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Abstract
Background and Purpose: Since the outbreak of the severe acute respiratory syndrome 
coronavirus- 2 (SARS- CoV- 2) pandemic, several reports indicated neurological involve-
ment in COVID- 19 disease. Muscle involvement has also been reported as evidenced by 
creatine kinase (CK) elevations and reports of myalgia.
Methods: Creatine kinase, markers of inflammation, pre- existing diseases and statin use 
were extracted from records of Austrian hospitalised COVID- 19 patients. Disease sever-
ity was classified as severe in case of intensive care unit (ICU) admission or mortality. 
COVID- 19 patients were additionally compared to an historical group of hospitalised in-
fluenza patients.
Results: Three hundred fifty- one patients with SARS- CoV- 2 and 258 with influenza were 
included in the final analysis. CK was elevated in 27% of COVID- 19 and in 28% of influ-
enza patients. CK was higher in severe COVID- 19 as were markers of inflammation. CK 
correlated significantly with inflammation markers, which had an independent impact on 
CK when adjusted for demographic variables and disease severity. Compared to influ-
enza patients, COVID- 19 patients were older, more frequently male, had more comorbidi-
ties, and more frequently had a severe disease course. Nevertheless, influenza patients 
had higher baseline CK than COVID- 19, and 35.7% of intensive care unit (ICU)- admitted 
patients had CK levels >1,000 U/L compared to only 4.7% of ICU- admitted COVID- 19 
patients.
Conclusions: HyperCKemia occurs in a similar frequency in COVID- 19 and influenza in-
fection. CK levels were lower in COVID- 19 than in influenza in mild and severe disease. 
CK levels strongly correlate with disease severity and markers of inflammation. To date, it 
remains unclear whether hyperCKemia is due to a virus- triggered inflammatory response 
or direct muscle toxicity.
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INTRODUC TION

In early December 2019, the first cases of atypical pneumonia of 
unknown origin were observed and reported in China. The novel 
causative virus was rapidly identified and finally named severe acute 
respiratory syndrome coronavirus- 2 (SARS- CoV- 2). COVID- 19 dis-
ease quickly spread around the world, and Northern Italy and some 
areas in Austria became early hotspots in Europe.

Since the outbreak of the disease and the detection of the virus, 
several reports indicated neurological involvement in SARS- CoV- 2 
infection [1– 5]. Central nervous system manifestations ranged from 
impaired consciousness, acute cerebrovascular disease and ataxia to 
headache, seizures and dizziness. Severe disorders of the neuromus-
cular system, such as cases of peri-  and postinfectious Guillain- Barre 
syndrome [6– 12] and myasthenic crises [13– 16], were reported, 
even though milder symptoms in the form of peripheral neuropathic 
pain and impairment of taste and smell [1,17] were more frequent. 
Muscle pain and elevated creatine kinase (CK) levels as indications 
of muscle disorders have been observed in several case series from 
China [1,18,19]. In addition, a few cases of rhabdomyolysis were re-
ported [20,21], and Dalakas [22] suggested that these patients suf-
fered from COVID- 19– triggered necrotizing autoimmune myositis. 
It has also been suggested that population- specific characteristics 
exist that influence disease severity and presentation. The latter is 
supported by the higher prevalence of olfactory and gustatory dys-
function in European (85.6%; [17] than in Asian patients (5.1%; [1]). 
HyperCKemia, on the other hand, seems to occur with a similar fre-
quency of 13.7% and 9.2% in Asian [18] and European [2] patients, 
respectively.

The present study aimed to investigate muscle involvement in 
an Austrian cohort of patients with SARS- CoV- 2 infection by analys-
ing CK values, their evolution over the first 2 weeks of the disease 
course, the relationship to general markers of inflammation and dis-
ease severity. Finally, these results were compared to those of an 
influenza cohort.

METHODS

SARS- CoV- 2 cohort

Patient records from three designated COVID- 19 treatment cen-
tres, the University Hospital Innsbruck, St. Vincent Hospital Zams 
and Kaiser Franz Josef Hospital Vienna, were retrospectively ana-
lysed. The study is part of a larger study of SARS- CoV- 2 infection 
and was approved the Ethics committees of the Medical University 
Innsbruck (EKNR 1167- 2020) and the Kaiser Franz Josef Hospital 
(EK 20- 079- VK).

Values for CK, C- reactive protein (CRP), white cell blood (WBC) 
count, procalcitonin, interleukin- 6 (IL- 6) and ferritin were obtained 
at the day of hospitalisation (baseline), day 7 (±2 days) and day 14 
(±2 days), when available. Patients were included into the study 
when at least one CK value (i.e. at baseline, day 7 or day 14) was 

available. HyperCKemia was defined as CK exceeding the upper limit 
of normal (>190 U/L in males and >170 U/L in females).

