 is highly expressed in severe influenza infection

[0217] To screen for potential candidate markers, a transcriptome microarray analysis on whole blood of patients with
confirmed influenza infection was performed. This analysis identified an interferon-stimulated gene, interferon alpha-
inducible protein 27 (IFI27), as a marker of severe influenza infection (Figure 1). In the development set, the IFI27 gene
was highly expressed in individuals with severe disease from influenza infection. This finding was confirmed in the
validation set (Figure 2).
[0218] The correlation between IFI27 expression level and disease severity was further validated in two independent
gene-expression datasets (GSE17156, GSE21802), where it was found IFI27 expression was minimal in individuals
with asymptomatic infection, moderately increased in symptomatic infection and significantly increased in those with
severe disease from the infection (Figure 3). Among cohorts of individuals who developed severe disease, a higher
mean IFI27 expression (>90 fold change) was associated with a higher proportion of individuals requiring mechanical
ventilation (Table 3).

Table 2 Antibodies used for flow cytometry to purify immune cell subsets

Conjugated antibody Clone name Isotype Company

CD1c (BDCA-1)-APC L161 ms IgG1, κ Biolegend

HLA-DR-PerCP L243 ms IgG2a, κ Biolegend

CD14-FITC HCD14 ms IgG1, κ Biolegend

CD56-PECy7 NCAM16.2 ms IgG2b, κ BD Bioscience

CD4-FITC SK3 ms IgG1, κ BD Bioscience

CD8-PerCP SKI ms IgG1, κ BD Bioscience

CD304-APC AC144 ms IgG1 Miltenyi Biotec

CD45-PE H130 ms IgG1, κ Biolegend

CD19-FITC 4G7 ms IgG1, κ BD Bioscience

CD19-APC HIB19 ms IgG1, κ Biolegend

CD16-Pacific Blue eBioCB16 ms IgG1, κ eBioscience

CD3-Pacific Orange UCHT1 ms IgG1, κ BD Pharmingen
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[0219] As patients recovered from severe disease, IFI27 expression returned towards baseline levels (Figures 4 and
5). As a severity biomarker, IFI27 outperformed all other interferon-derived genes. Compared to other genes, IFI27
showed the greatest differential expression between mild and severe disease caused by influenza infection (Figure 6).
[0220] In vitro experiments confirmed that viral load in peripheral blood correlated with IFI27 expression. Using PBMC
isolated from healthy volunteers, it was found that influenza virus caused a dose-dependent increase in IFI27 gene
expression (Figure 7). The upregulation was abolished after the cells were treated with the anti-viral agent oseltamivir
phosphate (Figure 8).

Example 3: Mechanism of IFI27 expression

[0221] To delineate the mechanism of IFI27 expression, experiments were performed to stimulate the interferon path-
way in peripheral blood cells using endogenous ligands (interferon-alpha, interferon-beta and interferon-lambda). It was
observed that interferon alpha (IFNα) produced the greatest increase in IFI27 expression (Figure 9) and this increase
occurred in a dose-dependent manner (Figure 10).
[0222] Because peripheral blood contains a heterogeneous mix of immune cells, steps were taken to identify the
specific immune cell subset that produced the IFI27 signal. Since toll-like receptors (TLR) are the main activators of the
IFNα pathway, the effects of applying different TLR ligands to blood cells were evaluated. Amongst all the TLR ligands,
it was found that the TLR7 ligand produced the greatest IFI27 expression (Figure 11). TLR7 is generally found mainly
in plasmacytoid dendritic cells (pDCs) and B cells9, and it was therefore hypothesized that pDCs or B cells were the
possible source of IFI27 signal observed in peripheral blood.
[0223] To test the hypothesis, eight immune cell subsets (CD4, CD8, neutrophils, B cells, monocytes, natural killer
cells, myeloid dendritic cells, and plasmacytoid dendritic cells) were purified from the whole blood of healthy volunteers.
In addition, in vitro differentiated immune cells subsets from monocytes (monocyte derived macrophages and monocyte
derived dendritic cells) were generated. These experiments showed that, compared to all other cell types, pDCs produced
the greatest increase in IFI27 gene expression in response to TLR7 ligand (Figure 12). Other immune cell subsets,
including B cells, produced minimal or negligible IFI27 signals. Further experiments using viral antigen confirmed that
pDC produced the greatest IFI27 upregulation (Figure 13). Importantly, using influenza A viruses (H1N1 and H3N2) and
influenza B virus, it was found all common seasonal influenza viral strains caused up-regulated IFI27 expression in pDCs
(Figure 14).
[0224] Taken together, the above findings suggested that circulating pDCs gave rise to the IFI27 signals observed in
the whole blood of infected patients. This expression can be mediated via TLR7 receptor, a highly specific endogenous
receptor for single-stranded RNA virus10. Exposure to influenza virus may lead to activation of TLR7, which in turn results
in a dose-dependent IFI27 upregulation via the IFNα pathway (production of IFN-a is dependent on the toll-interleukin-
1 receptor domain-containing adaptor MyD88 that form a complex with the transcription factor IRF7 (Figure 15).

