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Abstract

Aims The alarmin S100A8/S100A9 (S100A8/A9) is released by activated monocytes/macrophages and neutrophils in the set-
ting lymphocytic myocarditis (MC). We recently demonstrated its therapeutic potential in experimental acute MC. Now, we
investigated the diagnostic relevance of S100A8/A9 serum levels in patients with suspected acute and chronic MC and in pa-
tients with heart failure without cardiac inflammation.
Methods and Results Serum S100A8/A9 levels were analysed in patients with a recent onset of MC [≤ 30 days, n = 32; ejec-
tion fraction (EF): 45.4 ± 12.9%], dilated cardiomyopathy patients with inflammation (n = 112; EF: 29.0 ± 11.4%), or without
inflammation (n = 58; EF: 26.6 ± 9.3%), and controls (n = 25; EF: 68.5 ± 4.6%), by using specific ELISAs. Blood samples were
collected at Time Point 1 (T1), where also endomyocardial biopsies (EMBs) were withdrawn. Patients with a recent onset of
MC showed a 4.6-fold increase in serum S100A8/A9 levels vs. controls (MC: 1948 ± 1670 ng/mL vs. controls:
426 ± 307 ng/mL; P < 0.0001). Serum S100A8/A9 correlated with the disease activity, represented by EMB-derived counts
of inflammatory cells (CD3: r = 0.486, P = 0.0047, lymphocyte function-associated antigen-1: r = 0.558, P = 0.0009,
macrophage-1 antigen: r = 0.434, P = 0.013), the EMB mRNA levels of S100A8, S100A9 (r = 0.541, P = 0.002), and left
ventricular ejection fraction (LVEF: r = 0.498, P = 0.0043). EMB immunofluorescence co-stainings display
macrophages/monocytes and neutrophils as the main source of S100A8 and S100A9 in recent onset MC. The diagnostic value
of serum alarmin levels (cut-off 583 ng/mL) was characterized by a specificity of 92%, a sensitivity of 90.6%, positive predictive
value of 93.5%, negative predictive value of 88.5%, and an accuracy of 0.949 (95% confidence interval [0.89–1]). In a subgroup
of MC patients, S100A8/A9 serum levels and EMBs at T1 (n = 12) and a follow-up visit (T2, n = 12, mean follow-up 8.5 months)
were available. A fall of serum S100A8/A9 (T1: 2208 ± 1843 ng/mL vs. T2: 888.8 ± 513.7 ng/mL; P = 0.00052) was associated
with a reduced cardiac inflammation (CD3 T1: 70.02 ± 107.4 cells per square millimetre vs. T2: 59.18 ± 182.5 cells per square
millimetre; P = 0.0342, lymphocyte function-associated antigen-1 T1: 133.5 ± 187.1 cells per square millimetre vs. T2:
74.12 ± 190.5 cells per square millimetre; P = 0.0186, and macrophage-1 antigen T1: 132.6 ± 129.5 cells per square millimetre
vs. T2: 54.41 ± 65.16 cells per square millimetre; P = 0.0015). Serum S100A8/A9 levels were only slightly increased in patients
within the chronic phase of MC and in heart failure patients without inflammation vs. controls.
Conclusions Serum S100A8/A9 might serve as an additional tool in the diagnostic workup of suspected acute MC patients.

Keywords S100A8/S100A9; Myocarditis; Endomyocardial biopsy

Received: 30 October 2019; Revised: 20 February 2020; Accepted: 27 April 2020
*Correspondence to: Carsten Tschöpe, Department of Internal Medicine and Cardiology, Charité - Universitätsmedizin Berlin, Campus Virchow Klinikum,
Augustenburgerplatz 1, 13353 Berlin, Germany. Tel: 0049 30 450 553712; Fax: 0049 30 450 7553712. Email: carsten.tschoepe@charite.de
Sophie Van Linthout, PhD, and Carsten Tschöpe, MD, contributed equally to the study.

