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Abstract
Objective—Fever of unknown origin (FUO) in children presents a diagnostic challenge.
Differential diagnosis includes Systemic Onset Juvenile Idiopathic Arthritis (SJIA), an auto-
inflammatory syndrome associated with activation of phagocytic cells which at presentation is
difficult to differentiate from severe systemic infections. In this study, we investigated whether serum
concentrations of the phagocytic pro-inflammatory protein S100A12 may help in the decision
between antibiotic or immunosuppressive therapy in patients with FUO.

Methods—Serum samples were obtained from 45 healthy controls and 240 patients: 60 had SJIA,
17 Familial Mediterranean Fever (FMF), 18 Neonatal-Onset Multisystem Inflammatory Disease
(NOMID), 17 Muckle Wells Syndrome (MWS), 40 Acute Lymphoblastic Leukemia (ALL), 5 Acute
Myeloblastic Leukemia (AML), and 83 systemic infections. All samples were collected at
presentation before initiation of anytreatment, and were analyzed for S100A12 by ELISA.

Results—In SJIA patients the mean S100A12 serum level was 7,190 ng/ml (95% confidence
interval ±2,690), in FMF 6,720 ng/ml (±4,960), in NOMID 720 ng/ml (±450), in MWS 150 ng/ml
(±60), in infections 470 ng/ml (±160), in ALL 130 ng/ml (±80), and in AML 45 (±60) compared to
50 ng/ml (±10) in healthy controls. Sensitivity and specificity of S100A12 to distinguish SJIA from
infections were 66% and 94% respectively.

Conclusions—S100A12, a marker of granulocyte activation, is highly overexpressed in SJIA and
FMF, which may point to so far unknown common inflammatory mechanisms in these diseases. The
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measurement of S100A12 serum levels may provide a valuable diagnostic tool in the evaluation of
FUO.

Fever of unknown origin (FUO) frequently presents a diagnostic challenge in the pediatric
population despite of recent advances in diagnostic tools and techniques.(1,2) FUO can be the
primary manifestation of a broad spectrum of diseases, but the main causes in children are
infections. Substantial progress has been achieved in the diagnosis of infectious and other
causes of fever, due to new developments in nuclear medicine techniques, instrumental
procedures and genetic testing for diagnosing rare hereditary auto-inflammatory conditions
associated with fever. Nevertheless, there is no diagnostic checklist for children, and up to 200
conditions causing fever have to be ruled out, often leading to prolonged periods of
hospitalization and treatment attempts which include various antibiotic regimens.(3,4)

An important differential diagnosis as a cause of FUO in children is Systemic onset Juvenile
Idiopathic Arthritis (SJIA, Still’s disease, OMIM 604302), an aggressive auto-inflammatory
disease that resembles sepsis.(5-7) Although the pathogenesis of SJIA remains poorly
understood, overwhelming activation of the innate immune system due to an imbalance
between pro-inflammatory cytokines and immune deactivators without evidence of
involvement of the adaptive immune responses are seen in these patients.(8), (9) Unfortunately,
characteristic signs of arthritis often do not develop before the later course of this disease and
therefore at initial presentation the non-specific inflammatory pattern in SJIA patients cannot
be differentiated from systemic infections by clinical or laboratory parameters, and suitable
biomarkers are missing. In many cases an exploratory antibiotic treatment is initiated before a
definitive diagnosis is made. This clinical uncertainty impedes early initiation of an appropriate
anti-inflammatory therapy.(6,7,10)

In previous studies we found high concentrations of S100A12 in serum from SJIA patients.
(11) S100A12 is a calcium-binding protein expressed and secreted by activated phagocytes.
Recently it has been assigned to the Damage Associated Molecular Pattern molecules
(DAMPs), which represent endogenous ligands of pattern recognition receptors.(12) S100A12
has pro-inflammatory properties in vitro at concentrations found in SJIA serum in vivo.(11,
13) It is mainly expressed in granulocytes and binds to the Receptor for Advanced Glycation
End-products (RAGE).(14) Activation of this receptor induces pro-inflammatory responses in
leukocytes and endothelial cells via nuclear factor (NF)-κB.(15,16)