Example 4: Time-course of IFI27 expression

[0225] To investigate the time-course of IFI27 expression, a longitudinal analysis of IFI27 expression in pDCs was
performed. pDCs were exposed to influenza virus and the IFI27 gene-expression measured daily over 4 days (Figure
16). This experiment showed that pDCs rapidly increased IFI27 expression within 24 hours, followed by a decline at 48
and 72 hours. The decline in gene expression was not due to a decrease in the number of pDCs, since the number of
surviving cells remains relatively constant at 48 and 72 hours, as demonstrated by apoptosis assay (Figure 16). This
observation demonstrated that IFI27 has fast upregulation occurring in the early phase of infection.

Example 5: IFI27 expression in bacterial infection

[0226] Whether other pathogens (e.g. bacteria) could also increase IFI27 expression was also investigated. To this
end, PBMC were cultured with lipopolysaccharide (LPS). It was found that LPS caused negligible IFI27 gene expression

Table 3 IFI27 expression in patients with severe influenza pneumonia

Cohorts
Number of 
Individuals

Mechanical Ventilation 
(%)

IFI27 expression (fold change 
- mean)

Development Set n=8 8 (100%) 325
Validation Set n=33 30 (91%) 97
Independent Set 
(GSE21802)

n=10 4(40%) 58·7
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(Figure 17). This was confirmed in a cohort of patients with bacterial pneumonia where IFI27 expression was significantly
less compared to patients with influenza pneumonia (Figure 18). This was further validated in an independent data set
(GSE6269) consisting of both viral and bacterial pneumonia patients (n=37). Again, this analysis showed that IFI27
expression was significantly higher in influenza infection, compared to bacterial pneumonia (Figure 19).

Example 6: IFI27 expression in systemic inflammation

[0227] Severe illnesses elicit a generalized systemic inflammatory response in the host, and whether severe illnesses
could also increase IFI27 expression was investigated. In a cohort of patients with systemic inflammatory response
syndrome (caused by trauma, pancreatitis and high risk surgery), it was found that IFI27 gene-expression was not
significantly increased (Figure 20). This was confirmed in an independent data set (GSE11375) of SIRS patients (n=167),
where IFI27 expression was minimal (Figure 21).

Example 7: Discussion

[0228] Influenza pandemics are characterized by a rapid dissemination of a new viral strain through a susceptible
population. The exponential rise in infected individuals during an outbreak makes it logistically impossible to test and
quarantine every suspected case. The public health response will quickly shift from outbreak containment to allocation
of health care resources to the most critically ill. Therefore, the ability to rapidly triage a large number of infected individuals
and identify those at high risk of deterioration is critical for pandemic management. To this end, IFI27 has been established
as a reliable disease severity biomarker associated with influenza infection.
[0229] Data has demonstrated that IFI27 correlates with disease severity in three independent cohorts of severe
disease from influenza infection. Further validation in other cohorts has confirmed that IFI27 is specific to influenza
infection. Furthermore, it has been found that all common influenza viral strains (H1N1, H3N2, influenza B) results in
increased IFI27 expression and significant IFI27 upregulation, which is also associated with hospitalization (>50 fold
changes) or respiratory failure (>90 fold changes). Taken together, these findings demonstrate that IFI27 expression is
a useful blood signature to identify individuals with progressive disease and has valuable clinical applications.
[0230] IFI27 has a favourable kinetic profile as a biomarker. IFI27 upregulation occurs rapidly within 24 hours of
exposure to influenza virus. This feature can help clinicians minimize treatment delay in high risk patients. During the
2009 H1N1 influenza pandemic, an average delay of 5-7 days was commonly reported among patients with progressive
disease11-13. IFI27 could help identify these patients prior to their clinical deterioration.
[0231] Traditionally, risk stratification during a pandemic outbreak relies on known risk factors (e.g. age, pregancy,
obesity or immunosuppression). However, a disproportionally large number of infected patients during 2009 H1N1
influenza pandemic had no identifiable risk factors14. Conventional viral assays can identify causative viral strains. But
they provide no information about the host response, the main determinant of disease progression. A host response
biomarker such as IFI27 overcomes the above limitation by providing information on both diagnosis and host response.
Notably, the present data shows that IFI27 outperforms all other known interferon-derived host response biomarkers
(e.g. MxA, OAS) in reflecting disease severity.
[0232] A common limitation of host response biomarkers is their lack of specificity. For example, in avian flu (H5N1)
infection, a high level of inflammatory cytokines (e.g. TNF-α, IL-6) is a marker of disease severity15. However, the same
biomarkers are also elevated in many non-viral conditions, including bacterial sepsis, trauma and surgery. This lack of
specificity occurs because these biomarkers are produced by a variety of immune cells (e.g. monocytes and lymphocytes).
In contrast, IFI27 is more pathogen and cell specific. This specificity is likely due to the TLR7-IFNα pathway, which
recognizes only single-stranded RNA (e.g. influenza virus)10. Importantly, this pathway is presently only known to exist
in pDCs, and is absent in other immune cells, hence providing IFI27 with a superior diagnostic specificity unparalleled
in the biomarker literature.
[0233] A unique challenge in combating influenza pandemic is the unpredictable change in the genetic make-up of
the new viral strain. A host response biomarker such as IFI27 could potentially circumvent this challenge. Our data
suggest that IFI27 expression is increased by all common influenza strains including pandemic H1N1, seasonal H3N2,
and influenza B.
[0234] The IFI27 gene encodes a protein (ISG12) located in the inner mitochondria membrane of the cell8. Measuring
cellular or serum IFI27 protein may provide an alternative diagnostic approach to detecting influenza infection. A gene-
expression assay, on the other hand, provides a more rapid and cost-effective means to measure IFI27 expression. By
obtaining 2·5ml of peripheral blood sample, IFI27 expression level can be quickly assayed by conventional RT-PCR
within hours, making it feasible to monitor activated pDCs in routine clinical practice.
[0235] The present invention has important therapeutic and clinical implications. Recent advances in immunology
show that dendritic cells are at the centre stage of host response, with several dendritic cell subsets, including pDCs,
coordinating multiple arms of the immune response against viral infection17,18. This complex dendritic cell network is
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essential for host defence; however, it could also be a source of immunopathology19. Emerging evidence shows that
an abnormal pDC response can support viral propagation and is associated with lethal influenza infection20-22. To combat
severe disease from viral infection, drugs targeting dendritic cells have recently been developed23-24. However, there
is no currently available assay to identify which patients are suitable for pDC-directed therapy. However, herein is
provided the first data that links a new biomarker with pDC response and clinical severity. Applied as a companion
diagnostic, IFI27 expression may also help identify a subgroup of patients who could benefit from pDC-directed therapy.
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[0238]

