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Description

[0001] The present invention relates to a method for
diagnosis of low-grade infections, a biomarker for use in
a method for diagnosis of low-grade infections.

[0002] Low-grade infections are a therapeutic chal-
lenge. They are difficult to diagnose and extensive to
treat. The actual incidence of low-grade infections is un-
known but there is evidence in the current literature that
low-grade infections are more common than previously
assumed. An accurate diagnosis as well as the identifi-
cation of the pathogen are required for a successful ther-
apy.

[0003] Problems especially arises after surgery, e.g.
implant surgery, due to missing clinical signs of infection.
A proper therapeutic treatment is sufficient in order to
avoid surgical revisions, e.g. in case of implant surgery.
[0004] Shoulder arthroplasty is a rapidly growing pro-
cedure amongst all total joint replacements with a seven-
fold increase predicted for the next 15 years (Deore
2017). Today, various different types of shoulder pros-
theses for different indications and individual anatomical
conditions exist. However, the design of these prosthe-
ses can be distinguished in two basic biomechanical prin-
ciples, the anatomic and the reversed shoulder implants.
[0005] Due tothe increasing number of primary shoul-
der arthroplasties, the number of septic and aseptic sur-
gical revisions is a rising challenge in shoulder surgery.
The rate of infection in shoulder endoprostheses is ap-
proximately 1% and is comparable to the infection rate
of other joints (Padegimas 2015). The most frequently
detected pathogens in shoulder TJA are Propionibacte-
rium acnes (P. acnes), Staphylococcus epidermidis (S.
epidermidis) and Staphylococcus aureus (S. aureus)
(Piper 2009). The causes of infection can be a hema-
togenic infection (pneumonia, urinary tractinfection, den-
tal sinuses) or the intra- or perioperative infection which
can appear as early or late infections. Clinically, an early
periprosthetic joint infection (PJI) is accompanied by on-
set of pain, loss of function and other signs of inflamma-
tion such as fever, wound healing disorders or the devel-
opment of local erythema. Furthermore, the presence of
a systemic reaction is indicated by increased systemic
inflammation parameters such as WBC and CRP values
(Parvizi 2014). The late infection, however, is often more
difficult to diagnose, because of the lack of a systemic
inflammation due to the formation of a biofilm. Sometimes
radiological detectable periprostheticradiolucentlines in-
dicate the failure of a secure fixation of the implant under
low-grade septic complications. The microbiological
analysis of the synovial fluid, however, detects low-grade
infection cases only at very late stages, when the biofilm
already produces planktonic bacteria. A second surgical
intervention using a spacer implant, consisting of antibi-
otics and bone cement, is in most cases inevitable. Since
low grade infections are difficult to diagnose at early stag-
es and the late diagnosis make appropriate treatment of
the infection without explantation of the prosthesis im-
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possible, there is a need for biomarkers to diagnose the
infection at an early time point. To develop biomarkers
for the early diagnosis of low grade infection the under-
standing of different pathways activated during the infec-
tion is of utmost importance.

[0006] The detection of a-defensin has been proposed
to be a marker for PJI (Bingham 2014, Ganz 1985, White
1995). The a-defensin protein is a 2-6 kDa antimicrobial
peptide, which is predominantly activated by Gram-neg-
ative and Gram-positive bacteria. It is secreted by neu-
trophils and macrophages and is able to bind pathogens
in the synovial fluid and impede cell wall synthesis (Ganz
1985, White 1995). However, there have been reports of
false positive test results in case of adverse tissue reac-
tions (Eriksson 2018).