ORIG INAL RESEARCH ART ICLE

© 2020 The Authors. ESC Heart Failure published by John Wiley & Sons Ltd on behalf of the European Society of Cardiology

ESC HEART FAILURE
ESC Heart Failure 2020; 7: 1442–1451
Published online 28 May 2020 in Wiley Online Library (wileyonlinelibrary.com) DOI: 10.1002/ehf2.12760

This is an open access article under the terms of the Creative Commons Attribution-NonCommercial License, which permits use, distribution and reproduction in any me-
dium, provided the original work is properly cited and is not used for commercial purposes.

mailto:carsten.tschoepe@charite.de
http://creativecommons.org/licenses/by-nc/4.0/


Introduction

Lymphocytic myocarditis (MC) is defined as an inflamma-
tory cardiac disorder mainly caused by viral infections
and is an important cause of heart failure (HF) in young
adults.1 Despite classical pharmacological treatment, acute
MC can progress to a dilated chronic phenotype [inflamma-
tory dilated cardiomyopathy (DCMi)] with an impaired
prognosis.2

The diagnosis of ongoing cardiac inflammation remains a
clinical challenge and depends on special imaging tools [car-
diac magnetic resonance imaging (cMRI)] or the perfor-
mance of endomyocardial biopsies (EMB).3 The
establishment of a novel biomarker that allows one to iden-
tify the appropriate patient to biopsy and then to monitor
those patients who are treated for inflammation or viral in-
fection would be a great advance. Several biomarkers have
been studied including high-sensitivity C-reactive protein
(hsCRP), B-type natriuretic peptides (BNPs), troponin T, sol-
uble ST2, or different microRNAs. However, these markers
lack specificity or are still under investigation.1,4,5 Until
now, no MC-specific biomarkers have been established,
which are able to support the diagnosis in patients with
suspected MC and to determine the presence or absence
of active myocardial inflammation.1,5 The pro-inflammatory
alarmin, S100A8/S100A9 (S100A8/A9), could be considered
as a possible tool to close this diagnostic gap. In contrast
to acute phase proteins like hsCRP, which are mainly of he-
patic origin, S100A8/A9, as a damage-associated molecular
pattern,6,7 is released predominantly by monocytes and
neutrophils and diffuses easily because of its low molecular
weight.8 Accumulating evidence demonstrates an involve-
ment of S100A8/A9 in cardiovascular disorders, such as cor-
onary artery disease,9 and during viral infections.10 Clinical
evidence highlights that high plasma levels of S100A8/A9
are a risk factor for future myocardial infarcts and cardio-
vascular death.9 Furthermore, several studies in other dis-
eases such as Crohn’s disease have examined the
potential role of S100A8/A9 serum levels as a
therapy-monitoring tool, resulting in its inclusion into the
appropriate guidelines.11 We recently demonstrated that
in cardiac tissue, S100A8/A9 plays a pivotal role in human
and experimental Coxsackievirus B3 (CVB3)-induced MC.12

However, the relevance of S100A8/A9 serum levels in MC
has thus far not been unravelled. To investigate the role
of serum S100A8/A9 levels in MC, we measured
S100A8/A9 serum levels of MC patients with a recent onset
of MC (acute ≤30 days) and compared them with controls,
DCMi (chronic >30 days, characterized by a cardiac
low-grade inflammation), and dilated cardiomyopathy
(DCM, without cardiac inflammation) patients, in the ab-
sence of coronary heart disease and cardiac inflammation,
respectively.

Materials and methods

Patient characteristics

In this retrospective analysis of serum S100A8/A9, the study
group comprised patients with a recent onset of MC (acute,
≤30 days, n = 32), patients with DCMi (n = 112), and DCM
(n = 58). Twenty-five patients with suspected MC, where a
cardiac cause for exercise limitation and chest complaints
could be excluded after several investigations, including ex-
clusion of inflammation in their EMBs, served as controls
(see Table 1).

Blood samples were collected at the first visit [Time Point
1, (T1)], where also EMB were derived for additional clinical
examinations, including histology, immunohistochemistry,
and viral diagnosis (EMB of acute MC n = 32, DCMi n = 107,
and DCM n = 57). From all latter numerated patients, only ex-
tra EMB of n = 15 MC, n = 39 DCMi, and n = 15 DCM patients
were available for the analysis of S100A8, S100A9 mRNA ex-
pression. In a subgroup of acute MC patients (n = 12), we
could study serum S100A8/A9 levels and appropriate EMBs
at T1 and a follow-up investigation (T2), with a mean
follow-up time of 8.5 months. The change in EMB inflamma-
tion rate between T1 and T2 was calculated by T2 � T1,
which was displayed as Δ. Coronary artery disease was angio-
graphically excluded in all patients. Other causes for systemic
or local inflammation had been excluded. All diagnostic pro-
cedures and evaluations were obtained by using standardized
protocols.13 All patients provided written consent for the pro-
cedures (local ethic vote number: EA2/140/16). The investiga-
tion conforms with the principles outlined in the Declaration
of Helsinki.14 Detailed patient’s characteristics are summa-
rized in Table 1.