S100A12 is a useful marker protein for monitoring disease activity in several inflammatory
diseases.(17) In the present study we assess the diagnostic value of S100A12 serum levels in
differentiating between SJIA in the initial disease phase versus acute systemic infections and
childhood leukemic malignancies as the most relevant differential diagnoses. Additionally we
included sera from patients with other hereditary IL-1-driven diseases namely Familial
Mediterranean Fever (FMF, OMIM 249100), Neonatal-onset Multisystem Inflammatory
Disease (NOMID, OMIM 607115), and Muckle Wells Syndrome (MWS, OMIM 191900). All
of these disorders typically present as FUO. To the best of our knowledge, this is the largest
trial on a biomarker in FUO to date.

Patients and Methods
Healthy controls

Normal S100A12 levels were determined in 45 healthy controls who gave informed consent
(see table 1). These individuals without signs of inflammation underwent a routine evaluation
at the University Children’s Hospital Muenster or volunteered in our laboratory. There were
no significant differences between patients and controls with regard to age or gender
distribution.
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Patients
The study was designed as a prospective trial in which data collection was planned before the
measurements of diagnostic accuracy were performed. We included patients with SJIA, FMF,
NOMID, MWS, Acute Lymphoblastic Leukemia (ALL), Acute Myeloblastic Leukemia
(AML), and patients with systemic infections between July 1998 and February 2007 from the
University Childrens’ Hospital Muenster, the Wilhelmina Children’s Hospital, Utrecht, the
National Institute of Arthritis and Musculoskeletal and Skin Diseases, Bethesda, the Charité
Children’s Hospital, Berlin, and the University Children’s Hospital Tuebingen. The cohort of
NOMID patients from Bethesda was the only patient group analyzed in a retrospective way,
patient samples existed before the decision to analyze S100A12 was made. Recruitment of the
patients required verification of the underlying disease and pro-inflammatory active disease as
defined below. The study was approved by the institutional ethics committee at each center
and informed consent was obtained from patients or their legal guardians.

SJIA patients fulfilled the criteria of the International League of Associations for
Rheumatology with symptoms of quotidian fever, arthritis, rash, hepatomegaly, splenomegaly
or serositis.(18) Clinical disease activity was determined on the basis of the core set criteria
for JIA.(19,20)

Inclusion criteria for patients with clinical and laboratory signs of severe systemic infections
were CRP > 50 mg/l, and fever > 38.5°C.

Laboratory parameters
White blood cell count (cells/μl), absolute neutrophil count (cells/μl), ESR (mm/h) and CRP
(mg/l) were determined as serum markers of inflammation.

Determination of concentrations of S100A12 by sandwich ELISA
Serum samples were centrifuged within 2 hours after acquisition and were frozen at -80°C until
measurement. Concentrations of S100A12 were determined by a double sandwich enzyme
linked immunosorbent assay (ELISA) system established in our laboratory as described.(21)
Antibodies and protein standards of recombinant S100A12 (0.25 to 250 ng/ml) were generated
as reported previously.(22) All samples were diluted into the linear range of the assay. The
inter- and intraassay coefficients of variation were 12.1 percent and 4.8 percent, respectively.
(23) The readers of the laboratory assay were blinded for the diagnosis. For comparison with
earlier studies internal control sera were included in all ELISA studies.

