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Abstract: Bacterial and fungal superinfections are common in COVID-19, and early diagnosis can
enable timely intervention. Serum calprotectin levels increase with bacterial, fungal, and viral
infections. This study evaluated serum calprotectin as a diagnostic and prognostic tool for microbial
superinfections in COVID-19. Serum samples from adult patients with moderate and severe COVID-
19 were collected during hospitalization from 2020 to 2024. Calprotectin levels were measured
using an enzyme-linked immunosorbent assay in 63 patients with moderate COVID-19, 60 patients
with severe COVID-19, and 34 healthy individuals. Calprotectin serum levels were elevated in
patients with moderate COVID-19 compared with controls, and these levels were further increased
in the severe cases. Patients with severe COVID-19 and vancomycin-resistant enterococci (VRE)
bacteremia had elevated calprotectin levels, but their C-reactive protein and procalcitonin levels
were not increased. Fungal superinfections and herpes simplex virus reactivation did not change
the calprotectin levels. A calprotectin concentration of 31.29 pg/mL can be used to diagnose VRE
bloodstream infection with 60% sensitivity and 96% specificity. These data suggest that serum
calprotectin may be a promising biomarker for the early detection of VRE bloodstream infections in
patients with COVID-19.
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1. Introduction

SARS-CoV-2 was discovered in Wuhan, China, in 2019 and spread rapidly, causing a
global COVID-19 pandemic [1,2]. Evidence suggests that a dysregulated immune response
causes a cytokine storm in patients with COVID-19, worsening the disease [3,4]. Addition-
ally, SARS-CoV-2 infection damages tissues and induces the recruitment and activation of
immune cells, particularly monocytes and neutrophils [5-7].

High neutrophil counts are linked to severe COVID-19 and trigger a significant release
of calprotectin (5100A8/S5100A9) [5-9]. Recent meta-analyses and studies report elevated
serum calprotectin levels in patients with COVID-19, especially those in intensive care
units [6,10-15]. Calprotectin is also associated with the serious adverse effects of SARS-
CoV-2 vaccination, and a marked increase in calprotectin has been described in patients
with vaccine-induced immune thrombotic thrombocytopenia [16].
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The SARS-CoV-2 spike protein induces calprotectin production in neutrophils via the
activation of Toll-like receptor 4 (TLR4) [17]. As an endogenous TLR4 ligand, calprotectin
contributes to excessive inflammation [18].

Calprotectin is a highly abundant cytosolic protein of neutrophil granulocytes, account-
ing for 40-50% of the total protein content, and it is released during neutrophil activation
and turnover. Thus, it is a crucial marker of neutrophil-induced inflammation [19]. Calpro-
tectin, a heterodimer of SI00A8 and S100A9 (also known as calgranulin A and B) [9], has
antimicrobial functions due to its ability to bind divalent cations, such as copper, calcium,
manganese, and zinc. Its antimicrobial effects that do not involve metal chelation are poorly
understood [20,21]. Calprotectin induces the production of interferon-gamma, a cytokine
with antiviral activities, in natural killer cells [22,23]; this suggests that the upregulation of
calprotectin may be a protective mechanism. However, endothelial dysfunction in patients
with COVID-19, which contributes to oxidative stress, inflammation, and thrombosis, is
exaggerated by calprotectin, and it has been shown to disturb mitochondrial function
and induce PANoptosis in endothelial cells [24,25]. Calprotectin can also activate the nu-
clear factor kappa B pathway in the lungs, promoting the inflammatory polarization of
macrophages, epithelial cell apoptosis, and lung injury [26,27]. Autoantibodies to calpro-
tectin are common in patients with COVID-19 and are associated with better recovery eight
months after infection [28].

Serum calprotectin is induced by inflammatory stimuli and is an early marker of
bacterial and viral infections [29,30]. Blood calprotectin is a good biomarker for bacterial
infection, sepsis prediction, and mortality [31]. Calprotectin is best described as a fecal
biomarker of intestinal inflammation, and the quantity of fecal calprotectin is strongly
elevated in patients with severe COVID-19 [32].