Clinical definition and disease entities

Cardiac inflammation was defined as the evidence of infiltrat-
ing lymphocytes (CD3) > 14.0 cells per square millimetre
(median cell count), lymphocyte function-associated antigen
1 (LFA-1)-positive cells >14.0 cells per square millimetre (me-
dian cell count), CD45R0 > 40.0 cells per square millimetre
(median cell count), CTL (perforin) > 2.9 cells per square
millimetre (median cell count), and macrophages (Mac-
1) >40.0 cells per square millimetre (median cell count),
and positive/negative Dallas criteria in the EMB analyses.1,15

Fifty three percent showed a viral persistence in the MC,
54.5% in the DCMi, and 19% in the DCM group, which in-
cluded parvovirus B19, human herpes virus 6, enteroviruses,
and Epstein–Barr virus. Patients with acute MC were clinically
presented with acute onset of angina, ST- segment elevation,
elevated creatinine kinase or troponin T, or sudden onset of
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HF or arrhythmias mimicking acute myocardial infarction.
Predominantly, focal inflammatory cell infiltrates were con-
firmed via histology and/or immunohistology.16 The DCMi
group comprised patients with a suspected disease onset
>30 days prior to clinical presentation, a DCM phenotype,
and an EMB-proven infiltration of lymphocytes or macro-
phages. DCM patients presented symptoms of HF, left ven-
tricular (LV) enlargement and global wall motion
abnormalities of unknown origin with a documented reduced
systolic LV ejection fraction (LVEF) below 45% without any
history or clinical signs of MC or myocardial inflammation in
EMB. In the controls, EMB failed to elucidate any specific rea-
son of the clinically subjective complaints.

Endomyocardial biopsy

After routine non-invasive diagnostic work-up and angiogra-
phy had failed to elucidate any specific cause of HF, all pa-
tients underwent EMB and left heart catheterization in a
standardized manner, as previously described.17 A minimum
of eight EMBs was obtained from the left ventricle with a flex-
ible bioptome (Westmed, Germany). Two specimens were
fixed in 5% buffered formalin and embedded in paraffin for
histologic evaluation while immunohistochemical analyses (2
EMB) were carried out in TissueTec© embedded frozen
specimens.18,19 Inflammatory cells [lymphocytes (CD3), LFA-

1, Mac-1] were counted by quantitative digital imaging anal-
ysis. The remaining four to six biopsy specimens were imme-
diately frozen in liquid nitrogen and used for the evaluation of
RNA or DNA viruses by real-time polymerase chain reaction.20

An additional EMB was used for the evaluation of S100A8 and
S100A9 mRNA expression. The EMB diagnosis of MC was
based on histomorphologic criteria according to the Dallas
classification supported by quantitative immunohistological
staining techniques.18 Patients with focal lymphocytic infiltra-
tions or numbers of CD3-positive lymphocytic cells exceeding
14 CD3-positive lymphocytes per square millimetre in the
presence of inflammatory cell-associated myocytolysis were
classified as MC patients according to the World Heart Feder-
ation, respectively.1,21

RNA isolation, cDNA synthesis, and gene
expression analysis

For the analysis of S100A8 and S100A9 mRNA expression, to-
tal RNA isolation was performed, followed by cDNA synthesis
with the High Capacity Kit (Life Technologies GmbH, Darm-
stadt, Germany). Because of limited amounts of EMB cDNA,
a pre-amplification technique was applied preceding gene ex-
pression analysis, as described before.22 To assess the relative
mRNA expression, real-time polymerase chain reaction was
performed using gene expression assays from Life

Table 1 Patient characteristics

Controls DCM DCMi Resent onset of MC

N 25 58 112 32
Male 6 (24%) 47 (81%) 84 (75%) 27 (84.3%)
Age (years ± SD) 37.1 ± 16.6 51.2 ± 13.3* 49.4 ± 13.5 41.4 ± 18.8*

NYHA (I/II/III/IV) 2/7/1/0 12/44/29/14 12/44/29/14 0/18/8/1
LVEF (% ± SD) 68.5 ± 4.6 26.6 ± 9.3***,### 29.0 ± 11.4***,### 45.4 ± 12.9
Medications