<213> organismName : Homo sapiens
<400> PreSequenceString :
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<212> Type : RNA
<211> Length : 665
SequenceName : SEQ ID NO: 1.
SequenceDescription :

Sequence

[0239]

<213> organismName : Homo sapiens
<400> PresequenceString :

<212> Type : RNA
<211> Length : 656
SequenceName : SEQ ID NO: 2
SequenceDescription :

Sequence

[0240]
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<213> OrganismName : Homo sapiens
<400> PreSequenceString :

<212> Type : PRT
<211> Length : 122
SequenceName : SEQ ID NO:3
SequenceDescription :

Sequence

[0241]

<213> organismName : Homo sapiens
<400> PreSequenceString :

<212> Type : PRT
<211> Length : 119
SequenceName : SEQ ID NO:4
SequenceDescription :

Sequence

[0242]

<213> OrganismName : Homo sapiens
<400> PreSequenceString :
acctcatcag cagtgaccag t 21
<212> Type : DNA
<211> Length : 21
SequenceName : SEQ ID NO: 7
sequenceDescription :

Sequence

[0243]

<213> OrganismName : Homo sapiens
<400> PreSequenceString :
acatcatctt ggctgctatg g 21
<212> Type : DNA
<211> Length : 21
SequenceName : SEQ ID NO: 8
SequenceDescription :

Sequence

[0244]

<213> organismName : Homo sapiens
<400> PreSequenceString : tgcctcgggc agcct 15
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<212> Type : DNA
<211> Length : 15
SequenceName : SEQ ID NO: 9
SequenceDescription :

Sequence

[0245]

<213> OrganismName : Homo sapiens
<400> PreSequenceString :
ttggtcaatc cggagagtcc 20
<212> Type : DNA
<211> Length : 20
sequenceName : SEQ ID NO: 10
SequenceDescription :

Sequence

[0246]

<213> OrganismName : Homo sapiens
<400> PreSequenceString :

<212> Type : DNA
<211> Length : 187
SequenceName : SEQ ID NO: 11
SequenceDescription :

Sequence

[0247]

<213> OrganismName : Homo sapiens
<400> PreSequenceString :
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<212> Type : RNA
<211> Length : 1401
SequenceName : SEQ ID NO: 12A
SequenceDescription :

Sequence

[0248]

<213> OrganismName : Homo sapiens
<400> PreSequenceString :

<212> Type : DNA/RNA
<211> Length : 1425
SequenceName : SEQ ID NO: 12B
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SequenceDescription :

Sequence

[0249]

<213> OrganismName : Homo sapiens
<400> PreSequenceString :

<212> Type : DNA
<211> Length : 450
SequenceName : SEQ ID NO:13
SequenceDescription :

Sequence

[0250]

<213> OrganismName : Homo sapiens
<400> PreSequenceString :
acgcatttgg tcgtattggg 20
<212> Type : DNA/RNA
<211> Length : 20
SequenceName : SEQ ID NO: 14
SequenceDescription :

Sequence

[0251]

<213> OrganismName : Homo sapiens
<400> PreSequenceString :
tgattttgga gggatctcgc 20
<212> Type : DNA/RNA
<211> Length : 20
SequenceName : SEQ ID NO:15
SequenceDescription :

Sequence

[0252]

