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DIAGNOSTIC METHOD FOR BACTERIAL MENINGITIS

Field of the invention

The invention relates to the diagnosis and treatment of bacterial meningitis.

Background of the invention

Bacterial meningitis is a life-threatening disease. In adults, Streptoccocus
pneumoniae and Neisseria meningitidis are the predominant agents, with an overall
fatality rate of approximately 30% and 10%, respectively. Viral meningitis and
encephalitis is also life-threatening. Although the most common causative agent
(enterovirus) presents relatively rarely with neurological complications, Herpes
simplex-1 (HSV-1) meningoencephalitis has >70% mortality if untreated. Early
treatment improves prognosis in all forms of meningitis and encephalitis, and
therefore early diagnosis is vital.

Diagnosis and treatment remain a major challenge, mainly due to the often
difficult distinction of acute bacterial meningitis from viral CNS infection or
neuroborreloiosis at presentation. Conventional clinical and laboratory variables
such as White Blood Cell (WBC) count, or levels of lactate, protein, glucose, or
plasma C-reactive protein (CRP), typically measured in the cerebrospinal fluid
(CSF), are often not discriminative enough in the early phase of the disease. Final
diagnosis requires a blood or CSF culture positive for bacterial infection, or positive
identification of bacteria in the CSF following, for example, Gram-staining. A
positive result in one of these assays is generally taken to be proof of a bacterial
origin is proven and further tests are not necessary. However, these tests have an
overall sensitivity of only 60% to 90%. Also, many patients receive antibiotics prior
to lumbar puncture, reducing the chance of a definitive result from CSF culture or
Gram-staining. Culture in particular is also time-consuming, leading to a delay in
diagnosis. As a result of these factors, patients suspected of having meningitis are
typically given a default treatment of broad-spectrum antibiotics and antiviral
therapy, pending final diagnosis.

A reliable biological or clinical marker to determine as early as possible

whether or not an individual has bacterial meningitis is needed.
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Summary of the invention

Heparin-binding protein (HBP, CAP37, Azurocidin) is a glycosylated, single
chain, positively charged 37 kDa inactive serine protease homologue exhibiting 44%
sequence identity with human neutrophil elastase. The three dimensional structure of
HBP has been published (Iversen ef al Nat Struct Biol. 1997 Apr; 4(4):265-8). Itis
contained in the azurophilic granulae and secretory vesicles of human neutrophils
(Lindmark et al, J Leukoc Biol 1999; 66(4):634-43 and Tapper et al, Blood 2000;
96:2329-2337). It is a multifunctional protein that has been shown to induce
vascular leakage by altering the Ca>” balance of the blood vessel cytoskeleton
(Gautam et al, Nature Medicine 2001; 7(10):1123-7). The M-protein of group A
streptococci (GAS) in complex with fibrinogen has been shown to induce HBP
release by stimulation of the B2-integrin receptor of neutrophils (Herwald ez al, Cell
2004; 116(3):367-79). LPS can also induce HBP release by an unknown mechanism
(Rasmussen ef al, FEBS Lett 1996; 390(1):109 12). The sequence of HBP is
publically available (for example as NCBI accession no. NP_001691 REGION:
27..248) and is reproduced below as SEQ ID NO.1

SEQ ID NO: 1

IVGGRKARPROFPFLASTIONQGRHFCGGALTHARFVMTAASCEFQSONPGVSTVVLGAYDLRRRE
ROSROTEFSISSMSENGYDPOQONLNDLMLLOLDREANLTSSVTILPLPLONATVEAGTRCQVAGW
GSQRSGGRLSRFPREFVNVTVTPEDQCRPNNVCTGVLTRRGGICNGDGGTPLVCEGLAHGVASE'S
LGPCGRGPDFFTRVALFRDWIDGVLNNPGP

HBP levels in patients suspected of having meningitis have not previously
been investigated. The inventors have shown for the first time that levels of HBP are
increased in individuals with acute bacterial meningitis. According to the invention
there is thus provided a method of identifying whether or not an individual has
bacterial meningitis, which method comprises measuring HBP in the individual and
thereby determining whether or not the individual has bacterial meningitis.

The invention further provides:

- an agent for the detection of HBP for use in determining whether or

not an individual has bacterial meningitis;
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- a test kit for use in a method for determining whether or not an
individual has bacterial meningitis, which test kit comprises an agent for the
detection of HBP in an individual;

- a method of treating an individual for bacterial meningitis comprising:
(1) determining whether or not an individual has bacterial
meningitis using a method of the invention; and
(i1) administering to an individual identified in (1) as at risk, a
therapeutically effective amount of at least one agent suitable for the

treatment of bacterial meningitis.

Description of the Figures

Figure 1 shows cerebrospinal fluid (CSF) levels of HBP (A), WBC count (B),

neutrophil (poly) count (C), mononuclear (mono) count (D), glucose (E), protein (F),
and lactate (G) in patients with acute bacterial meningitis (ABM), viral encephalitis,
viral meningitis, neuroborreliosis (Borrelia), and patients with normal WBC and no
CNS infection (controls). The dotted line indicates a cut-off level of 50 ng/mL for
HBP. Median values are given. All scatter plots presented in Log2 scale.

Figure 2 shows Levels of HBP and bacterial etiology. There was no
significant difference in HBP levels when comparing different bacterial species.
Open triangles indicate patients who died within 28 days and the dotted line a cut-off
level of 50 ng/mL. Median values are given. Scatter plot presented in Log2 scale.