ACE/AT1 n (%) 4 (16) 17 (29) 46 (41) 9 (26.4)
ß-blocker n (%) 2 (0.5) 16 (27) 4 (3) 9 (26.4)
Aldosteron antagonist n (%) 1 (4) 13 (22) 38 (34) 7 (20.6)
Diuretics n (%) 2 (8) 11 (19) 33 (29) 5 (14.7)
Glycosides n (%) 0 0 4 (3) 0
Antiarrhythmics n (%) 1 (4) 3 (5) 7 (6) 0

Virus-PCR
Enterovirus n (%) 0 0 1 (0.8) 0
B19V n (%) 4 (16) 11 (19) 57 (51) 14 (43.8)
HHV n (%) 0 0 1 (0.8) 2 (7)
EBV (%) 0 0 2 (1.8) 1 (2.9%)

Immunohistology/cut-off
CD3 (cells/mm2)/14 cells/mm2 3.8 ± 2.9 4.4 ± 6.2###, §§§ 20.3 ± 63.1 35.3 ± 51.4**

Mac-1 (cells/mm2)/40 cells/mm2 19.7 ± 10.6 20.3 ± 16.6###,§§§ 50.3 ± 45.3* 101.8 ± 119.8***

LFA-1 (cells/mm2)/14 cells/mm2 12.8 ± 5.0 12.7 ± 10.2###,§§§ 35.5 ± 72.3 93.0 ± 1870.1*

CD45R0 (cells/mm2)/40 cells/mm2 17.5 ± 9.2 30.8 ± 16.5###,§§§ 72.2 ± 108.0*** 112.6 ± 106.2***

CTL (perforin) (cells/mm2)/2.9 cells/mm2 1.7 ± 1.7 0.2 ± 0.6*,§ 8.5 ± 61.6 3.1 ± 9.9
Interstitial fibrosis n (%) 2 (8) 36 (62) 40 (35) 11 (34.4)

All data are reported as the mean ± SD. For the comparisons a one way ANOVA with a Dunn’s multiple comparison test was performed
with *P < 0.05, **P < 0.005, ***P < 0.0001 vs. control, ###P < 0.0001 vs. MC, §P < 0.05, §§§P < 0.0001 vs. DCMi. ACE/AT1, angiotensin-
coverting-enzyme inhibitor/angiotensin II type 1 receptor antagonists; B19V, parvovirus B19; CD3, infiltrating CD3-positive lymphocytes;
CD45R0, infiltrating CD45R0-positive lymphocytes; DCM, dilated cardiomyopathy; DCMi, inflammatory dilated cardiomyopathy; EBV, Ep-
stein–Barr virus; HHV, human herpes virus; LFA-1, lymphocyte function-associated antigen 1; LFEV, left ventricular ejection fraction; Mac-
1, macrophage-1 antigen; MC, myocarditis.
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Technologies for S100A8 (Hs00374264_g1) and S100A9
(Hs00610058_m1). Data were normalized to the housekeep-
ing gene CDKN1b (Hs00153277_m1) as endogenous control
and are expressed using the formula 2�Δ Ct.

Immunofluorescence investigations of S100A8
and S100A9 expressing cells

For the identification of S100A8 or S100A9 specific expressing
cells, a double staining was performed. Successive Tissue-Tek
OCT embedded human EMB samples were stained with a
specific human S100A8 or S100A9 antibody (S100A8 or
S100A9 anti-human rabbit). Subsequently, all tissue samples
were stained with a secondary goat anti-rabbit DyLight 549
antibody (goat anti-rabbit + DyLight 549, Dianova, Hamburg,
Germany). With the help of specific characteristics, congruent
areas were identified on the successive slides and enabled
the demonstration of co-expressed S100A8 and S100A9. Fur-
thermore, for the identification of specific S100A8-expressing
cells and S100A9-expressing cells, the slides were co-stained
with primary antibodies: CD68 anti-human mouse, Bio SB,
Santa Barbara, USA, CD11b anti-human mouse, Immuno
Tools, Friesoythe, Germany, and Ly6g anti-human mouse,
Genetex, Irvive, USA; and secondary antibody goat
anti-mouse + Biotin Dianova.

