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Abstract
Purpose The IL-6 receptor inhibitor tocilizumab reduces mortality and morbidity in severe cases of COVID-19 through its 
effects on hyperinflammation and was approved as adjuvant therapy. Since tocilizumab changes the levels of inflammatory 
markers, we aimed to describe these changes in patients treated with tocilizumab, analyse their value in predicting death and 
bacterial superinfection and determine their influence on mortality rates.
Methods A retrospective analysis of 76 patients who were treated with tocilizumab for severe COVID-19 in 2020 and 2021 
was conducted. Inflammatory markers (IL-6, C-reactive protein (CRP), procalcitonin) were documented before and up to 
seven days after tocilizumab administration.
Results The overall mortality was 25% and 53.8% in patients who required invasive respiratory support. Deceased patients 
had higher baseline IL-6 (p = 0.026) and peak IL-6 levels after tocilizumab vs those who survived (p < 0.0001). A peak 
IL-6 value > 1000 pg/dl after tocilizumab administration was a good predictor of mortality (AUC = 0.812). Of the deceased 
patients 41.1% had a renewed CRP increase after an initial decrease following tocilizumab administration, compared to 7.1% 
of the surviving patients (p = 0.0011). Documented bacterial superinfections were observed in 35.5% (27/76) of patients, of 
whom 48.1% (13/27) died.
Conclusion CRP-decline and IL-6 increase after tocilizumab treatment occurs regularly. An increase of IL-6 levels exceed-
ing tenfold of baseline IL-6 levels, an absolute peak of 1000 pg/ml or a renewed increase of CRP are associated with higher 
mortality. Suppressed CRP synthesis can impede the diagnosis of bacterial superinfections, thus increasing the risk for 
complications.
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Introduction

SARS-CoV-2 infection can lead to pneumonia and in severe 
cases to acute respiratory distress syndrome (ARDS) which 
is often associated to a hyperinflammatory condition which 
is also referred to as “cytokine storm” [1]. Since the first 
cases were reported, treatment was focused on antiviral con-
cepts [2]. After early clinical studies using drugs like lopi-
navir or hydroxychloroquine, intended to have an antiviral 
effect, were not showing beneficial effects on the course of 
COVID-19, remdesivir showed positive results in preventing 
severe disease [3] and is still established as the treatment 
of choice for patients with early disease or patients with 
COVID-19 pneumonia requiring oxygen supplementation. 
Later during the pandemic, several monoclonal antibodies 
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[4, 5] and other antiviral treatments such as nirmatrelvir/rito-
navir followed [6]. For patients in later stages of COVID-19 
and with a missed window of opportunity to prevent pneu-
monia, i.e. patients on supplemental oxygen or any form of 
ventilatory support, the RECOVERY trial showed a benefit 
of dexamethasone treatment [7]. Following this concept of 
anti-inflammatory treatment, other anti-inflammatory drugs 
have been tested [2]. Because of its method of action and 
being an established drug for rheumatoid arthritis [8], the 
IL-6 receptor blocker tocilizumab came into focus for treat-
ing hyperinflammation [9]. Outcomes for tocilizumab var-
ied in different trials, most likely due to different timing of 
tocilizumab use and different cohorts, leading to discussions 
regarding its efficacy [10–13]. Several guidelines, includ-
ing the living WHO guideline recommend tocilizumab for 
patients with severe COVID-19 and acute worsening of the 
disease [14, 15].

In the clinical management of these patients, there 
remains the problem of differentiating possible bacterial 
superinfection and COVID-19 related hyperinflammation, 
especially in cases of acute respiratory distress syndrome 
(ARDS) and intensive care treatment. Since tocilizumab 
blocks membrane-bound and soluble IL-6 receptors, its 
application is followed by an increase in free serum IL-6 
levels. This is mediated by the inhibition of its IL-6R–medi-
ated binding and consumption due to the unavailability of 
tocilizumab-free IL-6R. The increased level of free IL-6 dur-
ing tocilizumab treatment most likely reflects actual endog-
enous IL-6 production and true inflammatory activity [16]. 
A decrease of C-reactive protein (CRP) was observed as a 
secondary effect of the inhibition of IL-6 signaling.

