wo 2020/008039 A 1 | HIIHT 000 KO0 Y0 O T 0

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

J

=

(19) World Intellectual Property
Organization
International Bureau

(43) International Publication Date
09 January 2020 (09.01.2020)

(10) International Publication Number

WO 2020/008039 A1

WIPO I PCT

(51) International Patent Classification:
C120 1/34 (2006.01)

(21) International Application Number:
PCT/EP2019/068112

(22) International Filing Date:
05 July 2019 (05.07.2019)

(25) Filing Language: English
(26) Publication Language: English
(30) Priority Data:

18182042 .4 05 July 2018 (05.07.2018) EP

(71) Applicant: QUALIZYME DIAGNOSTICS GMBH &
CO KG [AT/AT]; Neue Stiftingtalstrae 2, 8010 Graz
(AT).

(72) Inventors: HEINZLE, Andrea; Neue Stiftingtalstraie 2,
8010 Graz (AT). GAMERITH, Clemens; Neue Stiftingtal-
strafie 2, 8010 Graz (AT). LUSCHNIG, Daniel; Neue Stift-
ingtalstrafe 2, 8010 Graz (AT). SIGL, Eva; Neue Stifting-
talstraBe 2, 8010 Graz (AT).

(74) Agent: SCHWARZ & PARTNERPATENTANWALTE
OG et al.; Wipplingerstrasse 30, 1010 Wien (AT).

(81) Designated States (unless otherwise indicated, for every
kind of national protection available). AE, AG, AL, AM,
AO, AT, AU, AZ, BA, BB, BG, BH, BN, BR, BW, BY, BZ,
CA, CH, CL, CN, CO, CR, CU, CZ,DE, DJ, DK, DM, DO,
DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT, HN,
HR, HU, ID, IL, IN, IR, IS, JO, JP, KE, KG, KH, KN, KP,
KR,KW,KZ,LA,LC,LK,LR,LS,LU,LY, MA, MD, ME,
MG, MK, MN, MW, MX, MY, MZ, NA, NG, NI, NO, NZ,
OM, PA, PE, PG, PH, PL, PT, QA, RO, RS, RU, RW, SA,
SC, SD, SE, SG, SK, SL, SM, ST, SV, SY, TH, TJ, TM, TN,
TR, TT, TZ, UA, UG, US, UZ, VC, VN, ZA, ZM, ZW.

(84) Designated States (unless otherwise indicated, for every
kind of regional protection available): ARIPO (BW, GH,
GM, KE, LR, LS, MW, MZ,NA, RW, SD, SL, ST, SZ, TZ,
UG, ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ, RU, TJ,
TM), European (AL, AT, BE, BG, CH, CY, CZ, DE, DK,
EE, ES, FI, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU, LV,
MC, MK, MT, NL, NO, PL, PT, RO, RS, SE, SI, SK, SM,
TR), OAPI (BF, BJ, CF, CG, CI, CM, GA, GN, GQ, GW,
KM, ML, MR, NE, SN, TD, TG).

(54) Title: METHOD FOR DETECTING SYNOVIAL JOINT INFECTIONS

378

20
18k
E
p e
St Box-Plot
gY Lysozyme
212 b
£
&
£ 10 F
a
g 8 r n=10 n=22 n=18
>
2 6
5

4

2

O

NSIC ASA S

Fig. 1

(57) Abstract: The present invention relates to a method for detecting a synovial joint infection comprising the steps of - contacting
a synovial fluid sample with at least one lysozyme substrate, and - detecting a synovial joint infection when a conversion of said at

least one substrate is determined

[Continued on next page]



WO 2020/008039 A1 |11} 00P 0000 00O

Published:
—  with international search report (Art. 21(3))



WO 2020/008039 PCT/EP2019/068112

Method for detecting synovial joint infections

TECHNICAL FIELD
[0001] The present invention relates to methods for detect-

ing infections in synovial joints.

BACKGROUND ART

[0002] The infection of joints such as knees, hips or shoul-
ders is usually the result of a surgical procedure or in-
juries in which bacteria or viruses can enter the joints.
Thus, artificial Jjoints or implants are often affected by
such infections. The detection of a bacterial infection,
for instance, in joints is carried out by means of a
joint puncture with synovial analysis, whereby the bacte-
ria are detected by culturing on special culture media in
an incubator. However, a negative culture result does not
prove that it is free of any germs, as there are up to
30% false negative tests (Simank HG et al. (2004) Joint
Anemia Orthopedist 33: 327-31). This microbial cultiva-
tion detection system usually takes 2 to 5 days. Alterna-
tively, a leukocyte count can be performed in the syno-
vial fluid (leukocyte / mm®). However, leukocyte counts
between 1,000 and 10,000 do not preclude bacterial infec-
tion (Carpenter CRet al. (2011) Acad Emerg Med 18: 781-
96; Coutlakis PJet al. (2002) J Clin Rheumatol 8: 67-71).

