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Abstract

Objectives: Cardiac troponins (cTn) are used to detect and
quantify acute cardiomyocyte injury. In patients presenting
with symptoms that could indicatemyocarditis, elevated cTn
concentrations typically mandate cardiac catheterization
and heart muscle biopsy or cardiac magnetic resonance
imaging (CMR). Accordingly, increased cTn levels due to
macrotroponin – a complex between patient anti-troponin
autoantibodies and cTn – could lead to unnecessary and

potentially harmful interventions. In athletes, ensuring
cardiac health after infection like COVID-19 is critical, but the
occurrence of false-positive cTn levels post-COVID-19 re-
mains unknown.
Methods: This observational study prospectively
included 35 healthy athletes (aged 16–75 years; 19 females,
16 males) who underwent post-COVID check-ups during
2022–2023. Athletes’ cTn levels were measured using four
different hs-cTn routine immunoassays. If discrepancies
were noted between assays, further testing for macro-
troponin was conducted using protein G column, sucrose
gradient ultracentrifugation and anti-troponin autoanti-
body immunoassay.
Results: Seventeen athletes had normal cTn levels across all
assays, while 18 (51 %) had elevated cTn,mostly cTnI. Despite
elevated cTn levels, no signs of myocarditis or other cardiac
conditions were found on electrocardiography, echocardi-
ography, or CMR.Macrotroponinwas confirmed among 16 of
these 18 athletes. Further, IgG anti-troponin autoantibodies
correlated significantly with the levels of the two most-
commonly affected assays: hs-cTnI-Siemens Atellica and hs-
cTnI-Abbott Alinity.
Conclusions: Post-COVID-19, nearly half of athletes showed
elevated cTnI levels due to interference from macro-
troponin. Awareness among physicians and laboratorians of
this analytical confounder can avoid unnecessary invasive
or costly diagnostic tests in athletes with false-positive cTnI
levels after COVID-19.
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Introduction

Myocarditis is an inflammation of the heart muscle, often
caused by viral infections of the upper respiratory tract or
the gastrointestinal tract. This can potentially lead to
dangerous sequelae such as life-threatening arrhythmia or
heart failure, particularly if physical exercise is continued
during active inflammation [1]. It is one of the potential
causes of sudden cardiac death in athletes. Myocarditis
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diagnosis hence results in a sports restriction for 3–6months
[2, 3]. Symptoms can be unspecific, making early recognition
and diagnosis challenging. Electrocardiograms (ECG) and
cardiac troponins (cTn) are easily available tools to help
evaluate patients with suspected myocarditis. Initial reports
of COVID-19 suggested a high rate ofmyocardial involvement
[4–6]. Therefore, sports medicine governing bodies issued
recommendations for a safe return to sports in professional
athletes after COVID-19 [7, 8]. Specific medical check-up
criteria within 14 days after Covid-19 and before return to
intensive sports were formulated based on the severity
and symptoms of illness and laboratory results. Further
tests, such as echocardiography, or cardiac magnetic
resonance imaging (CMR) were recommended if required
[2, 3, 9].

If echocardiography and CMR exclude myocardial
inflammation or other cardiac involvement, the question
arises whether the inflammation is below the detection-
threshold of the imaging modality or whether elevated
high-sensitivity (hs) cTn concentrations may be false-
positive. The latter suspicion emerged because some labo-
ratories utilized by chance two different cTn tests at the
same time (hs-cTnI and hs-cTnT) with discordant results. A
possible explanation for these discrepancies and increased
values is a test interference with macrotroponin. Macro-
troponin is a complex formed by endogenous anti-troponin
autoantibodies and cardiac troponins. Beside other trig-
gers, autoantibodies may develop upon cardiotropic viral
infections, mostly enteroviruses, that set free tissue anti-
gens and, thus, can stimulate the immune system to pro-
duce autoantibodies. This may also be true for the COVID-19
causing virus SARS-CoV-2. At moderately elevated levels,
the half-life of cTnI and cTnT is approximately 2 h [10, 11]
because of the dominant clearance by the kidneys. This
clearance is most probably delayed when cTn are bound by
anti-cTn antibodies forming macrotroponin complexes
which results in accumulation and persistent elevations of
cTn levels, although the cTn-release rate from myocardial
tissue turnover remains normal. The prevalence of mac-
rotroponin after COVID-19 is unclear. There are two sys-
tematic community studies before the COVID-19 pandemic
[12, 13] and only limited case studies after COVID-19 [14, 15]
that provide insight.