Figure 3 shows Receiver-operating characteristics (ROC) curves for
differentiating bacterial meningitis from other CNS infections using HBP (thick solid
line), lactate (thin, dashed line), neutrophils (poly: thin, dotted line), mononuclear
cells (mono: thin solid line), and total WBC (thick, irregular dotted line) in
cerebrospinal fluid (CSF). Differentiation is between bacterial meningitis (n=40) and
viral CNS infection or neuroborreliosis (n=35). Areas under the ROC curves were
0.994 (95% confidence interval (CI), 0.984-1.004) for HBP, 0.955 (95% CI, 0.911-
1.000) for lactate, 0.966 (95% CI, 0.920-1.011) for poly, 0.729 (95% CI, 0.614-
0.843) for mono, and 0.898 (95% CI, 0.826-0.970) for total WBC.
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Detailed description of the invention

Diagnosis

The present invention relates to a method of identifying whether or not a
subject has bacterial meningitis, particularly acute bacterial meningitis. The
invention therefore relates to the diagnosis of bacterial meningitis. The invention
relates to distinguishing bacterial meningitis from other disorders that cause similar
symptoms, particularly viral meningitis or encephalitis (viral meningoencephalitis),
and neuroborreliosis.

Traditionally, CSF WBC count has been considered a useful tool for the
differential diagnosis of bacterial meningitis, with a low pleocytosis or a relative
lymphocytosis considered a sign of nonbacterial cause. However, previous studies
have reported that a CSF pleocytosis of >1000 cells only had a sensitivity of 61%
and a specificity of 68% as a diagnostic marker of CSF infection in neurosurgical
patients. Moreover, although 94% of patients with bacterial meningitis had
polymorphonuclear predominance, this criterion only had a specificity of 28%.

Furthermore, in patients with a clinical suspicion of bacterial meningitis, it is
not uncommon that antibiotics are instituted prior to lumbar puncture, reducing the
chance of a rapid definitive diagnosis through methods such as Gram smear or CSF-
culture, and possibly incorrectly prolonging antibiotic therapy in some cases. More
significantly, a CSF culture positive for bacterial infection is generally regarded as
the gold standard of the diagnosis of bacterial meningitis, and so the risk of
misclassification in cases of a negative culture is possible. In short, clinical features
of patients with bacterial and viral meningitis may be remarkably similar and
cerebrospinal fluid (CSF) findings are typically inconclusive.

The present inventors have for the first time investigated the level of HBP in
patients suspected of having meningitis. The inventors have demonstrated that HBP
levels are elevated in patients with bacterial meningitis relative to those with viral
meningitis or encephalitis, neuroborreliosis or control patients who do not have
meningitis. HBP levels are elevated in patients with meningitis caused by a wide
range of different bacterial infections. This includes patients with infections

acquired following neurosurgical procedures. Since the differential diagnosis of
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postoperative meningitis / ventriculitis is difficult, HBP will be particularly useful as
a diagnostic marker in a neurosurgical setting.

The individual under test is typically suspected of having meningitis. The
individual is typically a mammal. The mammal is typically a human or a domestic
mammal such as a horse, a cow, a sheep, a dog or a cat. The individual is preferably
a human. The individual may typically be suspected of having meningitis because
they present with one or more of the following symptoms:

Fever/vomiting; Severe headache; Nuchal rigidity (less common in young
children); Photophobia; Phonophobia; Sleepiness (patient typically very sleepy /
vacant / difficult to wake); Confusion / delirium; Rash anywhere on the body (not
present in all cases); Seizures.

Where the individual subject is a young child or baby, the above symptoms
are often absent. Instead, a young child or baby may typically be suspected of
having meningitis because they present with one or more of the following symptoms:

Refusal to eat/feed; Irritablility (not wanting to be held/touched); A stiff
body, with jerky movements, or floppiness and an inability to stand up; A bulging
fontanelle (in subjects upto 6 months old); A high pitched cry or moaning; Leg pain,;
Cold extremities; Abnormal skin color.

In adults, a severe headache is the most common symptom of meningitis —
occurring in almost 90% of cases of bacterial meningitis. The next most common
symptom is nuchal rigidity (stiffness of the neck) which occurs in 70% of adult
cases. The classic triad of diagnostic signs consists of nuchal rigidity, sudden high
fever, and altered mental status; however, all three features are present in only 44—
46% of all cases of bacterial meningitis. If none of the three signs is present,
meningitis is considered to be unlikely but is not ruled out. Other signs commonly
associated with meningitis include photophobia (intolerance to bright light) and
phonophobia (intolerance to loud noises).

Other signs which may give rise to a suspicion of meningitis are the presence
of positive Kernig's sign or Brudzinski's sign. Kernig's sign is assessed with the
patient lying supine, with the hip and knee flexed to 90 degrees. In a patient with a
positive Kernig's sign, pain limits passive extension of the knee. A positive

Brudzinski's sign occurs when flexion of the neck causes involuntary flexion of the
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knee and hip. Although Kernig's and Brudzinski's signs are both commonly used to
screen for meningitis, the sensitivity of these tests is limited. Another test, known as
the "jolt accentuation maneuver" helps determine whether meningitis is present in
patients reporting fever and headache. The patient is told to rapidly rotate his or her
head horizontally; if this does not make the headache worse, meningitis is unlikely.

The rash symptom mentioned above typically takes the form of a rapidly
spreading petechial rash which may precede other symptoms. The rash consists of
numerous small, irregular purple or red spots ("petechiae") on the trunk, lower
extremities, mucous membranes, conjuctiva, and (occasionally) the palms of the
hands or soles of the feet. The rash is typically non-blanching: the redness does not
disappear when pressed with a finger or a glass tumbler. Such a rash is generally
only present in subjects with meningitis caused by the bacterium Neisseria
meningitidis (known as "meningococcal meningitis"), although it does occasionally
occur in meningitis due to other bacteria.

Other symptoms which may give rise to a suspicion of meningitis may be the
skin signs of hand, foot and mouth disease and/or genital herpes, both of which are
associated with various forms of viral meningitis.

The individual subject may be suspected of having meningitis because of the
presence of one or more risk factors. Risk factors for meningitis include:

- Living in a communal environment, particularly an environment in

which a large number of individuals are living together for the first time. For

example an army barracks during mobilization; a university campus;

- Trauma to the skull; particularly a skull fracture that affects the base

of the brain or extends towards the sinuses and petrous pyramids

- An anatomical abnormality, particularly an abnormality allowing

continuity between the external environment and the nervous system.