Since bacterial infection is marked by an increase in 
IL-6 and CRP levels, the usefulness of these markers after 
tocilizumab treatment is unclear. In addition, whether these 
markers are still applicable for the evaluation of disease pro-
gression in regarding COVID-19, and which thresholds may 
be used for interpretation, is a question of interest. There-
fore, we analyzed the kinetics of inflammatory markers and 
their predictive value for unfavorable clinical outcomes and 
bacterial superinfections in tocilizumab treated COVID-19 
patients. We also want to guide clinicians in the interpre-
tation of inflammatory markers after tocilizumab therapy: 
What changes can be expected and therefore regarded as 
usual/normal?

Materials and methods

In this retrospective, single centre cohort study we included 
76 patients diagnosed with SARS-CoV-2 infection (defined 
as detection of SARS-CoV-2 RNA from naso-pharyngeal 
secretions) who were admitted to the infectious diseases unit 
or intensive care unit (ICU) at the University Hospital in 

Düsseldorf between February 2020 and 31st of December 
2021 and received tocilizumab therapy. For each patient, 
clinical parameters and inflammation markers (IL-6, CRP 
and procalcitonin (PCT)) were collected before (baseline) 
and up to a week after tocilizumab administration.

The main objectives were to describe changes in levels 
of inflammatory markers and analyse their value in outcome 
prediction, bacterial superinfection and determine the influ-
ence on mortality rates. As a secondary objective, we ana-
lysed pattern of tocilizumab use and in-hospital mortality 
and morbidity.

SARS‑CoV‑2 stages of disease

Disease stage definitions were retrieved from the Lean 
European Open Survey on SARS-CoV-2-infected Patients 
(LEOSS) cohort: uncomplicated, complicated, and critical 
illness. The characteristics of each phase have been previ-
ously described [17].

Confirmation of SARS‑CoV‑2 infection

Isolation of viral genomic material and SARS‑CoV‑2 
quantification

SARS-CoV-2 was detected in respiratory secretions col-
lected with nasopharyngeal swabs using the cobas® SARS-
CoV-2 test on the cobas®6800 system (c6800, Roche 
Diagnostics) or the SARS-CoV-2 test on the NeuMoDx™ 
platform (NDX, Qiagen) as described previously by Freise 
et al. [18].

Tocilizumab administration

In the majority of patients, tocilizumab was administered as 
a single-shot, weight-adapted (8 mg/kg bodyweight) intrave-
nous infusion. In individual cases, a second or third dose was 
administered after careful consideration. For this analysis we 
only included first tocilizumab administration.

Tocilizumab was administered during progressive res-
piratory deterioration, typically in the first 24 h after a rapid 
increase in oxygen demand to 6–8 l/min or after admission 
to the ICU for initiation of high-flow O2 administration or 
non-invasive or invasive ventilation. Before tocilizumab 
administration the likelihood of bacterial superinfection 
was assessed by clinical evaluation, CT scan and evalua-
tion of laboratory results. Until the approval by the Euro-
pean Medicines Agency (EMA) in December 2021 patients 
signed an informed consent information for off-label use. 
After approval, tocilizumab was used within the scope of the 
approval and national therapy recommendations.
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Statistical analysis

Data were analysed using GraphPad Prism Version 9.5.1 
(Boston, MA, USA). Simple frequencies and descriptive 
analyses were performed. A mixed-effects model was used 
to test association between time and inflammatory marker 
values. A non-parametric Mann–Whitney test was used to 
determine differences in outcomes between the various sub-
groups. Differences were considered statistically significant 
at a two-tailed p < 0.05.

Receiver operating characteristic (ROC) curve analysis 
was used to establish inflammatory marker (IL-6, CRP) cut-
offs that predict mortality. Sensitivities and specificities were 
obtained for every possible IL-6 and CRP cut-off.

