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Abstract

We examined the characteristics of pro-calcitonin (PCT) in hospitalized COVID-19 patients (cohort 1) and clinical outcomes
of antibiotic use stratified by PCT in non-critically ill patients without bacterial co-infection (cohort 2). Retrospective reviews
were performed in adult, hospitalized COVID-19 patients during March—-May 2020. For cohort 1, we excluded hospital trans-
fers, renal disease and extra-pulmonary infection without isolated pathogen(s). For cohort 2, we further excluded microbio-
logically confirmed infection, ‘do not resuscitate +do not intubate’ status, and intensive care unit (ICU). For cohort 1, PCT
was compared between absent/low-suspicion and proven bacterial co-infections. Factors associated with elevated PCT and
sensitivity/specificity/PPV/NPV of PCT cutoffs for identifying bacterial co-infections were explored. For cohort 2, clinical
outcomes including mechanical ventilation within 5 days (MV5) were compared between the antibiotic and non-antibiotic
groups stratified by PCT >0.25 pg/L. Nine hundred and twenty four non-ICU and 103 ICU patients were included (cohort
1). The median PCT was higher in proven vs. absent/low-suspicion of bacterial co-infection. Elevated PCT was signifi-
cantly associated with proven bacterial co-infection, ICU status and oxygen requirement. For PCT > 0.25 pg/L, sensitivity/
specificity/PPV/NPV were 69/65/6.5/98% (non-ICU) and 75/33/8.6/94% (ICU). For cohort 2, 756/1305 (58%) patients were
included. Baseline characteristics were balanced between the antibiotic and non-antibiotic groups except PCT > 0.25 pg/L
(antibiotic:non-antibiotic =59%:24%) and tocilizumab use (antibiotic:non-antibiotic =5%:2%). 23% (PCT < 0.25 ug/L) and
58% (PCT >0.25 pg/L) received antibiotics. Antibiotic group had significantly higher rates of MV5. COVID-19 severity
inferred from ICU status and oxygen requirement as well as the presence of bacterial co-infections were associated with
elevated PCT. PCT showed poor PPV and high NPV for proven bacterial co-infections. The use of antibiotics did not show
improved clinical outcomes in COVID-19 patients with PCT >0.25 pg/L outside of ICU when bacterial co-infections are
of low suspicion.
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Introduction

Pro-calcitonin (PCT) is a biomarker of bacterial infection
[1] that has previously been shown to be useful in guid-
ing antibiotic treatment decisions in multiple randomized
controlled studies [2-4]. A PCT cutoff of 0.25 ug/L
in non-intensive care unit (ICU) and 0.5 pg/L in ICU
patients [5] were commonly used to indicate bacterial
infection. Despite PCT’s potential role as a tool to guide
antibiotic therapy in patients with coronavirus disease
2019 (COVID-19), early reports of PCT in patients with
COVID-19 did not incorporate bacterial co-infection data
in their analyses [6, 7], and used various normal PCT
reference ranges from 0.05 pg/L to 5 pg/L with minimal
information on its distribution [8—11]. Furthermore, ele-
vated PCT has been reported to be a predictor of severe
disease in COVID-19 [6, 12—-14]. While it is unknown to
what extent PCT increase is driven by bacterial co-infec-
tion or the pathogenesis of severe COVID-19 itself [15],
this clouds PCT’s potential utility in predicting bacterial
co-infection in COVID-19 patients.

In clinical practice, it can be challenging to definitively
rule out bacterial co-infections in patients with COVID-19
pneumonia and elevated pro-calcitonin levels, particularly in
non-critically ill patients from whom it is difficult to sample
the respiratory tract. It is unknown whether antibiotic use in
such COVID-19 patients improves clinical outcomes. None-
theless, patients hospitalized with COVID-19 pneumonia
were commonly prescribed antibiotics, up to 90% in some
studies [12, 16, 17]. It is problematic given COVID-19 is a
viral disease for which antibiotics do not benefit and bacte-
rial co-infection rates are reported to be as low as 4% [18]. In
addition, unnecessary antibiotic use could lead to potential
antibiotic resistance and other harms (e.g., Clostridioides
difficile infection, acute kidney injury).

Taken together, our study first aimed to examine the dis-
tribution of PCT values in hospitalized COVID-19 patients,
to evaluate the association between PCT and COVID-19
disease severity, and to assess the accuracy of PCT in pre-
dicting bacterial co-infections (Cohort 1). Second, we com-
pared the clinical outcomes of antibiotic use stratified by
PCT >0.25 pg/L in non-critically ill COVID-19 patients
with low suspicion of bacterial co-infection (Cohort 2).