Typical examples include cranial or cervical abnormalities such as:

Heterotopic brain tissue, Meningioma, Skull base defects (e.g. to the Ethmoid

bone, Petrosal bone or Sphenoid sinus), Dermoid cyst/epidermoid

cyst/dermal sinus tract, Cranial lymphangiomatosis, Neurenteric cyst, Inner
ear abnormality, or Mondini dysplasia, or lumbosacral abnormalities such as

Meningocele or Dermal sinus/dermoid cyst;
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- Presence of a cochlear implant; or another cranial or neurosurgical
implant such as cerebral shunt or related device (e.g. an extraventricular drain
or Ommaya reservoir),

- An impaired immune system / immunodeficiency, for example

complement deficiency;

- A diagnosis of HIV / AIDS;

- A recent neurosurgical operation, for example ventriculoperitoneal

shunt or spinal surgery, or other form of cranial or maxillofacial surgery

resulting in a CSF leak, or a recent otorhinolaryngological intervention;

- Recent or ongoing diagnosis of an infection in the head and/or neck

area (a parameningeal infection), such as sinusitis, otitis media, mastoiditis,

osteomyelitis, Maffuci's syndrome or Neurofibromatosis type 1;

- Recent or ongoing diagnosis of a virus associated with meningitis,

such as enterovirus, herpes simplex virus type 1 or 2, varicellae zoster virus

(chickenpox / shingles), mumps virus, HIV, Cytomegalovirus, or LCMV.

The present invention involves measuring the level of HBP in an individual.
The level of HBP is typically measured in vifro in a sample obtained from an
individual. The sample typically comprises a body fluid of an individual. A fluid
sample may be a sample of blood, plasma, serum, urine, cerebrospinal fluid or joint
fluid. The sample is preferably a cerebrospinal fluid sample.

According to the present invention, an increased level or concentration of
HBP compared with the baseline level or concentration indicates that the individual
has bacterial meningitis. The baseline level is typically the level of HBP in an
individual who is suspected of having meningitis, but is subsequently confirmed to
not have bacterial meningitis.

For example the inventors have shown that, when the level of HBP is
measured by determining the concentration of HBP in a CSF sample obtained from
an individual suspected of having meningitis, individuals who are subsequently
shown to have viral meningoencephalitis (viral meningitis or encephalitis) have a
median HBP concentration of about 4.7 ng/ml, individuals who are subsequently
shown to have neuroborreliosis have a median HBP concentration of about 3.6

ng/ml, and individuals who present with symptoms leading to a suspicion of
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meningitis, but are subsequently shown not to have meningitis, have a median HBP
concentration of about 3.5ng/ml. The median HBP concentration for all categories
of individual who are suspected of having meningitis but do not have bacterial
meningitis is about 3.6ng/ml.

In more detail, the average HBP concentrations in ng/ml for each category of
individual are as follows: (1) individuals with viral meningitis/encephalitis (n=29):
mean 7.3, median 4.7, range 3.0-41.0; (i1) individuals with viral meningitis or
borrelia (n=36): mean 6.7, median 4.4, range 3-41; and (iii) all nonbacterial
meningitis individuals (n=133): mean 4.5, median 3.6, range 2.4-41.

The baseline level or concentration of HBP may therefore typically be in the
range of 3 to Sng/ml. For example, the baseline level or concentration of HBP may
be about 3ng/ml, 4ng/ml or Sng/ml.

According to the present invention, the increase in HBP level or
concentration which is associated with a diagnosis of bacterial meningitis is an
increase of at least 3 fold, 4 fold, 5 fold or 10 fold relative to the baseline level or
concentration. The increase in HBP level or concentration is preferably at least 4
fold relative to the baseline level or concentration.

In the present invention, an increased level or concentration of HBP
associated with a diagnosis of bacterial meningitis is typically greater than about
11ng/ml, or greater than about 12ng/ml, 13ng/ml, 14ng/ml, 15ng/ml, 20ng/ml,
23ng/ml, 25ng/ml, 30ng/ml, 32ng/ml, 35ng/ml, 40ng/ml, 41ng/ml, 42ng/ml,
43ng/ml, 44ng/ml, 45ng/ml, 46ng/ml, 47ng/ml, 48ng/ml, 49ng/ml, SOng/ml,
51ng/ml, 52ng/ml, 53ng/ml, 54ng/ml, 55ng/ml, 56ng/ml, 57ng/ml, 58ng/ml, 59ng/ml
60ng/ml, 70ng/ml, 80ng/ml, 90ng/ml, 100ng/ml, 200ng/ml, 300ng/ml, 400ng/ml,
500ng/ml, 600ng/ml, 700ng/ml, 800ng/ml, or 900ng/ml. The increased
concentration of HBP associated with a diagnosis of bacterial meningitis is

preferably greater than about 50 ng/ml.

Detection of HBP
The invention is typically carried out by measuring the level of HBP in vitro
in a sample obtained from the individual. The sample typically comprises a body

fluid of the individual. A fluid sample may be a sample of blood, plasma, serum,
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urine, cerebrospinal fluid or joint fluid. The sample is preferably a cerebrospinal
fluid sample.

The sample is typically processed prior to being assayed, for example by
centrifugation. The sample may also be typically stored prior to assay, preferably
below -70°C.

Standard methods known in the art may be used to assay the level of HBP.
These methods typically involve using an agent for the detection of HBP. The agent
typically binds specifically to HBP. The agent may be an antibody specific for HBP,
an aptamer that binds to HBP, a serine proteinase inhibitor such as aprotinin, for
example as described in Petersen ef a/, Eur J Biochem 1993; 271-9, or a soluble
fragment of an integrin, for example as described in Cai and Wright, S. D. J Exp
Med 1996, 184:213-23. By specific, it will be understood that the agent or antibody
binds to HBP with no significant cross-reactivity to any other molecule, particularly
any other protein. For example, an agent or antibody specific for HBP will show no
significant cross-reactivity with human neutrophil elastase. Cross-reactivity may be
assessed by any suitable method.