For illustration of a directed acyclic graph (DAG) we used 
the statistical software R (R Core Team 4.3.0. R: A Lan-
guage and Environment for Statistical Computing. R Foun-
dation for Statistical Computing, Vienna, Austria).

Ethical considerations

The ethical committee of the Heinrich-Heine-University 
Düsseldorf approved the retrospective analysis of the cohort 
(Study number: 2021–1385/Amendment 2021-1385_1).

Data availability

The datasets generated and analysed are available from the 
corresponding author on reasonable request.

Results

Between February 2020 and December 2021, 76 predomi-
nantly male patients (72.4%) were included in this retrospec-
tive analysis (Table 1). Patients had symptoms for a median 
of 6 days before COVID-19 diagnosis (interquartile range 
(IQR) 3–7 days).

Most patients had one or more cardiovascular risk factors 
(age > 65 years, male sex, obesity, diabetes, hypertension), 
and only three were severely immunocompromised (solid 
organ transplantation, active malignancy). At the time of 
COVID-19 diagnosis, nine patients were in the uncompli-
cated phase of COVID-19 and did not require oxygen sup-
plementation. At the time of tocilizumab administration, 
all nine of them had progressed to either a complicated or 
critical disease stage. Specifically, five patients required 
oxygen supplementation, two required non-invasive venti-
lation (NIV) and one required invasive ventilation. Of the 39 
patients in the complicated stage at COVID-19 diagnosis, 10 
required non-invasive ventilation at the time of tocilizumab 
administration and one was intubated. Twenty-eight patients 
were already critically ill at COVID-19 diagnosis.

The total in-hospital mortality rate was 25% but increased 
to 53.8% in the subgroup of patients who required inva-
sive ventilation or extracorporeal membrane oxygenation 
(ECMO) at the time of tocilizumab administration.

Fourteen patients, mostly treated at the beginning of the 
pandemic, did not receive concomitant dexamethasone ther-
apy (n = 59) or high-dose prednisolone (n = 3). The mortality 
rate in this group was 35.7% vs. 20.3% (hazard ratio (HR) 
1.8) in the subgroup of patients who received dexametha-
sone (p = 0.29). There was no statistical difference in mortal-
ity between patients who had already received dexametha-
sone (31/59) at the time of tocilizumab administration and 
those who had received it simultaneously with tocilizumab 
(28/59) (22.6% vs. 14.3%, p = 0.51).

Antibiotic therapy and bacterial superinfection

A total of 48 patients received antibiotic therapy. The mor-
tality rate in this subgroup was 31.3% vs. 14.3% in patients 
who did not receive antibiotic therapy (p = 0.17). Antibiotic 
therapy was often administered because of high levels of 
inflammatory markers (CRP, PCT), but only 27/48 patients 
had evidence of a bacterial superinfection, either through 
positive microbiological samples or based on diagnostic 
imaging, as detailed in Table 2. The rate of bacterial superin-
fection was 35.5%, with mortality in this group being 48.1% 
(13/27), compared to 12.2% (6/49) in patients without bac-
terial superinfection (p = 0.0009). This reflects the severity 
of bacterial superinfection regarding the clinical outcome.

Evolution of inflammatory markers

At baseline, the median (IQR) values for inflammatory 
markers were as follows: IL-6: 116.5 (40.4–209) pg/dl, 
CRP: 14.3 (9.2–22.7) mg/dl PCT: 0.21 (0.11–0.69) ng/dl. 
After tocilizumab administration, the median levels of IL-6 
increased (approximately by 10 times at day 1–2) and the 
median levels of CRP progressively declined (approximately 
by 10 times at day 7), as detailed in Fig. 1. However, any new 
CRP increase after initial decline was observed for 52.6% 
(10/19) of the patients who died vs. 14% (8/57) of those who 
survived (p = 0.0014). Furthermore, the IL-6 median values 
before (145.2 vs. 83 pg/dl, p = 0.026) and after Tocilizumab 
administration (6224 vs. 770 pg/dl, p < 0.0001) (Fig. 2), 
as well as the increase of IL-6 levels after administration 
of tocilizumab (23.7-fold (confidence interval (CI) 95% 
9.5–243.8) vs 10.5-fold (CI 95% 3.1–32.1), were higher in 
the subgroup of patients who died compared to those who 
survived.