Bacterial superinfection within the first 48 h of ICU admission occurs in 23% to
28% of patients with COVID-19 [33,34]. A meta-analysis reported a 20% prevalence of
superinfections in hospitalized and non-hospitalized patients with COVID-19, with fungal
superinfections in 8% and viral superinfections in 4% [35]. Herpes simplex virus (HSV)
reactivation is also associated with COVID-19 [36]. An Italian study found that nearly
30% of invasively ventilated patients with COVID-19 with worsening respiratory function
experienced HSV-1 reactivation [37].

Superinfections are more common in severe COVID-19 cases, worsening the disease
and increasing the risk of death [35,38,39]. Therefore, higher serum calprotectin levels in
severe cases may partly result from fungal and bacterial superinfections.

There is a limited understanding of how infection with SARS-CoV-2 impairs the
function of the innate immune system against bacterial, fungal, and viral superinfections.
Changes in thrombopoiesis, granulopoiesis, and erythropoiesis indicate serious perturba-
tions of all blood cells in COVID-19 [40]. Neutrophil function in patients with COVID-19
is impaired, reducing reactive oxygen species production and myeloperoxidase activity
when challenged with bacteria [41,42], indicating that superinfection may not be related to
the further rise in calprotectin.

Calprotectin levels in cases of non-COVID-19 acute respiratory infections are sig-
nificantly higher in patients with infections such as mycoplasma pneumonia, bacterial
pneumonia, and streptococcal tonsillitis compared with patients with viral infections.
Rapidly measuring calprotectin levels can aid in managing respiratory infections, enabling
more accurate diagnosis and selective antibiotic use [30]. Plasma calprotectin is also an
early marker of bacterial infections in severely ill patients [43]. Another study described
higher plasma calprotectin levels in patients with bacterial infections, as compared with
non-infected patients. In this cohort, the difference between non-infected controls and
patients with viral infections was not significant [44]. Candida albicans blood infection
activates neutrophils, releasing calprotectin, indicating that serum calprotectin may be
induced in fungal infections [45].

Blood calprotectin is higher in patients with mild COVID-19 disease than in controls
and is significantly increased in severe cases, requiring hospitalization [42,46,47]. The
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increase in calprotectin is independent of factors such as older age, comorbidities, and
bacterial infections [42]. Increased plasma calprotectin during severe COVID-19 is related to
an unfavorable outcome and mortality [48,49]. However, the association of superinfections
in COVID-19 with circulating calprotectin levels has not been studied in much detail [18].

Superinfections in patients with SARS-CoV-2 impact treatment decisions. However,
proving infection quickly and accurately remains challenging [50]. We aimed to evaluate
serum calprotectin levels via enzyme-linked immunosorbent assay in patients with mod-
erate and severe COVID-19 to clarify whether calprotectin levels are further increased by
bacterial and/or fungal superinfections or HSV reactivation.

2. Results
2.1. Study Cohorts

This study included 60 patients with severe COVID-19, 63 with moderate COVID-19,
and 34 healthy controls. The criteria for systemic inflammatory response syndrome (SIRS)
were fulfilled by patients with moderate COVID-19 [51,52]. This group is considered to
be clinically equivalent to moderate COVID-19 [53]. The patients were closely monitored
during their hospitalization but did not require admission to the intensive care unit (ICU).
Patients with septic shock and acute respiratory distress syndrome were admitted to the
ICU. These patients correspond to severe illness according to the National Institutes of
Health classification [52-55]. Blood from patients with severe COVID-19 was sampled
between 16 April 2020 and 14 June 2021. In Germany, vaccination against SARS-CoV-2
began on 26 December 2020, and almost all of our severe patients were not vaccinated. The
patients were treated according to the approved guidelines of the European Medicines
Agency and the German Federal Joint Committee. At that time, the drugs approved for
COVID-19 treatment were remdesivir and dexamethasone. All patients received unfrac-
tionated heparin or low-molecular-weight heparin for thrombosis prophylaxis.