[0003] Septic arthritis, also known as infectious or - if
bacteria are involved - bacterial arthritis is a danger-
ous disease. Depending on the germ, it can lead to con-
siderable damage in the joint within a very short time.
This is especially true for infection with Staphylococcus
aureus. In addition, it can lead to a seeding of the
pathogens into the bloodstream and, as a conseguence, to
a life-threatening general infection (sepsis).

[0004] In the case of bacterial arthritis, the fastest pos-
sible diagnosis and immediate therapy is absolutely crit-
ical to the outcome of the disease and the issue of com-

plete healing. Every day without diagnoses, the bacteria



WO 2020/008039 PCT/EP2019/068112

in the joint cause damage that can never be fully re-
paired. In addition, each day of untreated infection in-
creases the risk of spreading the pathogens to other
parts of the body and thus the risk of life-threatening
illness.

[0005] In the case of bacterial infections, treatment with
antibiotics is necessary (e.g. Dutta S et al. (Asian J
Pharm Clin Res 9(2016):243-252) describe the use vancomy-
cin and immunomodulators in the treatment of staphylococ-
cal arthiritis), implants must be removed most of the
time. On the other hand, there are often inflammatory
processes in the various joints, which also lead to
swelling, redness and pain. In contrast to bacterial in-
fections, the administration of antibiotics is not neces-
sary in these cases. Instead, anti-inflammatory therapy
will be administered. For accurate diagnosis, the af-
fected joint therefore needs to be punctured.

[0006] Methods known in the art cannot be used to distin-
guish a synovial joint infection from a non-infectious
inflammatory condition of a synovial joint in a reliable
manner. However, such a distinction is of major im-
portance because it allows to determine how a synovial
joint disorder can be efficiently treated. If the cause
of the disorder is a bacterial infection, for instance,
antibiotics have to be administered to the mammal suffer-
ing from a synovial joint disorder.

[0007] Hence, it is an object of the present invention to
provide a method for detecting synovial joint infections
within minutes and to discriminate between synovial joint
disorders caused by bacteria, for instance, and non-in-

fectious inflammatory conditions.

SUMMARY OF THE INVENTION
[0008] The present invention relates to a method for detect-
ing a synovial joint infection comprising the steps of
- contacting a synovial fluid sample with at least

one lysozyme substrate, and
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- detecting a synovial joint infection when a con-
version of said at least one substrate is deter-
mined.

[0009] It turned surprisingly out that a synovial joint in-
fection can be detected by determining lysozyme activity
in the synovial fluid of a mammal suffering from a syno-
vial joint condition, wherein the enzymatic activity is
preferably determined in an untreated synovial fluid sam-
ple obtained directly from said mammal (i.e. obtained by
puncturing a synovial joint of a mammal). Until now it
was thought that all kind of synovial joint conditions -
either caused by infections or by non-infectious inflam-
mation - result in an increase of lysozyme activity. How-
ever, as herein shown lysozyme activity in synovial fluid
from mammals suffering from a non-infectious inflammatory
condition of a synovial joint do not or not significantly
show lysozyme activity. This finding is even more sur-
prising considering that the activity of myeloperoxidase
- a well known marker for infectious conditions - shows
also activity in infected synovial fluid whereas elastase
and Cathepsin G, for instance, - two further known mark-
ers for infectious conditions - do not show any enzymatic
activity. These findings are very important because they
allow to unequivocally identify synovial joint infections
in mammals known to suffer from a synovial joint condi-
tion. The identification of the cause of the synovial
joint conditions makes it possible to choose the right
treatment for said condition. For instance, a bacterial
infection of a synovial joint can be treated using anti-
biotics whereas a non-infectious inflammatory condition
requires other treatment steps.

[0010] The findings of the present invention allow to dif-
ferentiate synovial joint conditions into synovial joint
infection and a non-infectious inflammatory condition
within minutes.

[0011] Thus, another aspect of the present invention relates

to a method for discriminating between a synovial joint
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infection and a non-infectious inflammatory condition of
a synovial joint comprising the steps of
- contacting a synovial fluid sample of a mammal
showing symptoms of a synovial joint condition with
at least one lysozyme substrate,
- detecting a synovial joint infection when a conver-
sion of said at least one substrate is determined in
said sample and
- detecting a non-infectious inflammatory condition
when substantially no lysozyme activity is deter-
mined.

[0012] The present invention describes an in vitro system
for detecting infections, in particular bacterial infec-
tions, in mammalian synovial fluids. Infections can be
identified by the method of the present invention within
minutes since the lysozyme activity in infectious joints
is significantly higher compared to healthy mammals and
mammals suffering from non-infectious inflammatory condi-
tion.

[0013] In a preferred embodiment of the present invention
substrates are used for the conversion with lysozyme
which are able to release a marker which may be detected
optically using, for instance, photometric methods or
test stripes. Such a test system represents a tremendous
decision-making aid for further treatment, since it can
distinguish between bacterial and inflammatory processes
in the joints of mammals, in particular humans.