Statistical analysis
Analysis of variance (ANOVA) was employed to analyze differences between subgroups of
patients or controls. Confirmed differences were tested for statistical significance by
subsequent selective post-hoc test of Dunnett and Tamhane. Rank differences were analyzed
using the Mann-Whitney U test. Receiver-operating curves (ROC) were plotted to determine
the accuracy of inflammatory marker measurements as diagnostic test, and for the calculation
of different cut-off values with different sensitivities and specificities. SPSS version 13.0 for
windows was used for statistical analyses. Data are expressed as mean ± 95% confidence
interval (CI) except where stated otherwise. Box plots in figures show median, mean (bold
line), 25th and 75th percentile. Error bars indicate 10th and 90th percentile. There were no
missing test results, and no indeterminate or outliers were excluded.
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Results
Patients

In total 240 patients were included. Patients took occasional antipyretic drugs, other
concomitant medications are listed where applicable. Patient characteristics are presented in
table 1.

In total, 60 SJIA patients were enrolled. Patients were diagnosed by experienced pediatric
rheumatologists (MF, NW, JR) and classified according to the ILAR criteria. Three patients
were between the age of 16 and 18, and in this respect did not meet the ILAR criteria but rather
represented adult onset Still’s disease. Serum samples were obtained at initial presentation
during episodes of fever and high disease activity, before initiation of specific therapy. Patients
were enrolled in the centers of Muenster and Utrecht only and were followed until confirmation
of diagnosis and initiation of appropriate anti-inflammatory treatment.

Among the 17 FMF patients included, 5 patients had mutations in the MEFV gene in M694V/
M694V, 2 in M680I/M680I, 1 in S242R/M694V, 6 in M680I/M694V, 1 in M694V/R761H and
in 2 patients no mutations were found. Five patients without colchicine treatment had active
disease and at least one of the following clinical manifestations at the time of
presentation:serositis, arthritis, fever or rash. Twelve patients on colchicine had minor disease
flares with elevated acute phase reactants or symptoms related to FMF like abdominal pain,
arthralgia or rash.

We also included 17 MWS patients from 7 families, 13 with heterozygous E311K and 3 with
heterozygous V198M mutations in the NLRP3 gene. At time of sample acquisition patients
presented with at least two of the following clinical manifestations: sensorineural hearing loss,
abdominal pain, headaches, conjunctivitis, serositis, arthritis, fever, rash or clinical signs of
inflammation including high inflammation markers as C-reactive protein (CRP) and
erythrocyte sedimentation rate (ESR). At that time patients did not receive anti-inflammatory
treatment.

Out of 18 patients with NOMID, 12 had proven mutations in exon 3 of the CIAS-1 gene.(24)
Patients presented with active disease showing at least two of the following clinical
manifestations: urticarial rash, CNS involvement (e.g., papilledema, pleocytosis in the
cerebrospinal fluid, and sensorineural hearing loss), or epiphyseal or patellar overgrowth on
radiography. At the time of sampling all patients had inflammatory active disease despite of
anti-inflammatory treatment, but none of the patients was treated with recombinant IL-1
receptor antagonist (IL-1Ra).

Out of 83 patients with severe systemic infections, 64 patients had documented bacterial
infections (pneumonia 38, urinary tract infections 8, gastrointestinal tract infections 3,
osteomyelitis 2, soft tissue infections 2, sepsis 6, peritonitis 3, appendicitis 2). In 19 patients
the infection was classified to be of viral origin (respiratory tract infections 14, gastrointestinal
tract infections 4, Epstein-Barr virus (EBV) infection 1). All serum samples were obtained
prior to the start of antibiotic treatment.

Forty-five patients with hematologic malignancies were included, 40 patients had ALL and 5
patients had AML. Serum samples were taken at initial manifestation before initiation of
therapy.