The 34 healthy controls (15 males and 19 females) had a similar sex distribution and
ages compared with the patients with moderate and severe COVID-19 (Table 1).

Table 1. Characteristics of patients with COVID-19, as well as the gender and age of the controls.
Superscript numbers refer to the number of patients for whom these measures were known (alkaline
phosphatase: AP; arbitrary unit: AU; body mass index: BMI; interleukin: IL; lactate dehydroge-

nase: LDH).

Parameter Moderate COVID-19 Severe COVID-19 Controls p-Value
Males /Females (%) 34/29 (54/46) 42/18 (70/30) 15/19 (44/56) 0.116
Age (years) 60 (22-83) 57 (31-83) 56 (50-81) 0.492
BMI (kg/m?) 26.3 (18.4-42.6) 2 29.4 (19.2-66.7) %° Not determined 0.007
C-reactive protein mg/L 26 (0-222) 74 (1-367) Not determined <0.001
Procalcitonin ng/ml 0.09 (0-24.90) 0.24 (0.06-25.00) Not determined <0.001
LDH U/L 224 (127-929) 3° 378 (162-1534) Not determined <0.001
APU/L 96 (38-372) 2° 99 (37-743) Not determined 0.943
Ferritin ng/mL 573 (32-4826) %> 1088 (77-21976) ©0 Not determined <0.001
IL-6 pg/mL 19 (4-265) 37 36 (3-1175) Not determined 0.097
Neutrophils n/nL 4.05 (0.13-23.10) 8.18 (0.90-24.91) Not determined <0.001
Basophils n/nL 0.03 (0-0.21) 0.05 (0.01-0.17) Not determined 0.001
Eosinophils n/nL 0.08 (0-1.19) 0.04 (0-1.07) Not determined 0.223
Monocytes n/nL 0.57 (0.07-2.52) 0.71 (0.03-2.21) Not determined 0.042
Lymphocytes n/nL 1.11 (0.09-57.83) 1.20 (0-75.95) Not determined 0.846
Immature Granulocytes n/nL 0.03 (0-1.38) 0.25 (0.04-2.92) Not determined <0.001
Viral Load 8600 (48-19 x 10°) %7 14000 (95-52 x 107) 4 Not determined 0.090
Antibody AU/mL 101 (14-1487) 10 661 (17-1939) 50 Not determined 0.037

In patients with severe COVID-19, ferritin, C-reactive protein (CRP), procalcitonin,
and lactate dehydrogenase (LDH) levels were higher than those in patients with moderate
disease (Table 1). The two cohorts were of similar ages and had a comparable gender
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distribution. The body mass index (BMI) of patients with severe disease was high. Alkaline
phosphatase (AP) and interleukin (IL)-6 levels were almost identical between the two
COVID-19 groups (Table 1). The neutrophil, basophil, monocyte, and immature granulo-
cyte counts of patients with severe COVID-19 were increased, whereas eosinophils and
lymphocytes did not differ between the groups. Viral load was similar between the patient
cohorts, and antibody titers were significantly elevated in severe cases (Table 1).

2.2. Serum Calprotectin Levels of Healthy Controls and Patients

Serum calprotectin levels were elevated in patients with severe COVID-19 compared
with controls and patients with moderate COVID-19. The median serum calprotectin levels
were 1.11 (0.32-13.26) pug/mL for the controls, 6.34 (1.09-53.67) ug/mL for patients with
moderate COVID-19, and 18.83 (7.84-51.36) ug/mL for severe cases (Figure 1a).
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Figure 1. Serum calprotectin increases in patients with COVID-19. (a) Serum calprotectin levels in
control subjects, patients with moderate COVID-19, and patients with severe COVID-19; (b) receiver
operating characteristic curve distinguishing between moderate and severe COVID-19 patients.
*** p < 0.001.