[0014] The present invention enables a rapid result in terms
of a possible infection directly in the ambulance or in
the case of horses and cattle in the barn. The result is
immediate, no lab or time-consuming microbiology is
needed for the first diagnosis. Enzymes in synovial flu-
ids, which are secreted by the body's immune system in
case of bacterial joint infections to an increased ex-
tent, are detected preferably by a simple and rapid color
reaction system. The targeted preparation of the sample
material enables the sample to be quickly and reliably

transferred to the new test system. Experimental data
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clearly show that in the case of a synovial infection
different enzymes are significantly increased and a dis-
tinction between bacterial and inflammatory events is

possible.

BRIEF DESCRIPTION OF THE FIGURES

[0015] Fig. 1 shows the Box-Plot of Lysozyme concentrations
in no synovial joint condition (NSJC), aseptic arthritic
(ASA) and septic (S) synovia samples. A total amount of
50 samples was analysed, where 10 samples had no synovial
joint conditions, 22 were aseptic arthritic and 18 sam-
ples were septic. The highest values of the different
groups were as follows: NSJC 2.0 pg/ml, ASA 4.5 ng/ml, S
377.7 ng/ml. The median of the different groups were:
NSJC 0.74 pg/ml, ASA 1.2 pg/ml and S 15.3 pg/ml. The low-
est values for the three different groups were: N3SJC 0.30
pg/ml, ASA 0.0 pg/ml and S 9.9 ug/ml.

[0016] Fig. 2 shows the Box-Plot of MPO concentrations in no
synovial Jjoint condition (NSJC), aseptic arthritic (ASA)
and septic (S) synovia samples. A total amount of 50 sam-
ples was analysed, where 10 samples had no synovial joint
conditions, 22 were aseptic arthritic and 18 samples were
septic. The highest values of the different groups were
as follows: NSJC 0.054 pg/ml, ASA 0.41 pg/ml, S 58.6
ng/ml. The median of the different groups were: NSJC
0.046 pg/ml, ASA 0.046 pg/ml and S 1.1 pg/ml. The lowest
values for the three different groups were: NSJC 0.046
pg/ml, ASA 0.046 pg/ml and S 0.046 npg/ml.

[0017] Fig. 3 shows the absorbance values measured in the
lysozyme activity assays according to example 2.

[0018] Fig. 4 shows the time-depending dye release from pep-
tidoglycan-reactive black 5 using increasing concentra-
tions of lysozyme.

[0019] Fig. 5 shows the influence of the substrate concen-

tration on the reaction kinetics of lysozyme.

DESCRIPTION OF EMBODIMENTS
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[0020] The present invention relates to a method for detect-
ing a synovial joint infection.

[0021] It turned surprisingly out that lysozyme activity in
synovial fluid is a marker for infections in synovial
joints since synovial fluid obtained from healthy joints
as well as from joints from mammals suffering a non-in-
fectious inflammatory condition of a synovial fluid (e.g.
arthritis, in particular rheumatoid arthritis). This is
particularly surprising because according to Pruzanski W
et al. (Arth Rheumat (1970) 13:389-399; Sem Arthritis
Rheumat (1972) 1:361-381), for instance, lysozyme activ-
ity can be detected in serum and synovial fluid samples
from patients suffering from rheumatoid arthritis using a
test system which is based on the lysis of the cell wall
of Micrococcus lysodeiktikus (as agar diffusion test). In
contrast thereto, the examples provided herein clearly
show that lysozyme activity in healthy patients is not
detectable or only to a very low degree. It has to be
noted that Pruzanski W et al. (1970) did not determine
lysozyme activity in synovial fluid of healthy individu-
als so that the lysozyme activity disclosed therein can-
not be an indicator for determining whether an individual
suffers from rheumatoid arthritis.

[0022] It was also surprisingly found that other infection
markers known from wound infections, such as elastase, do
not show an enzymatic activity in synovial fluid. This is
a surprising finding because it can be expected that in-
fections may provoke in a mammal body the secretion of
the same or at least similar substances.

[0023] “Synovial joint”, as used herein, refers to plane
joints (or gliding joint), hinge joints, pivot joints,
condyloid joints (or ellipsoidal joints), saddle Jjoints
and ball and socket joints. All of these joints are
filled with synovial fluid, which is required to reduce
friction between the articular cartilage of synovial
joints during movement.

[0024] ™“Synovial joint infection”, as used herein, refers to

infections caused by bacteria, fungi and/or viruses.
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These infections may be the result of a mechanical injury
causing the infiltration of bacteria, fungi and/or vi-
ruses into a synovial joint. However, joint infections
may also occur in the course or after surgery. A further
source of infection can be blood if the blood of the mam-
mal contains respective microorganisms and/or viruses.