Our hypothesis was that macrotroponin complexes lead
to unexpectedly elevated cTn levels in athletes. The occur-
rence of macrotroponin after COVID-19 in athletes has not
been studied before. Therefore, we performed a prose-
pective study to investigate the presence of macrotroponin
and anti-troponin auto-antibodies in athletes post-COVID-19
and the different impacts of macrotroponin on four widely
used hs-cTn assays.

Materials and methods

Study design and population

We planned and conducted this observational study in
accordance with the Helsinki Declaration and obtained
approval by the Ethics Commission of Northwestern and
Central Switzerland (project ID 2022-00507). We prospectively
followed-up on 35 athletes aged 16 years or older presenting to
the recommended investigation before returning to training,
at least seven days after COVID-19 between January 2022 and
January 2024. Athletes were instructed to withhold exercise
before clearance was given by the sports physician. In case of
later blood draws, athletes were advised to refrain from
training for 48 h. If athletes presented with symptoms sug-
gestive for cardiac involvement or with abnormal ECG and/or
laboratory results, they additionally underwent echocardi-
ography. If suspicion persisted, a CMR was performed.
Symptoms at time of infection were recorded in addition to
sport discipline and concurrent diseases. Plasma samples
were sent from the sports center to its local laboratory, where
hs-cTnI was routinely measured with an Alinity i analyzer
(Abbott Diagnostics). Aliquots were frozen and transferred on
dry ice to the central laboratory (Cantonal Hospital Aarau,
Switzerland), where samples were stored at −80° C until
further assessment or further transferal on dry ice to addi-
tional analysis locations.

Cardiac troponin assays and definition of
macrotroponin work-up

The samples were measured with three hs-cTnI assays
(Alinity i/Abbott Diagnostics, Atellica Solution/Siemens
Healthineers, Access 2/Beckman Coulter) and a hs-cTnT
assay (Cobas/Roche Diagnostics). Performance charac-
teristics of assays are summarized in Supplementary Ta-
ble 1. Athletes having a result above the sex-specific cut-off
of a specific assay were considered having a positive
result with that assay. Those athletes having a positive
result with at least one assay or a positive hs-cTn result
despite absence of clinical suspicion of cardiac involve-
ment were selected for further investigation of the pres-
ence of macrotroponin with sucrose gradient, protein G
spin column and anti-troponin autoantibody immuno-
assay methods.

The technicians performing the assay measurements
were blinded to further clinical or laboratory data. All assays
were run according to the manufacturer’s instructions and
underwent internal and external quality controls.
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Sucrose gradient ultracentrifugation

The sucrose density gradient ultracentrifugation is a refer-
ence method to separate proteins of different molecular
weights. We used this method as previously described [16] to
investigate macrotroponin. The applied molecular weight
indicators were ferritin (480 kDa) indicating high molecular
weight to mark the region of macrotroponin accumulation,
and thyroid stimulating hormone (28 kDa) indicating low
molecular weight, where free cTn is expected to accumulate.
To be able to determine a possible macrotroponin I, hs-cTnI
was measured in each of the seven gradient fractions
obtained with the assays that gave increased hs-cTnI in the
original blood sample. In one athlete with low hs-cTn values
and limited sample volume only four gradient fractions
were done. Because of limited volumes in the gradient
fractions in general, it was not possible to additionally
investigate for macrotroponin T with the hs-cTnT assay.
Therefore, if not stated otherwise, the term macrotroponin
refers to macrotroponin I in this study.

Protein G spin column

As a second method to identify macrotroponin we used the
published protein G spin column method [16] with a slight
modification (more details in the supplemental methods).
This method depletes all immunoglobulin G (IgG) mole-
cules from the sample including the anti-troponin autoanti-
body – troponin complexes, the macrotroponin. The
previously published cut-off of <40% recovery after immuno-
globulin depletion was used to define macrotroponin [13, 17].

Anti-troponin autoantibody immunoassay

Thepresence of anti-troponin autoantibodieswas determined
with a sandwich-type immunoassay as previously described
[18] (more details in the supplemental methods). The calcu-
lated positive assay signals reflect the titer and affinity of the
anti-troponin autoantibodies in the circulation.