Serum calprotectin showed an area under the receiver operating characteristic curve
(AUROC) of 0.812 for the prediction of severe COVID-19 (p < 0.001) (Figure 1b). A
12.90 pg/mL serum calprotectin value had a sensitivity of 83% and a specificity of 76% for
discriminating moderate and severe disease.

2.3. Serum Calprotectin Levels in Relation to Age, Sex, and Body Mass Index

In the moderate group, serum calprotectin levels were not related to age (r = —0.012,
p =0.928), BMI (r = —0.033, p = 0.859), or sex (p = 0.558). There was no sex disparity in
severe COVID-19 (p = 0.073). Serum calprotectin did not correlate with age (r = 0.136,
p = 0.305) or BMI (r = 0.035, p = 0.796) in this group.

2.4. Serum Calprotectin Levels in Relation to Viral Load and Antibody Titer

In moderate (r = 0.234, p = 0.082) and severe (r = 0.028, p = 0.853) COVID-19, serum
calprotectin was not related to viral load and did not correlate with antibody titers (r = 0.176,
p =0.627 and r = 0.119, p = 0.415, respectively).

2.5. Calprotectin in Relation to Dialysis and Vasopressor Therapy in Severe COVID-19

In the moderate COVID-19 group, no patient received vasopressor therapy or required
ventilation. The six patients requiring dialysis had similar serum calprotectin to those
without dialysis requirements (Table 2). This also applied to the 7 patients with severe
COVID-19 on dialysis (Table 2) and the 41 patients requiring vasopressor therapy (Table 2).
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As only one patient with severe COVID-19 disease did not need invasive ventilation, we
could not perform a statistical analysis comparing patients with and without ventilation.

Table 2. Serum calprotectin levels (ug/mL) did not change with dialysis or vasopressor therapy.

Intervention/Drug No Yes
Moderate
Dialysis (6 patients) 6.34 (1.09-53.67) 12.19 (3.94-51.68)
Severe
Dialysis (7 patients) 18.55 (7.84-51.36) 24.70 (9.02-40.29)
Catecholamine (41 patients) 17.26 (8.16-40.50) 21.36 (7.84-51.36)

2.6. Correlation of Serum Calprotectin with Inflammatory Markers and White Blood Cell Count

Serum calprotectin positively correlated with CRP in the moderate and severe groups
and procalcitonin in the latter cohort. In contrast, calprotectin levels were unrelated to IL-6
and ferritin in moderate or severe COVID-19 (Table 3).

Table 3. Spearman correlation coefficients for the associations of serum calprotectin with inflammatory
markers. ** p <0.01, ** p < 0.001.

C-Reactive Protein Procalcitonin IL-6 Ferritin
Moderate Severe Moderate Severe Moderate Severe Moderate Severe
0.350 ** 0.354 ** 0.215 0.437 *** 0.007 0.236 0.226 0.181

Notably, serum calprotectin did not correlate with white blood cell counts in severe
COVID-19. However, in the moderate group, neutrophils (r = 0.620, p < 0.001), basophils
(r=0.258, p = 0.041), monocytes (r = 0.340, p = 0.006), lymphocytes (r = 0.268, p = 0.034),
and immature granulocyte (r = 0.593, p < 0.001) positively correlated with serum calpro-
tectin levels.

2.7. Relationship of Serum Calprotectin to Bacterial and Fungal Superinfections and
HSV Reactivation

Patients with severe COVID-19 had significantly more superinfections with fungi
(p <0.001), vancomycin-resistant enterococci (VRE) (p = 0.001), or bacteria in general
(p < 0.001). HSV reactivation was also significantly increased (p < 0.001) in this group.

In patients with moderate COVID-19, bacterial superinfection did not alter serum
calprotectin levels in six patients (p = 0.499). Two patients had fungal infections and none
of the patients had HSV reactivation.

