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The present invention relates to a method for predicting S. aureus disease in a

subject colonized by S. aureus, but not yet showing symptoms of disease.

Staphylococcus aureus 1s normally found as a commensal species on the skin
or in the nose of people and several animal species. Implied by their commensal
characteristics, asymptomatic carriage of S. aureus Is generally considered as
harmless, whereas typical infections can range from relatively minor skin diseases {0
life-threatening invasive infections.

Historically, infections are treated by broad-spectrum antibiotics, such as
methicillin. Due fo a broad usage of antibiotics, certain multi-drug resistant strains have
emerged that are resistant to standard of care therapy such as treatment with
methicillin and other beta-lactam antibiotics e.g. penicillin and cephalosporins. They
are referred to as methicillin-resistant Staphylococcus aureus (also known as multi-
drug resistant Staphylococcus aureus, or “"MRSA") and differentiated from methicillin
susceptible strains (MSSA).

S. aureus Infections, including MRSA, are causative for potentially life-
threatening diseases affecting a broad range of bodysites, including skin, soft tissue,
bones, joints, surgical wounds, the bloodstream, heart valves, lungs, or other organs.
Thus, S. aureus infections can result in disease conditions associated therewith, which
are polentially fatal diseases, such as necrotizing fasciitis, endocarditis, sepsis, toxic
shock syndrome, and various forms of pneumonia, including necrotizing pneumonia,
and toxin production in furunculosis and carbunculosis. S. aureus Infections are
especially difficult to manage in hospital or tertiary-care home settings where patients
are often immune-compromised, subjected to (trauma) surgery or other treatment
Implying the use of invasive devices such as cathelers, drainages and tracheal-tubes.
Such patients are at far greater risk for infection than the general public.

Mechanically ventilated patients are at high risk of bacterial colonization that
may progress t{o ventilator-associated respiratory infections, manifested as
tracheobronchitis (VAT) or pneumonia (VAP). Both conditions contribute to prolonged

ventilation and stay in the intensive care unit (ICU), increased health-care costs and
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VAP is associated with increased mortality [1-4]. Recently, a new approach to disease
management has been implemented using serial microbial analysis of endotracheal
aspirates (ETAs), which is performed to identify and quantify bacteria colonizing the
lower airways. Heavy colonization defined as >+++ (or 3+) growth on semi-quantitative
endotracheal aspirates (SQ-ETA) or quantitative ETA = 10° colony forming units
(CHFU)ml of a respiratory pathogen(s) Is a risk factor for progression to VAT and/or

VAP [4-6]. Detection of specific bacterial pathogens helps to guide earlier, targeted

antibiotic treatment and antibiotic stewardship efforts [7].

S. aureus virulence and pathogenesis have been extensively studied in animal
models, but the role of virulence factors in the pathogenesis of human disease is
poorly understood [8,9]. ldentification of relevant virulence factors and biomarkers
would support more effective prevention strategies, and initiation of earlier therapy of
high-risk patients.

One of the hallmarks of the S. aureus pathogenesis is the production of a
multitude of secreted toxins (exotoxins, cytotoxins or cytolysins) that can kill several
different cell types including erythrocytes, neutrophils, granulocytes and other immune
cells, as well as epithelial cells of the lung or skin. Moreover, most of these toxins
activate immune cells and act as potent pro-inflammatory signals. A prominent
member of S. aureus cytotoxins is alpha haemolysin (Hla, also referred to as alpha-
toxin, a-hemolysin a-toxin), which is highly potent in lysing human bronchial and lung
alveolar epithelial cells, as well as macrophages and lymphocytes, and is implicated In
the induction of pro-inflammatory processes [10]. lts dominant role in the pathogenesis
of S. aureus pneumonia has been demonstrated in several different animal models
[10]. Hla has also shown promise as a vaccine antigen and monoclonal antibody target
in proof-of-concept animal models of several S. aureus diseases, and Is currently being
evaluated in human trials of both active and passive immunization [11-14].

WO2013/156534 A1 describes S. aureus antibodies which are cross-reactive
binding to alpha-toxin and at least one of the bi-component toxins of S. aureus.

WQO2012/109285 A2 describes antibodies specifically binding S. aureus alpha-
toxin which may be used Iin a kit, e.g. an enzyme-linked immunosorbent assay
(ELISA).

WQ02011/018208 A1 describes human monoclonal antibodies against S. aureus

alpha-toxin and its use Iin treating or preventing abscess formation.
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WO2010/121298 A1 describes methods of detecting methicillin-sensitive
(MSSA) and/or methicillin-resistant Staphylococcus aureus (MRSA), using a primer
complementary to a sequence in S. aureus nucleic acid of the orfx gene, and another
primer complementary to a sequence Iin S. aureus nucleic acid of the orfx gene and
also complementary to a sequence in S. aureus nucleic acid of SCCmec cassette.

WQO2010089569 A1 describes methods for the detection or diagnosis of a
bacterial infection or colonisation utilising mass spectrometric analysis, in particular
mass spectrometric analysis of biomarker profiles, such as the biomarker profile for S.
aureus.

Airway colonization by S. aureus is often a precursor for the development of
MRSA or MSSA induced ventilator-associated tracheobronchitis (VAT) and/or
pneumonia (VAP). However, little is known about the pathogen-associated factors of
S. aureus that promote progression from colonization to pneumonia. Detection of S.
aureus i1solates with a high propensity to cause VAP and identification of simple,
sensitive and specific biomarkers would greatly support prophylaxis or initiation of

earlier antibiotic therapy for VAT ana VAP.

The object of the present invention was to find a new biomarker to evaluate the
risk of S. aureus disease occurence in a subject heavily colonized with S. aureus,
before showing symptoms of disease. Specifically, it was the object to provide a test
determining a marker indicating the risk to initiate appropriate therapy before onset of
disease.

The object Is achieved by the provision of the embodiments of the present
iInvention.

According to the invention, there is provided a method for the prediction of S.
aureus disease in a subject heavily colonized by S. aureus but not showing any
symptom of S. aureus disease, said method comprising the step of determining the
alpha haemolysin level in a biological sample of said subject as compared to a
standard or reference control, wherein an elevated alpha haemolysin level is indicative
of the onset of S. aureus disease, and specifically the fast emergence of symptoms

leading to the diagnosis of disease or disease progression.
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Specifically, the subject is heavily colonized with S. aureus and asymptomatic or
not showing symptoms of systemic disease. Such symptoms are specifically one or
more of S. aureus Infection or disease, in particular clinical symptoms leading to
diagnosis of S. aureus disease, e.g. pneumonia, specifically ventilator-associated
pneumonia (VAP), bronchitis, specifically ventilator-associated tracheobronchitis
(VAT), sepsis, specifically severe sepsis, or chronic wound infection.

Exemplary clinical symptoms leading to the diagnosis of S. aureus disease In a
subject heavily colonized with S. aureus are herein also referred to as S. aureus
disease specific symptoms, and particularly for VAT and VAP, include leukocytosis,
fever or hypothermia, purulent respiratory secretions, presence of a new or
progressive infilirate on a chest radiograph or C1 scan. General symptoms of acute
infection are defined by the APACHE-Il score which covers all important aspects of
acute Infections (i.e. age, rectal temperature, mean arterial pressure, heart rate,
arterial pH, respiratory rate, serum levels of sodium and potassium, creatinine,
hematocrit, white blood cell count and Glasgow Coma Scale). The symptoms are
considered S. aureus specific, If caused by S. aureus, e.g. by S. aureus colonization
as determined by standard microbiological methods or culture.

The S. aureus disease specific symptoms are differentiated from other
unspecific underlying physiological conditions that a S. aureus colonized patient may
be suffering from. For example, a ventilated patient in the ICU may be suffering from
conditions that result in a compromised immune system, for example malignancy or
have undergone organ transplantation and may be considered at risk of developing S.
aureus disease/infection if identified to be heavily colonized with S.aureus.

Specifically, the alpha haemolysin level is indicative of the likelihood of onset of
S. aureus disease, which disease is selected from the group consisting of bronchitis,
specifically VAT, pneumonia, specifically VAP, sepsis, specifically severe sepsis, or
chronic wound Infection. In particular, the alpha haemolysin level is indicative of the
fast emergence of one or more symptoms leading to a diagnosis of such S. aureus
disease.

The alpha haemolysin level is specifically the level of alpha haemolysin activity,
such as determined in a functional or cell-based assay, or the alpha haemolysin gene
expression or expression products, e.g. the level of translation or transcription
products, such as mRNA, or those which are complementary to the nucleotide

sequence of such expression products in the sense or complementary anti-sense, or
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alpha haemolysin protein or parts/fragments of the alpha haemolysin or reaction
products of alpha haemolysin with any natural or artificial reagents. In particular, the
level of alpha haemolysin is determined in a sample of the subject ex vivo, thus, by an
appropriate in vitro assay.

The level Is suitably determined as the content or concentration (w/v or w/w) or
activity (unit/v or unit/w) of alpha haemolysin. As an alternative to numeric results of
such determination, the alpha haemolysin level may as well be determined as a
specific score or a specific level above a cut-off value or threshold or reference value,
e.g., In semi-quantitative assays.

According to a specific aspect, the subject is heavily colonized by S. aureus,
specifically defined by a level of 210° CFU/mL in a biological sample of said subject
and/or or moderate or heavy (+++ (3+) or ++++ (4+)) bacterial growth of S. aureus in a
biological sample, such as an ETA fluid sample, as determined by standard
microbiological tests.

Specifically, the subject Is colonized by S. aureus and optionally at risk of
suffering from S. aureus disease, as determined by a method of determining the
presence of the bacterium or a bacterial marker indicative of of S. aureus, or the likely
onset of S. aureus disease, preferably by a method of determining the gene
expressing said marker, an expression product of said gene or using standard
microbiological techniques. An exemplary method of standard microbiological
techniques is the blood agar assay that demonstrates alpha haemolysin activity.

According to a specific aspect, the patient is colonized and/or infected with S.
aureus, specifically MSSA or MRSA, preferably MSSA.

Specifically, the subject is colonized in the nose or nasopharynx, and the
subject is undergoing intubation. Based on the determination of the alpha haemolysin
level as described herein, a highly hemolytic strain can be detected in the nose or
nasopharynx prior to intubation, which allows the risk assessment of disease
progression and specific pretreatment measures preventing colonization in the lower
airways upon Intubation. Though such colonization would normally be
asymptomatically colonizing the nose or nasopharynx, the bacteria are potentially
brought into the lower airways upon intubation rendering the subject at risk for
developing heavy lower airway colonization and related disease. Likewise, the present

method provides for the determination of the alpha haemolysin level as described
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herein and the detection of a highly hemolytic strain in the nose or nasopharynx of a
subject that is already intubated allowing the risk assessment of disease progression.

Specifically, the subject Is an intensive care unit (ICU) patient who is ventilated
and optionally at risk of ventilator-associated infections such as VAI or VAP, or a
patient at risk of skin and soft tissue infections (SST1). Specifically, the subject is a
mechanically ventilated patient and heavily colonized with S. aureus in the lower
alrways, such as in the trachea or the lung.