Statistical analysis

Data are presented as median and interquartile range.
Mann-Whitney-U test was used for group comparison. Chi-
Squared test and Spearman’s rank correlation coefficient
were calculated for associations between macrotroponin
presence and anti-troponin autoantibody. A p-value <0.05
was regarded statistically significant. For power calculation

see supplemental file. Statistics were calculated using SPSS
30.0.0.0 (IBM, Armonk, IL, USA) for Windows and figures
were drawn in Excel (Microsoft Corp., Redmond, WA, USA)
forMicrosoft 365 and R 4.4.2 (The R Foundation for Statistical
Computing, Vienna, Austria).

Results

Population characteristics

This study included 35 athletes with median age of 24 years
(16–75 years), among them 19 (54 %) females, at the first
post-COVID-19 visit. If symptoms were present, they con-
sisted mostly of postviral exhaustion, mild infectious
symptoms or thoracic pain (Table 1). SARS-CoV-2 infection
was defined as a positive antigen or polymerase chain re-
action test. C-reactive protein was not increased and most
of the chemistry biomarkers and blood count parameters
were not significantly different between athletes with
and without macrotroponin (Supplementary Table 2). Four
athletes had secondary diagnoses unrelated to this inves-
tigation (supplemental results). Athletes commonly pre-
sented with sinus rhythm and, except for one athlete, with
no repolarization abnormalities. Twenty-two athletes
showed signs of training-induced left ventricular hyper-
trophy in the ECG, without correlate on CMR (Table 1 and
more detailed ECG/imaging findings in Supplementary Ta-
ble 3). The three most common sports of the athletes were
cycling (43 %, mountain biking or road biking), soccer
(16 %) and marathon/tri-/ultra-/gigathlon (14 %); other
sports comprised climbing, curling, swimming, floorball,
cross-country skiing or rhythmic gymnastics.

Cardiac troponin assay results

Seventeen (17/35) athletes had hs-cTn concentrations within
the sex-specific cut-off values in all four assays and did not
undergo further investigation for macrotroponin. In the
remaining 18 athletes (18/35) hs-cTn was increased in at least
one assay which wasmostly a hs-cTnI method, and three out
of them showed increases in all four assays.

Macrotroponin detection with sucrose
gradient ultracentrifugation

We applied the reference method sucrose-gradient ultra-
centrifugation in the 18 athletes presenting with discrep-
ancies betweenhs-cTn results or between hs-cTn and clinical
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presentation at the first post-COVID-19 check-up visit
(Figure 1). Of these athletes 16 were found positive for
macrotroponin while two were found negative. Of these two
macrotroponin negative athletes, one had increased hs-cTn
in all four assays but normal hs-cTn concentrations in a
control measurement two days later (Figure 1, neg1). The
other macrotroponin negative athlete had solely borderline
hs-cTnT increase at first visit (male 16 ng/L; URL<16 ng/L).
The low hs-cTnT values did not allow investigating for a
possible macrotroponin T, but no macrotroponin I was
detected (Figure 1, neg2). Therefore, these two athletes
without detected macrotroponin I were allocated into the
non-macrotroponin group resulting in 16 with and 19
without macrotroponin (Supplementary Figure 1).

The corresponding hs-cTn values of the first check-up
visits are outlined in Table 1. Multiples of cut-offs and fre-
quencies of hs-cTn increases above the sex-specific cut-off
values in athletes with macrotroponin are shown in
Table 2.

Macrotroponin detection with protein G spin
column method

The additional investigation of macrotroponin by the pro-
tein G spin column method in the athletes with hs-cTn in-
creases (n=18) gave congruent results with the reference
method achieving 16 macrotroponin positive athletes (me-
dian hs-cTnI recovery values: 17 %; min/max recoveries:
2.4 %; 39 %; n=16/18).

The same two athletes (2/18) who were not confirmed to
have macrotroponin using the reference method sucrose
gradient ultracentrifugation did not show any evidence for
macrotroponin by this method either (recoveries: 99 % and
144 % of the original cTn measurement). There was one
athletewith sufficiently high hs-cTnT concentration (77 ng/L)
and sample volume to search for both, macrotroponin I and
T. Despite the presence of macrotroponin I (recovery 12 %),
macrotroponin T (recovery 101 %) was not detectable. Two

Table : Characteristics of all athletes in the study group as well as according to the presence or absence of macrotroponin.