[0007] Another important component of the immune
response to bacterial infection is the complement system
(Schifferli 1986). The main purpose of the complement
system is the destruction of foreign or dead cells, activa-
tion of the immune defense cells and the opsonization of
pathogens (Mevorach 1998). Therefore, the activation of
the complement system is predominantly active in the
early infection phase (Huber-Lang 2006, Langlois 1988).
The system recognizes foreign structures activating
three different pathways, that converge to the common
component C3; terminal common pathway is initiated
with C5 being cleaved into C5a and C5b. C5b starts the
formation of the membrane attack complex (MAC) by re-
cruiting C6, C7, C8 and C9. MAC is the cytolytic end-
product of the terminal complement cascade resulting in
osmotic lysis and thereby cell death (Dunkelberger
2010).

[0008] The presence of macrophages in tissue biop-
sies has been proposed to be anindicator for septic com-
plications, as they are part of the non-specific immune
response by removing pathogens via phagocytosis and
also part of the adaptive immune response by recruiting
other immune cells. Immunostaining for CD68 shows
monocytes and macrophages presence, as a first hint of
inflammatory tissue response (Parwaresch 1986, Saito
1991).

[0009] The hypothesis of the study was that the termi-
nal complement pathway in combination with «-defensin
provides better evidence for discrimination between
asepticloosening and PJl of total shoulder arthroplasties.
To test this hypothesis, we investigated aseptic and sep-
tic tissues of shoulder endoprostheses revision surger-
ies, with regard to the design of the shoulder implant,
patient characteristics, bacterial diagnostic and the pro-
posed biomarkers.

[0010] Therefore,itis anobjectofthe presentinvention
to provide a biomarker that allow a diagnosis for low-
grade infections and a method for such diagnosis.
[0011] The objective is solved by a biomarker and a
method for diagnosis of low-grade infections according
to the present invention.

[0012] Inafirstaspectthe invention provides abiomar-
ker for diagnosis of low-grade infections.
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[0013] Thebiomarkeris selected from a group consist-
ing of factors of the complement system.

[0014] Incertain embodiments the biomarker is select-
ed from a group consisting of complement factors C3,
C5and C9. Preferably, the biomarker is complement fac-
tor C9.

[0015] Surprisingly, it was found that biomarker allows
a separation of septic from aseptic tissue with a predictive
specificity of 100%.

[0016] In a further aspect the invention provides a
method for diagnosis of low-grade infections in a human
subject.

[0017] The method comprises the steps of:

- providing a sample of the human subject,

- exvivo detection of the biomarker according to the
present invention within the sample,

- correlation of the result with the low-grade infection
disease state.

[0018] Preferably the sample is a tissue sample, e.g.
obtained by biopsy or a blood sample or plasma sample.
[0019] In certain embodiments the detection of the bi-
omarker is performed by immunohistochemically stain-
ing, enzyme-linked immunosorbent assay (ELISA),
Polymerase-chain-reaction (PCR) Enzyme-Linked Im-
munoSpot (ELISPOT), Enzyme multiplied immunoassay
technique (EMIT), Immunofluorescence, radiobinding
assay, radioimmunoassay (RIA), Western-Blot or Fluo-
rescence in situ hybridization (FISH).

[0020] In certain embodiments, the correlation of the
obtained results with the low-grade infection disease
state is performed by determination of the presence of
the biomarker within the sample. In case that the detec-
tion of the biomarker within the sample is positive, a low-
grade infection is diagnosed and further steps in view of
therapeutic treatment can be performed.

[0021] With the biomarker and the method for diagno-
sis of low-grade infections in a human subject, a fast and
specific diagnosis is provided which allows an acceler-
ated therapeutic treatment and a reduce in surgery revi-
sions.

[0022] The invention will be explained in more detail
with the aid of the following figures and embodiments
without limiting the invention to them.

[0023] For the purpose of illustrating aspects of the
presentinvention, there are depicted in the drawings cer-
tain embodiments of the invention. However, the inven-
tion is not limited to the precise arrangements and instru-
mentalities of the embodiments depicted in the drawings.
Further, as provided, like reference numerals contained
in the drawings are meant to identify similar or identical
elements.