In a ROC curve analysis, an IL-6 factor increase of 
10.7 had a sensitivity of 75% and a specificity of 56.1% 
in predicting mortality but the test only had a moderate 
predictive value (area under curve (AUC) = 0.675, CI 95% 
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Table 1  Patient characteristics Variable n Mortality (n/%)

Total 76 19 (25%)
Age
 < 35 years 5 0 (0)
 36–65 years 46 6 (13)
 66–85 years 23 12 (52.2)
 > 85 years 2 1 (50)

Gender
 Male 55 15 (27.3)
 Female 21 4 (19)

BMI
 18.5–24.9 kg/m2 5 0 (0)
 25–29.9 kg/m2 17 6 (35.3)
 30–34.9 kg/m2 15 5 (33.3)
 > 34.9 kg/m2 14 2 (14.3)
 Unknown 25 6 (24)

Stage of disease at diagnosis
 Uncomplicated phase 9 3 (33.3)
 Complicated phase 39 6 (15.4)
 Critical illness 28 10 (35.7)

Stage of disease at tocilizumab administration
 Complicated phase 26 4 (15.4)
 Critical illness 50 15 (30)

Invasive/non-invasive/ECMO at tocilizumab administration
 NIV 24 5 (20.8)
 IV 9 5 (55.6)
 ECMO 4 2 (50)

New invasive/non-invasive/ECMO after tocilizumab administration
 NIV 20 2 (10)
 IV 10 4 (40)
 ECMO 10 7 (70)
 No change/improved 33 5 (15.2)
 Unknown 3 1 (33.3)
 Duration ECMO (median, range) 7 (1–36) days

Duration of hospital stay for surviving patients (n = 57)
 ≥ 14 days 34
 < 14 days 23

Duration invasive/non-invasive ventilation
 < 3 days 4 0 (0)
 3–15 days 42 10 (23.8)
 > 15 days 14 7 (50)
 None 15 2 (13.3)
 Unknown 1 0 (0)

Comorbidities
 Malignancies (solid tumor) 2 1 (50)
 Solid organ transplantation 1 1 (100)
 Diabetes mellitus 21 6 (28.6)
 Hypertension 34 12 (35.3)
 Dialysis 2 2 (100)

Thrombo-embolic complications (DVT, PE, abdominal thrombosis) 3 1 (33.3)
Other therapies
 Hydroxychloroquine 6 2 (33.3)
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0.52–0.83). A better predictive value (AUC = 0.812, CI 
95% 0.694–0.929, sensitivity 82.4%, specificity 56.6%) was 
shown for a peak IL-6 value higher than 1000 pg/dl after 
tocilizumab administration.

In the subgroup of patients with microbiological evi-
dence or suggestive imaging of bacterial infection (27/76), 
the median baseline (131.7 pg/dl vs 81.9 pg/dl) and peak 
IL-6 (2155 pg/dl vs. 425.5 pg/dl) values were higher than 
in patients without superinfection (p = 0.05 and p = 0.0003 
respectively). Furthermore, the median PCT values at base-
line were significantly higher in the group of patients with 
superinfection (0.29 vs 0.17 ng/dl, p = 0.002) and remained 
higher throughout the follow-up period vs patients without 
superinfection. Figure 3 shows that patients with superinfec-
tion also had higher baseline leucocyte counts but there were 
no differences in the subgroups in the follow-up period. The 
same can be said for the CRP values.