<213> organismName : Homo sapiens
<400> PreSequenceString :
caggaattca tatggaggcc tctgctctca 30



EP 2 872 891 B1

39

5

10

15

20

25

30

35

40

45

50

55

<212> Type : DNA/RNA
<211> Length : 30
SequenceName : SEQ ID NO: 16
sequenceDescription :

Sequence

[0253]

<213> OrganismName : Homo sapiens
<400> PreSequenceString :
cgcgaattca gctagtagaa cctcgcaatg 30 <212> Type : DNA/RNA
<211> Length : 30
SequenceName : SEQ ID NO: 17
SequenceDescription :

Sequence

[0254]

<213> OrganismName :
<400> PreSequenceString :

<212> Type : DNA
<211> Length : 0
SequenceName : end
sequenceDescription :

Claims

1. A method for identifying clinical risk in a patient having or suspected of having an influenza infection, the method
comprising
determining the expression level of interferon alpha inducible protein 27 (IFI27) gene in a biological sample from
said patient and comparing the determined level of IFI27 gene product to a standard level of IFI27 gene product,
wherein the standard level of IFI27 is based on the level of IFI27 gene product level in healthy subjects, in subjects
infected with influenza that are asymptomatic, or in subjects that are infected with influenza that do not develop
severe disease,
wherein the standard level of IFI27 gene product is indicative of no clinical risk and an elevated level of IFI27gene
product in said patient sample in comparison with said standard level of IFI27 gene product is indicative of clinical
risk in the patient, wherein a level of IFI27 gene product that is at least 40 to 60 times higher than the standard level
is indicative of clinical risk, wherein clinical risk is defined as being more likely to develop serious disease and require
medical intervention in a hospital.

2. A method of monitoring the progress of a patient having influenza, the method comprising determining the expression
level of IFI27 gene in a first biological sample from said patient and determining the expression level of IFI27 gene
in a second biological sample from said patient, wherein the first and second samples are obtained from the patient
at different times, and assessing the patient status on the basis of the relative expression levels of IFI27 in the first
and second samples,
wherein an increase in the expression level of IFI27 gene in said second biological sample compared to said first
biological sample is indicative of an increased clinical risk in said patient,
wherein a decrease in the expression level of IFI27 gene in said second biological sample compared to said first
biological sample is indicative of a decreased clinical risk in said patient,
wherein the first biological sample is taken prior to treatment and the second biological sample is taken after a given
period of time during which the patient was undergoing treatment, wherein clinical risk is defined as being more
likely to develop serious disease and require medical intervention in a hospital.

3. The method of claim 1, wherein comparing the level of determined IFI27 gene product in a biological sample to a
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standard level is done with the assistance of a computer program.

4. A method for identifying clinical risk of influenza or viral pneumonia in a patient, the method comprising determining
the expression level of interferon alpha inducible protein 27 (IFI27) gene in a biological sample from said patient
and comparing the determined level of IFI27 gene product to a standard level of IFI27 gene product,
wherein the standard level of IFI27 is based on the level of IFI27 gene product in healthy subjects or the level of
IFI27 gene product in subjects with bacterial pneumonia,
wherein an elevated IFI27 gene product level in said patient sample in comparison with said standard level of IFI27
gene product is indicative of influenza or viral pneumonia in the patient, wherein a level of IFI27 gene product that
is at least 40 to 60 times higher than the standard level is indicative of influenza or viral pneumonia and clinical risk,
wherein clinical risk is defined as being more likely to develop serious disease and require medical intervention in
a hospital.

5. The method of any one of claims 1 to 4, further comprising determining the expression level of GADPH gene in said
biological sample.

6. The method of any one of claims 1 to 5, wherein the biological sample is blood, a component thereof such as blood
cell subsets, RNA, mRNA, cDNA or protein.

7. The method of any one of claims 1 to 6,
wherein the determining comprises contacting the biological sample with an agent capable of binding to an IFI27
gene product and detecting binding between the agent and the IFI27 gene product,
wherein the IFI27 gene product is an IFI27 mRNA or comprises a nucleic acid sequence of SEQ ID NO: 1 or a
nucleic acid sequence of SEQ ID NO: 2, or comprises an amino acid sequence comprising the sequence of SEQ
ID NO: 3or SEQ ID NO: 4.

8. Use of a kit in the method of any one of the preceding claims for determining the level of an interferon alpha inducible
protein 27 (IFI27) gene product in a biological sample, the kit comprising:
one or more agents for detecting the presence of an IFI27 gene product.

9. The use of claim 8, wherein the agent is selected from the group consisting of:

a primer or probe specific for a nucleic acid sequence selected from the sequences shown in SEQ ID NO:1,
SEQ ID NO:2, SEQ ID NO:5, SEQ ID NO:6, or a variant or fragment thereof,
a forward and a reverse primer capable of selectively amplifying a nucleic acid sequence selected from the
sequences shown in SEQ ID NO:1, SEQ ID NO:2, SEQ ID NO:5, SEQ ID NO:6, or a variant or fragment thereof,
one or more nucleic acid sequences selected from the group consisting of SEQ ID NO:7, SEQ ID NO:8, SEQ
ID NO:9 and SEQ ID NO:10, or a sequence variant thereof capable of specifically binding the same target
sequence,
multiple agents capable of detecting the presence of an interferon alpha inducible protein 27 (IFI27) gene product
in a biological sample, and
an antibody capable of specifically binding to a polypeptide, or fragment or variant thereof, encoded by an IFI27
gene sequence.