Fig. 1 depicts the characterization of septic and
aseptic shoulder prostheses. (A) 33 implants were
included in the study (14 septic and 19 aseptic). (B)
CRP value [mg/l] of the septic (black circle) and
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aseptic (grey square) was significantly increased in
septic samples. The pathological threshold of 5 mg/l
is indicated as red dotted line. (C) The WBC value
(Gpt) is not changed between septic and aseptic
group. Normal range of 10 Gpt/lis given as red dotted
lines (D) RLL of the humeral zones were analyzed
by using the Neer zones (Neer et al., 1982). The
septic group exhibited increased RLL compared to
the aseptic group. (E) Prevalence of the most fre-
guent pathogens in the reverse and anatomical
shoulder prostheses;

Fig. 2 depicts the localinflammatory response in sep-
tic and aseptic periprosthetic tissue. Representative
immunohistochemical stainings of the periprosthetic
tissue of septic and aseptic patients. a-defensin (A),
macrophages (CD68) (B). Terminal complement
pathway (C- E) (N = 9; n = 27). The values indicate
the percentage of positive staining given as median
of 3images per patient. Two different magnifications
(100x, 400x) are given. In the 100x magnification,
the scale bar is 100 pm, while the scale bar in the
630x magnificationis 2 um (white bars). (n=3;N=9).

Patients

[0024] 33 consecutive shoulder revision surgeries due
to aseptic and septic revision reasons were included be-
tween February 2011 and April 2016 (IRB No. 150/ 12,
Institutional Review Board of the Medical School, Otto-
von-Guericke University, Magdeburg). The demographic
data of all patients (age at surgery, implantation time,
radiologically detected radiolucent lines (RLL), number
of previous surgeries and comorbidities) were recorded
(Table 1). Prior to surgery, serum levels of C-reactive
protein (CRP, mg/l) and white blood cells (WBC, Gpt/l)
were determined. Infections were identified according to
MSIS criteria and IDSA criteria (Osmon 2013, Parvizi
2014).

Histology and immunohistochemically staining

[0025] The periprosthetic tissues were fixed overnight
in 4% paraformaldehyde. The tissue was embedded in
paraffin and cutin 4 pm sections. Immunohistochemical
staining was performed using the following antibodies:
a-defensin (Acris, OriGene Technologies Inc., Rockville,
United States), CD68 (Santa Cruz Biotechnology, Inc.
Europe), C3/C5/C9 (Quidel, San Diego, CA, USA). Cor-
responding IgG antibodies were used as isotype control
for the respective stainings. The area of red immunofiu-
orescence was calculated as percentage of the picture
and was analyzed using ImageJ 1.5 (NIH, USA) in com-
parison to the isotype control staining.

Microbiologic diagnostic

[0026] Periprosthetic tissue samples were cut into
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pieces and mechanically homogenized on Ultra-Turrax
Drive control Dispergierer (IKA®-Werke GmbH & Co.
KG, Germany) at 6,000 rpm for 2 min in interval direction
change. Briefly, the homogenized samples were inocu-
lated on agar plates: columbia agar with 5% sheep blood
(Becton Dickinson, Heidelberg, Germany), chocolate
agar and Schaedler agar (Oxoid, Munich, Germany) un-
der aerobic conditions with 5% CO2 and anaercbically
at35+1 °C. Additionally, the samples were inoculated in
thioglycolate and Schaedler broth (bioMérieux, Marcy
L’Etoile, France) at 35+1 °C for 14 days. The identifica-
tion of pathogens was performed by MALDI-TOF MS
(VITEK® MS, bioMerieux, Marcy L’Etoile, France).

Radiographic Analysis

[0027] For the evaluation of periprosthetic bone re-
sorption the X-rays were analyzed for the location and
extent auf radiolucent lines (RLL) around the implant
(Sanchez-Sotelo 2001). To -determine the degree of im-
plant loosening, the humeral component of the shoulder
was subdivided into eightradiological zones (Neer 1982),
the glenoid was not investigated due to the relatively
small number of aseptic revers implants.