Overall
(n=)

Without
macrotroponin (n=)

With
macrotroponin (n=)

p-Value
(with vs. without macrotroponin)

Age, years  (; )  (; )  (; ) .
Females, %    n.s.
BMI  (; )  (; )  (; ) n.s.
Symptomsa, n
Upper respiratory tract infection   

Fever or subfebrile temperature   

Headache   

Myalgia   

Chest pain   

Gastrointestinal   

No symptoms/exhaustion   

ECG
Repolarization abnormalities  (n=)  (n=)  (n=) n.a.

Echocardiography
LVEF %  (; ) (n=)  (; ) (n=)  (; ) (n=) n.s.
GLS %, GE − (−; −) (n=) n.a. − (−; −) (n=) n.a.

CMR
LVEF %  (; ) (n=) n.a.  (; ) (n=) n.a.
LVEDVI, mL/m

 (; ) (n=) n.a.  (; ) (n=) n.a.
hs-cTn
hs-cTnI (Atellica; ng/L)  (.; ) . (.; )  (; ) <.
hs-cTnI (Alinity; ng/L)  (.; ) . (.; )  (; ) <.
hs-cTnI (Access; ng/L) . (.; .) . (.; .) . (.; ) .
hs-cTnT (Elecsys; ng/L) . (.; .) . (.; .) . (.; ) n.s.

Data were not consistently available for all athletes; therefore, the number of cases is provided in additional parentheses. The p-values were calculated
between the groups with and without macrotroponin. Values as median (th; th percentile); n.a., due to insufficient data (n<). aSome symptoms were
overlapping. n.s., not significant; BMI, body mass index; LVEF, left ventricular ejection fraction; GLS, global longitudinal strain; GE, gradient
echocardiography; CMR, cardiac magnetic resonance imaging; LVEDVI, left ventricular end diastolic volume index.
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athletes with borderline hs-cTnT increases (male 16 ng/L,
female 14 ng/L) that could not be investigated for macro-
troponin T by the reference method due to low concentra-
tions, gave uncertain results by the protein G method for
macrotroponin T. However,macrotroponin Iwas detected in
one of them by this method as well.

Anti-troponin autoantibodies

The anti-troponin IgG autoantibodies of first-visit samples
(n=34, one missing value) were significantly associated with
macrotroponin in the crosstable calculation (chi-square test
χ2=30.2 at 1 degree of freedom, p<0.001, Phi-coefficient =
0.942, all expected cell frequencies were ≥5; Table 3). One
athlete revealed anti-troponin autoantibodies despite
normal hs-cTn concentrations. Spearman’s Rho coefficients

Figure 1: Macrotroponin results by sucrose gradient ultracentrifugation. Athleteswith discordant hs-cTn results (n=18) were assessed for the presence of
macrotroponin using molecular weight-based fractions of the sucrose gradient ultracentrifugation method. Macrotroponin was assigned to high
molecular weight fractions (89.5–386 kDa), which were indicated by the high molecular weight marker ferritin (480 kDa). In contrast, free hs-cTn was
associated with lowermolecular weight fractions (10.0–43.1 kDa), where thyrotropin (28 kDa) was detected. In general, those hs-cTnI assays that showed
increased concentrations in the original sample were applied for this assessment. Among athletes suspected of having macrotroponin, 16 were positive
(pos1 – pos16) and two negative for macrotroponion (neg1 – neg2).

Table : Multiple of cut-offs of hs-cTn above the sex-specific upper
reference limit (URL) and occurrence of values above URL for each assay
in macrotroponin positive athletes (n=).

MOC of hs-cTn
above URL

Caseswith hs-cTn
above URL, %

Cases with hs-cTn
above URL

(n of total  cases)

hs-cTnI
(Atellica)

. (.; .)  
a

hs-cTnI
(Alinity)

. (.; .)  

hs-cTnI
(Access)

. (.; .)  

hs-cTnT
(Roche)

. (.; .)  