[0025] Common microorganims causing synovial joint infec-
tions are Staphylococcus aureus, Staphylococcus epider-
midis, hemolysing streptococci of group A, pneumococci,
Pseudomonas aeruginosa, Proteus mirabilis, E. coli, Hae-
mophilus influenzae, propionibacteria and salmonellae.
Furthermore, also other aerobic and anaerobic germs as
well as fungi like Candida albicans may be responsible
for synovial joint infections (e.g. Hepburn MJ, et al.
Rheumatol Int. (2003) 23:255-7; Lequerre T, et al. (2002)
Joint Bone Spine 69(5):499-501)

[0026] The term “substrate”, in particular “lysozyme sub-
strate”, as used herein, includes compounds, which can be
converted (e.g. hydrolysed, degraded) by enzymes like ly-
sozyme or which interact in another specific way with en-
zZymes.

[0027] According to a preferred embodiment of the present
invention the synovial fluid sample is of a mammal show-
ing symptoms of a synovial joint condition.

[0028] It is particularly preferred to detect synovial joint
infections in mammals suspected to suffer from a synovial
joint condition, since obtaining synovial fluid is inva-
sive and reguires punctuation of the joint.

[0029] In order to treat mammals showing symptoms of a syno-
vial joint condition more efficiently by using the most
appropriate medication it is important to know the cause
of the joint condition. This can be achieved with the
method of the present invention because it allows to dis-
criminate between a synovial joint infection and a non-
infectious inflammatory condition of a synovial joint.
This discrimination is possible due to the fact that ly-
sozyme activity can only be determined in synovial joints

infected with microorganisms like bacteria and fungi as
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well as with viruses. Other conditions of synovial Jjoints
which are not caused by infections do not show lysozyme
activity at all or to a low extent.

[0030] Therefore, another aspect of the present invention
relates to a method for discriminating between a synovial
joint infection and a non-infectious inflammatory condi-
tion of a synovial joint comprising the steps of

- contacting a synovial fluid sample of a mammal
showing symptoms of a synovial joint condition with
at least one lysozyme substrate,

- detecting a synovial joint infection when a conver-
sion of said at least one substrate is determined in
said sample and

- detecting a non-infectious inflammatory condition
when substantially no lysozyme activity is deter-
mined.

[0031] “Substantially no lysozyme activity” and “no lysozyme
activity”, as used herein refers to a lysozyme activity
which is not detectable by the method described herein,
in particular in example 1, however preferably of less
than 200 U/ml.

[0032] Lysozyme activity can be determined by using various
methods known in the art. Preferred methods involve the
conversion of a specific substrate into a product which
can thereafter been detected and quantified. Such methods
may involve also substrates which are able to release de-
tectable substances like dyes. A particularly preferred
method to determine lysozyme activity is described, for
instance, in EP 2 433 138. The lysozyme substrate used in
the methods described therein is preferably a peptidogly-
can and/or chitosan, or oligomers of these, more prefera-
bly a peptidoglycan and/or chitosan dyed with a vinyl
sulfone dye. The peptidoglycan may be derived from Micro-
coccus lysodeictikus.

[0033] The substrate concentration of stained peptidoglycan,
for instance, can be within a range of 1 mg/ml to 50
mg/ml, preferably 10 mg/ml - 20 mg/ml, in particular 15
mg/ml.
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[0034] The lysozyme substrate is incubated with the synovial
fluid sample for a defined time or time range. It is par-
ticularly preferred to incubate the synovial fluid sample
with the lysozyme substrate for 1 to 30 min, preferably 1
to 20 min, more preferably for 1 to 15 min, more prefera-
bly for 1 to 10 min, more preferably for 2 to 30 min,
more preferably 2 to 20 min, more preferably for 2 to 15
min, more preferably for 2 to 10 min, more preferably for
5 to 30 min, more preferably 5 to 20 min, more preferably
for 5 to 15 min, more preferably for 5 to 10 min.

[0035] The method of the present invention has the advantage
that the synovial fluid used therein can be used without
any preparation step. Thus, synovial fluid obtained from
the joint of a mammal can be directly used to assess its
lysozyme activity. This is surprising since the methods
known in the art do not use synovial fluid directly to
determine lysozyme activity. For instance, Pruzanski W et
al. (1970) suggest to centrifuge the synovial fluid to be
analysed and to dialyze it before contacting it with the
lysozyme substrate.

[0036] According to a preferred embodiment of the present
invention the non-infectious inflammatory condition of a
synovial joint is inflammatory arthritis, preferably
rheumatoid arthritis, acute aseptic arthritis or osteoar-
thritis, osteochondrosis and inflammation caused by trau-
matic events.

[0037] According to a further preferred embodiment of the
present invention the synovial joint infection is a bac-
terial, fungal or viral infection, wherein bacterial in-
fections may be preferably caused by Staphylococcus au-
reus, Staphylococcus epidermidis, hemolysing streptococci
of group A, pneumococci, Pseudomonas aeruginosa, Proteus
mirabilis, E. coli, Haemophilus influenzae, propionibac-
teria and salmonellae, and fungal infections may prefera-
bly caused by Candida albicans.