Statistical analysis

[0028] Statisticalanalysis was performed using Graph-
Pad Prism V7 (GraphPad Software, San Diego, USA)
and SPSS (Chicago, USA). Medcalc (MedCalc Software
bvba, Ostend, Belgium) was used for calculation of C9
staining predictive sensitivity and specificity. The Plots
and bar charts show Median with SD. For the test of sta-
tistical significance we use the Mann-Whitney-U-Test,
the statistical significance is indicated as *P < 0.01, **P
< 0.05 and ***P<0.1.

Demographics and patient characteristics

[0029] 33 patients undergoing a shoulder revision
were included. Microbiclogical diagnostic indicated PJI
in 14 patients as reason for revision. 19 patients were
considered as aseptic revisions (Fig. 1 A), due to rotator
cuff insufficiency and instability (9/19), glenoid compo-
nent loosening (1/19), glenoid erosion (2/19), prosthesis
dislocation (3/19), periprosthetic fractures (2/19) and hu-
meral osteolysis (2/19).

[0030] The septic group of 14 patients was subdivided
into 10 patients with reverse and 4 with anatomical shoul-
der implants, whereas the aseptic group included 2 re-
verse and 17 anatomical implants (Table 1, Fig 1A). Al-
together, in total 19 (57.6 %) patients underwent aseptic
surgery and 14 (42.4 %) patients were diagnosed with a
bacterial infection. Interestingly, 71.4 % of the septic re-
vision surgeries received a revision of a reverse shoulder
prostheses, while only 28.6% of the patients with ana-
tomical implants showed a septic complication. The av-
erage age of the patients at the time of surgery was similar
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in both groups (aseptic: 73.3 years and septic: 72.1
years). Theimplantation time before revision surgery was
approximately 3 years (aseptic: 3.44 ~ 4.84 and septic:
2.19+ 2.28 years) (Table 1).

[0031] The number of previous surgeries before revi-
sion surgery of the respective joint is presented in detail
in Table 1. The number of previous surgeries in the septic
TSA group was greater than in the aseptic TSA group,
with 9 out of 11 patients having at least 1 or 2 previous
shoulder surgeries and 1 patient having 3 previous sur-
geries of the shoulder. In the aseptic patient group 5 pa-
tients had 1 oratleastto 2 prior operations. The remaining
14 patients had no previous operation before revision
surgery.

[0032] Comorbidities of the patients are presented in
Table 2. Patients with septic complications had more of-
ten diabetes and renal insufficiencies, whereas patients
with aseptic revision showed more neurological comor-
bidities like Parkinson’s disease or polyneuropathies.
[0033] To evaluate the presence of systemic inflam-
mation, the C-reactive protein (CRP) value and the WBC
count were analyzed in the blood of all patients.

[0034] When comparing the CRP value (Fig. 1 B) be-
tween the aseptic (4.55 mg/l) and the septic (13.10 mg/l)
patient group, the septic group showed a higher variabil-
ity in CRP values than the aseptic group (p < 0.0138).
[0035] No difference, however, was observed regard-
ing the WBC count of septic and aseptic patients (Fig. 1
C). The aseptic group showed the average WBC count
of 8.2 Gpt/l, while the average WBC value of the septic
group was at 6.6 Gpt/l. As the normal maximum value of
WBC is given as 10 Gpt/l, no pathological elevation of
WBC was observed in both groups (p= 0.157).

[0036] The evaluation of radiolucent lines (RLL) in the
X-ray images showed clear differences in the bone re-
sorption pattern between septic and aseptic cases (Fig.
1 D). The X-rays of the septic patient group exhibited
RLL in all 8 Neer zones of the humerus. interestingly, the
aseptic group mainly exhibited loosening in the zones 1
and 7 of the humerus. The other RLL zones were mainly
not affected in the aseptic group, indicated by the fact
that the zones 4, 5, 6 and 8 were statistically more fre-
guently found in the septic group compared to the aseptic
(zone 4 p=0.03, zone 5 p= 0.01, zone 6 p= 0.02, zone
8 p= 0.04). Because of the very low number of aseptic
and reverse cases (n=2), we did not investigate the gle-
noid loosening.