Known pre- existing factors affecting disease severity were re-
corded: diabetes mellitus (DM), coronary heart disease (CHD), ar-
terial hypertension and chronic obstructive lung disease (COPD). 
Also, the use of statins was recorded as a possible confounder for 
CK elevations. Disease severity was classified based on admission 
to an intensive care unit (ICU) and mortality, respectively. Various 
treatments have been used: hydrochloroquine in 44, favipiravir in 
18, ropinavir/ritonavir in 15, and remdesivir in one patient. Muscle 
biopsies were not performed.

Influenza cohort

For comparison, demographic information, comorbidities, CK and 
CRP values from patients diagnosed with influenza at the University 
Hospital Innsbruck were extracted from anonymised patient records 
[23]. Data on treatment were not available.

Statistics

Statistical analysis was performed using SPSS 26.0 (IBM). Distribution 
of data was assessed by Kolmogorov- Smirnov test, and nonparamet-
ric data were displayed as median and interquartile range. Spearman 
coefficient was used for correlation analysis. For group comparisons, 
the Mann- Whitney U test and Pearson χ2 test were applied as appro-
priate. Paired samples were compared by Friedman test. Linear re-
gression was employed to identify predictors for increased CK levels 
including age, sex, centre, admission to the ICU, death and various 
inflammatory markers in peripheral blood (e.g., CRP). The depend-
ent variable (CK) and the covariates CRP, WBC, IL- 6, procalcitonin 
and ferritin were log- transformed to achieve normal distribution. A p 
value <0.05 was considered statistically significant.

RESULTS

From a total of 609 patients, 351 with SARS- CoV- 2 and 258 with in-
fluenza were included in the final analysis. Demographics, the main 
clinical characteristics and results of laboratory analyses are shown 
in Table 1. COVID- 19 patients were older, more often male, had 
more comorbidities and significantly more frequently severe disease 
than influenza patients (Table 1).

At baseline, CK levels were significantly higher in males 
(p < 0.001) and there was a weak negative correlation with age 
(r = −0.107, p = 0.069), which became statistically significant in mul-
tivariate analyses. CK levels did not differ depending on the pres-
ence of CAD, arterial hypertension, DM or COPD, or on the usage of 
statins. In general, CK and inflammatory markers were significantly 
higher in severe than in mild disease (Figure 1a for ICU- admitted and 
Figure 1b for deceased patients). CK did not change over time in 
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severe disease but decreased significantly from baseline to day 7 
in mild disease (Figure 1a). In 27% of patients, baseline CK was el-
evated with a median of 313 U/L (283– 541 U/L), and hyperCKemia 
was significantly more frequent in the ICU (40%) than in the non- ICU 
(23%) group. In the population with elevated baseline CK, it was sig-
nificantly higher in the ICU (406 U/L; 28– 643) than in the non- ICU 
group (287; 224– 488 U/L).

Creatine kinase correlated significantly with inflammatory mark-
ers (except WBC count) at all time points (Table S1). Linear regres-
sion analysis revealed that various inflammatory markers had an 

independent impact on CK levels, adjusted for demographic vari-
ables and disease severity (Table S2).

Baseline CK in the influenza group was significantly higher than 
in the COVID- 19 group, although CRP was lower (Table 1). At fol-
low- up, CK did not differ between disease groups, but in contrast 
to COVID- 19, CK in influenza did not change significantly over time. 
Similar to COVID- 19, hyperCKemia at baseline was observed in 28% 
of influenza patients, with a median CK of 300 (251– 676 U/L). CK 
correlated significantly with CRP at baseline (r = 0.204), but not 
at follow- up. Although hyperCKemia was more frequent in severe 