[0038] Synovial joint infections may be caused by one or

more of the organisms listed above. Infections caused by
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one or more of these organisms can be treated with
medicaments like antibiotics as well-known in the art.

[0039] The method of the present invention is preferably
used with samples obtained from mammals which show symp-
toms of a synovial joint condition. The symptoms of a
synovial Jjoint condition include preferably pain, Jjoint
swelling, fever and/or inability to move the limb with
the infected joint.

[0040] According to another preferred embodiment of the pre-
sent invention the synovial joint infection is detected
when the lysozyme activity within the sample is at least
500 U/ml, preferably at least 600 U/ml, more preferably
at least 700 U/ml, more preferably at least 800 U/ml,
more preferably at least 900 U/ml, more preferably at
least 1,000 U/ml.

[0041] It turned out that the detection of a lysozyme activ-
ity within the synovial fluid of at least 500 U/ml indi-
cates that said synovial fluid is derived from a joint
having an infection caused by one of the pathogens/organ-
isms mentioned above.

[0042] According to a preferred embodiment of the present
invention a non-infectious inflammatory condition is de-
tected when the lysozyme activity within the sample is
less than 500 U/ml, preferably less than 400 U/ml, more
preferably less than 300 U/ml, more preferably less than
200 U/ml.

[0043] According to a particularly preferred embodiment of
the present invention the at least one lysozyme substrate
is peptidoglycan or a derivative thereof.

[0044] Lysozyme is known to destroy bacterial cell walls by
hydrolysing 1,4-beta-linkages between N-acetylmuramic
acid and N-acetyl-D-glucosamine residues in peptidogly-
can. In addition to its lytic activity against Gram posi-
tive bacteria, lysozyme can act as a non-specific innate
opsonin by binding to the bacterial surface, reducing the
negative charge and facilitating phagocytosis of the bac-
terium before opsonins from the acquired immune system

arrive.
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[0045] In another embodiment, provided herein the lysozyme
substrate may have a structure A-I (Formula I) wherein, A
is an anchor and I is an indicator region, wherein the
indicator (I) or a motif therein is conjugated to the an-
chor and the conjugate is a substrate for lysozyme (see
WO 2017/168249) .

[0046] In some embodiments, the anchor region (A) is associ-
ated with the indicator region (I) via an enzyme recogni-
tion site (S). Under this embodiment, the enzyme recogni-
tion site is a structure or a motif that allows binding
to an enzyme.

[0047] In one embodiment, the enzyme recognition site (S) is
naturally present in the anchor region. In another embod-
iment, the enzyme recognition site (S) is introduced in
the anchor region via chemical modification. Alternately,
the enzyme recognition site (S) may be naturally present
in the indicator region (I) or synthetically introduced
in the indicator region (I) via one or more chemical mod-
ifications.

[0048] In one embodiment, the chemical entity of Formula I
comprises an anchor (A) which is associated with the in-
dicator (I), either covalently or non-covalently. Partic-
ularly, the association between the anchor region (A) and
the indicator region (I) is mediated wvia a covalent in-
teraction. As is understood in the art, covalent bonds
involve sharing of electrons between the bonded atoms. In
contrast, non-covalent bonds may include, for example,
ionic interactions, electrostatic interactions, hydrogen
bonding interactions, physiochemical interactions, wvan
der Waal forces, Lewilis-acid/Lewis-base interactions, or
combinations thereof.

[0049] In one embodiment, the anchor A is associated with
the indicator I via a covalent interaction to form the
recognition site S. In another embodiment, the anchor A
is associated with the indicator I via a covalent inter-
action that is not a part of the recognition site S.

[0050] In some embodiments, the chemical entity further com-

prises an enzyme-labile or enzyme-reactive region (R). In
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one embodiment, the reactive region (R) is a part of the

anchor region. In another embodiment, the reactive region
(R) 1is a part of the indicator region (I). Still further,
the reactive region (R) is a part of the enzyme recogni-

tion site (3).

[0051] In one embodiment, the reactive region (R) interacts
with lysozyme or myeloperoxidase, or a combination
thereof.

[0052] The backbone of the lysozyme substrate can be chi-
tosan, peptidoglycan or any derivative thereof, whereas
peptidoglycan is preferred.

[0053] The reactive dyes for staining the substrate may have
different amounts of sulfonate groups ranging from 1-6
sulfonate groups.

[0054] The backbone can be stained with Reactive Red 120 or
reactive green 19 (6 sulfonate groups); with Reactive
Blue 109 (5 sulfonate groups); with Reactive Brown 10 (4
sulfonate groups).; with Reactive blue 5 (3 sulfonate
group); with Reactive Black 5 or reactive violet 5 (2
sulfonate groups); with Reactive Orange 16 or Reactive
blue 19 (1 sulfonate group). Preferred are dyes contain-
ing 1-2 sulfonate groups such as reactive black 5 or re-
active blue 19.