According to a specific aspect, the biological sample is a body fluid or tissue
sample, preferably any sample selected from the group consisting of a blood sampile,
stool sample, skin sample, urine sample, cerebrospinal fluid, and a respiratory tract
specimen such as endotracheal aspirates, pleural fluid, lung tap, nasal swab or
sputum.

Specifically, the biological sample is treated to produce a S. aureus isolate
originating from the biological sample, which isolate may be further characterized for
its MSSA or MRSA genotype or phenotype, and/or the level of alpha haemolysin
expression. Preferable sample preparation methods for producing bacterial isolates
are employing bacterial enrichment and cultivation steps.

Specifically, the biological sample is treated to determine the alpha haemolysin
level directly in the sample, optionally following preparatory steps of enrichment or
purification to reduce matrix effects and to increase the specificity and sensitivity of the
test. Preparatory steps include culturing of the biological specimen according to
standard culture procedures such as but not exclusively being hemocultures in
standard bacterial growth media as well as the culturing of specimens on solid agar
(Including phenotyping — Il.e. antibiogram) as performed In routine microbiology
laboratories. Bacteria may be sub-cultured for expansion of CFU in different growth
media (standard media and/or chemically defined media; high nutrient, low nutrient,
limited growth media composition) to enhance expression of virulence factors (e.g.
RPMI-CAS which is low in iron and resembles the in vivo conditions more faithfully
than high nutrient media, therefore enhances the expression of exotoxins and other
bacterial virulence factors). Bacterial suspensions may be prepared and washed In
standard buffer solutions to remove potential matrix effects.

According to another specific aspect, said determination of the alpha
haemolysin level comprises a semi-quantitative or quantitative measurement of alpha

naemolysin expression or activity.
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Specifically, the reference or control is a predetermined level of alpha
haemolysin, or obtained by calibrating a reference or control value (e.g. a cut-off value
or threshold or reference value) against a predetermined alpha haemolysin level
obtained from a biological material, such as a comparable biological sample of a
subject that has a predetermined risk of S. aureus disease, or obtained from a S.
aureus strain that expresses a certain level of alpha haemolysin.

According to a specific aspect, said reference Is a predetermined alpha
haemolysin level indicative of disease or disease progression or obtained from a S.
aureus strain expressing low, medium or high alpha haemolysin.

Specifically, said standard or reference control is a predetermined alpha
haemolysin level indicative of the onset of S. aureus disease or disease progression,
or obtained from a S. aureus strain expressing low, medium or high alpha haemolysin.

specifically, the standard or reference control is a predetermined alpha
haemolysin amount or activity which is higher than the alpha haemolysin level
expressed by a S. aureus strain expressing no alpha haemolysin or a low level of
alpha haemolysin.

Preferably, specific strains are used to provide a reference, which are
determined to be low expressors or have a hemolysis profile indicating a low level of
hemolysis. Exemplary strains that express no or a low level of alpha haemolysin or no
hemolytic activity which could serve as a reference or means to calibrate a test, are the

following: No expression of alpha haemolysin: S. aureus strain designated MRSA252

(available from ATCC, catalogue reference ATCC BAA-1720). Low level of alpha
haemolysin (1+): S. aureus strain designated Newman D2C (available from Pilic Health
England Bacterial Collection, catalogue reference NCTC 10833).

It Is preferred to use S. aureus strains as a reference to the method of the
invention or to calibrate the method of the Invention. Specifically, it the alpha
haemolysin level In the biological sample is higher than the reference of a low
expressor, such level is indicative of the onset of S. aureus disease. If the alpha
haemolysin level In the biological sample is at least 2-fold higher than the reference of
a low-expressor or a non-hemolytic strain, there is a strong indication of disease. If the
determined level is at least 3-fold, or at least 4-fold, or at least 5-fold higher than the
reference, the indication is even stronger, indicating a high risk of rapidly developing

and progressing disease.
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Based on the sheep-blood COS agar plating (Figure 1), a hemolysis profile of

semi-quantitative evaluation of 22+ as compared to non-hemolytic isolates may be

prepared, which could serve as an indicator for medium (2+) to high Hla (3+, 4+)
expression and a strong marker of likely onset of S. aureus disease.

Reference material, such as a reference control may be conveniently included in
an assay, such as by way of a reference standard, e.g. a standard alpha haemolysin
preparation with a defined content or concentration of alpha haemolysin, which
standard is used as internal or external control, or by way of a reference value, read-
out or curve for comparison reason. The standard alpha haemolysin preparation may
contain or essentially consist of purified alpha haemolysin (e.g. purified from a S.
aureus strain or isolate) or a recombinant alpha haemolysin preparation.

Specifically, the level of alpha haemolysin is determined by at least one of an
iImmunoassay, preferably any of ELISA, CIA, RIA, IRMA, agglutination assay,
immunochromatography, specifically lateral flow immunochromatographic assays
(such as dipstick tests), Western-blot, mass-spectrometry, nuclear magnetic
resonance (NMR), or a method of determining corresponding DNA or RNA indicative
of alpha haemolysin or the alpha haemolysin level, preferably employing a nucleic acid
hybridization assay or a nucleic acid amplification assay.

According to a specific embodiment, the method further comprises the
measurement of at least one additional marker indicative of S. aureus, or S. aureus
colonization or infection.

Specifically, said measurement of the at least one additional marker comprises
the determination of a gene expressing any S. aureus specific bacterial component or
the respective gene expression product of any S. aureus specific bacterial component,
other than alpha haemolysin, preferably selected from the group consisting of

1) S. aureus Protein A,

1) a S. aureus antibiotic resistance marker preferably at least any of PBP2a, the
mecA gene or an expression product of the mecA gene;

) any other S. aureus antigen including a S. aureus cylotoxin, preferably
Panton-Valentine leukocidin (PVL/LukSF), LukGH (LUukAB), gamma-haemolysin,
LUkED; S. aureus virulence factors, secreted and surface proteins; or any S. aureus
specific compounds such as lipoteichoic acid, and

i) a combination of any of the bacterial components of 1), i) and/or i),

preferably determining as additional markers at least S. aureus Protein A and PBP2a.
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Specifically, said measurement of the at least one additional marker comprises
the determination of any of a gene expressing any cytotoxin, S. aureus virulence
factors, secreted and surface proteins, or any S. aureus specific compounds, or the
respective gene expression products, specifically S. aureus virulence factors, S.
aureus antibiotic resistance markers and S. aureus specific bacterial components, ana
preferably at least any of PBPZ2a, the mecA gene or an expression product of the
mecA gene or the S. aureus specific Protein A protein or gene encoding this protein.

The preferred assay combinations comprise tests for

a) disease biomarker, in particular alpha haemolysin; and

b) S.aureus detection (Protein A) and resistance marker (e.g. PBP2a); and
optionally further markers.

Specifically, a quantitative or qualitative immunoassay or mass-spectrometry
may be used o determine one or more markers, Including the alpha haemolysin
marker. When a further marker of S. aureus, the S. aureus disease or disease
progression, or a marker of pathogen identification or resistance is determined besides
the alpha haemolysin marker, a qualitative, semi-quantitative or quantitative assay may
be used. Such determination may be consecutively, in parallel or simultaneously with
the determination of the alpha haemolysin level, thus, in separate biological samples or
In the same sample, reaction mixture or containment.

Specifically, a quantitative PCR assay or a semi-quantitative PCR assay may be
used, optionally a multiplexed assay {o determine the level of alpha haemolysin, In
particular the level of genes or gene expression, and at least one further marker of
disease or disease progression or characterization of the S. aureus in the sample (e.g.
antibiotic resistance profile, confirmation of S. aureus presence).

Preferably further markers of S. aureus are determined which are associated
with MSSA or MRSA. Such further markers are selected from the group consisting of
penicillin-binding protein 2a (PBP2a), or its cognate gene (mecA) or an expression
product of the mecA gene, which is a determinant for MRSA.

Preferably further markers of S. aureus are determined which are associated
with S. aureus identification. Such further markers are selected from the group
consisting cell-wall components such as lipoteichoic acid or wall-teichoic acid, or cell
surface proteins, such as S. aureus specific Protein A.

According to a specific aspect, the invention further provides for the use of alpha

haemolysin as an In vitro marker for the onset of ventilator-associated respiratory
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infections, tracheobronchitis or pneumonia, in a subject heavily colonized with S.
aureus but not showing any symptom of S. aureus disease.

According to another specific aspect, the invention further provides for the use
of a specific detection molecule for alpha haemolysin for the preparation of a
diagnostic composition for determining the disease onset of ventilator-associated
respiratory infections, fracheobronchitis or pneumonia, in a subject heavily colonized
with S. aureus but not showing any symptom of S. aureus disease.

According to a specific aspect, the invention provides for the use of a diagnostic
composition comprising a specific detection molecule for alpha haemolysin for
determining the disease onset of ventilator-associated respiratory Infections,
{racheobronchitis or pneumonia, in a subject heavily colonized with S. aureus but not
showing any symptoms of S. aureus disease.

Such diagnostic composition may be a reagent ready-to-use in a reaction
mixture with the biological sample, or a conserved form of such reagent, e.g. a
storage-stable form such as lyophilized; snap-frozen (e.g. in liquid nitrogen), ultra low-
temperature storage (e.g. -70°C and -80°C), cold-storage (e.g. -20°C-5°C) and
controlled room temperature (e.g. 15°C-27°C); standard sample storage as e.g.
glycerol-stocks, tissue paraffin blocks, (buccal) swabs and other standard biological
sample storage methods, which conserved form of a reagent can be reconstituted or
prepared to obtain a ready-to-use reagent. Such reagent is typically in the form of an
agueous solution, specifically (physiological) buffer conditions (e.g. EDTA buffered,
phosphate buffer, HBSS, citrate buffer etc.).

specifically, the detection molecule is an alpha haemolysin binder selected from
the group consisting of an antibody, antibody fragment, cellular receptor or ligand, or a
nucleotide sequence hybridizing to the alpha haemolysin gene or an expression
product of said gene. In this regard, hybridization conditions may be established
according to conventional protocols.

According to another specific aspect, the invention further provides for the use
of an alpha haemolysin diagnostic kit, in a method of the invention. For example, a kit
for determining the alpha haemolysin level by standard microbiology technigues, e.g.
including a blood agar plate may be used according to the invention.

The alpha haemolysin diagnostic kit is preferably employing a specific detection

molecule for alpha haemolysin, suitable for determining the alpha haemolysin level.
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According to the invention, there is further provided a new alpha haemolysin
diagnostic kit, which is in the storage-stable form. Such kit preferably comprises all
essential components to determine the alpha haemolysin level in the Dbiological
sample, optionally without common or unspecific substances or components, such as
water, buffer or excipients. The storage stable kit can be stored preferably at least ©
months, more preferably at least 1 or 2 years. It may be composed of dry (e.g.
lyophilized) components, and/or include preservatives.

Specifically, the alpha haemolysin diagnostic kit comprises one or more
reagents capable of specifically reacting with the S. aureus alpha haemolysin
expression product and/or a specific detection molecule suitable for determining the
level of alpha haemolysin, which is provided In the storage-stable form, preferably as a
packaged unit.