An antibody used in the method of the invention may either be a whole
antibody or a fragment thereof which is capable of binding to HBP. The antibody
may be monoclonal. Such a whole antibody is typically an antibody which is
produced by any suitable method known in the art. For example, polyclonal
antibodies may be obtained by immunising a mammal, typically a rabbit or a mouse,
with HBP under suitable conditions and isolating antibody molecules from, for
example, the serum of said mammal. Monoclonal antibodies may be obtained by
hybridoma or recombinant methods.

Hybridoma methods involve immunising a mammal, typically a rabbit or a
mouse, with HBP under suitable conditions, then harvesting the spleen cells of said
mammal and fusing them with myeloma cells. The mixture of fused cells is then
diluted and clones are grown from single parent cells. The antibodies secreted by the
different clones are then tested for their ability to bind to HBP, and the most
productive and stable clone is then grown in culture medium to a high volume. The

secreted antibody is collected and purified.
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Recombinant methods involve the cloning into phage or yeast of different
immunoglobulin gene segments to create libraries of antibodies with slightly
different amino acid sequences. Those sequences which give rise to antibodies
which bind to HBP may be selected and the sequences cloned into, for example, a
bacterial cell line, for production.

Typically the antibody is a mammalian antibody, such as a primate, human,
rodent (e.g. mouse or rat), rabbit, ovine, porcine, equine or camel antibody. The
antibody may be a camelid antibody or shark antibody. The antibody may be a
nanobody. The antibody can be any class or isotype of antibody, for example IgM,
but is preferably IgG.

The fragment of whole antibody that can be used in the method comprises an
antigen binding site, e.g. Fab or F(ab)2 fragments or ScFV. The whole antibody or
fragment may be associated with other moieties, such as linkers which may be used
to join together 2 or more fragments or antibodies. Such linkers may be chemical
linkers or can be present in the form of a fusion protein with the fragment or whole
antibody. The linkers may thus be used to join together whole antibodies or
fragments which have the same or different binding specificities, e.g. that can bind
the same or different polymorphisms. The antibody may be a bispecific antibody
which is able to bind to two different antigens, typically any two of the
polymorphisms mentioned herein. The antibody may be a ‘diabody’ formed by
joining two variable domains back to back. In the case where the antibodies used in
the method are present in any of the above forms which have different antigen
binding sites of different specificities then these different specificities are typically to
polymorphisms at different positions or on different proteins. In one embodiment the
antibody is a chimeric antibody comprising sequence from different natural
antibodies, for example a humanised antibody.

Methods to assess HBP level typically involve contacting a sample with an
agent or antibody capable of binding specifically to HBP. Such methods may
include dipstick assays and Enzyme-linked Immunosorbant Assay (ELISA).
Typically dipsticks comprise one or more antibodies or proteins that specifically bind
HBP. If more than one antibody is present, the antibodies preferably have different

non-overlapping determinants such that they may bind to HBP simultaneously.
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ELISA is a heterogeneous, solid phase assay that requires the separation of
reagents. ELISA is typically carried out using the sandwich technique or the
competitive technique. The sandwich technique requires two antibodies. The first
specifically binds HBP and is bound to a solid support. The second antibody is
bound to a marker, typically an enzyme conjugate. A substrate for the enzyme is
used to quantify the HBP-antibody complex and hence the amount of HBP in a
sample. The antigen competitive inhibition assay also typically requires an HBP-
specific antibody bound to a support. An HBP-enzyme conjugate is added to the
sample (containing HBP) to be assayed. Competitive inhibition between the HBP-
enzyme conjugate and unlabeled HBP allows quantification of the amount of HBP in
a sample. The solid supports for ELISA reactions preferably contain wells.

The present invention may also employ methods of measuring HBP that do
not comprise antibodies. High Performance Liquid Chromatography (HPLC)
separation and fluorescence detection is preferably used as a method of determining
the HBP level. HPLC apparatus and methods as described previously may be used
(Tsikas D et al. J Chromatogr B Biomed Sci Appl 1998; 705:174-6) Separation
during HPLC is typically carried out on the basis of size or charge. Prior to HPLC,
endogenous amino acids and an internal standard L-homoarginine are typically
added to assay samples and these are phase extracted on CBA cartridges (Varian,
Harbor City, CA). Amino acids within the samples are preferably derivatized with o-
phthalaldehyde (OPA). The accuracy and precision of the assay is preferably
determined within quality control samples for all amino acids.

The invention further provides a diagnostic kit that comprises means for
measuring the HBP level in an individual and thereby determining whether or not the
individual has bacterial meningitis. The kit typically contains one or more antibodies
that specifically bind HBP. For example, the kit may comprise a monoclonal
antibody, a polyclonal antibody, a single chain antibody, a chimeric antibody, a
CDR-grafted antibody or a humanized antibody. The antibody may be an intact
immunoglobulin molecule or a fragment thereof such as a Fab, F(ab’), or Fv
fragment. If more than one antibody is present, the antibodies preferably have
different non-overlapping determinants such that they may bind to HBP

simultaneously.
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The kit may additionally comprise means for the measurement of other
laboratory or clinical parameters. For example the kit may comprise means for
measuring the WBC count in an individual, and/or the level or concentration of one
or more of lactate, glucose and C-reactive protein.

The kit may additionally comprise one or more other reagents or instruments
which enable any of the embodiments of the method mentioned above to be carried
out. Such reagents or instruments include one or more of the following: suitable
buffer(s) (aqueous solutions), means to isolate HBP from sample, means to obtain a
sample from the individual (such as a vessel or an instrument comprising a needle) or
a support comprising wells on which quantitative reactions can be done. The kit
may, optionally, comprise instructions to enable the kit to be used in the method of
the invention or details regarding which individuals the method may be carried out

upon.