The multiple of cut-offs (MOC) was calculated by normalizing the hs-cTn
value according to the sex-specific URL and is given as median (th; th
percentile). aDenotes one missing value for Atellica hs-cTnI. n, number.
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showed highly significant correlations of anti-troponin
autoantibody assay signals with hs-cTnI Siemens Atellica
(r=0.601, p<0.001) and hs-cTnI Abbott Alinity (r=0.472,
p=0.005), but not with hs-cTnI Beckman Access or hs-cTnT
Roche Cobas.

Follow-up of cases

Among all athletes, there were six follow-up cases due to
elevated cTn levels including four athletes in the macro-
troponin and two in the non-macrotroponin group. The hs-
cTn values together with the concomitant results of macro-
troponin and anti-troponin autoantibodies at the different
timepoints are outlined in Figure 2. Among the macro-
troponin positive cases (pos1, 7, 12 and 15), macrotroponin
was present at all short- or long-term timepoints in all but
one (pos1). However, in this latter case anti-troponin auto-
antibodies were still detectable at the subsequent visit. In
another case (pos7) anti-troponin autoantibodies were ab-
sent at follow-up despite evidence of macrotroponin and
increased hs-cTn levels in the first three follow-up samples.
In the mactrotroponin negative group, one follow-up athlete
(neg1) had elevated hs-cTn levels at the initial visit,
normalizing within two days. Another athlete (neg3)
consistently showed hs-cTn values within the reference
range, precluding macrotroponin assessment; but anti-
troponin autoantibodies were undetectable either.

Discussion

Key study findings

To the best of our knowledge, this is the first prospective
study investigating false-positive hs-cTn levels due to

macrotroponin in athletes after COVID-19. We applied
several methods to ascertain our findings in 35 healthy
athletes post-COVID-19. First, we showed that macro-
troponin was present in most cases with discordant hs-cTnI
concentrations. Second, congruent results to the reference
method sucrose gradient ultracentrifugation were achieved
with the protein G spin columnmethod, offering a less labor-
intensive alternative for routine laboratory use. Third, IgG
anti-troponin autoantibodies, a prerequisite for the forma-
tion of the macrotroponin complex, were detected in almost
all cases where macrotroponin was found. Fourth, these
antibodies correlated significantly with elevated hs-cTnI
levels (Siemens Atellica and Abbott Alinity) drawing
connection between the interference, the titer, and affinity
of anti-troponin autoantibodies. Fifth, macrotroponin was
detectable for long time periods, even at the latest follow-up
point of 263 days, and clinicians as well as laboratorians
should be aware of this. This is particularly of relevance in
otherwise healthy people, such as athletes who may be
falsely excluded from sports, potentially causing severe
career implications.

Consistency of evidence and novelty

Beside case studies of macrotroponin in pediatric and adult
patients, mostly independently of COVID-19 [14, 15, 19–35],
there are two systematic studies using leftover samples of
laboratory requests before the COVID-19 pandemic [12, 13].
These two studies identified macrotroponin in 5 % of 1,074
and 55 % of 223 leftovers, respectively, using different ap-
proaches for the work-up. Warner et al. [12] investigated
macrotroponin only in samples with discordant hs-cTnI ac-
cording to two different methods (Architect hs-cTnI vs.
VitrosTnI hs-cTnI (n=56)) and used three detection tech-
niques (polyethylene glycol precipitation, protein A/G/L
treatment and sephacryl gel filtration chromatography) for
the proof of macrotroponin. On the other hand, Lam et al.
[13] evaluated all samples with one detection technique
(protein A spin column) to conclude formacrotroponin. They
[13] showed thatmacrotroponin caused increases above URL
in all cases with the hs-cTnI Siemens Centaur assay and to a
lesser extent with hs-cTnI Abbott Architect (41 %), hs-cTnI
Beckman Access (28 %) and hs-cTnT Roche Elecsys (28 %)
[13]. In our study, the trigger to further investigate macro-
troponin with specific methods was a discordant hs-cTn
result among the four assays or a discrepancy between hs-
cTn result and clinical presentation. Similarly to the study by
Lam et al. [13], we observed increased hs-cTnI concentra-
tions in all but one macrotroponin case with the Atellica
assay, the recent generation of the Siemens

Table : Crosstables for anti-troponin autoantibodies and macro-
troponin in athletes at their return to sports check-up first visit.