Serum S100A8/S100A9 levels

Serum S100A8/A9 levels were determined by specific ELISA
as described elsewhere.23

Statistical analyses

A Mann–Whitney U test for non-normal distributed data
comparisons was used. Normal distribution was visually
checked by using box plots. For pairwise comparisons, the
nonparametric Wilcoxon matched-pairs signed rank test was

used. In case of correlation analyses, the nonparametric
Spearman test was utilized with the resulting correlation pa-
rameter r, the P value, and the appropriate XY pairs. Univar-
iate linear regression was used in order to calculate the
relation between an independent and a dependent ordinal
parameter, with the resulting parameters including the re-
gression coefficient r2 and the P value. To distinguish be-
tween several groups, ideal cut-offs for serum S100A8/A9
were determined by using receiver operating curve analysis.
Resulting parameters are sensitivity, specificity, positive pre-
dictive value (PPV), negative predictive value (NPV), the area
under the curve (AUC), false positive, and false negative
values. A P < 0.05 was considered statistically significant. Sta-
tistical analysis was performed using GraphPad Prism 6.0 soft-
ware (GraphPad Software, La Jolla, CA), IBM SPSS Statistics,
for Windows (version 22.0; IBM Corp, Armonk, NY), and the
statistical programme R (version R 3.5.1, Lucent Technologies,
USA).

Results

S100A8/S100A9 serum levels in patients with a
recent onset of myocarditis, inflammatory dilated
cardiomyopathy, or dilated cardiomyopathy

Patients with a recent onset of MC, which represents an early
stage of the pathogenesis,5 demonstrated a 4.6-fold
(P < 0.0001) increase in S100A8/A9 serum levels vs. controls.
(Figure 1A). S100A8/A9 serum levels were not significantly
different between male and female patients (male:
1542 ± 1142 ng/mL vs. female: 2943 ± 2420 ng/mL,
P = 0.221) and no difference with respect to the age
(≤40 years: 1902 ± 1566 ng/mL vs. >40 years:
1760 ± 1651 ng/mL, P = 0.472). Serum S100A8/A9 levels were
increased by 3.0-fold (P< 0.0001) and 1.8-fold (P = 0.0005) in
DCMi and DCM patients vs. controls, respectively (Figure 1B,
C). However, serum S100A8/A9 levels of DCMi and DCM

Figure 1 Serum S100A8/S100A9 levels in recent onset myocarditis, and (inflammatory) dilated cardiomyopathy patients. Serum levels of S100A8/A9
(A) in patients with recent onset of myocarditis (n = 32; acute, MC ≤ 30) vs. controls (co; n = 25), (B) in patients with inflammatory dilated cardiomy-
opathy (n = 112; DCMi) vs. controls (co; n = 25), and (C) in patients with dilated cardiomyopathy (n = 58; DCM) vs. controls (co; n = 25), with
***P < 0.0005 Mann–Whitney test.
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patients were 1.6-fold (P = 0.018) and 2.5-fold (P < 0.0001)
lower vs. MC ≤ 30 patients (DCMi: 1252 ± 1327 ng/mL vs.
MC ≤ 30: 1948 ± 1670 ng/mL, P = 0.018; DCM:
778.7 ± 479 ng/mL vs. MC ≤ 30: 1948 ± 1670 ng/mL,
P < 0.0001). Furthermore, representative immunofluores-
cence S100A8 or S100A9 co-stainings with specific cells in
EMBs of recent onset MC patients, displayed a
co-expression of S100A8 and S100A9 mainly in
macrophages/monocytes (positive for CD68 and CD11b),
and Ly6g-positive neutrophils (Figure 2A). In DCMi and DCM
patients, EMBs display co-expression of S100A8 and S100A9
mostly in CD11b-positive macrophages/monocytes and neu-
trophils (Figure 2B,C). Analysing all groups, alarmin levels
were independent of viral persistence and did not differ be-
tween virus-negative or virus-positive patients.

Correlation between serum levels of
S100A8/S100A9, cardiac invaded inflammatory
cells, cardiac alarmin expression, and ejection
fraction

Only in patients with a recent onset of MC, serum S100A8/A9
levels correlated with the disease activity, represented by
EMB-derived counts of invaded inflammatory cells (CD3:
r = 0.486, P = 0.0047, XY pairs = 32, LFA-1: r = 0.558,
P = 0.0009, XY pairs = 32, Mac-1: r = 0.434, P = 0.013, XY
pairs = 32). They also correlated between EMB mRNA
S100A8 and S100A9 expression levels (r = 0.541, P = 0.002,
XY pairs = 30) as well as with the LVEF (EF: r = 0.498,
P = 0.0043, XY pairs = 31) in this group (Figure 3).