The influence of peak IL-6 after tocilizumab administra-
tion on mortality (odds ratio [OR] 4.11 for IL-6 > 1000 pg/
dl post-tocilizumab, 95% CI 0.96–17.7), as well as potential 
confounding factors are illustrated in Supplementary Fig. 1.

Discussion

Role of glucocorticoid therapy

Our data support the use of dexamethasone therapy for 
patients with severe COVID-19 by demonstrating an HR 
for death of 1.8 for patients who did not receive dexametha-
sone after tocilizumab use. Therefore, tocilizumab should be 
combined with dexamethasone. The fact that some patients 
were only treated with tocilizumab is due to the early stage 
of the pandemic and the lack of data that followed the 
RECOVERY study, leading to EMA approval of tocilizumab 
for COVID-19 patients with dexamethasone treatment and 
clinical worsening, therefore tocilizumab use without prior 
dexamethasone treatment would now be considered off-label 
and is not recommended. Of note, there was no difference 
between patients whose dexamethasone treatment had been 
started before tocilizumab administration and those whose 
dexamethasone treatment was started simultaneously with 

tocilizumab administration. Therefore, the downregulation 
of immune response with tocilizumab alone appears insuf-
ficient, while the timing of tocilizumab administration in the 
phase of clinical deterioration, independent of prior dexa-
methasone treatment, seems to be of utmost importance. As 
previously discussed by Hasanin and Mostafa [11], studies 
with a high proportion of patients receiving glucocorticoids 
and tocilizumab simultaneously, such as REMAP-CAP [19] 
and COVINTOC [20], showed better outcomes than studies 
with high proportion of tocilizumab monotherapy [21, 22].

Interpretation of inflammation markers 
after tocilizumab treatment and role of IL‑6 
in assessment of COVID‑19

According to its method of action of blocking the IL-6 
receptor, we report an overall increase in IL-6 after tocili-
zumab treatment to a tenfold compared to baseline IL-6 val-
ues for all patients, regardless of outcome. This means that, 
in general, an increase of IL-6 after tocilizumab treatment 
should not be considered to be a sign of clinical worsen-
ing and should not provide reason for further anti-infective 
treatment for suspected bacterial superinfection without sup-
porting clinical features. However, we report that in the sub-
group of surviving patients IL-6 levels increased less mark-
edly, (770 pg/dl in median), than in non-surviving patients 
(6224 pg/dl in median). In addition, higher baseline IL-6 
values, linked to higher overall inflammation and therefore 
severity of disease, are related to higher mortality (median 
non-survivors 145.2 vs. survivors 83 pg/dl). Baseline IL-6 
levels are known to be associated with clinical outcome [23]. 
The differences in IL-6 levels between non-survivors and 
survivors are even more intense after tocilizumab treatment 
(eightfold after tocilizumab vs. 1.7fold at baseline). This 
may be interpreted as revelation of the actual production of 
IL-6 by blocking its absorption [16]. Another explanation 
could be the interruption of the IL-6 feedback loops [24].

Both findings underline the role of IL-6 in the assess-
ment of severe COVID-19. A significant increase of IL-6 
should trigger the evaluation of intensifying the anti-
inflammatory treatment by e.g. tocilizumab use. Patients 
with high IL-6 baseline levels not treated with tocilizumab 

Table 1  (continued) Variable n Mortality (n/%)

 Lopinavir/ritonavir 2 1 (50)
 Remdesivir 27 7 (25.9)
 Dexamethasone 59 12 (20.3)
 Prednisolone (high dose) 3 2 (66.7)
 Casirivimab/Imdevimab 6 0 (0)

n number, ECMO extracorporeal membrane oxygenation, NIV non-invasive ventilation, IV invasive ventila-
tion, DVT deep venous thrombosis, PE pulmonary embolism
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and patients with low IL-6 at baseline treated with toci-
lizumab reportedly have higher mortality rates [25]. This 
shows that COVID-19 treatment needs to be individual-
ized and especially patients with high IL-6 may benefit 

from tocilizumab treatment. IL-6 as a predictive marker 
for COVID-19 is well established [26, 27], it is also report-
edly predictive of mortality in patients with cardiovascular 
disease [28] or end stage kidney disease [29].