TA B L E  1  Demographic and laboratory findings in COVID- 19 and influenza

SARS- CoV- 2 cohort Influenza cohort

p valuen n

Age, years 351 68 (54– 79) 258 51 (32– 72) <0.001a

Sex, female, n (%) 351 137 (39) 258 127 (49) 0.012b

ICU admission, n (%) 349 73 (21) 258 19 (7) <0.001b

Death, n (%) 351 53 (15.1) 258 12 (4.7) <0.001b

Concomitant diseases

Coronary artery disease, n (%) 344 66 (19) 258 85 (33) <0.001b

Arterial hypertension, n (%) 346 172 (50) 75 22 (29) 0.001b

Diabetes mellitus, n (%) 346 62 (18) 75 11 (15) 0.500b

COPD, n (%) 348 40 (11) 75 4 (5) 0.113b

Others, n (%) 344 109 (32) 75 <0.001b

Concomitant medication

Statin, n (%) 344 65 (19) 73 8 (11) 0.105b

Laboratory findings

CK day 1, U/L 287 99 (54– 199) 257 116 (77– 199) 0.006a

CK day 7, U/L 197 78 (38– 215) 35 90 (50– 194) 0.395a

CK day 14, U/L 107 61 (38– 123) 9 65 (28– 251) 0.975a

CRP day 1, mg/dl 338 5.0 (2.0– 10.5) 256 2.3 (1.0– 4.3) <0.001a

CRP day 7, mg/dl 255 5.7 (2.0– 11.7) 48 1.8 (1.0– 6.2) <0.001a

CRP day 14, mg/dl 123 3.7 (0.9– 9.6) 12 5.3 (2.0– 11.0) 0.449a

Procalcitonin day 1, μg/L 165 0.1 (0.1– 0.3)

Procalcitonin day 7, μg/L 146 0.2 (0.1– 0.5)

Procalcitonin day 14, μg/L 85 0.2 (0.1– 0.4)

IL6 day 1, ng/L 200 41.9 (18.3– 105.0)

IL6 day 7, ng/L 173 41.4 (13.2– 117.1)

IL6 day 14, ng/L 92 41.1 (12.6– 99.7)

WBC day 1, G/L 343 5.9 (4.5– 7.7)

WBC day 7, G/L 256 6.1 (4.7– 8.1)

WBC day 14, G/L 125 7.2 (5.9– 9.9)

Ferritin day 1, μg/L 280 637 (277– 1246)

Ferritin day 7, μg/L 218 899 (422– 1580)

Ferritin day 14, μg/L 114 794 (425– 1344)

Note: Data are shown as median (interquartile range) unless otherwise specified. Group comparisons were performed by aMann- Whitney U test or 
bPearson χ2 test.
Abbreviations: CK, creatine kinase; COPD, chronic obstructive pulmonary disease; CRP, C- reactive protein; G/l, Giga per liter; ICU, intensive care 
unit; IL, interleukin; IQR, interquartile range; SARS- CoV- 2, severe acute respiratory syndrome coronavirus- 2; WBC, white blood cells.
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(47%) than in mild (26%) disease, this difference did not reach statis-
tical significance (p = 0.051).

In the hyperCKemia population, CK was significantly higher in the 
influenza ICU (1,611 U/L; 579– 1.776 U/L) than in the COVID- 19 ICU 

population (406 U/L; 28– 643 U/L), whereas CRP did not differ between 
groups (COVID- 19: 13.8 ± 10.7 mg/dl; influenza: 15.1 ± 12.9 mg/dl). In 
non- ICU hyperCKemia patients, CK in influenza patients (357 U/L; 242– 
586 U/L) did not differ from COVID- 19 patients (287 U/L; 224– 488 U/L).

F I G U R E  1  Creatine kinase and 
inflammatory markers during COVID- 19 
disease course. (a) Data for patients 
with mild versus severe disease. Group 
comparisons (ICU versus non- ICU) were 
performed by Mann- Whitney U test 
and revealed statistically significant 
differences for all biomarkers at every 
time point (baseline, day 7, day 14): 
all p ≤ 0.001 except CK at baseline 
(p = 0.009) and day 7 (p = 0.005). (b) Data 
of survivors versus nonsurvivors. Group 
comparisons (survivor versus nonsurvivor) 
were performed by Mann- Whitney U 
test and revealed statistically significant 
differences (p < 0.05) for all biomarkers 
at every time point (baseline, day 7, day 
14) except CRP at baseline and ferritin at 
baseline and day 14. CK, creatine kinase; 
CRP, C- reactive protein; G/l, Giga per liter; 
ICU, intensive care unit; IL, interleukin; 
WBC, white blood cells

(a)

(b)
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At baseline, CK was >1.000 U/L in 4/287 (1.4%) COVID- 19 and 
in 14/257 (5.4%) influenza patients (Fisher exact test, p < 0.05). 
Only 3/63 (4.7%) ICU COVID- 19 patients had a CK > 1.000 U/L, 
compared to 5/14 (35.7%) ICU influenza patients (Fisher exact test, 
p < 0.05). The highest CK measured was 6.885 U/L in influenza and 
5.077 U/L in COVID- 19.

DISCUSSION

The main findings of the present study are that hyperCKemia is fre-
quent in Austrian COVID- 19 patients, and CK levels correlate with 
various markers of inflammation in COVID- 19 disease. HyperCKemia 
is more frequent in severe disease, although in general it is mild. 
Although the frequency of hyperCKemia is similar in influenza pa-
tients, CK levels are higher in influenza patients with severe disease.