[0055] According to a preferred embodiment of the present
invention the synovial fluid sample is further contacted
with at least one myeloperoxidase substrate and a syno-
vial joint infection is detected when a conversion of
said at least one substrate is determined.

[0056] Myeloperoxidase (MPO) activity is known to be signif-
icantly increased in infectious tissue. The additional
determination/quantification of MPO activity in a syno-
vial fluid sample may be used to confirm that the syno-
vial joint is infected.

[0057] According to another preferred embodiment of the pre-
sent invention the synovial joint infection is detected
when the myeloperoxidase activity within the sample is at
least 0.1 U/ml, preferably at least 0.2 U/ml, more pref-
erably at least 0.3 U/ml, more preferably 0.4 U/ml, more
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preferably at least 0.5 U/ml, more preferably at least 1
U/ml.

[0058] According to a preferred embodiment of the present
invention the at least one myeloperoxidase substrate is
selected from the group consisting of Guajacol, 3,4-Dia-
mino benzoic acid, 4-Amino-3-hydroxy benzoic acid, Me-
thyl-3,4-diaminibenzoate, 3-Amino-4-hydroxy benzoic acid,
2,3-Diamino benzoic acid, 3,4-Dihydroxy benzoic acid, 2-
Amino phenol, 2-Amino-3-methoxy benzoic acid, 2-Amino-4-
methylphenol, 3,3',5,5'-tetramethylbenzidin, 2,2'-azino-
bis (3-ethylbenzthiazoline-6-sulphonic acid), crystal vio-
let, leuko crystal violet and sinaptic acid Fast Blue RR
modified with isocyanate.

[0059] According to the present invention MPO activity can
be determined using the following detection system for
the detection of elevated MPO levels in synovial fluid.
The system comprises of a reaction vessel filled with a
defined volume of a phosphate buffer (100-1400 pl, sodium
or potassium, pH 6.2-8.0, 10.0-100 mM). The synovial
fluid sample (100-1400ul) is then transferred into the
reaction vessel containing the pre added buffer. There-
fore, the dilution factor can range from 10:1 to 1:10.
The most preferred dilution factor ranges from 2:1 - 1:2.

[0060] The MPO substrate is added in solid form, for in-
stance as tablet, and can contain one of the aforemen-
tioned substrates and most preferred a substrate selected
from the group consisting of Guajacol, 3,4-Diamino ben-
zoic acid, 4-Amino-3-hydroxy benzoic acid, Methyl-3,4-di-
aminibenzoate, 3-Amino-4-hydroxy benzoic acid, 2,3-Dia-
mino benzoic acid, 3,4-Dihydroxy benzoic acid, 2-Amino
phenol, 2-Amino-3-methoxy benzoic acid and 2-Amino-4-
methylphenol.

[0061] If a tablet is used the tablet may have a weight of
10 - 100 mg where the optimum is 20 mg. The tablets may
be pressed with a pressure of 2 t for 10 seconds with a
diameter of 5 mm.

[0062] According to a preferred embodiment of the present

invention a tablet may have the following composition:
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0,01-0,10 mg NayC0Osz*1,5 H202, ideally 0,03-0,05 mg
0,01-1 mg active compound, ideally 0,20-0,40 mg
Maltose can be used as filler and may be added to

gain the desired final weight

[0063] After the addition of the substrate to the synovial
fluid sample, the whole system is well mixed and the en-
zymatic reaction starts immediately. Depending on the
level of MPO activity a visible colour change of the so-
lution can be observed. The arising colour is depending
on the active ingredient and can be yellow, orange, red,
brown, black or any combination thereof.

[0064]

[0065] According to another preferred embodiment of the pre-
sent invention the mammal is selected from the group con-
sisting of human, cattle, pigs, sheep and horses.

[0066]

[0067] The present invention is further illustrated by the
following examples, however, without being restricted

thereto.

EXAMPLES

[0068] Example 1: Determination of lysozyme activity in syn-

ovial fluid samples obtained from healthy patients and

patients suffering from rheumatoid arthritis and micro-

bial infections of a synovial joint

[0069] Lysozyme is an enzyme, which is produced and se-
creted by cells of the innate immune system. Peptidogly-
can is the main building block of cell walls from gram
positive bacteria and can be cleaved by lysozyme. This is
a natural defence mechanism from the immune system to
cope with bacteria by digesting their cell walls. It was
demonstrated, that in 100% (see Table 1, Sensitivity) of
the tested synovia samples which were diagnosed as septic
by the responsible clinicians, the lysozyme activity was
elevated. Moreover, 100 % (see Table 1, Specificity) of
the samples which were classified as negative or inflam-

matory did not show elevate lysozyme levels.
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[0070] The activities of lysozyme were measured as follows:

290 pl of a 0.45 mg/ml peptidoglycan solution (from
Micrococcus luteus) in a sodium phosphate buffer (50
mM, pH 6.5) were incubated with 10pl sample (syno-
vial fluid). Absorbance measurements were carried

out at 450 nm for 10 minutes at 37°C.