Macrotroponin

Anti-troponin autoantibody Negative Positive Sum

Negative   

Positive   

Sum   

First-visit samples of athletes were assessed for anti-troponin autoantibodies
with a research immunoassay specific for IgG autoantibodies against
troponin. Both, autoantibodies and macrotroponins were present in the
same sample in all but one case who had anti-troponin autoantibodies
despite normal hs-cTn concentrations. There is one missing case because
of lack of sample volume at the first post-COVID- check-up for anti-
troponin autoantibody assessment.
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Figure 2: Athletes with follow-up visits. Out of six athletes with available follow-up data four were in themacrotroponin positive group (A) and two in the
macrotroponin negative group (B). The graphs summarize the presence of macrotroponin, anti-troponin autoantibodies and the hs-cTn levels. The
labelling of athletes corresponds to that of Figure 1 using pos (pos1, pos7, pos12 and pos15) for those suspected of having macrotroponin and neg (neg1,
neg3) for those in the macrotroponin negative group. *Significant increase of hs-cTn above the sex-specific upper reference limit; Macro-Tn, macro-
troponin; Auto-Ab, anti-troponin autoantibody; n/a, not applicable; neg, negative; pos, positive.
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immunoanalyzers, which has several components of the
Centaur method integrated. Concerning the Abbott Alinity
cTnI assay [13], we found a higher percentage of increased
hs-cTnI values than Lam et al. [13]. However, we had less
cases and used sex specific cut-offs to determine increased
hs-cTn concentrations, which may partly account for these
slightly different findings. Immunoassays differ in their
epitope targeting, as manufacturers utilize different assay
antibodies binding to distinct regions of the troponin mole-
cule for capture and detection. Anti-troponin autoantibodies
may form macrotroponin complexes that mask specific
epitopes, thereby interferingwith some assayswhile sparing
others. Consequently, susceptibility to interference is assay-
dependent.

Similarly to Lam et al. [13], in our study macrotroponin
seemed to affect cTnT less frequently and macrotroponin I
was detected even in some samples with very low cTn levels.
We focused on macrotroponin I using hs-cTnI assays due to
limited gradient fraction volumes of the reference method
and low concentrations. Above all, hs-cTnT values were less
frequently elevated than hs-cTnI by Atellica or Alinity, with
isolated hs-cTnT elevations in only two athletes. Macro-
troponin T interference appears rare, with Lam et al. [13]
reporting only 2 % of cases in their systematic study. In the
three athletes, in which we were able to additionally inves-
tigate macrotroponin T by the protein G spin column, one
was negative and two gave uncertain results. One of these
uncertain macrotroponin T results nevertheless turned out
with a positive macrotroponin I by the sucrose gradient ul-
tracentrifugation and protein G spin column method,
although the first visit hs-cTnI concentrations were within
the reference limits. The anti-troponin autoantibody result
was also consistently positive, further supporting the pres-
ence of macrotroponin. Notably, in this athlete, with limited
sample volume and low hs-cTnI concentration, performing
only four gradient fractions nonetheless yielded clear re-
sults, partly due to higher analyte concentrations compared
to the standard seven-fraction protocol used for all others in
this study. The standard seven-fractions protocol ensures
maximum separation of macro- and non-macrotroponin.
Our finding suggests that macrotroponin I may even exist in
small amounts below the URL of an hs-cTnI assay. This
warrants further investigations, as macrotroponin may
impact preventive risk-assessments in asymptomatic in-
dividuals, particularly if manufacturers adopt lower cut-offs
like those of the Abbott Alinity hs-cTnI Risk Strat assay.

Whethermacrotroponin itself has a prognostic impact is
not fully elucidated currently. One study showed a favorable
prognosis in the presence of macrotroponin in patients with
increased hs-cTnI values and demonstrated an adjusted
hazard ratio for all-cause mortality of 0.54 and for

cardiovascular disease mortality of 0.48 [36]. However, the
athletes of this study were healthy or had unremarkable
adaptive findings in imaging which are common in elite
athletes as also shown by Schneeweis et al. [37].