In the severe COVID-19 group, 27 patients had bacterial bloodstream infections, and
the serum calprotectin of infected patients was significantly increased (p = 0.023) (Figure 2a).
The 10 patients with VRE in their blood had higher serum calprotectin levels (p = 0.007)
(Figure 2b). Excluding VRE did not reveal elevated serum calprotectin levels in patients
with bacterial bloodstream infections (p = 0.250), indicating that this effect is specific to
VRE. The AUROC of serum calprotectin to discriminate patients with and without VRE
bloodstream infections was 0.771 (p = 0.007). A calprotectin concentration of 31.29 pg/mL
showed 60% sensitivity and 96% specificity for diagnosing VRE in patients with severe
COVID-19 (Figure 2c¢).

We found no association between HSV reactivation in 20 patients with severe COVID-
19 and serum calprotectin levels (p = 0.079). Furthermore, the 21 patients with fungal
superinfections exhibited serum calprotectin levels that were comparable to those observed
in patients without fungal infections (p = 0.718) (Figure 3a,b).
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Figure 2. Serum calprotectin levels in patients with severe COVID-19 and bacterial superinfections.
(a) Serum calprotectin levels of patients without (No) and with (Yes) bacteriemia; (b) serum calpro-
tectin levels of patients without (No) and with (Yes) vancomycin-resistant bacteria in their blood;
(c) ROC curve to distinguish between patients with and without vancomycin-resistant bacteria.
*p <0.05 *p<0.01.
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Figure 3. Serum calprotectin levels of patients with severe COVID-19 and herpes simplex virus
(HSV) reactivation or fungal superinfections. (a) Serum calprotectin levels of patients with (Yes) and

without (No) HSV reactivation; (b) serum calprotectin levels of patients with (Yes) and without (No)
fungal infection.

CRP and procalcitonin levels in patients with bacterial, VRE, and fungal superinfec-
tions, as well as those with HSV reactivation, were similar to those in patients without these
infections. Regarding immune cells, only the number of immature granulocytes tended to
be increased in VRE-infected patients with severe COVID-19 (p = 0.061).

2.8. Serum Calprotectin and Survival

In the severe COVID-19 patient group, 21 patients died. Serum calprotectin levels
were comparable between non-survivors and survivors with severe COVID-19 (p = 0.079)
(Figure 4a). Of clinical relevance, in the entire cohort, including patients with moderate
disease, non-survivors had significantly higher serum calprotectin levels (p = 0.001).

Notably, neutrophil (p < 0.001) and immature granulocyte counts (p = 0.005) were
increased in non-survivors, whereas monocyte, basophil, eosinophil, and lymphocyte
counts were not. The AUROC for the neutrophil count was 0.792 (Figure 4b,d), with a
threshold of 9.5 neutrophils/nL, discriminating survivors from non-survivors with 76%
sensitivity and 77% specificity. The AUROC for the immature granulocyte count was 0.732
(Figure 4c,d), with a threshold of 0.15 immature granulocytes/nL discriminating survivors
from non-survivors with 95% sensitivity and 44% specificity.
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Figure 4. Serum calprotectin, neutrophil, and immature granulocyte count and survival of patients
with severe COVID-19. (a) Serum calprotectin levels of surviving and non-surviving patients;
(b) neutrophils of surviving and non-surviving patients; (c) immature granulocytes of surviving
and non-surviving patients; (d) ROC curve to distinguish between survivors and non-survivors.
**p <0.01, ** p < 0.001.

3. Discussion

This study identified serum calprotectin as a valuable tool for the early diagnosis of
bloodstream superinfections with VRE in patients with severe COVID-19. Notably, serum
calprotectin was not elevated in COVID-19 patients with other bacterial superinfections,
such as Escherichia coli, fungal superinfections, or HSV reactivation, indicating its specificity
for VRE.

There is compelling evidence that calprotectin is induced in SARS-CoV-2 infection
and is related to disease severity [6,14,56,57]. In our cohort, serum calprotectin levels were
increased in patients with moderate COVID-19 disease compared with controls and were
further elevated in severe cases. This suggests that serum calprotectin could serve as a
valuable biomarker for disease monitoring.