Diagnostic value of S100A8/S100A9 serum levels
in patients with a recent onset of myocarditis,
inflammatory dilated cardiomyopathy, or dilated
cardiomyopathy

Receiver operating curve analyses of S100A8/A9 in MC at
early onset (≤30 days) provided a cut-off value of
583 ng/mL with a specificity of 92%, sensitivity of 90.6%, a
PPV of 93.5%, a NPV of 88.5%, a false positive value of
6.3%, a false negative value of 9.3%, and an AUC = 0.949
vs. controls (95% confidence interval (CI) [0.89–1]) (Figure
4A). Intriguingly, at a cut-off of 425 ng/mL, we showed a high
rule out possibility, displayed by a sensitivity of 96.8% (spec-
ificity of 72.0%), and at a cut-off of 777.5 ng/mL, the rule in
value was displayed by a high specificity of 96% (sensitivity
of 71.8%). Furthermore, also in DCMi and DCM patients,
the diagnostic value of serum S100A8/A9 at a cut-off of
583 ng/mL was determined vs. controls {DCMi: specific-
ity = 92%, sensitivity = 72.3%, a PPV = 97.6%, a
NPV = 42.6%, and an AUC = 0.85 (95% CI [0.771–0.928]),
DCM: specificity = 92%, sensitivity = 54.4%, a PPV = 93.9%,
a NPV = 46.9%, and an AUC = 0.735 (95% CI [0.621–0.848])}
(Figure 4B,C).

Decrease of S100A8/S100A9 serum levels
correlates with improvements of endomyocardial
inflammation in patients with a recent onset of
myocarditis

An additional subgroup analysis of recent onset MC patients,
with serum S100A8/A9 and EMB inflammatory marker levels

Figure 2 Endomyocardial cell-specific S100A8 and S100A9 protein co-expression in recent onset myocarditis, inflammatory dilated cardiomyopathy,
and dilated cardiomyopathy. Representative immunofluorescence co-stainings for S100A8 (red coloured) or S100A9 (red coloured) in macrophages/
monocytes (positive for CD68 and CD11b; green coloured), and neutrophils (positive for Ly6g; green coloured) (A) in acute myocarditis patient (MC
recent onset <30 days), (B) inflammatory dilated cardiomyopathy (DCMi), and (C) dilated cardiomyopathy (DCM) patient. Arrows highlight co-
stainings.
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at two different time points T1 and T2 with a mean follow-up
time of 8.5 months (n = 12), allowed us to obtain first evi-
dence regarding serum S100A8/A9 levels as a potential
therapy-monitoring tool. Interestingly, S100A8/A9 serum
levels of ≤30 day MC patients decreased significantly after
conventional medication treatment (T1: 2208 ± 1843 ng/mL
vs. T2: 888.8 ± 513.7 ng/mL; P = 0.0005) (Figure 5A). The de-
crease of S100A8/A9 was accompanied by a significant de-
crease of EMB inflammatory marker such as CD3 (T1:

70.02 ± 107.4 cells per square millimetre vs. T2:
59.18 ± 182.5 cells per square millimetre; P = 0.0342), LFA-1
(T1: 133.5 ± 187.1 cells per square millimetre vs. T2:
74.12 ± 190.5 cells per square millimetre; P = 0.0186), and
Mac-1 (T1: 132.6 ± 129.5 cells per square millimetre vs. T2:
54.41 ± 65.16 cells per square millimetre; P = 0.0015) (Figure
5B–D). Importantly, we found that the changes (Δ: T2 � T1)
in serum S100A8/A9 positively correlated with changes of
LFA-1 (r = 0.627, P = 0.04, XY = 11).

Figure 3 Correlation between serum S100A8/S100A9 and endomyocardial CD3-, LFA-1-, Mac-1, ejection fraction, S00A8, and S100A9, in patients with a
recent onset of myocarditis. Correlation between serum S100A8/A9 levels and endomyocardial biopsy (EMB) presence of (A) CD3- (XY pairs n = 32) (B),
LFA-1- (XY pairs n = 32), (C) Mac-1-positive (XY pairs n = 32) cells, (D) the ejection fraction (EF; XY pairs n = 31), and mRNA expression of (E) S100A8 and
S100A9 (XY pairs n = 30). r = Spearman coefficient.