HyperCKemia has been consistently reported in COVID- 19 
disease [1,2,18,24– 26], for example, in 10.7% [1] and 13.7% [18] 
of Asian and in 9.2% in southern European [2] COVID- 19 patients. 
In contrast, we observed CK elevations in 27% in our population. 
Even if we apply the definition of hyperCKemia (CK >200 U/L) 
used by other authors [1,18], there would still be 24% of patients 
with elevated CK in our population. The higher percentage of hy-
perCKemia in the present study might be explained by differences 
in disease severity, as CRP was less in the study by Mao et al. [1], 
which is also supported by the strong correlation of CRP and other 
inflammatory markers with CK levels. On the other hand, differ-
ences between European and Asian patients might exist, as it has 
also been suggested for the prevalence of gustatory and olfactory 
dysfunction [17].

In 40% of severely affected patients (e.g., those admitted to the 
ICU), hyperCkemia was observed, whereas this was the case in only 
24% of mild cases. Also, CK was higher in severely affected patients, 
which corresponds to findings by others [1,2,18,24– 26]. It has been 
reported that CK is higher in patients with abnormal findings on 
lung imaging [27]. However, factors associated with a poor progno-
sis, such as age, DM, CHD, hypertension and COPD [28], were not 
associated with elevated CK levels. Taken together, these findings 
indicate that CK, in addition to traditional markers of inflammation, 
might serve as an additional maker of disease severity but not as a 
prognostic marker.

The incidence of hyperCKemia was similar in COVID- 19 and in-
fluenza patients. However, baseline CK in ICU- admitted patients was 
higher in influenza than in COVID- 19 patients, despite similar CRP 
levels. Furthermore, 5.4% of influenza patients, compared to 1.4% 
of COVID- 19 patients, presented CK levels exceeding 1.000. Such a 
preponderance of very high CK in influenza patients was even more 
frequent in the ICU population, although the absolute numbers of 
patients were small. However, others have also shown hyperCKe-
mia is frequent in influenza [29,30]. Why CK is higher in influenza 
remains unclear. Studies in cultured human muscle cell indicated 
that influenza virus infects muscle directly and not via proinflamma-
tory cytokines [31]. On the other hand, a biopsy study from a case 

of COVID- 19– associated myositis showed perivascular infiltration ex-
tending into the endomysium [32]. This suggests that the mechanisms 
of muscle damage differ between SARS- CoV- 2 and influenza virus, 
and that SARS- CoV- 2 is less myotoxic than influenza virus.

Unfortunately, we were unable to establish the prevalence of 
myalgia in our patients, but it can be assumed that it is more fre-
quent than hyperCKemia [2,19,24,26]. Despite this, CK is a more 
robust indicator of muscle damage than myalgia. The pathophysiol-
ogy of COVID- 19 hyperCKemia is not understood yet. Interaction 
via the angiotensin- converting enzyme- 2 receptor, the receptor 
that binds SARS- CoV- 2, has been implicated [22]. This is supported 
by the apparent expression of the receptor on skeletal muscle [33]; 
however, the receptor was not detected in autopsy studies [34]. 
Also, the lower muscle involvement in COVID- 19 than in influenza 
suggests that SARS- CoV- 2 does not specifically target the mus-
cle. Although we were unable to obtain clinical data on possible 
ICU- acquired weakness, critical illness myopathy [35] as the cause 
of hyperCKemia seems unlikely, as hyperCKemia was already ob-
served in mild cases, CK was already elevated on the first day of 
ICU admission and CK typically is normal in critical illness myopa-
thy [36]. As many viral infections can cause muscle damage [37], it 
therefore seems likely that a viral infection– triggered immune re-
sponse causes muscle damage via T cell expansion or macrophage 
and proinflammatory cytokine mediated muscle fibre destruction 
[22,38]. An immune- mediated mechanism is also supported by the 
observation that higher inflammatory biomarkers correlated with 
higher CK values.

To date, three cases of rhabdomyolysis in COVID- 19 disease 
have been reported with CK >10.000 U/L [20,21] or CK >8.000 U/L 
[39]. Although rhabdomyolysis is, besides clinical criteria, defined 
by CK >1.000, in cases with severe muscle injury it typically ex-
ceeds >10.000 U/L. In the present study, CK >1.000 U/L was only 
observed in 4/287 (1.4%) COVID- 19 but in 14/257 (5.4%) influenza 
patients, but none had CK values exceeding 7.000 U/L. This also 
supports the notion that the SARS- CoV- 2 virus is less myotoxic than 
influenza virus.

In conclusion, hyperCKemia is as frequent in COVID- 19 as in 
influenza infection, but less severe. In both diseases, CK is higher 
in severe than in mild disease. As morphological data are lacking, it 
remains unclear whether hyperCKemia is due to a virus- triggered 
inflammatory response or direct muscle toxicity.
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