Therapy

The present invention also relates to the treatment of an individual identified
by a method of the invention as having bacterial meningitis. Thus, a substance for
use in the treatment of bacterial meningitis may be used in the manufacture of a
medicament for use in the treatment of an individual identified by a method of the
invention as having bacterial meningitis. The condition of an individual identified by
a method of the invention as having bacterial meningitis can therefore be improved
by administration of such a substance. A therapeutically effective amount of a
substance useful for the treatment of bacterial meningitis may be given to an
individual identified by a method of the invention as in need thereof. Substances
suitable for the treatment of bacterial meningitis typically include one or more
antibiotics and/or one or more intravenous fluids and/or one anti-inflammatory
agents. The one or more antibiotics are typically broad spectrum antibiotics. The
broad spectrum antibiotics are typically selected from one or more aminoglycosides,
glycopeptides, cephalosporins, fluoroquinolones, lincosamides, macrolides,
penicillins, carbapenems, sulfonamides, or tetracyclins. For example, suitable
antibiotics include, but are not limited to, Gentamicin, Kanamycin, Neomycin,

Streptomycin, Tobramycin, Vancomycin, Cefazolin, Cephalexin, Cephapirin,
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Cephradine, Cefuroxime, Cefixime, Cefotaxime, Ceftazidime, Ceftizoxime,
Ceftriaxone, Ciprofloxacin, Levofloxacin, Ofloxacin, Clindamycin, Azithromycin,
Clarithromycin, Erythromycin, Amoxicillin, Ampicillin, Ampicillin-Sulbactam,
Cloxacillin, Dicloxacillin, Mezlocillin, Nafcillin, Oxacillin, Penicillin G Benzathine,
Penicillin G Potassium, Penicillin G Procaine, Penicillin V Potassium, Piperacillin,
Ticarcillin, Ticarcillin-Clavulanate potassium, Imipenem, Meropenem,
Pyrimethamine-Sulfadoxine, Sulfadizine, Sulfisoxazole, Sulfmethoxazole,
Trimethoprim—sulfamethoxazole, Chlortetracycline, Doxycycline, and Tetracycline.
The one or more anti-inflammatory agents are typically corticosteroids, most
typically Dexamethasone, Betamethasone, Hydrocortisone, or Methylprednisolone.
A substance useful the treatment of bacterial meningitis according to the
invention is typically formulated for administration in the present invention with a
pharmaceutically acceptable carrier or diluent. The pharmaceutical carrier or diluent
may be, for example, an isotonic solution. For example, solid oral forms may
contain, together with the active substance, diluents, e.g. lactose, dextrose,
saccharose, cellulose, corn starch or potato starch; lubricants, e.g. silica, talc, stearic
acid, magnesium or calcium stearate, and/or polyethylene glycols; binding agents;
e.g. starches, gum arabic, gelatin, methylcellulose, carboxymethylcellulose or
polyvinyl pyrrolidone; disaggregating agents, e.g. starch, alginic acid, alginates or
sodium starch glycolate; effervescing mixtures; dyestuffs; sweeteners; wetting
agents, such as lecithin, polysorbates, laurylsulphates; and, in general, non-toxic and
pharmacologically inactive substances used in pharmaceutical formulations. Such
pharmaceutical preparations may be manufactured in known manner, for example,
by means of mixing, granulating, tabletting, sugar-coating, or film-coating processes.
Liquid dispersions for oral administration may be syrups, emulsions or
suspensions. The syrups may contain as carriers, for example, saccharose or
saccharose with glycerine and/or mannitol and/or sorbitol.
Suspensions and emulsions may contain as carrier, for example a natural
gum, agar, sodium alginate, pectin, methylcellulose, carboxymethylcellulose, or
polyvinyl alcohol. The suspensions or solutions for intramuscular injections may

contain, together with the active substance, a pharmaceutically acceptable carrier,
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e.g. sterile water, olive oil, ethyl oleate, glycols, e.g. propylene glycol, and if desired,
a suitable amount of lidocaine hydrochloride.

Solutions for intravenous administration or infusion may contain as carrier,
for example, sterile water or preferably they may be in the form of sterile, aqueous,
isotonic saline solutions.

A therapeutically effective amount of a substance used for the treatment of
bacterial meningitis is administered to a patient identified according to a method of
the invention. The dose, for example of an antibiotic, may be determined according
to various parameters, especially according to the substance used; the age, weight
and condition of the patient to be treated; the route of administration; and the
required regimen. Again, a physician will be able to determine the required route of
administration and dosage for any particular patient. A typical daily dose is from
about 0.1 to 50 mg per kg of body weight, according to the activity of the specific
antibiotic, the age, weight and conditions of the subject to be treated and the
frequency and route of administration. Preferably, daily dosage levels are from 5 mg
to 2 g. That dose may be provided as a single dose or may be provided as multiple
doses, for example taken at regular intervals, for example 2, 3 or 4 doses
administered daily.

The following Example illustrates the invention:

Example
Methods

Study population

CSF samples from a total of 174 patients from two different cohorts were
analyzed. One hundred fifty-nine adult patients with clinically suspected meningitis,
who underwent a lumbar puncture, were enrolled in a prospective study at the Clinic
for Infectious Diseases, Lund University Hospital, Sweden, between March 2006 and
November 2009. Fourteen patients with CSF pleocytosis due to suspected viral CNS
infection or neuroborreliosis but without a proven microbiological diagnosis were
excluded, and therefore a total of 145 patients were included. In addition, another
retrospective cohort of 16 patients with bacterial meningitis and 13 patients with

HSV-1 encephalitis collected between 1995 and 2004 at the Clinic for Infectious
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Diseases, Sahlgrenska University Hospital, Gothenburg, Sweden, was included. This
was done to enlarge the study material, especially the number of patients with HSV-1
encephalitis who were scarce in the prospectively collected patient material, and also
to increase the number of more unusual bacterial meningitis pathogens. The work-
ups and final diagnoses of the patients were made by attending physicians unaware
of the HBP results, using standard laboratory and microbiological tests. The patients
were categorized into five groups: 1. Acute bacterial meningitis, 2. Viral
encephalitis, 3. Viral meningitis, 4. Neuroborreliosis, 5. Control patients with normal
CSF WBC count.