Figure 4 Receiver operating characteristic curves. Receiver operating characteristics (ROC) of serum S100A8/S100A9 levels (cut-off 583 ng/mL) for A.
recent onset myocarditis (MC; n = 32) patients vs. controls (C) for inflammatory dilated cardiomyopathy (DCMi; n = 112) patients vs. controls, and (B) for
dilated cardiomyopathy (DCM; n = 58) patients vs. controls. AUC, area under the curve; NPV, negative predictive value; PPV, positive predictive value.
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Baseline S100A8/S100A9 serum levels as a
predictor for changes of endomyocardial
inflammation in patients with a recent onset of
myocarditis

To assess the predictive capability we performed univariate
linear regression analysis. In the model, the Δ of EMB LFA-1
was used as a dependent variable, while serum S100A8/A9
levels were used as an independent variable. We were able
to demonstrate that baseline serum S100A8/A9 levels pre-
dicted the change in EMB LFA-1 (LFA-1: r2 = 0.576,
P = 0.007, n = 11): the higher the baseline S100A8/A9 serum
levels, the higher the change in EMB inflammation.

Discussion

This is the first study to demonstrate the relevance of serum
S100A8/A9 levels in patients with a recent onset of MC, as
displayed by its association with the disease activity. Further-
more, we have first evidence that serum S100A8/A9 has an
additional value as a potential diagnostic and monitoring bio-
marker in these patients.

The diagnosis of acute MC is a challenge because of its di-
verse clinical presentation.1 The position paper of the Euro-
pean Society of Cardiology (ESC) working group on
myocardial disease recommends to perform an cMRI in cases
of suspected acute MC and to do an EMB in unstable clinical
scenarios to initiate an aetiology-directed therapy.1 For
follow-up monitoring, a repeated cMRI is discussed as a pos-
sible option. The EMB is the gold standard for the diagnosis of
patients with suggested MC, allowing characterization of the
specific virus and the amount and type of infiltrated immune
cells. However, it is invasive, can also be subject to sampling
error, and needs experienced operators to perform it safely.3

Additionally, imaging techniques such as cMRI are expensive
and not always available.3,24 Thus, some clinical centres opt
out of invasive EMB and/or cost intensive MRI-based

diagnosis, instead utilizing the wait and see strategy. In part,
this strategy derives from the notion that approximately 70%
of those patients ultimately undergo remission.25 Caforio
et al.25 and the ESC recommendations1 stress the need to
bridge the gap between clinical and tissue-based diagnosis
of MC, for example by using long-term prospective data in
EMB-proven acute MC to validate newly proposed
non-invasive biomarkers by multivariable analysis.25

Serum markers of inflammation, like hsCRP levels, simply
signify an inflammatory state and are not cardiac specific,26

while markers of cardiac dysfunction, like BNP, can be ele-
vated in acute MC, but are also neither sensitive nor
specific.1,5 Recently, Liu et al.27 confirmed the low diagnostic
value of hsCRP in suspected MC patients vs. controls,
displayed by an AUC of only 0.610, a specificity of 51.85%,
and a sensitivity of 58.88%. Cardiac troponin and BNPs are
more sensitive markers of myocyte injury and dysfunction
in patients with clinically suspected MC than creatinine kinase
levels. However, they are non-specific, and even if levels are
normal, they do not exclude MC and bear no relation to the
state of cardiac inflammation.1 Recently, it has been shown
that serum soluble ST2 is increased in ≤50 –year-old male pa-
tients but not in female patients with MC and is associated
with an increased HF risk in these male patients.4 However,
there are currently no studies describing its diagnostic value
in patients with MC.4 Contemporary cMRI techniques, includ-
ing T1/T2 mapping, enable a non-invasive diagnosis of acute
MC with high sensitivity, but less-than-ideal specificity, which
decreases further in chronic settings.2,5 Overall, serum
markers of inflammation and cardiac dysfunction can be ele-
vated in acute MC, but are neither sensitive nor specific in
terms of determining the presence or absence of active myo-
cardial inflammation.5

We recently demonstrated that S100A8 and S100A9mRNA
expression is increased in cardiac tissue of human and exper-
imental CVB3-induced MC. In this study, we demonstrate the
significance of measuring serum S100A8/A9 levels for the
clinical differential diagnosis of patients with suspected
MC.12 We show a high potential diagnostic value for serum