Classical inflammatory markers do not differentiate between SJIA and systemic infections
Serum CRP levels in patients with SJIA (84 ± 19 mg/l) were not significantly different from
patients with severe infections (111 ± 11 mg/l; p=0.297), NOMID (68 ± 19 mg/l; p=0.99) and
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FMF (40 ± 29 mg/l; p=0.253), only from patients with AML (17 ± 50 mg/l; p<0.01), ALL (28
± 17 mg/l; p=0.049), and MWS (18 ± 9 mg/l; p<0.001) (figure 1b). FMF patients had
significantly lower CRP levels than patients with systemic infections (p=0.004), but did not
differ significantly from patients with NOMID (p=0.892), MWS (p=0.948) or ALL (p=1.0).
Determination of the diagnostic accuracy for CRP in the ROC-analysis revealed an area under
the curve of 0.313 ± 0.103 confirming that CRP values were no reliable markers for the
diagnosis of SJIA (figure 2).

ESR measurements were significantly elevated in patients with SJIA (p=0.002) and NOMID
(p=0.002) when compared to MWS but did not significantly differ between each other, nor
when compared to infections, FMF or ALL.

S100A12 levels in SJIA and FMF patients significantly differ compared to patients with severe
infections, other auto-inflammatory syndromes, and hematologic leukemias

S100A12 serum levels in patients with active SJIA (7,190 ± 2,690 ng/ml) were around 145-
fold higher than in healthy controls (50 ± 10 ng/ml; p<0.001), they were also significantly
higher compared to patients with systemic infections (470 ± 160 ng/ml; p<0.001), NOMID
(720 ± 450 ng/ml; p<0.001), MWS (150 ± 60 ng/ml; p<0.001), ALL (130 ± 80 ng/ml; p<0.001),
andAML (45 ± 60; p<0.001) (figure 1a). FMF serum concentrations of S100A12 were similar
to SJIA levels (6,720 ± 4,960 ng/ml) and around 135-fold higher than in healthy controls
(p<0.001). There was no statistical difference between SJIA and FMF patients concerning
S100A12 serum levels (p=1.0). Comparing FMF to systemic infections, NOMID, MWS, ALL,
and AML differences were significant in group-to-group analysis by Mann-Whitney U test but
not in selective post-hoc test of Dunnett and Tamhane probably due to the low FMF patient
number.

S100A12 serum concentrations differentiate very well between SJIA and other causes of FUO
beside FMF as confirmed by ROC-analyses. The areas under the curve for S100A12 were
0.881 ± 0.078 in the differentiation between SJIA and systemic infections (figure 2) and 0.866
± 0.084 between SJIA and NOMID. At a cutoff concentration of 1,400ng/ml, S100A12
revealed a sensitivity of 66% and a specificity of 94% to distinguish SJIA from systemic
infections. The corresponding positive likelihood ratio (LR) was 11.0. To distinguish between
SJIA and NOMID at 1,400ng/ml S100A12 sensitivity was 66% and specificity was 89% with
a respective positive LR of 6.0. To distinguish SJIA at a cut-off level of 1,000ng/ml from MWS
and ALL sensitivity was in each case 78% and specificity was 100% respectively (table 2).

Discussion
The main differential diagnoses of FUO are (in this order): infections without focus, auto-
inflammatory/rheumatic diseases, and malignancies. For SJIA, as a prototypic auto-
inflammatory disease, there is no laboratory test available to ascertain the diagnosis and specific
clinical signs, i.e. arthritis, often develop later in the course of the disease. Typically patients
present with a marked elevation of acute phase reactants and a clinical course resembling sepsis,
and a time consuming diagnostic workup often prevents the early initiation of appropriate, anti-
inflammatory therapy. Since infectious causes of FUO by far outnumber the cases of SJIA, a
surrogate marker for the latter would be very helpful in identifying the patients with SJIA.