Table 1: Sensitivity, specificity, positive and negative
prediction values (PPV, NPV) for the detection of infec-

tion in equine synovia samples.

Value %
Sensitivity 1 100
Specifcity 1 100

[0071] Example 2: Activity measurement of lysozyme with dyed

peptidoglycan

[0072] 7.5 mg peptidoglycan-reactive black 5 were suspended
in 0.990 ml 0.9 % NaCl solution. 10 upl of different lyso-
zyme concentrations were added to the reaction solution
to final concentrations ranging from 0 U/ml - 10000 U/ml
(every concentration in triplicates). All samples were
incubated at 37 °C for 60 minutes and shaking at 1400
rpm. After the incubation step all samples were centri-
fuged at 10000 g for 5 minutes. 100 pl of each superna-
tant were transferred into a 96 well plate and absorb-
ances were measured at 597 nm. Absorbance values are
shown in Fig. 3. All lysozyme concentrations could be
clearly distinguished.

[0073] Example 3: Dye release over 60 minutes for 10000 U/ml

lysozyme

[0074] 7.5 mg/ml peptidoglycan-reactive black 5 were sus-
pended in 0.990 ml 0.9 % NaCl solution. 10 pl of a lyso-
zyme solution were added to a final concentration of
10000 U/ml. All samples were incubated at 37 °C for 10 -

60 minutes and 1400 rpm. Every 10 minutes triplicates
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were centrifuged (10000g, 5 min) and 100 pl of the super-
natants were transferred into a 96 well plate. The ab-
sorbance was measured at 597 nm. The time-depending dye
release is shown in Fig. 4. Already after 10 minutes the

[0075] Example 4: Optimisation of the substrate concentra-

tion using peptidoglycan-reactive black 5

[0076] Different amounts of substrate were suspended in 0.9
% NaCl solution (5 mg/ml - 20 mg/ml, in triplicates). 10
1l of a lysozyme solution were added to all different
substrate concentrations to a final lysozyme concentra-
tion of 10000 U/ml. 10 pl of Hz0 served as negative con-
trols for all different substrate concentrations (all in
triplicates). All samples were incubated at 37 °C for 60
minutes and 1400 rpm. After the incubation all samples
were centrifuged (10000 g, 5 min) and 100pl of the super-
natants were transferred into a 96 well plate. Absorb-
ances were measured at 597 nm. The substrate depending
dye release can be seen in Fig. 5.

[0077] Example 5: Determination of MPO activity in synovial

fluid samples obtained from healthy patients and patients

suffering from rheumatoid arthritis and microbial infec-

tions of a synovial joint

[0078] MPO is also an enzyme from the innate immune system
and acts as a natural defence mechanism against bacteria
by producing highly active oxygen species. One possible
MPQO reaction is the oxidation of substrates using H;02 as
cofactor. The second mechanism known is the chlorination
activity which can also lead to the oxidation and/or
cleavage of molecules.

[0079] Many chromogenic substrates are known to change col-
our upon oxidation reactions and can therefore be used
for the detection of MPO activity.

[0080] A guajacol based assays was used for the determina-
tion of MPO actiovity and was carried out as follows:

10 pl of a synovial fluid sample were added to 290
1l of reaction solution containing 187.4 mM
guajacol in a potassium phosphate buffer (100 mM,
pH 7.0) and 0.35 mM H»x0». The absorbance change at
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470 nm was recorded over a time period of 60 sec-
onds.

[0081] On the one hand we could show that MPO activity was
elevated in 75% of all investigated synovia samples which
were classified as septic (sensitivity see table 2). On
the other hand, we could demonstrate that the MPO activ-
ity was low for 90% of the negative classified samples

(aseptic). This leads to a sensitivity of 75.0 % and a

A

specificity of 90.0 % (see table 2 and Fig. 2).

Table 2: Sensitivity, specificity, PPV und NPV for MPO as

marker for the detection of infection in synovia

Sensitivity 0,75 75,0
Specifity 0,9 90
PPV 0,82

NPV 0,86

[0082] Example 6: Determination of elastase activity in syn-

ovial fluid samples obtained from healthy patients and

patients suffering from rheumatoid arthritis and micro-

bial infections of a synovial joint

[0083] The enzyme elastase is also described as a marker en-
zyme in synovia. Elastase is a proteolytic enzyme and
cleaves proteins with specific recognition sequence. This
can be used to cleave of chromophores from substrate pro-
teins. The following assay was used for the determination
of the elastase activity.