[0037] The identification of bacterial strains are sum-
marized in Fig. 1E. Interestingly, S. epidermidis showed
the highest frequency in the reverse shoulder implants
(36.4 %), while S. aureus (9.1 %) was only found in the
anatomical prostheses. The reverse shoulder implants
showed a higher variety of different Staphylococcus
strains compared to the anatomical prostheses. Other
bacteria, such as S. capiti (4.5 %), B. fragilis (4.5 %) and
S. warneri (4.5 %) were only found in small numbers on
reverse, but not in the anatomical group. While P. aches
was found in the anatomical (4.5 %) and the reverse (9.1
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%) shoulder implants.

Distribution of septic marker proteins in periprosthetic re-
vision tissue

[0038] As a-defensin staining has been proposed to
be a marker for an infected tissue, we stained septic and
aseptic periprosthetic revision tissue for the tissue pres-
ence and distribution of this marker protein (Fig. 2A). We
found both tissue types to be positive for o-defensin, with
no significant difference between the septicand the asep-
tic group (septic: 0.5171% + 0.4187, aseptic: 0.1307 =
0.1631 p= 0.2224).

[0039] Tofurther analyze the tissue response in septic
revision tissue, we assessed the presence of macro-
phages as inflammatory marker cells using CD68 stain-
ing (Fig 2B). Again, we found macrophages to be present
in septic as well as in aseptic tissue and the quantification
ofthe fluorescence showed no difference between septic
and aseptic tissue (septic: 0.097 + 0.02, aseptic: 0.014
+ 0.03 p=0.1135).

[0040] The terminal pathway of the complement sys-
tem is a key component of the host defense against bac-
teria. We investigated this pathway using antibodies for
C3, C5 and C9 to evaluate their tissue presence (Fig.
2C-E). We found an increase deposition of all studied
complement components in septic tissues. C3, as the
first common activated component, was significantly in-
creased in the septic tissue (septic: 0.23 = 0.2175 and
aseptic: 0,029 %+ 0.027, p= 0,031) (Fig. 2C). The sta-
tistical difference increased with C5, as the following
component starting the terminal pathway (septic: 0.16 +
0.08 and aseptic: 0,022 %+ 0.013, p= 0,005) (Fig. 2D).
Interestingly, C9, as the furthest downstream component
of this pathway, distinguished with a specificity of 100%
and a sensitivity of 88.89% between septic and aseptic
tissue (septic: 0.662 = 0.161 and aseptic: 0.025 %+
0.073, p= 0.0008) (Fig. 2E).

[0041] In this study, 33 consecutive total shoulder re-
visions were analyzed with respect to reasons for revi-
sions, radiological detectable radiolucent lines, patient
characteristics as well as microbiological diagnostic. The
aim of the study was to determine if biomarkers such as
o-defensin and the terminal complement pathway have
the potential to discriminate between septic and aseptic
total shoulder arthroplasty loosening. Therefore, aseptic
(57.6%) or septic (42.4%) periprosthetic revision tissues
were tested. The findings of our study suggest that par-
ticularly the deposition of the terminal complement com-
ponent C9 discriminates with an extremely high sensitiv-
ity of 100% between PJ1 and aseptic loosening in shoul-
der endoprostheses.