The preferred alpha haemolysin diagnostic kit is provided as a packaged or
prepackaged unit, e.g. wherein the components are contained in only one package,
which facilitates routine experiments. Such package may include the reagents
necessary for one or more tests, e.g. suitable to perform the tests of a series of
biological samples. The kit may further suitably contain a Hla preparation as a
standard or reference control.

Specifically, the invention provides for the use of a alpha haemolysin diagnostic
kit in a method according to the invention, wherein the diagnostic kit comprises one or
more reagents capable of specifically reacting with the S. aureus alpha haemolysin
expression product and/or a specific detection molecule suitable for determining the
level of alpha haemolysin, which is provided In the storage-stable form, preferably as a
packaged unit.

Specifically the diagnostic kit is used in a method according to the invention,
wherein the diagnostic kit is a diagnostic combination kit as further described herein.

According to another specific aspect, the Invention further provides for a
diagnostic kit for the determination of the alpha haemolysin level in a biological sample
which comprises an alpha haemolysin specific detection molecule and an alpha
haemolysin reference material, e.g. a standard alpha haemolysin preparation, to
quantitate the alpha haemolysin level in said biological sample.

Specifically, the invention refers to a method of detecting the level of an alpha
haemolysin in a biological sample suspected of containing the alpha haemolysin,

which comprises
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- providing a reaction mixture comprising a substrate, wherein the substrate
comprises at least one alpha haemolysin binder;

- contacting the biological sample with the reaction mixture; and

- detecting a detection signal corresponding to the amount of alpha haemolysin
recognized by the binder.

opecifically a negative control or reference control composition may be used In
a kit according to the invention. In such case, the detection signal may be normalized
to a control signal corresponding to the amount of signal produced by the control
composition, thereby detecting the presence or level of the alpha haemolysin in the
biological sample. Normalizing the detection signal may comprise subtracting the
control signal from the detection signal.

According to another specific aspect, the invention further provides for a
diagnostic combination kit comprising the diagnostic kit for the determination of the
alpha haemolysin level, and further comprising a kit for determining a further S. aureus
marker.

specifically, the invention provides for a diagnostic combination Kit, in particular
to determine the alpha haemolysin level and at least one additional marker indicative
of S. aureus, or S. aureus colonization or infection in the same or separate biological
sample(s) of the same subject, comprising

a) a kit comprising one or more reagents capable of specifically reacting with the
S. aureus alpha haemolysin expression product and/or a specific detection molecule
suitable for determining the level of alpha haemolysin; and

b) a kit comprising a reagent and/or a specific detection molecule suitable for
determining a gene expressing a S. aureus specific bacterial component or the
respective gene expression product of a S. aureus specific bacterial component, other
than alpha haemolysin, preferably selected from the group consisting of

) S. aureus Protein A;

i) a S. aureus antibiotic resistance marker preferably at least any of PBP2a, the
mecA gene or an expression product of the mecA gene;

i) any other S. aureus antigen including a S. aureus cytotoxin, preferably
PVL/LukSF, LukGH (LUkAB), gamma-haemolysin, LUKED; S. aureus virulence factors,
secreted and surface proteins; or any S. aureus specific compounds such as

lipoteichoic acid, and
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i) a combination of any of the bacterial components of 1), 1) and/or i),
preferably determining as additional markers at least S. aureus Protein A and PBP2a.

A MRSA marker, which Is e.g. any of PBP2a, the mecA gene or an expression
product of the mecA gene, would indicate the presence or absence of MRSA or MSSA,
thus, further conclusions can be drawn to the prediction of disease or disease
progression and the treatment regimen to be given to the patient.

S. aureus specific bacterial markers, which Is e.g. S. aureus Protein A would
indicate the presence or absence of S. aureus, thus, further conclusions can be drawn
to the prediction of disease or disease progression and the treatment regimen to be
given to the patient in the absence of other specific bacterial identification tests.

Specifically, the kit comprises one or more reagents for carrying out the method

of the invention.

Figure 1. Hemolytic Phenotypes of S. aureus lsolates on Sheep-Blood

Agar Plates. S. aureus strains were plated on sheep-blood agar-plates and isolates
were categorized into strong to weak or no beta-hemolysis (from 4+ to -), characteristic
for alpha-hemolysin expression, according to the diameter of cleared halo around the
colonies based on semi-quantitative evaluation. Turbid halos surrounding the colonies
were accounted for beta-hemolysin (Hib) expressing clones.

Figure 2. Cytolysis of Human A

Supernatants is Mediated by Alpha-Hemolysin. A549 cells were Incubated with
culture-supernatants of S. aureus strains and cytotoxicity was measured as described
in the methods. Mean values +/- SEM obtained with independent biological replicates

of the same isolates are shown. A: USA300 TCH1516 wild-type and isogenic 4hia

intoxication in the presence or absence of 66.7 nM of an Hla-neutralizing monoclonal
antibody and a corresponding Isotype control mAb. Percent cell-viability was

determined compared to mock-treated cells.
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Alveolar Epithelial Cells. A:
S. aureus isolates selected based on their hemolysis profiles on sheep-blood agar

plates (Figure 1) were tested for their cytotoxicity towards A549 cells determined as

different groups of patients as indicated. Each patient is represented by the first
available isolate. Horizontal lines indicate group median values. Individual groups were
statistically compared by Wilcoxon-Rank test (indicated as p-values).

Fig

sequences obtained from the USA300 TCH1516 strain (Genbank, accession number

ure 4: S. aureus toxin sequences: representative alpha haemolysin

CP000730). Other strains may comprise one or more point mutations.

SEQ ID 1 hla nucleotide sequence of the USA300 TCH1516 strain (Genbank,
accession number CP000730)

SEQ ID 2: Hla amino acid sequence of the USA300 TCH1516 strain

The term "alpha haemolysin® as used herein shall refer to alpha-toxin of S.
aureus, which is understood as the alpha-toxin protein (e.g., with the amino acid
sequence as shown In Fig. 4, SEQ ID 2, or naturally-occurring or non-naturally-
occurring or artificial variants thereof, identified by an amino acid sequence with at
least 95% sequence identity), or diagnostically relevant parts or fragments of such
protein, complexes of the alpha heamolysin with native or artificial reagents or reaction
products, the hia gene (e.g., the nucleic acid as shown In Fig. 4, SEQ ID 1) or gene
expression products which may be proteinaceous or genetic molecules, e.g. RNA,
MRNA, or DNA, either single stranded or double stranded, sense or antisense nucleic
acids or polynucleotides, or complementary nucleic acids or polynucleotides thereto.
Nucleic acid molecules or polynucleotides specifically are determined In the isolated
form. For example, isolated RNA molecules include in vivo or in vitro RNA transcripts

of the DNA molecules.
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The term "biological sample” as used herein shall refer to any material obtained
from a subject, such as a human being, that contains, or potentially contains, bioclogical
material which could contain S. aureus. The biological sample can be a tissue, fluid or
cell culture sample. Examples of samples for use in accordance with the invention
include, but are not limited to patient samples, e.qg., tissue or body fluids, specifically a
respiratory tract specimen such as endotracheal aspirates, pleural fluid, lung tap, nasal
swab or sputum, a blood sample, stool sample, skin and urine sample or cerebrospinal
fluid.

The biological sample typically comprises a complex biological matrix such as
complex viscous biological fluids containing multiple types of biological and small
organic molecules, for example mucous exudates rich In protein matter. Suitable
additives or extraction procedures may be used to reduce the non-specific binding that
can be associated with a matrix in the sample and/or lower the matrix viscosity by
solubilizing and/or breaking down viscous or solid components of the sample matrix.
Sample preparation methods may be employed that liberate markers from organisms
and/or break down and/or liquefy biological matrices. Biological matrices that may be
analyzed include mucus-containing samples such as nasal secretions, sputum,
phlegm, pharyngeal exudates, urethral or vaginal secretions, and washes of such
membrane surfaces.

Suitable sample preparation methods include method steps to reduce the effect
of the biological matrix on the assay. Such method steps may include but are not
limited to, e.qg., capture, chromatography, spin-centrifugation and dialysis.

The material obtained form a subject may also be in the form of bacterial
isolates, e.g., In the form of a cell culture for cultivating the isolated S. aureus or a cell
culture product. Culture media may be selective to enrich solely the S. aureus
population, or non-selective.

Bacterial isolate prepration typically involves an incubating step to maintain the
the sample in conditions that enhance the proliferation of S. aureus, thereby enriching

the S. aureus population in the sample.
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Once the isolate is obtained, the bacterium may be further investigated by
biochemical and/or serological tests, e.g., to determine the MSSA or MRSA type, and
the level of alpha haemolysin expressed. Several typing methods are available {o
study S. aureus strains. These methods typically include serotyping, toxin-typing,
standard typing for genetic relationship/phylogeny including multi-locus seguence
typing (MLST), spa-typing, Pulsed Field Gel Electrophoresis (PFGE). Other typing
methods include gene-typing of virulence factors and other important staphylococcal
factors by e.g. PCR, multiplex-PCR, microarrays, Northern/Southern blotting anag
protein based methods such as ELISA, Western-blot and mass spectroscopy.
Typically, the antibiotic resistance profile is investigated using antibiograms.

The term "alpha haemolysin binder” as used herein shall refer to any useful
binding agent of alpha haemolysin. In particular the alpha haemolysin binger
recognizes the alpha haemolysin protein (Hla) or the hla gene or its expression
product, e.g. peptide or polypeptide, RNA or DNA. It may bind directly or indirectly,
such as binding to the alpha haemolysin which is present in the form of a complex of
the alpha haemolysin and a reagent, either a native or an artificial reagent.

The binder can be directly labeled or the binding agent can be indirectly labeled.
The indirect label may comprise a labeled binding agent that forms a complex with the
binding agent to the alpha haemolysin.

In some embodiments the binder or a detection molecule is conjugated to a
detectable label which may include molecules that are themselves detectable (e.g.,
fluorescent moieties, electrochemical labels, metal chelates, efc.) as well as molecules
that may be indirectly detected by production of a detectable reaction product (e.g.,
enzymes such as horseradish peroxidase, alkaline phosphatase, efc.) or by a specific
binding molecule which itself may be detectable (e.g., biotin, digoxigenin, maltose,
oligohistidine, 2,4-dinifrobenzene, phenylarsenate, ssDNA, dsDNA, etc.).

The term "alpha haemolysin binder” is specifically understood to encompass
selective or specific alpha haemolysin reagents and/or detection molecules.

In one embodiment, the binder is a detection molecule.

Specific alpha haemolysin binders or detection molecules may be produced
synthetically or be of cellular or bacterial origin or present in a biological sample, e.g.,
Isolated and partially or substantially purified. Such isolated components have typically
been removed from its native environment. Specific alpha haemolysin binders are cells

or cellular components that react with alpha haemolysin in a functional assay.
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In one embodiment, the binder recognizes alpha haemolysin In a reaction
mixture. The resulting binder-alpha haemolysin complex can then be contacted with
another detection molecule that binds to the complex. The detection molecule may
bind to the complex by way of the binder and/or the alpha haemolysin.