Calprotectin is a well-described biomarker for bacterial and viral infections that can
serve as a diagnostic tool to facilitate antibiotic treatment decisions [29,58].

A retrospective cohort study showed that nearly 5% of hospitalized patients with
COVID-19 acquired bacterial superinfections [38]. A meta-analysis reported a bacterial
superinfection rate of 20%, a fungal superinfection rate of 8%, and a viral superinfection
rate of 4% [35].

Fungal and bacterial superinfections did not further elevate serum calprotectin in
our patients with severe COVID-19. Similarly, HSV reactivation did not increase serum
calprotectin levels. Therefore, the higher serum calprotectin observed in bloodstream super-
infections with VRE appears to be VRE-specific. Interestingly, the number of neutrophils,
the main cellular source of calprotectin [9], did not differ between patients with and without
VRE in severe COVID-19. This suggests that VRE triggers calprotectin release without
increasing neutrophil numbers. To the best of our knowledge, these observations have not
been previously described.

Notably, the CRP and procalcitonin levels observed in patients with severe COVID-19
infections and HSV reactivation, or with fungal, bacterial, or VRE superinfections, were
comparable to those observed in patients without these complications. Therefore, according
to our data, CRP and procalcitonin cannot be used as early biomarkers for the detection
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of superinfections and HSV reactivation. Another study suggests that procalcitonin and
CRP are elevated in COVID-19 patients with secondary bacterial infections. This analysis
included patients with severe and moderate COVID-19, with the latter having lower
CRP and procalcitonin levels and fewer superinfections [59]. In 48 critically ill COVID-
19 patients, procalcitonin did not differ significantly between patients with and without
bacterial superinfection, whereas CRP was lower in the latter group [60]. The corresponding
p-value was 0.034, indicating that CRP is not an excellent marker. Similarly, critical COVID-
19 patients with infections had modestly higher CRP levels (p = 0.046) than non-infected
patients [61]. Moreover, CRP levels were not significantly increased in severe COVID-19
patients with HSV reactivation [62,63], whereas no data were found on procalcitonin levels.

Since the initial isolation of VRE in England in 1988, this organism has spread at
an alarming rate, becoming a predominant cause of nosocomial infections globally [64].
Vancomycin has traditionally been used to treat Gram-positive bacterial infections [65].
However, with the rising prevalence of antibiotic use, enterococci have evolved to possess
genes that confer resistance to a range of antibiotics, including vancomycin. This represents
a considerable risk to patient safety [64—66].

Various assays, such as PCR, electrochemical DNA biosensors, and immunoassays
have been described for the detection of VRE [66]. These methods can detect VRE within 1
to 3 days, and all have drawbacks, such as high intra-assay variations and RNA instability.
However, fecal calprotectin measurement is a routine analysis [67,68] and can be easily
established for serum calprotectin levels.

Calprotectin is a prognostic marker for COVID-19 mortality. The study cohort com-
prised 195 adult patients, of whom 156 were hospitalized in the infectious disease unit and
39 in the ICU [6]. Another study reported the association of calprotectin with survival,
including patients with both severe and non-severe COVID-19 [13]. The higher calprotectin
levels observed in non-survivors are thus associated with disease severity rather than
survival within a cohort of similarly ill patients, such as ours. Including both moderate and
severe patients in our analysis also revealed an increase in calprotectin levels, consistent
with previous studies [6,13].

Cardiero et al. identified neutrophil count as a survival marker [6]. Similarly, our study
found increased neutrophil counts in non-survivors with severe COVID-19. Additionally,
the number of immature granulocytes was elevated in non-survivors. In our severe COVID-
19 cohort, a neutrophil count of 9.5 cells/nL discriminated survivors from non-survivors
with 76% sensitivity and 77% specificity, while 0.15 immature granulocytes/nL showed 95%
sensitivity and 44% specificity. Previous studies have also described the association between
immature granulocyte count and survival in COVID-19, and our results are consistent with
these findings [8,69].