The primary goal of our study was to investigate the potential role of S100A12 in the differential
diagnosis of SJIA versus acute severe systemic infections and childhood leukemias. With the
measurement of serum levels of S100A12, a diagnostic tool with high sensitivity and specificity
for the early diagnosis of SJIA can now be added to the existing laboratory arsenal. The positive
likelihood ratios between 6.0 and 11.0 or higher to discriminate between SJIA and other causes
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of FUO and a clear increased posttest probability make determination of serum levels of
S100A12 a useful diagnostic tool (table 2).(25)

Interestingly, S100A12 serum concentrations in FMF and SJIA patients are comparable,
therefore differentiation of both diseases via S100A12 measurement is not possible. However,
FMF can easily be distinguished by other means such as family history and genetic testing,
and in both conditions the general therapeutic decision against antibiotic and in favor of anti-
inflammatory treatment would be appropriate for patients with both conditions. In contrast to
SJIA, fever and symptoms in FMF patients occur typically episodically, even if some of the
symptoms can be present in both disease entities, such as abdominal pain, serositis,
lymphadenopathy, dermal rash or arthritis. Diagnosis is made on the basis of the clinical
presentation, ethnic background and in consideration of diagnostic criteria sets, e.g. Tel
Hashomer criteria.(26) In addition, molecular analysis of mutations in the MEFV gene helps
to identify patients suggestive for FMF.(27) Interestingly, serum levels of S100A12 in the IL-1
driven syndromes NOMID and MWS are significantly lower than in SJIA and FMF. For
diagnostic procedures this may help to rule out two rare causes of FUO when suspecting SJIA
but even more interestingly this fact points to a common pathogenic mechanism for SJIA and
FMF not present in other auto-inflammatory disorders.

Published data revealed IL-1 as a key cytokine in SJIA. Nevertheless reports on the usefulness
of IL-1Ra treatment are contradictory; while Pascual et al. found 9 of 9 patients responsive to
IL1-Ra, Lequerre et al. report response in less than half of the patients.(28-31) Peripheral blood
mononuclear cells (PBMC) release high amounts ofIL-1 when incubated with serum of SJIA
patients, thus suggesting that SJIA serum contains factors which are responsible for the
activation of leukocytes.(28) Interestingly, at concentrations we found in serum from patients
with active SJIA, S100A12 can induce expression of pro-inflammatory cytokines along with
other pro-inflammatory effects, but the exact role ofS100A12 in SJIA is still unclear.(13,32)
The massive overexpression of this phagocytic protein in FMF and SJIA patients points to
pathogenic mechanisms closely linked to the innate immune system and specifically to the
release of IL-1 and other cytokines during inflammatory responses. The MEFV -geneproduct
pyrin, expressed in myeloid/monocytic cells, can bind to the NALP-3 inflammasome that
induces autocatalysis of caspase-1 and may exert inhibitory functions. Secretory pathways,
bypassing the classical Golgi-route, are responsible for secretion of S100-proteins and IL-1.
Aberrations in these alternative pathways could represent the link between the massive
elevation of S100A12 serum concentrations and the IL-1 driven pathogenic mechanisms in
SJIA and FMF.(30)

Patients with active SJIA prior to the initiation of anti-inflammatory therapies present with
serum concentrations of S100A12 which significantly differ from levels in other inflammatory
disorders such as non-systemic forms of JIA, rheumatoid arthritis, intestinal bowel disease,
giant cell arteritis and Kawasaki disease (table 3).(11,21,33-36) These published results can
be compared with results in this study because the ELISAs were all performed in one laboratory
and the same internal control sera have been used in the different studies allowing for interassay
comparisons. We expand our observationsto childhood leukemias where serum concentrations
of S100A12 are significantly lower than in SJIA and FMF. Previous attempts to establish
biomarkers for SJIA concentrated on ferritin, which is elevated and of diagnostic value in
adults-onset Still’s disease but not in SJIA.(37) Very recently gene expression profiles from
PBMC of SJIA patients revealed specific upregulation of gene transcripts, differentiating active
SJIA from inactive patients and other inflammatory conditions. S100A12 was among the genes
significantly upregulated.(38) Allantaz et al. identified, using the same technique, 12 SJIA
specific transcripts distinguishing SJIA patients from other febrile conditions including
infections.(39)
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In contrast to the above mentioned gene expression studies we tried to differentiate SJIA
patients by simple means of a serum biomarker. Advantages of our method in comparison to
the array technology are better availability, lower costs and convenience of sampling.
Analyzing cohorts of patients with very rare disease is associated with some limitations
regarding interpretation of data due to the relative low number of individual patients. Although
the differences in serum concentrations of S100A12 are very impressive one has to keep in
mind that the age distribution between the different cohorts is not homogenously and especially
in the MWS cohort we included a considerable amount of adults. However, there are no
differences of S100A12 concentrations over age.(33) A second bias in MWS patients may be
caused by the fact that 17 included patients descended from only 7 families, and as a
consequence only two different mutations could be studied. The analysis of typical versus
atypical SJIA, differences between different FMF phenotypes or between different MWS
mutations are due to statistical limitations beyond the scope of our study and should be clarified
in future investigations.