Classification of bacterial meningitis was based on the criteria of Durand e?
al. (N Engl J Med 1993 Jan 7; 328(1):21-8), where compatible clinical features, a
cerebrospinal fluid pleocytosis and one of the following: a) positive CSF culture; b)
negative CSF culture, but either a positive CSF antigen test, identification of bacteria
on Gram stain of CSF, a positive 16S rDNA PCR, or a positive blood culture, was
required for the diagnosis of bacterial meningitis. Only patients who had received
adequate antibiotic treatment for less than 48 hours were included.

The diagnosis of viral CNS diseases were based on acute onset of symptoms
compatible with viral meningitis or encephalitis, exclusion of bacterial CNS
infection, and either: a) a positive PCR result for virus DNA or RNA in the CSF or,
b) specific serum IgM antibodies for 7ick-borne encephalitis (TBE) virus. A CSF
pleocytosis combined with detection of specific B. burgdorferi antibodies in the CSF
were required for the diagnosis of neuroborreliosis. The ethics committees of Lund
and Gothenburg Universities approved of the study and all samples were taken with

the informed consent of the participants.

Analysis of cerebrospinal fluid concentrations of HBP and other CSF markers

CSF samples were collected by the attending physician as part of routine
patient management. The concentration of HBP was determined by ELISA using
routine methods. Briefly, microtiter plates (NUNC) were coated with a mouse
monoclonal antibody directed against human HBP (2F23A) at 1.1 pg/mL in coating
buffer (0.05 M NaHCOs, pH 9.6). Plates were washed with PBST (phosphate-

buffered saline containing 0.05% Tween) and blocked with 2% bovine serum
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albumin (Sigma) in PBST. Patient CSF samples diluted 1/40 in sample buffer (1 M
NaCl) was then added to the wells in duplicate and incubated for 60 min at 37°C.
Each plate also contained calibration samples of known concentration of
recombinant human HBP (0-600 ng/mL). After washing, plates were incubated with
a polyclonal rabbit antiserum towards human HBP diluted 1/7000. Bound antibodies
were detected by incubation with peroxidase-conjugated antibody against rabbit IgG
(Bio-Rad) (1/3000). Plates were developed and the optical density at 405 nm was
determined using routine methods. The level of HBP in each patient sample was
determined by calculating the mean optical densities of the duplicates which were
correlated to the results from the standard curve. The day-to-day variation of the
assay had a coefficient of variance of <10%. Analyses of WBC, glucose, and protein
in CSF are standard procedures and were performed as routine tests at the
laboratories of Clinical Chemistry at Lund and Sahlgrenska University Hospitals.
The concentrations of lactate in CSF samples were analyzed on a Cobas ¢501

(Amazonas) with reagents according to the manufacturer’s instructions.

Statistical analysis

Comparisons between two different groups were made by the non-parametric
Mann—Whitney U test, and in the comparisons between more than two groups the
non-parametric Kruskal-Wallis one-way ANOVA analysis was used. A two-tailed p-
value of <.05 was considered statistically significant. Spearmans non-parametric
correlation coefficient was used for calculating correlations between patient groups.
Receiver-operating characteristic (ROC) curves and the area under the curve (AUC)
were constructed to illustrate various cut-off levels for HBP. AUC values are
reported with the 95% confidence interval (95% CI). The SPSS 14.0 software
system (SPSS) and Graph-Pad Prism 5.0 (Graph-Pad software, La Jolla, CA) were

used for calculations.

Results
Patient characteristics
Forty-one patients were classified as having bacterial meningitis, 19 viral

encephalitis, 10 viral meningitis, 7 neuroborreliosis, and 97 patients had a normal
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CSF WBC count (<5 x 10°/L) and were regarded as a control group without CNS
infection. Demographic characteristics (age and sex) were similar between the four
patient groups with infections (Table 1). In the control group the male/female ratio
was 41/56 with a mean age of 42 years (range 18-85 years). Thirty-nine out of the
97 patients in the control group had fever and headache without CNS infection, and
were later diagnosed with various bacterial and viral infections. In the bacterial
meningitis group (n=41), there were 37 patients with acute community-acquired
bacterial meningitis, and four patients with postoperative bacterial meningitis after
neurosurgery. Twenty-three patients (56%) had a positive CSF culture, 13 a positive
16S rDNA, one a positive CSF antigen test, and four patients had positive blood
cultures. Bacterial etiologies were S. pneumoniae (n=16), N. meningitidis (n=5),
Listeria monocytogenes (n=5), Haemophilus influenzae (n=2), Escherichia coli
(n=2), group A streptococci (n=2), group G streptococci (n=2), and Staphylococcus
aureus, Staphylococcus epidermidis, a-streptococci, Enterococcus faecalis, Gemella
species, Klebsiella pneumoniae, and Pseudomonas aeruginosa, one each. In the
prospective part of the bacterial meningitis group, the 28 days mortality was 16%. In
the group of viral CNS infections, there were 19 patients with encephalitis (HSV-1
n=15, TBE n=4), and ten patients with meningitis (Enterovirus n=4, Varicella-zoster
virus (VZV) n=3, Herpes simplex virus type 2 (HSV-2) n=2, and Cytomegalovirus
(CMV) n=1). Among the patients with HSV-1 encephalitis five patients had not
received treatment with aciclovir at the time of lumbar puncture, and the median time

of aciclovir treatment before lumbar puncture was 48 hours (range 0-8 days).