Among the suitable alpha haemolysin binders are e.g., antibodies, antibody
fragments, such as Fab, F(ab)2, F(ab)', Fv, sckv, or single chain antibodies, antibody-
like scaffolds, where scaffolds are typically consisting of a constant part and a variable
part that is complementary to the structure of the target antigen or an epitope thereof,
e.g. aptamers. Further examples of alpha haemolysin binders are cellular receptors,
such as those Involved In disease pathogenesis, e.g., proteinaceous and non-
proteinaceous toxin-specific receptors (e.g. ADAM-10), ligands, such as soluble
ligands involved In disease pathogenesis, e.g. (shedded) membrane vesicles,
nucleotide segences specifically hybridizing to the alpha haemolysin gene or an
expression product of said gene, such as oligonucleotides or probes, specifically
iIncluding primer sequences to react with the expression product, or probes capturing
the respective expression products.

The person skilled in the art can design primers for amplification of nucleic acid
sequences specific to the alpha haemolysin from the published literature or from public
databases. Nucleic acid molecules possibly used as detection molecules may be In the
form of RNA, such as mRNA, or in the form of DNA, including, for instance, DNA and
genomic DNA obtained by standard DNA-preparation methods, cloning or produced
synthetically. The DNA or RNA may be double-stranded or single-stranded. Single-
stranded DNA or RNA may be the coding strand, also known as the sense strand, or it
may be the non-coding strand, also referred to as the anti-sense strand.

The practice of the present invention employs, unless otherwise indicated,
conventional technigues of immunology, biochemistry, chemistry, molecular biology,
microbiology, cell biology, genomics and recombinant DNA, which are within the skill of
the art. See e.g. Sambrook, Fritsch and Maniatis, MOLECULAR CLONING: A
LABORATORY MANUAL, 2nd edition (1989).

The detection of only specifically hybridizing sequences will usually require
stringent hybridization and washing conditions such as 0.1 x SSC, 0.1% SDS at 65°C.
As is well-known In the art, the length of the nucleotide sequence and the composition
of the nucleic acid to be determined constitute further parameters of the hybridization

conditions.
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"Specific binding” or "selective binding” as used herein, means that the binder,
e.q. antibody or antigen-binding portion thereof, exhibits appreciable affinity for the
alpha haemolysin or a respective epitope or nucleotide sequence in a heterogeneous
population of molecules. Thus, under designated conditions (e.g., immunoassay or
hybridization conditions), a binder specifically binds to the target alpha haemolysin and
does not bind In a significant amount to other molecules present in a sample. The
specific binding means that binding is selective In terms of target identity, high,
medium or low binding affinity or avidity, as selected. Selective binding is usually
achieved If the binding constant or binding dynamics is at least 10-fold different
(understood as at least 1 log difference), preferably the difference is at least 100-fold
(understood as at least 2 logs difference), and more preferred a least 1000-fold
(understood as at least 3 logs difference) as compared to another target.

The term “specificity” or “specific binding” Is also understood o apply to binders
which bind to one or more molecules, e.g. cross-specific binders. Preferred cross-
specific (also called polyspecific or cross-reactive) binders targeting at least two
different targets or epitopes or nucleotide sequences of such targets or targeting a
cross-reactive epitope or nucleotide sequence on at least two different targets,
specifically bind the targets with substantially similar binding affinity, e.g. with less than
100-fold difference or even less than 10-fold difference.

The term "detection molecule” as used herein shall refer to a molecule or a
complex of molecules that is detectable through a specific characteristic or a label, e.g.
upon a specific binding reaction to alpha haemolysin. Such binding reaction by the
detection molecule can be directly and immediate, or mediated by a separate alpha
haemolysin binder. The label Is typically a molecule or part of a molecule that can be
detected In an assay. Examplary labels are chromophores, fluorochromes, or
radioactive molecules.

The detection molecule may be a specific alpha haemolysin binder as such, or a
molecule detecting the alpha haemolysin through its binding reaction with an alpha
haemolysin binder, e.g., capturing the alpha haemolysin, or the respective binder, or
the alpha haemolysin-binder complex. A detection molecule can be both in one
molecule, the alpha haemolysin binder and the dectection molecule. The label may be
part of the alpha haemolysin binder or used as a separate label or on a detection

molecule separate from the alpha haemolysin binder.
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Preferred detection molecules are specific alpha haemolysin binders which are
labeled by an endogenous label or by a separate label that is e.g. conjugated to the
molecule.

The term “"diagnostic kit” as used herein refers to a kit or set of parts, which In
combination or mixture can be used to carry out the measurement/detection of one or
more analytes or markers to determine a disease or disease condition, or to predict the
disease and particularly the onset of disease, or the disease progression. In particular,
the kit contains at least a detection molecule and/or a binder, wherein the detection
molecule and/or the binder specifically recognizes the analyte or marker, or a reaction
product of such analyte or marker. In aaddition, various reagents or tools may be
included in the kit. The diagnostic kit may comprise any useful reagents for carrying
out the subject methods, including substrates such as microbeads or planar arrays or
wells, reagents for biomarker isolation, detection molecules directed to specific targets,
reagents such as primers for nucleic acid sequencing or amplification, arrays for
nucleic acid hybridization, detectable labels, solvents or buffers and the like, various
linkers, various assay components, blockers, and the like.

A kit may also Include instructions for use In a diagnostic method. Such
instructions can be, for example, provided on a device included In the kit, e.g. tools or
a device o prepare a biological sample for diagnostic purposes, such as separating a
cell and/or protein containing fraction before determining a marker. The kit may
conveniently be provided in the storage stable form, such as a commercial kit with a
shelf-life of at least 6 months.

Specific diagnostic kits also comprise a solid support comprising a detection
molecule or having an immobilized patterned array of detection molecules directed
against markers of interest, preferably including a first region containing a first binding
reagent directed against a first marker and a second region containing a second

binding reagent directed against a second marker.
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In particular, a sandwich format can be used. For example, one or more binder
IS conjugated to a substrate prior to the contacting with a biological sample. The one or
more binder may be conjugated to a detectable label to serve as a detection molecule.
In other embodiments, the one or more binder is conjugated {o a detectable label. In
this configuration, the one or more binders may be conjugated to a substrate prior {o
the contacting with the biological sample to serve as a capture agent. Furthermore, the
one or more binder can be conjugated to a substrate prior to the contacting with the
biological sample, and/or the one or more binder is conjugated {o a detectable label. In
such cases, the one or more binder can act as either or both of a capture agent and a
detection agent.

If more than one analyte or marker is detected, the kit may be provided as a
diagnostic combination kit, which is understood to combine the reagents and tools
suitable for measuring all analytes or markers in one Kit. Such combination kit may be
composed of more than one part, wherein a first part may include a detection molecule
suitable for measuring a first analyte or marker, and additional part(s) which may
iInclude a detection molecule suitable for measuring additional analytes or markers.

The diagnostic kit is specifically provided for use in an immunoassay, wherein
the detection molecule is a specific binder that binds to the analyte or marker by an
Immunoreaction. Such binder may be antibodies or antibody fragments or antibody-like
scaffolds binding to a target antigen.

Suitable immunoassays are any of ELISA, CIA, RIA, IRMA, agglutination assay,
immunochromatography, lateral flow immunochromatographic assay (such as dipstick
assays) and Western-blot. Commercial agglutination assays are available for example
for overnight culture samples to idenlify S. aureus via presence specific S. aureus
surface antigens include detection of Clumping factor or Protein A (e.g. Dry Spot
Staphytect Plus, Oxolid; Pastorex Staph Plus test, Bio-Rad; Slidex Staph-Kit and Slidex
Staph Plus test, bioMérieux) and MRSA specific protein PBP2a (e.g. MRSA latex test,
Hardy Diagnostics; MRSA screen test, Denka Seken Co. Ltd).

It is evident for the skilled person that such assays and test system for the
measurement for alpha haemolysin levels can easily be obtained or generated. The
corresponding test systems and assays need corresponding adjustments and
evaluation in order to standardize the test for the measurement of elevated alpha

haemolysin levels.
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In embodiments wherein the target analyte comprises a protein or polypeptide,
measuring the target may comprise use of mass spectrometry-based screening
methods or mass spectrometry (MS), pepltide mass fingerprinting (PMF; protein
fingerprinting), sequencing, N-terminal amino acid analysis, C-terminal amino acid
analysis, Edman degradation, chromatography, electrophoresis, (two- dimensional) gel
electrophoresis (2D gels), NMR, antibody array, and immunoassay.

Specific diagnostic Kits are provided for use in a molecular genetics assay which
IS suitable for determining the level of relevant oligo or polynucleotides or nucleic
acids. In one embodiment, the amplification of nucleic acid sequences corresponding
or specific to the target analyte or marker is by gene-chip microarray or PCR. In
another embodiment, the amplification i1s by RNA RT-PCR or by immunoPCR. In
another embodiment, the amplification is by cascade amplification. In another
embodiment, the amplification is by ligase chain reaction.

In a specific embodiment, the detection of the amplification product is by gel
electrophoresis, such as agarose gel electrophoresis. In another embodiment, the
detection of the ampilification product is by hybridization with a nucleic acid probe or
other probes. The hybridization can be solid phase or liquid phase. The hybridization
can be dot hybridization with a nucleic acid probe or other probes. The dot
nybridization can be a radioactive dot blot or non-radioactive dot blot. The dot
hybridization can be a dot blot micromethod or another method.

In another specific embodiment, the detection of the amplification product is by
real time fluorescence measurement. In another embodiment, the detection of the
amplification product is by immunoenzymatic assay using anti-RNA:DNA hybrid
antibodies. In another embodiment, the detection of the amplification product is by
nucleic acid probe assay using a fluorescein dye and/or fluorescent dye photometry. In
another embodiment, the detection of the amplification product is by use of
immobilized nucleic acid probes. Examples of substrates upon which the nucleic acid
probes can be immobilized comprise a microplate, a membrane filter, a strip, a tube or
a microchip. In one embodiment, a DNA probe is bound to a solid phase or carrier. A
labeled amplification product is then allowed to bind the DNA probe. The amplification
product can be labeled, for example, with biotin, a colorimetric probe or a fluorescent
dye. The presence of amplification product can then be detected by detection of the
label, or where applicable, by detection of a secondary label that binds to or reacts with

the labeled amplification product, such as horseradish peroxidase, alkaline
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phosphatase, labeled anti-biotin antibody (streptavidin), avidin, avidin-biotin complex or
avidin-streptavidin complex.

The term “level” in relation to a marker or the alpha haemolysin marker Is herein
understood as the level of such marker in a biological sample which is greater than a
reference which is conveniently a standard level, i.e. the level produced by a standard,
or reference control level, i.e. a level produced by a reference control, such reference
may be a cutoff value of the marker.

The elevated level is e.g., significantly higher than the reference. The term
“significant” with respect to the overexpression of the alpha haemolysin marker as
used herein shall refer to at least a two-fold higher amount of the standard deviation,
preferably at least a three-fold difference. In a preferred quantitative determination
method, the expression of the marker is normalized to the median expression of one or
more reference genes, e.g. used as internal control.

With respect to a specific reference value, such as derived from a standard,
fraining data or threshold, a significant elevated or increased amount is understood to
refer to an at least 1.5-fold higher amount, preferably at least 2- or 3-fold difference.