Sex, age, and BMI did not correlate with serum calprotectin levels in moderate and
severe COVID-19 cases. Similar results have been seen in critically ill patients [70], showing
that these factors do not affect the link between serum calprotectin levels and how severe
the patient’s condition is.

This study has limitations. Blood was not always collected early after hospital ad-
mission, and the vaccination status of some patients with moderate disease recruited in
2024 was not documented. This was a retrospective, monocenter study, which is a further
limitation. In addition, the number of VRE patients was small, and our observation needs
confirmation in larger cohorts.

Future studies to validate serum calprotectin as a biomarker for the early detection
of VRE infection should be prospective and multicentered. A standardized method of
measuring serum calprotectin should be used to compare results between different centers.

4. Materials and Methods
4.1. Study Cohort

Blood samples from 194 patients aged 18 years or older were collected at the University
Hospital of Regensburg between 16 April 2020 and 12 January 2024. Blood was collected
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from all patients willing to participate in the study, and samples from 123 patients were
randomly selected for this analysis to include a similar number of patients with moderate
and severe disease. There were no inclusion or exclusion criteria other than age. Blood
samples from healthy controls aged 18 years or older were collected from students and
hospital staff.

4.2. Measurement of Serum Calprotectin

Serum calprotectin was determined using an enzyme-linked immunosorbent assay
(ELISA). The IDK® Calprotectin ELISA kit was used (Catalog Number: K 6935, Immundi-
agnostik AG, Bensheim, Germany). Each serum sample was tested twice, and the mean
value was used for further calculations. To measure serum calprotectin, a dilution of 1:100
was prepared.

4.3. Microbiological Tests

The diagnosis of bacterial infections was performed at the Institute of Clinical Micro-
biology and Hygiene, University Hospital Regensburg [71]. Enterococci and fungi were
identified with matrix-assisted laser desorption/ionization time-of-flight (MALDI-TOF)
mass spectrometry (Bruker Microflex LT; Bruker, Hamburg, Germany). Antimicrobial
susceptibilities were determined via minimum inhibitory concentration measurement
according to the European Committee on Antimicrobial Susceptibility Testing or with
automated systems (Phoenix; BD, Franklin Lakes, NJ, USA). In the case of enterococci,
vancomycin resistance was confirmed by detecting the van A and/or van B genes via PCR.
Table S1 shows the antimicrobial susceptibility of the VRE-pathogens. Herpes simplex
virus reactivation was detected using PCR.

4.4. Statistical Analysis

The data presented in the figures are illustrated as boxplots, showing the minimum,
maximum, median, and first and third quartiles. Outliers are indicated with circles (calpro-
tectin levels >1.5x the interquartile range from either quartile) and asterisks (calprotectin
levels >3.0x the interquartile range from either quartile). The data in the table display the
median, minimum, and maximum values. Statistical analyses were conducted using the
Chi-square test, receiver operating characteristics curve, the Mann-Whitney U test, the
Kruskal-Wallis test, and Spearman’s correlation in IBM SPSS Statistics 26.0. A p-value of
<0.05 was considered to indicate a significant difference.

5. Conclusions

In conclusion, this study corroborates the notion that serum calprotectin is a valuable
biomarker for disease monitoring in patients with COVID-19. It also provides initial
evidence showing that serum calprotectin can serve as an early biomarker for diagnosing
bloodstream superinfections with VRE in patients with severe forms of the disease. Serum
calprotectin levels were not elevated in patients with superinfections from other bacteria
and fungi or HSV reactivation, indicating their specificity for VRE. Further research is
required to investigate whether serum calprotectin could be a valuable biomarker for
multidrug-resistant bacteria in general.

The discovery of new biomarkers will facilitate more rational antibiotic use, which, in
turn, will reduce bacterial resistance, hospitalization time, and mortality among patients
infected with multidrug-resistant bacteria.
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