10. The use of claim 9, wherein the antibody is selected from the group consisting of
a conjugated antibody specific for IFI27,
a polyclonal antibody,
a monoclonal antibody.

11. The use of claim 9, wherein the antibody binds to the epitope sequence according to SEQ ID No. 4.

12. The use of claim 9, wherein the antibody is capable of selectively binding to (i) an IFI27 polypeptide comprising an
amino acid sequence shown in SEQ ID NO:3 or (ii) an IFI27 polypeptide comprising an amino acid sequence shown
in SEQ ID NO:4, or (iii) an antigenic fragment or variant of (i) or (ii).

13. The use of claim 8, wherein the kit further comprises one or more calibrated standards wherein the standard comprises
a known concentration of IFI27 gene product.
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14. The use of claim 8, wherein the kit further comprises one or more additional components selected from the group
consisting of (i) one or more reference sample(s); (ii) one or more detectable moieties; (iii) one or more substance(s)
for immobilising an agent for detecting an IFI27 gene product on a solid support; (iv) a solid support material; (v)
one or more container(s) for collection and/or storage of a biological sample; (vi) one or more reagent(s) for use in
preparation of a biological sample; (vii) one or more agents for the amplification of a nucleic acid sequence; and
(viii) instructions for use of the kit or a component(s) thereof in a method for determining the level of an IFI27 gene
product in a biological sample.

Patentansprüche

1. Verfahren zum Identifizieren eines klinischen Risikos bei einem Patienten mit einer Influenza-Infektion oder mit
Verdacht auf eine solche, wobei das Verfahren umfasst
Bestimmen des Expressionslevels des Interferon-alpha-induzierbaren Protein 27 (IFI27)-Gens in einer biologischen
Probe des Patienten und Vergleichen des ermittelten Levels an IFI27-Genprodukt mit einem Standardlevel an IFI27-
Genprodukt,
wobei das Standardlevel von IFI27 auf dem Level des IFI27-Genproduktlevels bei gesunden Subjekten, bei mit
Influenza infizierten Subjekten, die asymptomatisch sind, oder bei Subjekten, die mit Influenza infiziert sind, die
keine ernsthafte Krankheit entwickeln, basiert,
wobei das Standardlevel des IFI27-Genprodukts kein klinisches Risiko anzeigt und ein erhöhtes Level des IFI27-
Genprodukts in der Patientenprobe im Vergleich zu dem Standardlevel des IFI27-Genprodukts auf ein klinisches
Risiko in dem Patienten hinweist, wobei ein Level des IFI27-Genprodukts, das mindestens 40-bis 60-fach höher ist
als das Standardlevel, auf ein klinisches Risiko hinweist, wobei das klinische Risiko als eine höhere Wahrschein-
lichkeit definiert wird, eine ernsthafte Erkrankung zu entwickeln und einen medizinischen Eingriff in einem Kranken-
haus erforderlich werden zu lassen.

2. Verfahren zum Monitoren des Fortschreitens eines Patienten mit Influenza, wobei das Verfahren das Bestimmen
des Expressionslevels des IFI27-Gens in einer ersten biologischen Probe des Patienten und das Bestimmen des
Expressionslevels des IFI27-Gens in einer zweiten biologischen Probe des Patienten umfasst, wobei die erste und
die zweite Probe zu unterschiedlichen Zeiten vom Patienten erhalten wird und der Patientenstatus auf der Grundlage
der relativen Expressionslevel von IFI27 in der ersten und der zweiten Probe bewertet wird;
wobei ein Anstieg des Expressionslevels des IFI27-Gens in der zweiten biologischen Probe im Vergleich zu der
ersten biologischen Probe auf ein erhöhtes klinisches Risiko des Patienten hinweist,
wobei eine Abnahme des Expressionslevels des IFI27-Gens in der zweiten biologischen Probe im Vergleich zu der
ersten biologischen Probe auf ein verringertes klinisches Risiko des Patienten hinweist,
wobei die erste biologische Probe vor der Behandlung entnommen wird und die zweite biologische Probe nach
einer bestimmten Zeitspanne genommen wird, während der sich der Patient einer Behandlung unterzog, wobei das
klinische Risiko als eine höhere Wahrscheinlichkeit definiert wird, eine ernsthafte Erkrankung zu entwickeln und
einen medizinischen Eingriff in einem Krankenhaus erforderlich werden zu lassen.

3. Verfahren nach Anspruch 1, wobei das Vergleichen des Levels des bestimmten IFI27-Genprodukts in einer biolo-
gischen Probe mit einem Standardlevel mit Hilfe eines Computerprogramms erfolgt.