As used herein, the term “cutoff value” refers to a threshold value which
distinguishes subjects who are suffering from a disease or disease condition from
patients and/or subjects who are not suffering from the disease or disease condition,
and in particular distinguishes subjects who are at high risk of disease or disease
progression from patients and/or subjects who are not at such high risk of disease or
disease progression.

In the context of predicting the S. aureus disease or the onset of disease Iin a
subject heavily colonized by S.aureus, an elevated level of alpha haemolysin Is
typically greater than a cutoff value and a non-elevated level of alpha haemolysin is
less than or equal to the cutoff value, which is e.g. the value reflecting the alpha
haemolysin expressed by a non-hemolytic strain (which includes also low-expressors)

In a comparable setling.
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As used herein, the terms “reference” or “control” may be an agent or value that
allows comparison to the result of such diagnostic assays so that conclusions may
reasonably be drawn based on differences or similarities observed. Suitable values are
e.g. predetermined levels of predictability for disease or disease progression, such as
obtained from biclogical sampels of a patient that later developed severe symptoms of
disease or disease progression. In this regard, positive predictive values or negative
predictive values may be used as a reference.

The reference or control as used according to the present invention specifically
refers to the level and/or concentration of alpha haemolysin in a biological sample from
a patient colonized by S. aureus, in specific cases MSSA, who is asymptomatic but
heavily colonized with S. aureus (and may have experienced prior to administration of
an antibiotic treatment), such patient is determined not to develop symptomatic
disease, and in particular VAT or VAP. Such determination of a reference or control
may Include evaluation of a series of samples and the patient's history to determine
which the appropriate reference values are. A control may conveniently be an internal
control or external control.

The levels may be determined in quantitative or semi-quantitative assays. Such
assays typically have read-outs which are concentrations (w/w) or (w/v) or else a value
iIndicating the results compared to a reference, such as a percentage, or "+°, "++", or
“+++", the higher number of "+ indicating the higher values.

Further embodiments refer to functional assays o measure the alpha
haemolysin level. Such assays could involve measuring the hemolysis pattern of S.
aureus isolates cultured on sheep blood agar plates using standard microbiology
methods, with high beta hemolysis pattern (2+, 3+ or 4+) indicating high Hla activity
compared to no or low (1+) beta hemolysis on the sheep blood agar plate.

The determination of the alpha haemolysin level Is typically not by a qualitative
assay only, because the detection of presence or absence of the alpha haemolysin
gene without determining its expression level, would not be predictive of the disease or
disease progression. Thus, a mere assay for determining solely the presence of the
hla gene In the biological sample or in the S. aureus isolate would not be sufficient for
predicting the patient's risk of disease or disease progression. However, the
expression or over-expression of the gene-product (i.e. the expression which Is higher
than a reference) would result in an alpha haemolysin protein level which can be

determined by a quantitative or semi-quantitative method and which is indicative of
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such prediction and therefore be predictive of disease onset in a heavily S. aureus
colonized patient.

The term "marker” herein also termed “biomarker  shall refer to a biological
indicator that reflects disease status or development, but may not necessarily be
involved In the disease process itself. In some early stage S. aureus patients,
antibacterial therapy can be highly effective, providing a significantly improved cure of
disease. Research efiorts are being made to identify and validate markers that can
help iIdentify subsets of patients that will benefit most from such therapy. In addition to
the advantage of such predictive markers, markers are playing an important role in the
development, clinical evaluation and monitoring of S. aureus therapies. Markers can
aid patient selection by allowing stratification and risk assessment and can potentially
predict treatment responses based on the presence or extent of such markers. The
present alpha haemolysin marker may advantageously be used to identify patients at
risk as early as possible.

The present alpha haemolysin marker can be used as a predictive marker, €.g.
as a stand-alone diagnostic or in combination with further diagnostic measures, such
as the determination of further markers (e.g. in a diagnostic combination kit).

In particular, the present alpha haemolysin marker may be used for monitoring
or surveillance. For example, the alpha haemolysin marker can be used for
survelllance purposes supporting the physician predict or monitor the progression of
disease.

The alpha haemolysin marker can also be used in a diagnostic combination kit
employing determination of the alpha haemolysin marker and a further S. aureus
marker, such as PbpZ2a and/or SpA, which is provided as stand-alone diagnostic (i.e.
which provides a diagnosis without further diagnostic measures).

The higher the alpha haemolysin level Iin the test sample, the higher the
likelihood for a fast onset of the disease. It was, for example, surprisingly found that a
higher alpha haemolysin expression (compared to baseline values) is clearly
correlated with a more rapid onset of VAP or VAT. Another important basis of the
present invention is that the correlation of alpha haemolysin level and the onset of
disease appears to be highly significant in those patients which are colonized by
MSSA. Thus, the method of the invention is specifically applied to those patients where
the S. aureus clones are (pre)determined to be MSSA, or which show further indicators

or markers of MSSA or the absence of MRSA indicators or markers.
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The term “onset of disease” Is specifically understood as the timepoint when a
subject develops symptoms of a disease leading to a diagnosis. By predicting the
onset of disease, a risk determination is provided which provides for the ability of the
skilled person to identify a subject that i1s susceptible to the disease with a high risk,
such that the subject may receive a respective therapy even before the disease Is
diagnosed.

The marker may be directly determined as an analyte targeted by an assay,
which may determine the marker level. The alpha haemolysin is specifically
understood as an in vifro marker of S. aureus disease onset, specifically in patients
that are colonized by MSSA. Such an in vitro marker is conveniently determined by an
in vitro method, e.g. in a biological sample of the patient ex vivo.

Besides the alpha haemolysin marker, there may be other markers of S. aureus
or the associated disease onset or characterization of the disease to aid treatment
which are further determined by a qualitative, semi-quantitative or quantitative assay,
e.g. by a diagnostic combination method or kit. Among the other markes there are
virulence factors, such as exotoxins, endotoxins or surface proteins, antibiotic
resistance markers, such as methicillin encoded by the SCCmec, other resistance
genes that dominantly came from (horizontal) gene transfer of mobile genetic elements
e.g. beta-lactamase, kanamycin-resistance, erythromycin-resistance, etc., specific
bacterial components, non-proteinaceous factors such as WTA and LTA, capsular
polysaccharides, genes expressing any of cytotoxin, virulence factors, secreted and
surface proteins, or respective gene expression products.

The virulence of S. aureus is due to a combination of numerous virulence
factors, which Include surface-associated proteins that allow the bacterium to adhere
to eukaryotic cell membranes, capsular polysaccharide and surface protein A (SpA)
that protects it from opsonophagocytosis, and several exotoxins. S. aureus causes
disease mainly through the production of secreted virulence factors such as
hemolysins, enterotoxins and toxic shock syndrome toxin. These (secreted) virulence
factors suppress the immune response by inactivating many cellular and humoral
Immunological mechanisms in the host, and cause cell and tissue destruction and help
establish the infection. The latter is for example accomplished by a group of pore

forming toxins, the most prominent of which is Hia.
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S. aureus produces a diverse array of further virulence factors and toxins that
enable this bacterium to neutralize and withstand attacks by different kinds of immune
cells, specifically subpopulations of white blood cells that make up the body's primary
defense system. The production of these virulence factors and toxins allows S. aureus
to maintain a pathogenic state. Among these virulence factors, S. aureus produces
several bi-component leukotoxins, which damage membranes of host defense cells
and erythrocytes (e.g. for nutrient acquisition) by the synergistic action of two non-
associated proteins or subunits. Among these bi-component toxins, gamma-hemolysin
(HIgAB and HIgCB), LukGH (LUKAB) and LUkSFH/PVL are the best characterized.

The toxicity of the leukocidins towards mammalian cells involves the action of
two components. The first subunit is named class S component, and the second
subunit is named class F component. The S and F subunits act synergistically to form
pores on e.g. white blood cells including monocytes, macrophages, dendritic cells and
neutrophils (collectively known as phagocytes). The repertoire of bi-component
leukotoxins produced by S. aureus is known to include cognate and non-cognate pairs
of the F and S components, e.g. gamma-hemolysins, PVL toxins and PVL-like toxins,
including HIgAB, HigCB, LukSF, LukED, LukGH, LukS-HigB, LukSD, HigA-LukD,
HIigA-LukF, LukG-HIgA, LukEF, LukE-HigB, HigC-LukD or HigC-LukF.

In one embodiment, the alpha haemolysin level Is determined, and in addition
another marker indicative of MSSA or indicative of the absence of MRSA is
determined. For example, the other marker could be penicillin-binding protein 2a
(PBPZ2a), or its cognate gene (mecA) or an expression product of the mecA gene,
which Is a determinant for MRSA. The absence of such other markers would indicate
that the patient is colonized by MSSA. Therefore, if the alpha haemolysin level is
measured as an indicator of disease onset and the other marker is indicating that the
S. aureus is MSSA, the antibacterial therapy would be strongly indicated. A further
embodiment includes separate or parallel detection of a specific S. aureus marker, for
example S. aureus Protein A to confirm that the colonizing bacterium in the biological
sample Is S. aureus. Although alpha haemolysin itself is a S. aureus specific protein,
iInclusion of a further S. aureus marker such as S. aureus Protein A would act as a
‘positive control’ or ‘alternative marker’ to confirm the presence of S. aureus as the

colonizing bacterium in the absence of a positive signal for alpha haemolysin.
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The term °S. aureus Infection” is understood In the following way:
Staphylococcus aureus Is a Gram-positive, coccal bacterium that is a member of the
Firmicutes, and is frequently found in the human respiratory tract and on the skin. It is
positive for catalase and nitrate reduction. Although asymptomatic nasal colonization
with S. aureus Is common, the carriage of S. aureus i1s an important determinant of
nosocomial infection. Spread of S. aureus (Including MSSA and MRSA) generally is
through human-to-human contact. Transmission of the pathogen is facilitated in
medical settings where either healthcare worker hygiene or
disinfection/decontamination strategies are insufficient. Introduction of the bacteria into
the bloodstream can lead to various complications, including, but not limited to,
endocarditis, meningitis, and if it is widespread, sepsis.

VAT is defined as an acute infection of the tracheobronchial tree without
involvement of pulmonary parenchyma in a patient intubated and mechanically
ventilated for 2 48 hours. Two conditions must be present: (i) Positive ETA cultures for
>10°> CFU/mL or moderate or heavy (+++ (3+) or ++++ (4+)) bacterial growth of S.
aureus and (ii) at least two of the following clinical signs and symptoms of infection:
leukocytosis, fever or hypothermia, and purulent respiratory secretions.

VAP represents an acute infection of the pulmonary parenchyma in a patient
intubated and mechanically ventilated for a minimum of 48 hours. Three conditions
must be present: (i) Positive ETA cultures for 210° CFU/mL or moderate or heavy (+++
(3+) or ++++ (4+)) bacterial growth of S. aureus, (i) at least two of the following clinical
signs and symptoms of infection: leukocytosis, fever or hypothermia, and purulent
respiratory secretions, and (i) presence of a new and progressive Infiltrate on a chest
radiograph or C1 scan.

S. aureus disease Is specifically understood as a disease caused by S. aureus
infection. In addition to VAT and VAP, such diseases include local and systemic
disease. Severe cases of disease are e.g. bacteremia, sepsis and seplic shock,
pneumonia and chronic wound infection.