Figure 5 Decrease of serum S100A8/S100A9 is accompanied with the reduction of endomyocardial CD3-positive cells, LFA-1-positive cells, and Mac-1-
positive cells after conventional heart failure treatment in patients with a recent onset of myocarditis. (A). Serum S100A8/S100A9 levels with n = 12 and
endomyocardial biopsy (EMB) present (B) CD3 n = 12, (C) LFA-1 n = 11, and (D) Mac-1-positive cells n = 12, with *P < 0.05 and **P < 0.005 Wilcoxon test
matched pairs. Time Points 1 (T1) and 2 (T2).
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S100A8/A9, which is reflected by the significantly higher se-
rum levels of S100A8/A9 in recent onset MC patients com-
pared with controls. Intriguingly, these patients revealed a
positive correlation between alarmin serum levels, EMB in-
flammation, and cardiac S100A8 and S100A9 mRNA expres-
sion. In agreement with the literature, we show that cardiac
macrophages/monocytes and neutrophils are the main
source of co-expressed S100A8 and S100A9. We hypothesize
that serum S100A8/A9 levels may reflect cardiac inflamma-
tion in patients with suspected acute MC, which is most in-
tensive in the early stage of the pathogenesis5 and is
characterized by an ongoing invasion of alarmin-expressing
macrophages, monocytes, and neutrophils.28 This is in line
with findings in patients with active cardiac sarcoidosis.29 At
a cut-off value of 583 ng/mL, serum S100A8/A9 allowed the
correct diagnosis of suspected MC with a high diagnostic ac-
curacy of 94.9%. Only 6.3% were false positive and 9.3% were
not detected. Intriguingly, with a high probability of 96% and
96.8%, we can rule in and rule out acute MC patients and
thus when a cMRI or an EMB is indicated or not, respectively.
The grey zone, which is beyond the probability of 96% and
96.8%, indicates the performance of further testing. In pa-
tients with low-grade cardiac inflammation (DCMi), and in
DCM, serum S100A8/A9 levels are lower in comparison with
acute MC and may further indicate that the systemic and lo-
cal inflammatory process is silencing, resolving, and/or not a
prominent disease driver. Our first results demonstrate the
potential clinical relevance of serum S100A8/A9 in the acute
MC phase, which declines in chronic disease states such as
DCMi and is not relevant in DCM. In addition, the dynamics
of serum alarmin levels indicated by a fall from acute MC to
DCMi could serve as an important disease or
treatment-monitoring tool. Intriguingly, in a small patient co-
hort with a recent onset of MC, our data show that alarmin
serum levels and EMB inflammation markers decreased after
a mean time of 8.5 months during conventional treatment
and were accompanied by a reduction of EMB inflammation.
Importantly, the decrease of serum alarmin levels correlated
positively with the improvement of myocardial inflammation.
The potential value of S100A8/A9 serum levels as a
therapy-monitoring tool is further corroborated by the pre-
dictive role of baseline alarmin levels for the change in EMB
inflammation. First analyses show that the higher the base-
line S100A8/A9 serum levels are the higher the change in
EMB inflammation. This relationship between baseline
alarmin levels and change in local inflammation has also been
shown in patients with a recent onset of rheumatoid
arthritis.30

Strength and limitations

This is the first study to show the relevance of serum
S100A8/A9 in EMB-proven acute MC patients. However, our

study has several limitations including the retrospective data
acquisition and the small patient number in the MC group.
The latter is based on the fact that in patients with acute
MC, EMBs are not routinely performed. Furthermore, the
small number of cases in our study does not allow for more
powerful statistical analysis such as conditional logistic re-
gression, multivariate adjustments, post-hoc power analysis,
and as well as matching for sex and age. Our study is more
hypothesis-generating, and thus, prospective clinical trials
with larger cohorts are necessary to verify the importance
of serum S100A8/A9 as a diagnostic and monitoring tool.
One of the important and unique aims of our study was to in-
vestigate the correlation between EMB alarmin expression
and its serum levels in well-characterized MC patients and
to learn more about the mode-of-action and the involved
mechanisms.

Conclusions

Serum S100A8/A9 levels in recent onset MC patients reflect
the inflammatory disease activity in cardiac tissue, indepen-
dent of viral persistence, age, or gender. Additionally, we
have first evidence that serum S100A8/A9 could potentially
serve as a diagnostic and therapy-monitoring biomarker in
patients with suspected acute MC. The realization of this bio-
marker in this setting, probably also in combination with
others, could improve prognosis by aiding in the rapid diagno-
sis and treatment of this disease.
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