CSF characteristics

The total WBC, poly, and mono counts in CSF, were significantly higher in
the bacterial meningitis group compared to the viral CNS infection and
neuroborreliosis groups (p<.01), although there were considerable overlapping
between the groups (Fig. 1B-D). Also, eleven patients with bacterial infection (27%)
had a mononuclear predominance, and 17 patients (41%) had a total CSF WBC
count below 1000 cells (Fig. 1B), while two patients had neutrophil cell
predominance in the viral CNS infection groups. CSF glucose levels were

significantly lower (p=.01), whereas CSF protein and lactate levels were significantly
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higher (p<.01) in the bacterial meningitis group as compared to the three other
groups (Fig. 1E-G). There were no significant differences between the groups of
viral meningitis or encephalitis and neuroborreliosis when comparing CSF

characteristics (p>.05) (Fig. 1B-F).

CSF levels of HBP

The levels of HBP were significantly higher (p<.01) in patients with bacterial
meningitis (median 376 ng/mL, range 12-858 ng/mL) compared to patients with viral
encephalitis (median 5.0 ng/mL, range 3.0-41 ng/mL), viral meningitis (median 4.2
ng/mL, range 3.1-40 ng/mL), neuroborreliosis (median 3.6 ng/mL, range 3.2-10
ng/mL), and patients in the control group without pleocytosis in CSF (median 3.5
ng/mL, range 2.4-8.7 ng/mL) (Fig. 1A).

Thirty-seven (90%) of the 41 patients with bacterial meningitis had a HBP
concentration above 50 ng/mL, which exceeded the highest HBP levels found in the
three other groups (Fig. 1A). Among the four patients with CSF HBP levels below
50 ng/ml there were CSF cultures positive for L. monocytogenes in two cases, a
positive CSF antigen test for H. influenzae in one patient, and in one patient blood
cultures were positive for group A streptococci (Fig. 2). In 15 of the 41 patients, the
CSF samples were collected before the institution of antibiotics. Eleven, 8, and 7
patients had received adequate antibiotic treatment 1-12, 12-24, and 24-48 hours
prior to CSF sample collection, respectively. Of the 26 patients who received
antibiotic treatment up to 24h before sampling, 24 had a HBP level exceeding 50
ng/mL. Fourteen different bacterial agents were found, all in combination with an
elevated HBP level. All six non-survivors had elevated HBP levels (>385 ng/mL)
(Fig. 2).

The highest HBP levels found in the group of viral infections were in one
patient with HSV-1 encephalitis (41 ng/mL) and in another patient with HSV-2
meningitis (40 ng/mL) (Fig. 1A). There was no correlation between the duration of
aciclovir treatment in the HSV-1/2 infected patients and the levels of HBP, lactate,
WBC, poly or mono.

A cut-off level of 50 ng/mL had a sensitivity of 90% and a specificity of

100% for the detection of bacterial meningitis. A receiver-operating characteristics
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(ROC) curve showed an area under the curve (AUC) value of 0.994 for HBP, making
it the best marker in differentiating between bacterial and non-bacterial meningitis or
neuroborreliosis in this study, followed by lactate and neutrophils (poly) (Fig. 3).
There was a significant correlation (p<.01) between HBP and lactate, WBC, poly,

mono, protein, and ICU days.

Discussion

Clinical features of patients with bacterial and viral infections of the CNS
may be remarkably similar and CSF findings inconclusive. This is the first study
investigating the presence of neutrophil-derived HBP in the CSF and our findings
show that HBP is a useful diagnostic marker in the discrimination between patients
with bacterial and viral CNS infections. Traditionally, pleocytosis in the CSF has
been considered a useful tool in differentiating between bacterial and viral etiology,
with a low pleocytosis or a relative lymphocytosis indicating nonbacterial origin.
However, it is important to recognize that there have been several reports of
documented cases of bacterial meningitis with absence of pronounced CSF
pleocytosis. Ross et al (J Neurosurg 1988 Nov; 69(5):669-74) reported that a CSF
pleocytosis of >1000 x 10°/L cells only had a sensitivity of 61% and a specificity of
68% as a diagnostic marker of CSF infection in post-operative neurosurgical
patients. Moreover, although 94% of patients with bacterial meningitis had
neutrophil predominance, this criterion only had a specificity of 28%. In our study,
61% of the patients with bacterial meningitis and 3% of those with viral CNS
infection had a CSF pleocytosis of >1000 x 10°/L cells. Neutrophil predominance
was found in 73% and 7% of the patients with bacterial meningitis and viral CNS
infection, respectively.

In patients with a clinical suspicion of bacterial meningitis, it is not
uncommon that antibiotics are instituted prior to lumbar puncture, reducing the
chance of a microbiological diagnosis, and possibly prolonging antibiotic therapy in
some cases. This was seen in the present study, where 64% of the patients received
antibiotics up to 48 hours prior to lumbar puncture. However, 24 of these 26 patients
still had an HBP level exceeding 50 ng/mL. A positive CSF culture is the gold

standard in the diagnosis of bacterial meningitis, and the risk of misclassification in
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cases of a negative culture is possible. The fact that 21 out of the 23 patients with a
positive CSF culture had elevated HBP levels (>50 ng/mL), further supports the use
of HBP as a diagnostic marker. An interesting finding was that patients with sub-
acute bacterial meningitis caused by B. burgdorferi had low HBP levels in the CSF.
Neuroborreliosis patients often have a relatively mild disease and are rarely
hospitalized. In the bacterial meningitis group, the most prevalent bacterial agents
were S. pneumoniae, N. meningitidis, and L. monocytogenes, which is in accordance
with other studies. However, there were 14 different bacterial species found among
the patients in this study, and a significant HBP release was induced in all of these
cases. Thus, most bacterial species seem capable of this specific neutrophil
activation, which has also been shown in patients with severe sepsis. Four patients in
the bacterial meningitis group had neurosurgical post-operative CNS infection
caused by P. aeruginosa, L. coli, L. faecalis, and S. epidermidis, and all patients had
elevated HBP-levels. The diagnosis of postoperative meningitis/ventriculitis can be
a diagnostic challenge, so HBP will be a particularly useful marker in a neurosurgical
setting.