4. Verfahren zum Identifizieren eines klinischen Risikos für Influenza oder virale Pneumonie bei einem Patienten,
wobei das Verfahren das Bestimmen des Expressionslevels des Interferon-alpha-induzierbaren Protein 27
(IFI27)-Gens in einer biologischen Probe des Patienten und das Vergleichen des ermittelten Levels des IFI27-
Genprodukts mit einem Standardlevel des IFI27-Genprodukts umfasst,
wobei das Standardlevel von IFI27 auf dem Level des IFI27-Genprodukts bei gesunden Subjekten oder auf dem
Level des IFI27-Genprodukts bei Subjekten mit bakterieller Pneumonie basiert,
wobei ein erhöhtes IFI27-Genproduktlevel in der Patientenprobe im Vergleich zum Standardlevel des IFI27-Gen-
produkts auf Influenza oder virale Pneumonie im Patienten hinweist, wobei ein Level des IFI27-Genprodukts, das
mindestens 40- bis 60-fach höher ist als das Standardlevel, auf Influenza oder virale Pneumonie und ein klinisches
Risiko hinweist, wobei das klinische Risiko als eine höhere Wahrscheinlichkeit definiert wird, eine ernsthafte Er-
krankung zu entwickeln und einen medizinischen Eingriff in einem Krankenhaus erforderlich werden zu lassen.

5. Verfahren nach einem der Ansprüche 1 bis 4, ferner umfassend das Bestimmen des Expressionslevels des GADPH-
Gens in der biologischen Probe.
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6. Verfahren nach einem der Ansprüche 1 bis 5, wobei die biologische Probe Blut, eine Komponente davon wie etwa
Blutzell-Untergruppen, RNA, mRNA, cDNA oder Protein ist.

7. Verfahren nach einem der Ansprüche 1 bis 6, wobei das Bestimmen das Inkontaktbringen der biologischen Probe
mit einem Mittel umfasst, das an ein IFI27-Genprodukt binden kann und die Bindung zwischen dem Mittel und dem
IFI27-Genprodukt nachweist,
wobei das IFI27-Genprodukt eine IFI27-mRNA ist oder eine Nukleinsäuresequenz von SEQ ID NO: 1 oder eine
Nukleinsäuresequenz von SEQ ID NO: 2 umfasst oder eine Aminosäuresequenz umfasst, die die Sequenz von
SEQ ID NO: 3 oder SEQ ID NO: 4 umfasst.

8. Verwendung eines Kits bei dem Verfahren nach einem der vorhergehenden Ansprüche zur Bestimmung des Levels
eines Interferon-alpha-induzierbaren Protein 27 (IFI27)-Genprodukts in einer biologischen Probe, wobei das Kit
umfasst:
ein oder mehrere Mittel zum Nachweis der Anwesenheit eines IFI27-Genprodukts.

9. Verwendung nach Anspruch 8, wobei das Mittel ausgewählt ist aus der Gruppe bestehend aus:

einem Primer oder einer Sonde, die spezifisch für eine Nukleinsäuresequenz ist, die ausgewählt ist aus den in
SEQ ID NO: 1, SEQ ID NO: 2, SEQ ID NO: 5, SEQ ID NO: 6 gezeigten Sequenzen oder einer Variante oder
einem Fragment davon,
einem Vorwärts- und einem Rückwärtsprimer, die eine Nukleinsäuresequenz ausgewählt aus den in SEQ ID
NO: 1, SEQ ID NO: 2, SEQ ID NO: 5, SEQ ID NO: 6 gezeigten Sequenzen oder eine Variante oder ein Fragment
davon, selektiv amplifizieren können,
einer oder mehreren Nukleinsäuresequenzen ausgewählt aus der Gruppe bestehend aus SEQ ID NO: 7, SEQ
ID NO: 8, SEQ ID NO: 9 und SEQ ID NO: 10 oder einer Sequenzvariante davon, die dieselbe Zielsequenz
spezifisch binden kann,
mehrere Mittel, die das Vorhandensein eines Interferon-alpha-induzierbaren Protein 27 (IFI27)-Genprodukts in
einer biologischen Probe nachweisen können, und
einen Antikörper, der ein Polypeptid oder ein Fragment oder eine Variante davon, das von einer IFI27-Gense-
quenz kodiert wird binden kann.

10. Verwendung nach Anspruch 9, wobei der Antikörper ausgewählt ist aus der Gruppe bestehend aus
einem konjugierten Antikörper spezifisch für IFI27,
einem polyklonalen Antikörper,
einem monoklonalen Antikörper.

11. Verwendung nach Anspruch 9, wobei der Antikörper an die Epitopsequenz gemäß SEQ ID Nr. 4 bindet.

12. Verwendung nach Anspruch 9, wobei der Antikörper selektiv an (i) ein IFI27-Polypeptid umfassend eine in SEQ ID
NO: 3 gezeigte Aminosäuresequenz, oder (ii) ein IFI27-Polypeptid umfassend eine in SEQ ID NO: 4 gezeigte
Aminosäuresequenz oder (iii) ein antigenes Fragment oder Variante von (i) oder (ii) binden kann.