[0084] Methoxysuccinyl-Ala-Ala-Pro-Val-p-nitroanilid was
used as substrate. By cleaving the p-Nitroaniline from
the peptide, a yellow colour is emerging and can be meas-
ured at 405 nm. The substrate was dissolved in Dimethyl
sulfoxide and dilute with a sodium phosphate buffer (10-
50 mM, pH 6.0 - 8.0). The final substrate concentration
was 1-5 mM.

[0085] Elastase activity was not detectable in any synovia

sample which is a surprisingly different result compared
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to the fact that elastase activity could be detected in
infected wound fluid. This is particularly surprising
considering that it is known from literature, that Elas-
tase is detectable in synovial fluid by ELISA assays.

[0086] In comparison to the system for the detection of
wound infection a positive control is not necessary as
the samples are taken by puncture and therefore, wrong or
insufficient sampling is avoided.

[0087] Example 7: Determination of cathepsin activity 1in

synovial fluid samples obtained from healthy subjects and

subjects suffering from rheumatoid arthritis and micro-

bial infections of a synovial joint

[0088] 10 pl synovial fluid (equine) of healthy horses, sub-
jects suffering from rheumatoid arthritis and micro-bial
infections were added each to 90 pl of a 3 mM solution of
Cathepsin G substrate (N-Succinyl-Ala-Ala-Pro-Phe p-ni-
troanilide) (stock solved 30 mM in DMSO) in sodium phos-
phate buffer (25 mM, pH 7.0, 0.5 M NaCl). Absorbances
were measured at 405 nm for 20 minutes at 37 °C. 9 sam-
ples were analysed: 3 septic and 3 aseptic (arthritis)
synovia samples as well as 3 synovial fluid samples from
healthy subjects. Cathepsin G activity could not be meas-

ured in any sample.
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CLAIMS:

1. A method for detecting a synovial joint infection compris-
ing the steps of
- contacting a synovial fluid sample with at least one
lysozyme substrate, and
- detecting a synovial joint infection when a conver-

sion of said at least one substrate is determined.

2. Method according to claim 1, wherein the synovial fluid
sample is of a mammal showing symptoms of a synovial joint

condition.

3. Method for discriminating between a synovial joint infec-
tion and a non-infectious inflammatory condition of a synovial
joint comprising the steps of
- contacting a synovial fluid sample of a mammal show-
ing symptoms of a synovial joint condition with at
least one lysozyme substrate,
- detecting a synovial joint infection when a conver-
sion of said at least one substrate is determined in
said sample and
- detecting a non-infectious inflammatory condition

when substantially no lysozyme activity is determined.

4. Method according to claim 3, wherein the non-infectious in-
flammatory condition is inflammatory arthritis, preferably
rheumatoid arthritis, acute aseptic arthritis or osteoarthri-
tis, osteochondrosis and inflammation caused by traumatic

events.

5. Method according to any one of claims 1 to 4, wherein the
synovial Jjoint infection is a bacterial , fungal or viral in-

fection.
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6. Method according to any one of claims 2 to 5, wherein symp-
toms of a synovial joint condition include pain, joint swell-
ing, fever and/or inability to move the limb with the infected

joint.

7. Method according to any one of claims 1 to 6, wherein the
synovial joint infection is detected when the lysozyme activ-
ity within the sample is at least 500 U/ml, preferably at
least 700 U/ml, more preferably at least 1,000 U/ml.

8. Method according to any one of claims 1 to 7, wherein a
non-infectious inflammatory condition is detected when the ly-

sozyme activity within the sample is less than 500 U/ml.

9. Method according to any one of claims 1 to 8, wherein the
at least one lysozyme substrate is peptidoglycan or a deriva-

tive thereof.

10. Method according to any one of claims 1 to 9, wherein the
synovial fluid sample is further contacted with at least one
myeloperoxidase substrate and a synovial joint infection is
detected when a conversion of said at least one substrate is

determined.

11. Method according to claim 10, wherein the synovial joint
infection is detected when the myeloperoxidase activity within
the sample is at least 0.4 U/ml.

12. Method according to claim 10 or 11, wherein the at least
one myeloperoxidase substrate is selected from the group con-
sisting of Guajacol, 3,3',5,5"'-tetramethylbenzidin, 2,2'-az-
ino-bis (3-ethylbenzthiazoline-6-sulphonic acid), crystal vio-
let, leuko crystal violet, sinaptic acid Fast Blue RR modified
with Isocyanat, 3,4-Diamino benzoic acid, 4-Amino-3-hydroxy
benzoic acid, Methyl-3,4-diaminibenzoate, 3-Amino-4-hydroxy
benzoic acid, 2,3-Diamino benzoic acid, 3,4-Dihydroxy benzoic
acid, 2-Amino phenol, 2-Amino-3-methoxy benzoic acid and 2-

Amino-4-methylphenol.
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13. Method according to any of claims 1 to 12, wherein the
mammal is selected from the group consisting of human, cattle,

prigs, sheep and horses.
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