Four patients with bacterial meningitis had a HBP level below 50 ng/mL.
One was caused by group A streptococci found in blood culture, and another was
caused by H. influenzae diagnosed by a positive antigen test. These patients both
had negative CSF cultures. The CSF total WBC count in these cases were 300 and
700 x 10°/L, the lactate levels were 2.7 and 2.1 mmol/L, respectively, and the CSF
samples were collected between 24 and 48 hours after adequate antibiotic treatment.
The other two patients with HBP levels below 50 ng/mL had bacterial meningitis due
to L. monocytogenes, with positive CSF cultures, and samples collected at the time of
antibiotic institution. CSF lactate levels were 2.8 and 3.9 mmol/L and CSF WBC
exceeded 1000 x 10°/L. L. monocytogenes is a facultative intracellular bacteria that
causes both meningitis and encephalitis in humans and differs in its mechanisms of
invasion and subsequent life cycle compared to the other common bacterial
meningitis pathogens. A total of five patients were diagnosed with /.
monocytogenes meningitis. Of these, the two patients with only moderately elevated
HBP levels also had a more benign disease with normal consciousness, and not

requiring ICU treatment. In the viral CNS infection group, two patients had
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considerably higher HBP concentrations (41 ng/mL and 40 ng/mL) than the others.
One had HSV-2 meningitis with a total WBC of 496 x 10°/L, and a significantly
elevated lactate level of 6.6 mmol/L, in the CSF. The other patient had HSV-1
encephalitis with moderately elevated CSF-WBC (84) and -lactate (2.3). Both had
an uncomplicated course with aciclovir treatment.

HBP induces vascular leakage and edema formation, and brain edema is a
serious and sometimes fatal complication in bacterial meningitis. Similar to previous
studies, there was 16% mortality in the prospective part of this study. However, all
non-survivors had strongly elevated HBP levels (>385 ng/mL). Considering the
effect of HBP on endothelial cells with subsequent vascular leakage, this indicates a
role for HBP in the development of brain edema in bacterial meningitis. Previous
studies have shown that treatment with both heparin and monoclonal CD18
antibodies blocks the 2-integrin receptor on neutrophils responsible for HBP
release. These treatments inhibit leukocyte rolling, adhesion and activation, which
reduces brain edema and mortality in rat and rabbit models of pneumococcal
meningitis. Hypothetically, this effect could be related to the blocking of the
vascular leakage induced by HBP.

In conclusion, this study shows that HBP is elevated in CSF in patients with
acute bacterial meningitis. Better diagnostic accuracy in differentiating between
bacterial and viral CNS infection will allow the clinician to start adequate treatment

earlier.

Table 1. Characteristics of the study population
“Initial antibiotic treatment” refers to patients receiving initial antibiotics on

suspicion of acute bacterial meningitis.

Characteristics Bacterial Viral Viral Neuro-
meningitis encephalitis | meningitis borreliosis
(n=41) (n=19) (n=10) (n=7)

Sex (M/F) 20/21 10/9 6/4 3/4

Age (mean, (range)) | 51 (18-82) 55 (30-80) 43 (22-83) 53 (18-74)

Steroid treatment-
no. (%)

Initial antibiotic
treatment®-no. (%) 3993) 737 3(30) 1 (14)

Antibiotic treatment | 26 (64) 8 (42) 2 (20) 0

25 (61) 6 (32) 1(10) 0
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prior to sample

collection-no. (%)
Comorbidity-no. (%) | 21 (51) 421 1(10) 2 (29)
Length of hospital
stay (days) 18.8 (3-40) 19.3 (10-39) | 5.9 (0-18) 5 (4-6)
(mean, (range))

Number of pat. in
the ICU —no. (%)

36 (88)




WO 2012/038541 PCT/EP2011/066611
23

CLAIMS

1. A method of identifying whether or not an individual has bacterial
meningitis, which method comprises measuring HBP in the individual and thereby
determining whether or not the individual has bacterial meningitis.

2. A method according to claim 1, wherein the HBP is measured in a
sample taken from the individual.

3. A method according to claim 2 wherein the sample is a fluid sample,
preferably a cerebrospinal fluid (CSF) sample.

4. A method according to claim 2 or 3, wherein determining whether or
not the individual has bacterial meningitis comprises determining whether or not the
concentration of HBP is greater than 15ng/ml, preferably greater than 25ng/ml, more
preferably greater than 35ng/ml, and most preferably greater than 50ng/ml in the
sample.

5. A method according to claim 2 or 3, wherein the level or
concentration of HBP in the sample is increased by at least 3 fold or 4 fold relative to
the baseline level or concentration of HBP.

6. A method according to any one of the preceding claims, wherein the
individual is suspected of having meningitis.

7. A method according to claim 6, wherein the individual has recently
undergone a neurosurgical operation.

8. A method according to claim 6 wherein the individual has a history of
skull trauma and/or an anatomical abnormality affecting the cranial, cervical or
lumbosacral regions.

0. A method according to any one of claims 6 to 8 wherein the
individual is: immuno-compromised; a patient with a cochlear implant; a patient with
a cranial or neurosurgical implant, or any combination thereof.

10. A method according to any one of claims 6 to 9 wherein the
individual has already received treatment for bacterial meningitis.

11. A method according to any one of the preceding claims wherein the
individual is a mammal.

12. The method of claim 11 wherein the mammal is a human.
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13. An agent for the detection of HBP for use in determining whether or
not an individual has bacterial meningitis.
14. An agent according to claim 13 wherein the agent comprises an HBP-

specific antibody, or an HBP-binding fragment thereof.

5 15. A method of treating an individual for bacterial meningitis,
comprising;
(1) determining whether or not an individual has bacterial meningitis

using a method according to any one of claims 1 to 14; and
(i1) administering to an individual identified in (i) as at risk, a
10 therapeutically effective amount of an agent suitable for the treatment of
bacterial meningitis.
16. The method of claim 15 wherein the agent suitable for the treatment
of bacterial meningitis is an antibiotic.
17. A test kit for use in a method for determining whether or not an
15 individual has bacterial meningitis, which test kit comprises an agent for the

detection of HBP in an individual.
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