[0042] Comorbidities,including diabetes, renal diseas-
es or heart failure, are known to increase the risk of
periprosthetic infection (Baek, 2014, Bozic 2012, Daines
2015, Phillips 2013, Pulido 2008). We also observed an
increased number of patients with diabetes and renal in-
sufficiency in our septic cohort; however, we found also
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patients with these comorbidities in the aseptic cohort
and septic patients without these comorbidities. Further-
more, the risk of PJlincreases with each revision surgery
by about 10% (Fehring 2000, Goldberg 1988, Smucny
2015). In our cohort, there was also an increase in the
number previous surgeries in the septic subgroup, which
might explain partially the increased number of PJI.
Again, there were also patients with PJI, who did hot have
a revision surgery before infection and some of these
patients did not have any relevant comorbidities. How-
ever, these factors clearly contributed to the finding of an
increased number of septic complications with areversed
design, but did not explain the increased number com-
pletely.

[0043] According to their biomechanical principles,
one difference between the anatomical and reverse pros-
theses is that screws are used for fixation for the glenoid
component in the reverse shoulder prostheses. It has
been shown that in wide surface grooves of the screws,
the contact area of the bacterium to the material is in-
creased and the adhesion energy is enhanced, which
allows the bacteria to adhere better on the surface (G S
1999, Roosjen 2005, Sénéchal 2004, Whitehead 2004 ).
In line with these observations, it has been shown that
the one type of stemless shoulder prostheses, which was
fixed with a porous coated hollow screw, is more prone
to infection compared to other anatomic shoulder pros-
thetic designs (Johansson 2017). This mightbe a reason
for the increased infection rate of screw fixed prostheses.
[0044] We also observed a difference in the bacterial
spectrum between anatomical and reverse shoulder im-
plants. This difference mightbe explained by the fact that
some strains prefer to adhere to smooth while other bac-
teria colonize better on rough surfaces (Yamauchi. 1990)
Interestingly, it has been proven that S. epidermidis
shows a significantly increased adhesion on rougher sur-
faces (Verran 2005, Wassmann 2017), giving rise for an
explanation for the higher frequency of S. epidermidis
infection of reverse prostheses. Furthermore, S. epider-
midis was mostly found in co-colonization with other bac-
teria, whereas S. aureus was mostly found as a monoc-
ulture. Previous studies show that S. aureus exhibits a
higher virulence than S. epidermidis making a co-colo-
nization thereby impossible (Gill, 2005, Maki 1973).
[0045] One key problem of low-grade PJi is the early
diagnosis. To test whether an increase in markers of a
systemic inflammation could be observed in the septic
patients, we analyzed serum CRP value and WBC
counts. We observed an increase in CRP to 19.84 mg/I,
which was statistically significant. However, the predic-
tive value of CRP measurement to identify infections of
endoprostheses has been described to be low (Pohlig,
2017, Sanzén 1997) indicating that especially the low-
grade infection is a local phenomenon with very low sys-
temic involvement. The gold standard for the diagnosis
of low-grade PJI therefore, is at the moment the exami-
nation of an arthroscopic tissue biopsy (Pohlig.2017)
[0046] We stained for the presence of macrophages
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in the septic and aseptic tissue using CD68 as a marker.
There was no significant difference in macrophage pres-
ence in septic periprosthetic tissue compared to aseptic
revision tissue. The presence of macrophages in aseptic
tissue might be attributed to the presence of wear parti-
cles, which are phagocytosed by macrophages (Ito 2004,
John Looney 2006, Purdue 2007, Sargeant 2006).
[0047] Another proposed biomarker for bacterial infec-
tion is a-defensin (Deirmengian 2015). Using immuno-
histological stainings we also found o-defensin in the
periprosthetic tissue of septic as well as the aseptic sam-
ples. The quantitative analysis of the immunofluores-
cence revealed no significant increase in a-defensin in
septic tissues compared to the aseptic tissue. Therefore,
the predictive value of a-defensin, therefore, as a biomar-
ker for infection in our shoulder cohort was low. This find-
ing might be explained by other studies showing that the
presence of metal wear particles can also induce the ex-
pression of a-defensin (Bingham 2014, Deirmengian.
2014). This might be a reason for the positive a-defensin
staining in the aseptic tissues.