In conclusion, S100A12 may be a valuable laboratory biomarker expanding our arsenal of
diagnostic tools for detecting SJIA which is more sensitive and specific than other available
indicators of inflammation. Levels of S100A12 help to confirm the diagnosis of SJIAand allow
early differentiation from patients with severe systemic infections and a number of
inflammatory and malignant disorders.

Recent research suggests a key role of abnormalities in the innate immune system in the
pathogenesis of SJIA and other auto-inflammatory diseases, and the upregulation of markers
identifying phagocyte activation such as S100A12 are in line with these findings. The
differential upregulation of phagocytic S100A12 in SJIA, FMF and to a lesser extent in the
NLRP3 associated periodic syndromes (CAPS) points to a key role of neutrophil and monocyte
activation in the pathogenesis of at least the first two of these disorders. Further understanding
of the pathogenic mechanisms underlying the auto-inflammatory diseases may allow for more
rationale therapies in the future.
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Figure 1. S100A12 and CRP in SJIA, FMF, systemic infections, NOMID, MWS, ALL, and AML
Serum concentrations of a) S100A12 and b) CRP in patients with SJIA, FMF, systemic
infections, NOMID, MWS, ALL, AML, and in a group of healthy controls. Box plots show
the median (horizontal line), mean (bold horizontal line), and the 25th and 75th percentiles.
Bars show the 10th and 90th percentiles. There was no significant difference for S100A12
between active SJIA and FMF but between SJIA and the other disorders and healthy controls.
CRP levels between SJIA and systemic infections did not differ significantly; healthy controls
had CRP levels lower than 5mg/l. (*p<0.05, **p<0.01, ***p<0.001 versus SJIA).
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Figure 2. ROC-Analysis of S100A12 and CRP
Receiver Operating Curve (ROC) analysis of S100A12 and CRP displayed as sensitivity (y-
axis) against 1-specificity (x-axis) for the differentiation of SJIA and systemic infections. The
area under the curve for S100A12 was 0.881 ± 0.078, and for CRP 0.313 ± 0.103.
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Table 3
S100A12 levels in a variety of inflammatory disorders.

S100A12 (ng/ml) n Reference

SJIA 7190 ± 1340* 60 present study

FMF 6720 ± 2340* 17 present study

Systemic Infections 470 ± 80*† 83 present study

NOMID 720 ± 210*† 18 present study

MWS 150 ± 30*† 17 present study

ALL 130 ± 30*† 40 present study

AML 45 ± 20*† 5 present study

Healthy Controls 50 ± 5*† 45 present study

JIA 410 ± 90*† 91 Arthritis Rheum 2004(11)

Crohn’s Disease 470 ± 125*† 40 Gut 2003(21)

Ulcerative Colitis 400 ± 120*† 34 Gut 2003(21)

Kawasaki Vasculitis 463 ± 125*† 31 Lancet 2003(33)

Giant Cell Arteritis 100 ± 15*† 42 J Pathol 2004(35)

Rheumatoid Arthritis 480 ± 75*† 54 Ann Rheum Dis 2007(36)

*
mean ± standard error of the mean;

†
p<0.001 versus active SJIA
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