Table 2  Bacterial superinfections in patients who received tocilizumab

HAP Hospital-acquired pneumonia, VRE vancomycin-resistant enterococci, MSSA/MRSA methicillin-sensitive/resistant Staphylococcus aureus, 
MSSE/MRSE methicillin-sensitive/resistant Staphylococcus epidermidis

Nr.Pat Diagnosis Positive microbiological sample

Blood culture Urine Tracheal/bronchial 
secretion

Catheter culture Screening 
(nose-throat, 
rectal swab)

Diagnostic imaging

3 Septic shock, HAP S. pneumoniae S. pneumoniae progressive lung infil-
trates

6 HAP progressive lung infil-
trates

7 Septic shock cogulase-negative 
Staphylococci

8 Septic shock Cutibacterium
9 Sepsis S. maltophilia, 

Cutibacterium, E. 
faecium

Strenotrophomonas 
maltophilia

E. faecalis, E. faecium

10 Septic shock, intestinal 
ischaemia

VRE

11 Septic shock cogulase-negative 
Staphylococci, 
Cutibacterium

13 HAP progressive lung infil-
trates

16 Sepsis, HAP MSSE
17 Sepsis, HAP MRSE Candida alb
18 Sepsis, HAP E.faecium, Staph. epi-

dermidis, Candida 
glabrata

Candida glabrata, Ser-
ratia marscenses

E. faecium

19 Cholecystitis, liver 
abscess, HAP

cholecystitis, progres-
sive infiltrates

21 Sepsis MSSA
34 HAP MSSA, Proteus, Kleb-

siella oxytoca
35 HAP Candida alb
40 HAP Klebsiella 

pneumo-
niae

Klebsiella pneumo-
niae

cogulase-
negative 
Staph

new infiltrates, pleural 
effusions, pericardial 
effusion

42 HAP Serratia liquefaciens
52 Sepsis Fusobacterium
53 Septic shock MRSE Candida tropicalis, 

Serratis marcescens
55 Pleural empyema, 

sepsis
Staphylococcus capitis Staphylococcus 

hominis
MSSE large pneumatocele, 

pleural effusion
57 Sepsis Staphylococcus 

hominis
Enterobacter cloacae

58 Sepsis MRSE, MSSA
59 Septic shock MSSA
61 Sepsis, HAP Streptococcus mitis, 

MSSE
MSSA, Haemophilus 

influenzae
progressive Infiltrates

63 Sepsis Staphylococcus homi-
nis, Staphylococcus 
capitis

70 Endocarditis endocarditis
73 Sepsis Candida glabrata
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We also reported that patients with clinical constellation 
of bacterial superinfection and microbiological confirmation 
had CRP levels similar to those without superinfection, but 
in contrast, IL-6 levels were higher in patients with super-
infection. Therefore, after tocilizumab treatment IL-6 may 
be used to evaluate infectious complications, whereas CRP 

remains less meaningful. Relying on CRP as a sole inflam-
matory marker has been shown to lead to severe infections 
being overlooked in patients with rheumatoid arthritis under 
tocilizumab treatment [30]. The effect of tocilizumab on 
CRP levels is reported to last for about 14 days, while white 
blood cell count and procalcitonin are less affected [31].