[0048] One main part of the immune system involved
in the host defense against bacteria is the complement
system (Atkinson 2006, Morgan 1998, Rickling. 2007)
Toinvestigate its activation, we stained for three different
components (C3, C5 and C9) of the terminal part of the
complement pathway in septic and aseptic tissue. C3 is
the pivotal component of all the three pathways of acti-
vation while C5 and, in particular, C9 are members of the
common late pathway and their deposition indicate a ter-
minal part of the cascade. The quantitative analysis
showed a significant increase of all complement factors
in the septic group, with C9 being able to detect septic
tissue with a high specificity and sensitivity. In contrast
to a-defensin, we found almost no presence of comple-
ment factors in hon-septic tissue, making the activation
of the complement system a highly specific marker for
infection (Bengtson 1988, Heideman 1988, Zilow 1997).
[0049] Furthermore, we tested the sensitivity of C9 as
biomarker at other localizations of PJI. We found the
same sensitivity for septic hip tissue and septic knee tis-
sue. We included 40 aseptic hip tissues and 40 septic
hip tissues, as well as 35 septic knee tissues and 40
aseptic knee tissues with the same result. We did not
observe any reduction of sensitivity when wear debris
was present in the tissue, as well as in tissue of crysta-
lopathy patients.
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Claims

A Biomarker for diagnosis of low-grade infections in
a human subject, wherein the biomarker is selected
from a group consisting of complement factors.

Biomarker according to claim 1, wherein the biomar-
ker is selected from a group consisting of comple-
ment factors C3, C5 and C9.

Biomarker according to any of claims 1 or 2, wherein
the biomarker is complement factor C9.

Method for diagnosis of low-grade infections in a hu-
man subject of comprising the steps:

- providing a sample of the human subject,
- ex vivo detection of the biomarker according
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to claims 1 to 3 within the sample,
- correlation of the result with the low-grade in-
fection disease state.

5. Method according to claim 4, wherein the detection 5
of the biomarker is performed by immunohistochem-
ically staining, enzyme-linked immunosorbent assay
(ELISA), Polymerase-chain-reaction, Enzyme-
Linked ImmunoSpot, Enzyme multiplied immu-
noassay technique, Immunofluorescence, radicb- 10
inding assay, radioimmunoassay (RIA), Western
Blot or Fluorescence in situ hybridization (FISH).

6. Biomarker according to claims 1 to 3 for use in a
method according claims 4 or 5. 15

7. Use of Biomarker according to claims 1 to 3 or a
method according to claims 4 and 5 for diagnosis of

low-grade infection in a human subject.
20

Amended claims in accordance with Rule 137(2)
EPC.

1. A Biomarker for diagnosis of low-grade infections in 25
a human subject tissue sample, wherein the biomar-
ker is selected from a group consisting of comple-
ment factors, wherein the biomarker is selected from
a group consisting of complement factors C3, C5
and C9, preferably the biomarkeris complementfac- 30
tor C9.

2. Method for diagnosis of low-grade infections in a hu-
man subject of comprising the steps:
35

- providing a sample of the human subject,
wherein the sample is a tissue sample
- ex vivo detection of the biomarker according
to claim 1 within the sample,
- correlation of the result with the low-grade in- 40
fection disease state.

3. Method according to claim 2, wherein the detection
of the biomarker is performed by immunohistochem-
ically staining, enzyme-linked immunosorbent assay 45
(ELISA), Polymerase-chain-reaction, Enzyme-
Linked ImmunoSpot, Enzyme multiplied immu-
noassay technique, Immunofluorescence, radiob-
inding assay, radioimmunoassay (RIA), Western
Blot or Fluorescence in situ hybridization (FISH). 50

4. Biomarker according to claim 1 for use in a method
according claims 2 or 3.

5. Use of Biomarker according to claim 1 or a method 55
according to claims 2 or 3 for diagnosis of low-grade
infection in a human subject tissue sample.
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