In general, bacteremias caused by S. aureus may be successfully treated with
known conventional antibacterial therapy, such as treatment with antibiotics, steroid
and non-steroid inhibitors of inflammation, and/or iImmunotherapy, e.g. employing
antibodies specifically recognizing one or more S. aureus toxins, anti-bacterial or anti-
iInflammatory agents. Exemplary antibiotics used for treating patients with S. aureus

infection are tigecycline, linezolid, methicillin and/or vancomyecin.
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However, with the recent emergence of strains of antibiotic-resistant bacteria,
treating bacteremias of this nature has become significantly more difficult. Patients
who develop S. aureus disease have longer hospital and ICU stays, high mortality, and
greater health care costs than patients without S. aureus disease. Patient care may be
improved and nosocomial infections may be reduced by preventing, rather than
treating, S. aureus disease prophylaxis when a patient is heavily colonized by S.
aureus.

The term “subject” as used herein shall refer to a warm-blooded mammalian,
particularly a human being or a non-human animal. S. aureus Is a critically important
human pathogen that is also an emerging concern in veterinary medicine. It is present
N a wide range of non-human animal species. Thus, the term “subject” may also
particularly refer to animals including dogs, cats, rabbits, horses, catlle, pigs and
poultry. In particular the medical use of the invention or the respective method of
freatment applies to a subject in need of prophylaxis or treatment of a disease
condition associated with a S. aureus infection. The subject may be a patient at risk of
a S. aureus Infection or suffering from disease, including early stage or late stage
disease. The term “patient” Includes human and other mammalian subjects that
recelve either prophylactic or therapeutic treatment. The term “treatment” is thus meant
to include both prophylactic and therapeutic treatment.

A subject is e.g. treated for prophylaxis or therapy of S. aureus disease
conditions. In particular, the subject is treated, which is either at risk of infection or
developing such disease or disease recurrence, or a subject that is suffering from such
infection and/ or disease associated with such infection.

opecifically the term “prophylaxis® refers to preventive measures which Is
intended o encompass prevention of the onset of pathogenesis or prophylactic
measures to reduce the risk of pathogenesis.

Specifically, the treatment may be by interfering with the pathogenesis of S.
aureus as causal agent of the condition, wherein the pathogenesis includes a step of
forming a pore on the subject's cellular membrane, e.g. by the specific virulence
factors or toxins.

Therefore, the present invention provides for a method and diagnostic tool for
practitioners to determine whether a heavily colonized patient is likely to develop S.
aureus infection and diseases caused by colonizing bacteria is fast or slow or whether

S. aureus colonization has the potential of a fast or slow disease onset. The alpha
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haemolysin level of biological samples and S. aureus isolates turned out to be
surprisingly predictive for virulence. This is of particular importance since the clinical
avenues to be taken in order to ameliorate the medical condition of a patient colonized
by S. aureus (human as well as non-human patients) depends on the prediction how
the disease will develop or progress, as early as possible. In short, the present
invention provides for the teaching that a clear and strong correlation between the
alpha haemolysin level (and/or indicators of MSSA) and the onset of disease caused
by S. aureus can be drawn.

It turned out that S. aureus isolates from endotracheal aspirates (ETA) obtained
by serial sampling of ventilated patients heavily colonized with S. aureus could be
indicative of onset of VAT or VAP. According fo an example, serial S. aureus ETA
Isolates from ventilategd patients were analyzed and alpha haemolysin activity was
determined by semi-quantitative analysis of hemolysis on blood-agar and guantitative
measurement of cytolysis of human lung epithelial cells.

The majority of VAP cases were caused by MSSA, and MRSA Isolates were
mainly recovered from colonized patients. High alpha haemolysin activity in MSSA, but
not MRSA, isolates was a marker for the S. aureus disease or disease progression {o
or the presence of VAP. The sheep blood agar hemolysis test, iIs a simple assay that
can be performed in routine microbiological laboratories to measure alpha haemolysin
activity and serve as predictor for VAP in ventilated patients colonized with MSSA
Isolates. These findings may expedite (i) prevention of VAT or VAP using prophylactic
measure or (i) initiation of earlier therapy on the onset of symptoms and therefore
disease onset and earlier use of antibiotic therapy that both may translate info
improved patient outcomes, such as overall survival.

Airway colonization by MSSA strains with high alpha haemolysin production is a
valuable predictor for VAP. The present invention may help differential diagnosis and
patient management, e.q., earlier use of targeted (narrow spectrum) antibiotic therapy.

The methods and diagnostic kits of the invention may be particularly useful for
predicting and/or monitoring the S. aureus disease or the disease progression, e.g., by
determining the alpha haemolysin level in a series of biological samples from a patient.
An Increase of the alpha haemolysin level over time would indicate the increase of the
risk of disease or disease progression.

The following definitions are considered specific embodiments of the present

invention:
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1. A method for the prediction of S. aureus disease In a subject heavily
colonized by S. aureus but not showing any symptom of S. aureus disease, said
method comprising the step of determining the alpha haemolysin level in a biological
sample of said subject as compared to a standard or reference control, wherein an
elevated alpha haemolysin level is indicative of the onset of S. aureus disease.

2. The method of definition 1, wherein the subject is not showing any symptom
of S. aureus disease which is any of the clinical symptoms leading to diagnosis of
bronchitis, specifically ventilator-associated tracheobronchitis (VAT), pneumonia,
specifically ventilator-associated pneumonia (VAP), sepsis, speciiically severe sepsis,
or chronic wound infection.

3. The method of definition 1 or 2, wherein the alpha haemolysin level is
indicative of the onset of S. aureus disease, which iIs selected from the group
consisting of bronchitis, specifically VAT, pneumonia, specifically VAP, sepsis,
specifically severe sepsis, or chronic wound infection.

4. The method of any of definitions 1 to 3, wherein the subject Is colonized by S.
aureus as determined by a method of determining the presence of the bacterium or a
bacterial marker indicative of S. aureus, preferably by a method of determining the
gene expressing said marker, an expression product of said gene, or using standard
microbiological techniques.

5. The method of any of definitions 1 to 4, wherein the subject is a mechanically
ventilated patient and heavily colonized with S. aureus in the lower airways.

6. The method of any of definitions 1 to 5, wherein the biological sample is a
body fluid or tissue sample, preferably selected from the group consisting of a blood
sample, stool sample, skin sample, urine sample, cerebrospinal fluid, and a respiratory
tract specimen such as endotracheal aspirates, pleural fluid, lung tap, nasal swab or
sputum.

/. The method of any of definitions 1 to 6, wherein said determination of the
alpha haemolysin level comprises a semi-guantitative or quantitative measurement of
alpha haemolysin expression or activity.

8. The method of any of definitions 1 to 7, wherein the level of alpha haemolysin
s determined by an immunoassay, preferably any of ELISA, CIA, RIA, IRMA,
agglutination assay, immunochromatography, lateral flow Immunochormatographic
assay (such as a dipstick assay) and Western-blot, mass-spectrometry, NMR, or a

method of determining corresponding DNA or RNA Indicative of alpha haemolysin,
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preferably employing a nucleic acid hybridization assay or a nucleic acid amplification
assay.

9. The method of any of definitions 1 to 8, wherein said standard or reference
control is a predetermined alpha haemolysin level indicative of the onset of S. aureus
disease or disease progression, or obtained from a S. aureus strain expressing low,
medium or high alpha haemolysin.

10. The method of definition 9, wherein the standard or reference control is a
predetermined alpha haemolysin amount or activity which is higher than the alpha
haemolysin level expressed by a S. aureus strain expressing no alpha haemolysin or a
low level of alpha haemolysin.

11. The method of any of definitions 1 to 10, which further comprises the
measurement of at least one additional marker indicative of S. aureus colonization.

12. The method of definition 11, wherein said measurement of the at least one
additional marker comprises the determination of a gene expressing any S. aureus
specific bacterial component or the respective gene expression product of any S.
aureus specific bacterial component, other than alpha haemolysin, preferably selected
from the group consisting of

1) S. aureus Protein A;

i) a S. aureus antibiotic resistance marker preferably at least any of PBP2a, the
mecA gene or an expression product of the mecA gene;

i) any other S. aureus antigen Including a S. aureus cytotoxin, preferably
PVL/LUkSF, LukGH (LUKAB), gamma-haemolysin, LUKED; S. aureus virulence factors,
secreted and surface proteins; or any S. aureus specific compounds such as
lipoteichoic acid, and

i) a combination of any of the bacterial components of 1), ii) and/or i),
preferably determining as additional markers at least S. aureus Protein A and PBPZ2a.

13. Use of alpha haemolysin as an in vitro marker for the onset of ventilator-
associated respiratory infections, tracheobronchitis or pneumonia, in a subject heavily
colonized with S. aureus but not showing any symptom of S. aureus disease.

14. Use of a specific detection molecule for alpha haemolysin for the
preparation of a diagnostic composition for determining the disease onset of ventilator-
assoclated respiratory infections, tracheobronchitis or pneumonia, in a subject heavily

colonized with S. aureus but not showing any symptom of S. aureus disease.
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15. The use of definition 14, wherein the detection molecule is an alpha
haemolysin binder selected from the group consisting of an antibody, antibody
fragment, cellular receptor or ligand, or a nucleotide sequence hybridizing to the alpha
haemolysin gene or an expression product of said gene.

16. Use of an alpha haemolysin diagnostic kit in a method of any of definitions 1
fo 12, preferably wherein the kit comprises a specific detection molecule for alpha
haemolysin.

17. An alpha haemolysin diagnostic kit comprising one or more reagents
capable of specifically reacting with the S. aureus alpha haemolysin expression
product and/or a specific detection molecule suitable for determining the level of alpha
haemolysin, which Is provided in the storage-stable form, preferably as a packaged
unit.

The present invention is further illustrated by the following examples without

being limited thereto.

The isogenic S. aureus hla gene-deletion mutant was generated Iin the
sequenced, USA300 CA-MRSA strain TCH1516 (ATCC® BAA1717™ LGC

otandards, Teddington, UK) with homologous recombination based on previously

published methods [15] using the primer-pairs listed in Table 1 and the pKFT gene-

deletion vector, a previously reported shuttle-vector for E£. coli and S. aureus [10].
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Table 1: Primers used (enzymatic restriction sites: underlined; fusion overlaps: italic)

CTGTCGCTAATGCCGCAGATTC
gene- i (SEQID 3
typing GAAGTCCAGTGCAATTGGTAGTC
LST_0002 (SEQID 4
0.l ST 0041 CCGCGGATCCCTATTAGATATTTCTATGTAATGGC
- (SEQID 5
CCCATCCACTAAACTTAAACACATCATCCTTCTATTTTTT
ko-LST_0042
gene- - (SEQID®6
deletion TGTTTAAGTTTAGTGGATGGGGTAAATTATTTGTTCATGTACAAA
ko-LST_0043
- (SEQID 7
ko-LST 0044 (TSGE%CISCGCGTTAATTTCCCAATCATTAAAAACC

gar Hemolysis Test
S. aureus isolates were incubated for 16 h at 37°C on Columbia agar containing 5%
sheep-blood (COS, bio

evaluated after a subsequent incubation for 24 h at 4°C. This test was performed with

erieux, Marcy-I'Etoile, France). The hemolysis profiles were

three different clones of the same isolate and results evaluated by three different

individuals.