Fig. 1  Evolution of inflammation markers from baseline (before tocilizumab) up to day seven after tocilizumab administration. Medians with 
95% confidence intervals and p-values of the mixed effects analysis are depicted. The Y-axis is in a logarithmic scale

Fig. 2  Differences in baseline and peak values of inflammatory markers (IL-6, CRP) between survived and deceased patients. Medians with 95% 
confidence intervals and p-values are depicted. The Y-axis is in a logarithmic scale using a power of 10 representation
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Using changes of inflammatory markers 
after tocilizumab treatment for outcome prediction

An IL-6 increase after tocilizumab treatment by factor 10.7 
had a sensitivity of 75% and specificity of 56.1% for predicting 
mortality, but an IL-6 peak of > 1000 was a better predictor. 
This is mostly due to the fact that patients in our cohort who 
received tocilizumab at a late stage of disease with already 
very high IL-6 levels. The predictive value of IL-6 increase 
should be re-evaluated for a larger cohort including only 
patients receiving tocilizumab before initiating invasive ven-
tilation. A CRP increase after tocilizumab treatment was also 
predictive of mortality, while we did not observe increased 
CRP levels in patients with microbiological evidence of bacte-
rial superinfection, meaning rising CRP levels may be rather 
reflecting progression of COVID-19 in this situation.

Evaluation of inflammatory markers 
after tocilizumab administration

IL-6: As previously stated IL-6 levels rise after administra-
tion but still allow identification of patients at risk, Therefore 

IL-6 can and should be used to monitor patients with severe 
COVID-19 disease.

CRP: CRP levels decrease after treatment and do not 
reveal bacterial superinfection, leading to a diagnostic blind 
spot. CRP increase is still associated with negative outcome.

PCT: Procalcitonin is the least influenced marker in our 
analysis and was associated with identification of bacterial 
superinfection. Therefore, PCT could still be used for that 
cause.

Leucocyte count: After tocilizumab administration there 
was no difference between patients with or without super-
infection. This lack of diagnostic value could also be due to 
regular increase of leucocyte count following dexametha-
sone treatment, underlining the diagnostic difficulties clini-
cians face in assessing the course of severe COVID-19.

COVID‑19 with bacterial superinfection 
and antibiotic treatment

We report a rate of bacterial superinfection of 35.5% after 
tocilizumab treatment, which is associated with a higher 
mortality. This is within the range of reported superinfection 

Fig. 3  Evolution of inflammatory markers in the subgroups of 
patients with superinfection (n = 27, full point) and those without 
superinfection (49, empty triangle) from baseline up to seven days 

after tocilizumab administration. Only median values and the p-val-
ues of the Mann–Whitney test for baseline/peak values are depicted 
on the graphic. The Y axis is in a logarithmic scale
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rates: Yoon et al. report 30% of superinfections in patients 
with COVID-19 and intensive care unit (ICU) treatment 
[32], a Norwegian study showed a superinfection rate of 43% 
[33] in patients treated with dexamethasone. We observed 
a higher rate of antibiotic use compared to microbiological 
evidence of superinfection, consistent with studies demon-
strating antibiotic overuse, partly attributed to the significant 
increase of inflammatory markers inherent to COVID-19 but 
often misinterpreted as evidence of bacterial superinfection 
[34]. A French study compared the risk of superinfection 
in patients treated with dexamethasone vs. dexamethasone 
plus tocilizumab treatment in an ICU setting and reported 
no difference in superinfection rates [35].

However, superinfection is an important complication of 
COVID-19 and the accuracy of bacterial infection diagnosis 
is critical for individual patient outcomes, but also for the 
control of antibiotic consumption and the incidence of infec-
tions by resistant pathogens [36]. This is even more true for 
patients receiving tocilizumab, being at an increased risk 
for severe and life-threatening infections. The knowledge 
of the trajectories and the predictive value of the inflamma-
tory parameters we have described in this study may sup-
port clinicians in the early diagnosis and optimal treatment 
of secondary bacterial infections and thus contribute to the 
improvement of the clinical management of patients with 
severe COVID-19.

Limitations

Our data are limited by their retrospective and single center 
nature. Most limiting is the fact that patients with different 
stages of COVID-19 are compared, especially since inflam-
matory markers vary at the various stages of COVID-19. 
We encourage the same analysis of IL-6 kinetics for larger 
cohorts of patients in the same stages of COVID-19.

Supplementary Information The online version contains supplemen-
tary material available at https:// doi. org/ 10. 1007/ s15010- 024- 02375-x.
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