Beside the proof of macrotroponin complex as the cause
of false-positive hs-cTn results, we corroborated the simul-
taneous presence of anti-troponin autoantibodies them-
selves, which are mandatory in the complex-formation with
troponin. There were only three exceptions: One macro-
troponin positive athlete (Figure 2A, pos7) was negative for
anti-troponin autoantibodies. This discrepancy may reflect
methodological differences. The sucrose gradient detects
large molecules, while the protein G column identifies IgG-
containingmolecules and complexes, whichmeans that both
can produce positive results also for crosslinking hetero-
philic antibodies. On the other hand, the anti-troponin
autoantibody assay, that relies on specific cTnI epitopes,may
yield false negatives if autoantibodies mask these binding
sites. In contrast, anti-troponin autoantibodies were found
in one athletewith too lowhs-cTn concentrations to generate
conclusive macrotroponin results and in another (Figure 2A,
pos1) with negativity for macrotroponin in the follow-up.
There might have been too few cardiac troponin molecules
in the blood to form measurable complexes with autoanti-
bodies, particularly when cTn concentrations were in very
low ranges.

In follow-up samples hs-cTn concentrations decreased
in all athletes with macrotroponin, except for one, who may
have had a symptomless SARS-CoV-2 or other infection.
Other cardiotropic viruses could also trigger macrotroponin
which warrants investigations in future studies, as this was
beyond the scope of the present work. The precise mecha-
nisms driving anti-troponin autoantibody formation remain
incompletely understood. We propose that transient post-
exercise elevations in circulating cardiac troponins may act
as antigenic stimuli as also hypothesized in a recent review
[38]. In the setting of COVID-19, such exposures – particularly
when recurrent, as in endurance athletes – could facilitate
immune recognition and the development of anti-troponin
autoantibodies. Notably, not all hs-cTnI assays fell below the
reference ranges within the followed period which could
have a tremendous impact, particularly on athleteswhomay
have several control visits at their sports physicians because
of intensification of training or participation in
competitions.

Policy implications

In case hs-cTn is increased, uncertainty about the athlete’s
health leads to further costly and timely imaging
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investigations that could be avoided in case there was
knowledge of the presence of macrotroponin. Therefore,
awareness of this issue is required, not only among sports
physicians but also among other physicians, clinicians and
laboratorians. To address this interference, an alternative
hs-cTnmethod such as hs-cTnT should be used when hs-cTnI
is elevated. Given that most laboratories lack both assays,
inter-laboratory collaboration is advisable. While dilution
series and heterophilic antibody blocking reagents are not
highly effective for detecting macrotroponin, they are rec-
ommended initial steps for suspected interferences in gen-
eral [39, 40]. For routine macrotroponin detection, the
protein G spin column offers a feasible alternative to the
reference method and should be established in at least one
collaborating laboratory.

Our findings extend and corroborate prior research
indicating that macrotroponin and heterophilic antibodies
are important analytical confounders for hs-cTnI, but not for
hs-cTnT. In contrast, chronic active skeletal muscle disease
has been shown to be an important confounder for hs-cTnT,
but not hs-cTnI [41]. Accordingly, measuring the alternative
analyte is very helpful whenever clinicians are concerned by
unexpectedly high hs-cTn concentrations [39, 40].

Strengths and limitations

The first strength is that we used sucrose gradient ultra-
centrifugation as a labor-intensive reference method to
define macrotroponin status, also validating the less
demanding protein G column method. Second, we used four
widely applied assays, revealing varying susceptibility to
macrotroponin. Third, we measured anti-troponin autoan-
tibodies as an indirect proof and prerequisite of
macrotroponin.

There are some limitations wewant to state. First, it was
not possible to study athletes with hs-cTn values below the
sex-specific URL with the sucrose gradient as the sensitivity
of the method is limited. Second, we had only Caucasian
athletes participating in this study. However, we believe that
our findings on macrotroponin occurrence following
COVID-19 are broadly applicable to other ethnic groups,
because the immune system not only triggers antibody
production after viral infection in athletes but is a funda-
mental defending system in humans. Third, we cannot draw
epidemiological conclusions because of the observational
prospective study setting in a real-life environment. Athletes
were not enrolled consecutively and some declined return-
to-sports examinations due to concerns about potential
sports exclusion.

Conclusions

Post-COVID-19, nearly half of the investigated athletes
showed elevated cTnI levels due to interference from mac-
rotroponin. Awareness of this analytical confounder can
avoid unnecessary invasive or costly diagnostic tests in
athletes with elevated cTnI levels after COVID-19.
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