13. Verwendung nach Anspruch 8, wobei der Kit ferner einen oder mehrere kalibrierte Standards umfasst, wobei der
Standard eine bekannte Konzentration an IFI27-Genprodukt umfasst.

14. Verwendung nach Anspruch 8, wobei das Kit ferner eine oder mehrere zusätzliche Komponenten umfasst, ausge-
wählt aus der Gruppe bestehend aus (i) einer oder mehrerer Referenzproben; (ii) einer oder mehrerer nachweisbaren
Gruppen; (iii) einer oder mehrerer Substanz(en) zur Immobilisierung eines Mittels zum Nachweisen eines IFI27-
Genprodukts auf einem festen Träger; (iv) einem festen Trägermaterial; (v) einem oder mehreren Behältern zur
Entnahme und/oder Lagerung einer biologischen Probe; (vi) einem oder mehreren Reagenzien zur Verwendung
bei der Herstellung einer biologischen Probe; (vii) einem oder mehreren Mitteln zur Amplifikation einer Nukleinsäu-
resequenz; und (viii) Anweisungen zur Verwendung des Kits oder einer Komponente(n) davon in einem Verfahren
zur Bestimmung des Levels eines IFI27-Genprodukts in einer biologischen Probe.

Revendications

1. Procédé destiné à identifier un risque clinique chez un patient atteint ou suspecté d’être atteint d’une infection
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d’influenza, le procédé comprenant
la détermination du niveau d’expression d’un gène de protéine 27 inductible par interféron alpha (IFI27) dans un
échantillon biologique provenant dudit patient et la comparaison du niveau déterminé de produit génétique IFI27 à
un niveau standard de produit génétique IFI27,
sachant que le niveau standard de IFI27 est basé sur le niveau de produit génétique IFI27 chez des sujets sains,
chez des sujets atteints d’influenza qui sont asymptomatiques, ou chez des sujets atteints d’influenza qui ne déve-
loppent pas de maladie grave,
sachant que le niveau standard de produit génétique IFI27 n’est indicateur d’aucun risque clinique et un niveau
accru de produit génétique IFI27 dans ledit échantillon du patient en comparaison avec ledit niveau standard de
produit génétique IFI27 est indicateur d’un risque clinique chez le patient, sachant qu’un niveau de produit génétique
IFI27 qui est au moins 40 à 60 fois plus élevé que le niveau standard est indicateur d’un risque clinique, sachant
que le risque clinique est défini comme étant plus susceptible de développer une maladie grave et de nécessiter
une intervention médicale dans un hôpital.

2. Procédé de suivi de l’évolution d’un patient atteint d’influenza, le procédé comprenant la détermination du niveau
d’expression de gène IFI27 dans un premier échantillon biologique provenant dudit patient et la détermination du
niveau d’expression de gène IFI27 dans un deuxième échantillon biologique provenant dudit patient, sachant que
le premier et le deuxième échantillon sont prélevés chez le patient à des moments différents, et l’évaluation de l’état
du patient sur la base des niveaux d’expression relatifs de IFI27 dans le premier et le deuxième échantillon,
sachant qu’une hausse du niveau d’expression de gène IFI27 dans ledit deuxième échantillon biologique comparé
audit premier échantillon biologique est indicateur d’un risque clinique accru chez ledit patient,
sachant qu’une diminution du niveau d’expression de gène IFI27 dans ledit deuxième échantillon biologique comparé
audit premier échantillon biologique est indicateur d’un risque clinique moindre chez ledit patient,
sachant que le premier échantillon biologique est prélevé avant un traitement et le deuxième échantillon biologique
est prélevé après une période donnée pendant laquelle le patient a subi un traitement, sachant que le risque clinique
est défini comme étant plus susceptible de développer une maladie grave et de nécessiter une intervention médicale
dans un hôpital.

3. Le procédé de la revendication 1, sachant que la comparaison du niveau déterminé de produit génétique IFI27 dans
un échantillon biologique à un niveau standard est effectuée à l’aide d’un programme informatique.

4. Procédé destiné à identifier un risque clinique d’influenza ou de pneumonie virale chez un patient, le procédé
comprenant la détermination du niveau d’expression d’un gène de protéine 27 inductible par interféron alpha (IFI27)
dans un échantillon biologique provenant dudit patient et la comparaison du niveau déterminé de produit génétique
IFI27 à un niveau standard de produit génétique IFI27,
sachant que le niveau standard de IFI27 est basé sur le niveau de produit génétique IFI27 chez des sujets sains
ou le niveau de produit génétique IFI27 chez des sujets atteints de pneumonie bactérienne,
sachant qu’un niveau accru de produit génétique IFI27 dans ledit échantillon du patient en comparaison audit niveau
standard de produit génétique IFI27 est indicateur d’influenza ou de pneumonie virale chez le patient, sachant qu’un
niveau de produit génétique IFI27 qui est au moins 40 à 60 fois plus élevé que le niveau standard est indicateur
d’influenza ou de pneumonie virale et d’un risque clinique, sachant que le risque clinique est défini comme étant
plus susceptible de développer une maladie grave et de nécessiter une intervention médicale dans un hôpital.