Evaluation of the Cytotoxicity of S. aureus Culture Supernatants Using a

Human Alveolar Epithelial Cell Line,
vtotoxicity assays were performed using a human alveolar epithelial cell line
(AS549 ATCC™ CCL-185™, LGC Standards, Teddington, UK) and bacterial culture

B

supernatants of bacteria grown overnight in tryptic soy broth (TSB, Sigma-Aldrich,

Steinheim, Germany).

Cells were grown as adherent cultures in Ham's F12-K medium (Gibco
LifeTechnologies, Paisley, UK) supplemented with 1x penicillin-streptomycin solution

10x stock, P

Sigma-Aldrich) in 175 cm” tissue culture treated cell culture flasks. For the cytotoxicity

Laboratories, Pasching, Austria) and 10% fetal calf serum (FCS,

assays, 2x10° cells were seeded in cell culture medium, into 96-well half-area plates
16 h prior to the experiment. On the day of the experiment, the cell culture medium
was removed and 50 ul of bacterial culture-supernatants (serial dilutions in TSB) were
added. Cells were incubated (3 h, 37°C, 5% CO;) prior removal of the medium,
washing with 100 ul cell culture medium and incubation (3 h, 37°C, 5% CO2) in 50 pl

fresh cell culture medium (F12-K medium+ 5% FCS). Cell viability was measured (Cell
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Titer-Glo® Luminescent Cell Viability Assay Kit, Promega, Madison, WI, USA) at
990/35 nm in a microplate reader (Synergy HT, BioTek, Bad Friedrichshall, Germany).
Assay data are presented as “Cytotolytic Index” being the EC50-values representing
the fold-dilution of culture-supernatant needed to reach half-maximal cytolysis,
5 calculated based on the determined titration-curves using the Prism 6 (GraphPad, La
Jolla, CA, USA) software-package. Statistical analyses were performed using the
Prism © software-package. Kruskal-Wallis (non-parametric) test was applied as a
global test for significance. Individual groups were statistically compared by Wilcoxon
signed rank test if P<0.05 was obtained by the global test (indicated as p-values).

10  For Hia-inhibition experiments, bacterial culture-supernatants were pre-incubated with
a constant concentration (10 ug/mi; 66.67 nM) of a single-specific, monoclonal anti-Hla
antibody (Arsanis Biosciences, Vienna, Austria; alternatively, any specific anti-alpha
haemolysin monoclonal antibody or a commercially available anti-haemolysin antibody
can be used such as available from IBT, catalogue number 04-0010) prior to

15  incubation with cells. Percent cell-viability was calculated relative to mock-treated cells,
with recombinant Hla and an isotype-matched control mADb being included as positive

and negative assay controls, respectively.

Sheep-Blood Agar Hemolysis Patterns

20 Upon culturing the S. aureus isolates on sheep-blood agar, we detected a broad
range of hemolytic activities (Figure 1). The majority of isolates displayed a hemolysis
pattern characteristic for alpha-hemolysin (Hla) causing beta-hemolysis and a clear
halo on sheep-blood agar plates. A few isolates showed hemolysis with a turbid halo,
which is typical for beta-hemolysin (Hlb) production of S. aureus. The presence of the

25 functional hib gene in these isolates was confirmed by PCR (data not shown). The
reported sheep-blood agar hemolysis test, is a simple assay that can be performed in

routine microbiological laboratories to measure alpha-hemolysin activity.
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Hia-Activity In S. aureus Culture-Supernatanis can be Specifically

a Human Lung Epithelial Cell Line

Determined with a Cytotoxicity Assay using

To determine the in vitro activity of Hla, we evaluated the specificity of the A549
cytotoxicity assay for Hla. This was demonstrated in two ways: (/) By the lack of cell
lysis by a hla gene-deletion mutant S. aureus strain (TCH1510, USA300) (Figure 2A)
and (1) In the presence of an Hla-neutralizing monoclonal antibody using culture-
supernatants of different, strongly beta-hemolylic S. aureus clones as determined by
the sheep-blood agar assay (Figure 2B).

These data reflect the specificity of the A549 cytotoxicity towards Hia-activity
which can therefore support the evaluation of Hla-activity as a biomarker for Hia-

inauced virulence of 8. aureus isolates.

9 Cytotoxicity Assay

To correlate the beta-hemolytic profiles on sheep-blood agar with alpha-
hemolysin activity, we determined the cytolytic capacity of serially diluted overnight
culture supernatants from S. aureus isolates using the human lung alveolar epithelial
cell line (A549).

Similarly to blood agar hemolysis, a great variation in alpha-hemolysin activity
measured Iin the A549 viability-assays was observed among the S. aureus isolates,
importantly, with good correlation between the two assays (Figure 3A).

MSSA strains, obtained from VAP patients, were found to be more cytotoxic
than those obtained from VAT (P=0.0313) or colonized patients (Figure 3B) based on
group median values without reaching statistical significance for the latter if evaluated
by non-parametric Kruskal-Wallis test probably due to low sample numbers.

These results provide evidence that carriage of highly hemolylic strains is a
strong correlator for VAP.

The diagnosis of VAP is not clearly differentiated from VAT. Especially VAP
diagnosis (diagnosis of a new or progressive infiltrate on chest radiograph in addition
to VAT) can be difficult and sometimes needs interpretation of chest radiographs by
several specialists to find a consolidated diagnosis. Further there are regional
differences in providing data for the respective VAP or VAT diagnosis. Therefore, the

subject matter of the invention refers to VAP and/or VAT.
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The data further support the finding that the activity of Hla (i) can be determined
by sheep-blood agar hemolysis as well as the A549 lung epithelial cell assay with good
correlation and (i) serves as a potent predictor for VAP In ventilated patients colonized
with MSSA isolates. The present results provide evidence that enhanced disease (e.g.
upon heavy colonization) is strongly associated with highly hemolytic MSSA strains. In
certain cases, MRSA strains can also express high levels of toxin(s). Therefore, the
present results would further support the correlation with highly hemolytic MRSA
strains.

These findings may expedite initiation of earlier therapy to improve patient
outcomes through earlier use of targeted antibiotic therapy that may translate Into
Improved patient outcomes, such as decreased ventilator days and length of ICU stay.

Detectable, heavy airway colonization is a prerequisite for development of
disease. Therefore even asymptomatic patients who do not manifest the
corresponding symptoms, yet can be at high risk for developing such symptoms and
disease. Such risk can be detected at an early time-point which significantly supports
an early diagnosis and initiation of treatment.

Prior assessment of sputum or endotracheal aspirate samples obtained from
patients, samples are stabilized in a buffer containing N-acetylcystein to reduce the
mucold. Human blood and serum samples are obtained by standard blood withdrawal
procedures In sterile collection tubes optionally supplemented with anticoagulants such
as Li-heparin or Ko-EDTA. Urine and stool samples can be used directly as they are
taken from the patient. For the detection of alpha-hemolysin, samples may be diluted
In buffers suitable for the downstream application such as protein detection and/or

nucleotide detection methods.
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SA based detection of the alpha-hemolysin protein
This procedure exemplifies the ELISA based detection of the alpha-hemolysin
as protein (Hla) from bacterial samples such as culture (supernatants) and/or human

biological samples such as endotracheal aspirates.

For the detection of Hla, appropriate flat-bottom 96-well plates (e.g. MaxiSorp®,
Nunc) are coated with serial fold-dilutions of the corresponding sample material and
purified, recombinantly expressed Hla (for quantification) in duplicates or triplicates.
Dilutions are prepared In coating buffer such as phosphate-buffered saline (PBS).
Plates are incubated at 4°C for approximately 16 h to allow optimal coating efficiency.
After removing the coating solutions, plates are blocked by adding blocking-solution
(e.g. 200 ul 2% bovine serum albumin (BSA) in PBS) and incubation at room-
temperature for at least 1 h. Following three washing cycles (e.g. three-times 200 pul of
0.005% Tween in PBS) plates are incubated at room-temperature for 1h with an anti-
Hla mAb dilution (e.g. 100 ul mAb diluted at 1 ug/ml in 1% BSA supplemented with
0.05% Tween). Following three washing cylces (same procedure as above) a
secondary detection antibody (species-matched for the constant-domain of the anti-Hla
mAb (for example, any specific anti-alpha haemolysin monoclonal antibody or a
commercially available anti-haemolysin antibody available such as available from IBT,
catalogue number 04-0010) and e.g. conjugated with horseradish peroxidase (HRP) or
a fluorochrome; e.g. 100 ul of a 1:5000 dilution in 1% BSA supplemented with 0.05%
Tween) is used for incubation at room-temperature for 1 h. Following another washing
cycle (same procedure as described above), either (1) developing solution (e.g. ABTS
for enzymatic reaction with HRP) is added and incubated at room-temperature for
20min in the dark and the reaction stopped with sulfuric acid prior reading the
absorption of the color-reaction at 405 nm, or (ii) the fluorescence Intensity is
measured directly (absorption and emission spectra being dependent on the
fluorochrome used for antibody conjugation). Applying linear regression analyses on

the signals obtained from the used standard-calibration with recombinant Hia, the

amount of Hla in the test-samples can be guantified.
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gene and ifs expression

As a template for the (quantitative real-time RT-) PCR-based detection of hla
(the gene and/or transcription product) DNA or RNA is isolated from S. aureus (directly
applying a colony-PCR or by applying high-quality purification methods prior subjecting
the template to PCR). Using gene-specific primers (to amplify the hla gene and a
housekeeping gene such as 165 RNA, designed using molecular biology techniques
as known in the art) in a PCR-based amplification reaction, the hla gene can be
amplified and the amplicon can be visualized (e.g. by running the reaction on an
agarose gel stained with an Intercalating DNA dye). For the gquantitative (q)-PCR the
transcription-product of hla (an RNA) is transcribed into cDNA (reverse transcription,
RT) and subsequently amplified. For gquantification in the g-PCR step, fluorescence
probes (e.g. SYBR green, TagMan probes) are used, where the fluorescence-signal
obtained during the exponential amplficiation correlates with the amount of DNA being
amplified in real-time. This quantification allows the specific expression-profiling of the
hla-gene In different biological samples but also in different growth phases of S. aureus

and different growth conditions that might be tested.

Functional assay for the detection of the alpha-hemolysin protein

A functional assay testing qualifying and semi-quantifying the expression of Hla
IS in line with the detailed description of the blood-agar hemolysis determination. In this
assay, the Hla activity can be easily measured and a readout of 2+, 3+, or 4+ (Figure

1) Is Indicative for high Hia-activity and can be correlated {o disease progression.