5. Le procédé de l’une quelconque des revendications 1 à 4, comprenant en outre la détermination du niveau d’ex-
pression de gène GADPH dans ledit échantillon biologique.

6. Le procédé de l’une quelconque des revendications 1 à 5, sachant que l’échantillon biologique est du sang, un
composant de celui-ci tel que des sous-groupes de cellules du sang, de l’ARN, du mARN, du cADN ou une protéine.

7. Le procédé de l’une quelconque des revendications 1 à 6,
sachant que la détermination comprend la mise en contact de l’échantillon biologique avec un agent capable de se
lier à un produit génétique IFI27 et la détection de la liaison entre l’agent et le produit génétique IFI27,
sachant que le produit génétique IFI27 est un mARN IFI27 ou comprend une séquence d’acide nucléique de SEQ
ID NO: 1 ou une séquence d’acide nucléique de SEQ ID NO: 2, ou comprend une séquence d’acide aminé comprenant
la séquence de SEQ ID NO: 3 ou de SEQ ID NO: 4.

8. Utilisation d’un kit dans le procédé de l’une quelconque des revendications précédentes pour déterminer le niveau
d’un produit génétique de protéine 27 inductible par interféron alpha (IFI27) dans un échantillon biologique, le kit
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comprenant:
un ou plusieurs agents destinés à détecter la présence d’un produit génétique IFI27.

9. L’utilisation de la revendication 8, sachant que l’agent est sélectionné dans le groupe constitué par:

une amorce ou une sonde spécifique à une séquence d’acide nucléique sélectionnée parmi les séquences
illustrées dans SEQ ID NO:1, SEQ ID NO:2, SEQ ID NO:5, SEQ ID NO:6, ou un variant ou fragment de celles-ci,
une amorce sens et une amorce antisens capables d’amplifier sélectivement une séquence d’acide nucléique
sélectionnée parmi les séquences illustrées dans SEQ ID NO:1, SEQ ID NO:2, SEQ ID NO:5, SEQ ID NO:6,
ou un variant ou fragment de celles-ci,
une ou plusieurs séquences d’acide nucléique sélectionnées dans le groupe constitué par SEQ ID NO:7, SEQ
ID NO:8, SEQ ID NO:9 et SEQ ID NO:10, ou un variant de séquence de celles-ci capable de se lier spécifiquement
à la même séquence cible,
des agents multiples capables de détecter la présence d’un produit génétique de protéine 27 inductible par
interféron alpha (IFI27) dans un échantillon biologique, et
un anticorps capable de se lier spécifiquement à un polypeptide, ou un fragment ou variant de celui-ci, codé
par une séquence de gène IFI27.

10. L’utilisation de la revendication 9, sachant que l’anticorps est sélectionné dans le groupe constitué par
un anticorps conjugué spécifique à IFI27,
un anticorps polyclonal,
un anticorps monoclonal.

11. L’utilisation de la revendication 9, sachant que l’anticorps se lie à la séquence d’épitope selon SEQ ID NO:4.

12. L’utilisation de la revendication 9, sachant que l’anticorps est capable de se lier sélectivement à (i) un polypeptide
IFI27 comprenant une séquence d’acide aminé illustrée dans SEQ ID NO: 3 ou (ii) un polypeptide IFI27 comprenant
une séquence d’acide aminé illustrée dans SEQ ID NO:4, ou (iii) un fragment ou variant antigénique de (i) ou (ii).

13. L’utilisation de la revendication 8, sachant que le kit comprend en outre un ou plusieurs standards calibrés, sachant
que le standard comprend une concentration connue de produit génétique IFI27.

14. L’utilisation de la revendication 8, sachant que le kit comprend en outre un ou plusieurs composants additionnels
sélectionnés dans le groupe constitué par (i) un ou plusieurs échantillons de référence ; (ii) un ou plusieurs groupes
fonctionnels détectables ; (iii) une ou plusieurs substances permettant d’immobiliser un agent destiné à détecter un
produit génétique IFI27 sur un support solide ; (iv) un matériau de support solide ; (v) un ou plusieurs contenants
pour la collecte et/ou le stockage d’un échantillon biologique ; (vi) un ou plusieurs réactifs destinés à être utilisés
dans la préparation d’un échantillon biologique ; (vii) un ou plusieurs agents pour l’amplification d’une séquence
d’acide nucléique ; et (viii) des instructions pour l’utilisation du kit ou d’un ou de plusieurs composants de celui-ci
dans un procédé destiné à déterminer le niveau d’un produit génétique IFI27 dans un échantillon biologique.
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还涉及用于区分具有症状相似病症的患者的患有流感或病毒性肺炎的患
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物样品中干扰素α诱导蛋白27（IFI27）的表达水平。本发明还提供了包
含用于实施方法的合适组分的试剂盒。本发明允许将患者分层为限定临
床风险的组，例如基于受试者的长期健康的风险严重性的组。
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