A diagnostic combination kit may be used for detection of proteinaceous and
non-proteinaceous bacterial factors associated with S. aureus infection and disease.
This diagnostic kit can, for example, be used in a lateral flow iImmunochromatographic

assays (such as dipstick tests) format which Is exemplified as following.
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Potential bacterial antigen targets to be tested for in a combined format could be
(1) Alpha haemolysin as a biomarker for severity of a S. aureus infection and prediction
for the onset of S. aureus disease in heavily colonized patients, (ii) PBPZa which is the
methicillin-resistance marker allowing differentiation between MSSA and MRSA strains
and (i) cell-wall components such as lipoteichoic acid or wall-teichoic acid, or cell
surface S. aureus specific Protein A which allow the confirmation of S. aureus
colonization and/or specific detection of S. aureus also from patients co-infected with
other Gram positive pathogens which might be detected in the sample taken. These
antigens could for example be detected in ETA samples that are, for example routinely
taken from ventilated patients in the intensive care unit by bronchoalveolar lavage. In
an alternative setting, the antigens could also be detected from other bodily fluids that
are routinely taken in hospital settings including blood, serum, sputum, urine and stool.
Specific monoclonal antibodies would be used to detect the presence or absence of
the antigens listed above either alone or in combination.

In the dipstick format, the test sirip can consist of a ribbon made paper or plastic
with pads which are impregnated with a substance or reagent such as a monospecific,
monoclonal antibody, specifically reactive with the S. aureus antigens to be detected.
A positive control could be included that enabled detection of an antigen specific for
the bodily fluid being analysed to confirm correct functioning of the lateral flow assay.
Dipsticks might be used as gualitative strips, which solely determine the presence or
absence of S. aureus associated factors, or semi-quantitative strips which in addition
fo providing the gualitative readout, also provide an estimation of a quantitative result
where a colour reaction is approximately proportional to the concentration of the
substance being tested for in a sample. The strips are partly or completely immersed In
the well mixed sample of the bodily fluid being analysed for a short time, extracted
from the container, supporting the edge of the strip over the mouth of thereof {o
remove excess sample. This is followed by an incubation at room temperature for a
few minutes prior reading the results by comparing the colours to a color scale
provided together with the strip. For semi-quantiative readout the e.g. the intensity of
the color reaction can be compared to a standardized colour-scale provided together
with the strip and for example being reported as trace, 1+, 2+, 3+ and 4+ and/or an

estimated amount of each detected factor in e.g. milligram per decilitre.
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In a certain assay format (e.qg., lateral flow format), strips are partially immersed
in the well mixed sample of the bodily fluid being analyzed for a short time and
extracted from the container. This is followed by an incubation at room temperature In
order {o enable sample flow to impregnated pads for a few minutes prior reading the
results. Results are read by the operator and S. aureus markers are detected
qualitatively as e.g. visible bands at the designated positions on the assay strip.

In certain assay formats, the readout can also be automated and thus be highly
standardized Iin the clinic, for example using a digitalized system as a readout of the
assay. As an example, the test sample is absorbed to the test-strip and transported by
caplllary-forces to the reaction field — here the reaction (mostly chemical) takes place
and the electrons produced by this reaction are determined electrochemically
(amperometry or colourimetry).

Alternatively the detecting antibodies are immobilized on a "sensor and directly

detecting the analyte.
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1. A method for the prediction of S. aureus disease In a subject heavily
colonized by S. aureus but not showing any symptom of S. aureus disease, said
method comprising the step of determining the alpha haemolysin level in a biological
sample of said subject as compared to a standard or reference control, wherein an
elevated alpha haemolysin level is indicative of the onset of S. aureus disease.

2. The method of claim 1, wherein the subject is not showing any symptom of S.
aureus disease which is any of the clinical symptoms leading to diagnosis of bronchitis,
specifically ventilator-associated tracheobronchitis (VAT), pneumonia, specifically
ventilator-associated pneumonia (VAP), sepsis, specifically severe sepsis, or chronic
wound infection.

3. The method of claim 1 or 2, wherein the alpha haemolysin level is indicative
of the onset of S. aureus disease, which is selected from the group consisting of
bronchitis, specifically VAT, pneumonia, specifically VAP, sepsis, specifically severe
sepsis, or chronic wound infection.

4. The method of any of claims 1 to 3, wherein the subject is colonized by S.
aureus as determined by a method of determining the presence of the bacterium or a
bacterial marker indicative of S. aureus, preferably by a method of determining the
gene expressing said marker, an expression product of said gene, or using standard
microbiological techniques.

5. The method of any of claims 1 to 4, wherein the subject is colonized in the
nose or nasopharynx, and the subject is undergoing intubation.

6. The method of any of claims 1 to 5, wherein the subject iIs a mechanically
ventilated patient and heavily colonized with S. aureus in the lower airways.

/. The method of any of claims 1 to 6, wherein the biological sample is a body
fluid or tissue sample, preferably selected from the group consisting of a blood sample,
stool sample, skin sample, urine sample, cerebrospinal fluid, and a respiratory tract
specimen such as endotracheal aspirates, pleural fluid, lung tap, nasal swab or
sputum.

8. The method of any of claims 1 to 7, wherein said determination of the alpha
haemolysin level comprises a semi-quantitative or quantitative measurement of alpha

haemolysin expression or activity.
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9. The method of any of claims 1 to 8, wherein the level of alpha haemolysin is
determined by an immunoassay, preferably any of ELISA, CIA, RIA, IRMA,
agglutination assay, iImmunochromatography, preferably lateral flow
immunochromatographic assays, such as dipstick tests, and Western-blot, mass-
spectrometry, NMR, or a method of determining corresponding DNA or RNA indicative
of alpha haemolysin, preferably employing a nucleic acid hybridization assay or a
nucleic acid amplification assay.

10. The method of any of claims 1 to 9, wherein said standard or reference
control is a predetermined alpha haemolysin level indicative of the onset of S. aureus
disease or disease progression, or obtained from a S. aureus strain expressing low,
medium or high alpha haemolysin.

11. The method of any of claims 1 to 10, wherein the standard or reference
control is a predetermined alpha haemolysin amount or aclivity which is higher than
the alpha haemolysin level expressed by a S. aureus strain expressing no alpha
haemolysin or a low level of alpha haemolysin.

12. The method of any of claims 1 to 11, which further comprises the
measurement of at least one additional marker indicative of S. aureus colonization.

13. The method of claim 12, wherein said measurement of the at least one
additional marker comprises the determination of a gene expressing any S. aureus
specific bacterial component or the respective gene expression product of any S.
aureus specific bacterial component, other than alpha haemolysin, preferably selected
from the group consisting of

1) S. aureus Protein A;

1) a S. aureus antibiotic resistance marker preferably at least any of PBPZ2a, the
mecA gene or an expression product of the mecA gene;

i) any other S. aureus antigen including a S. aureus cylotoxin, preferably
PVL/LUkSF, LukGH, gamma-haemolysin, LUKED; S. aureus virulence factors, secreted
and surface proteins; or any S. aureus specific compounds such as lipoteichoic acid,
and

i) a combination of any of the bacterial components of 1), ii) and/or ii),
preferably determining as additional markers at least S. aureus Protein A and PBP2a.

14. Use of alpha haemolysin as an in vitro marker for the onset of ventilator-
assoclated respiratory infections, tracheobronchitis or pneumonia, in a subject heavily

colonized with S. aureus but not showing any symptom of S. aureus disease.
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15. Use of a diagnostic composition comprising a specific detection molecule for
alpha haemolysin for determining the disease onset of ventilator-associated respiratory

infections, tracheobronchitis or pneumonia, In a subject heavily colonized with S.

aureus but not showing any symptom of S. aureus disease.
5 16. The use of claim 15, wherein the detection molecule Is an alpha haemolysin

binder selected from the group consisting of an antibody, antibody fragment, cellular

receptor or ligand, or a nucleotide sequence hybridizing to the alpha haemolysin gene

or an expression product of said gene.
17. Use of an alpha haemolysin diagnostic kit in a method of any of claims 1 to

10 13, wherein the kit comprises a specific detection molecule for alpha haemolysin.
18. Use of an alpha haemolysin diagnostic kit in a method of any of claims 1 to
13, wherein the diagnostic kit comprises one or more reagents capable of specifically
reacting with the S. aureus alpha haemolysin expression product and/or a specific

detection molecule suitable for determining the level of alpha haemolysin, which is

15  provided in the storage-stable form, preferably as a packaged unit.
19. The use according to claim 18, wherein the diagnostic kit is a diagnostic

combination kit comprising
a) a Kit comprising one or more reagents capable of specifically reacting with the

S. aureus alpha haemolysin expression product and/or a specific detection molecule

20  suitable for determining the level of alpha haemolysin; and
b) a kit comprising a reagent and/or a specific detection molecule suitable for

determining a gene expressing a S. aureus specific bacterial component or the
respeclive gene expression product of a S. aureus specific bacterial component, other

than alpha haemolysin, preferably selected from the group consisting of

25 1) S. aureus Protein A;
i) a S. aureus antibiolic resistance marker preferably at least any of PBP2a, the

mecA gene or an expression product of the mecA gene;
i) any other §. aureus antigen Including a S. aureus cylotoxin, preferably
PVL/LukSF, LUukGH, gamma-haemolysin, LUKED; S. aureus virulence factors, secreted

30 and surface proteins; or any S. aureus specific compounds such as lipoteichoic acid,

and
i) a combination of any of the bacterial components of 1), 1I) and/or i),

preferably determining as additional markers at least S. aureus Protein A and PBP2a.
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Fig. 4

SEQ ID 1
ATGAAAACACGTATAGTCAGCTCAGTAACAACAACACTATTGCTAGGTTCCATATT
AATGAATCCTGTICGCTAATGCCGCAGATTCTGATATTAATATTAAAACCGGTACTA
CAGATATTGGAAGCAATACTACAGTAAAAACAGGTGATTTAGTCACTTATGATAAA
GAAAATGGCATGCACAAAAAAGTATTTTATAGTTTTATCGATGATAAAAATCATAAT
TAGCGAAGAAGGTGCTAACAAAAGTGGTTTAGCCTGGCCTTCAGCCTTTAAGGTA
CAGTTGCAACTACCTGATAATGAAGTAGCTCAAATATCTGATTACTATCCAAGAAA
TTCGATTGATACAAAAGAGTATATGAGTACTTTAACTTATGGATTCAACGGTAATGT
TACTGGTGATGATACAGGAAAAATTGGCGGCCTTATTGGTGCAAATGTITTICGATITG
ACCATATGATAGAGATTCTTGGAACCCGGTATATGGCAATCAACTTTTCATGAAAA
TCTCTATTATCTTCAGGGTTTTCACCAGACTTCGCTACAGTTATTACTATGGATAGA

SEQ ID 2:
MKTRIVSSVTTTLLLGSILMNPVANAADSDINIKTGTTDIGSNTTVKTGDLVTYDKENG
MHKKVFYSHFIDDKNHNKKLLVIRTKGTIAGQYRVYSEEGANKSGLAWPSAFKVQLQLP
DNEVAQISDYYPRNSIDTKEYMSTLTYGFNGNVTGDDTGKIGGLIGANVSIGHTLKYV
QPDFKTILESPTDKKVGWKVIFNNMVNQNWGPYDRDSWNPVYGNQLFMKTRNGSM
KAADNFLDPNKASSLLSSGFSPDFATVITMDRKASKQQTNIDVIYERVRDDYQLHWTS
TNWKGTNTKDKWIDRSSERYKIDWEKEEMTN*
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