Methods
Study subjects and design

This was a retrospective, observational study at a ter-
tiary academic medical center (New York-Presbyterian/
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Weill Cornell Medical Center, New York, NY, USA). We
included adult patients with positive SARS-CoV-2 test-
ing by RT-PCR who were hospitalized with a COVID-
19-related illness from March 3, 2020 to May 15, 2020.
For Cohort 1, we excluded hospital transfers, prior hos-
pitalization within 30 days, patients with chronic kidney
disease (defined as baseline serum creatinine > 2.0 mg/dL
or presence of end-stage renal disease), and any extra-pul-
monary infection without an isolated pathogen (Fig. 1A).
For Cohort 2, we excluded hospital transfers, prior hos-
pitalization within 30 days, patients with ‘do not resusci-
tate + do not intubate (DNR + DNI)’ status and intensive
care unit (ICU) admission, microbiologically confirmed
infections, or any extra-pulmonary infections without an
isolated pathogen (Fig. 1B).

The study was approved by the Institutional Review
Board of Weill Cornell Medical College. Informed consent
was waived, and no animals were included in the study.
For Cohort 1, PCT levels were compared between absent/
low-suspicion and proven bacterial co-infection groups
as defined below and stratified by admission to ICUs. For
Cohort 2, clinical outcomes were compared between patients
given antibiotics upon presentation and those not given anti-
biotics stratified by PCT >0.25 pg/L, a cutoff most com-
monly adopted in previous PCT studies among non-ICU
population [2—4].

Data collection and definitions

PCT levels were measured by Elecsys®15 BRAHMS pro-
calcitonin assay using Roche Cobas e411 analyzer (Roche
Diagnostics, Indianapolis, IN). Clinical variables and PCT
values were extracted from the institutional COVID-19
Observational Research Cohort database using previously
described methods [8]. The first PCT value drawn within
24 h of hospital admission was used for analysis. Presence
of bacterial co-infection from any body site was assessed
via review of electronic medical record when the first PCT
value was drawn; it was defined as absent (no radiographic
pulmonary infiltrates), low suspicion (pulmonary infiltrates
compatible with viral pneumonia without other infectious
source) or proven (microbiologically confirmed). It was
adjudicated by study investigator (WS), who was a clinical
infectious diseases and antimicrobial stewardship pharma-
cist, based on provider’s clinical notes, radiographic, micro-
biologic, and laboratory findings. For example, positive
blood culture with coagulase-negative Staphylococci was
investigated to determine infection versus contamination.
Clinical outcomes included clinical status within 5 days
of hospitalization (initiation of mechanical ventilation or
broad-spectrum antibiotic; transfer to ICU) and ICU length
of stay (LOS), in-hospital mortality, and LOS among sur-
vivors. Antibiotic administration data were extracted from
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Fig. 1 Study population. PCT pro-calcitonin, DNR do not resuscitate, DNI do no intubate, /CU intensive care unit

electronic medical records and patients who continued
antibiotic for at least 48 h were categorized as antibiotic
group. Broad-spectrum antibiotics were defined as pipera-
cillin—tazobactam, aztreonam, meropenem, ceftazidime,
cefepime, ceftolozane—tazobactam, ceftazidime—avibac-
tam, aminoglycosides, and polymyxin B + anti-Methicillin-
Resistant Staphylococcus aureus agents.

Statistical analysis

For Cohort 1, PCT levels between absent/low-suspicion and
proven bacterial co-infection groups were compared. Signifi-
cant variables from the univariable analysis were assessed in
multivariable logistic regression to predict independent risks
for elevated PCT values (i.e., PCT >0.25 pg/L, >0.5 pg/L
and > 1 pg/L) while controlling for clinically relevant con-
founders including antibiotic use within 24 h prior to PCT
measurement, bacterial co-infections, ICU status and/or oxy-
gen requirement. Finally, sensitivity, specificity, PPV and
NPV for identifying bacterial co-infections were determined
for PCT values of > 0.25 pg/L, 0.5 pg/L and 1 pg/L.

For Cohort 2, patient characteristics and PCT levels were
compared between the antibiotic and non-antibiotic groups.
Clinical outcomes were compared between the groups strati-
fied by PCT > 0.25 pg/L. Significant variables from the uni-
variable analysis were assessed in multivariable logistic
regression to predict independent risks for mechanical ven-
tilation within 5 days of hospital admission stratified by PCT

levels while controlling for clinically relevant confounding
variables.

Groups were compared using the chi-square test or Fish-
er’s exact test for nominal variables, and the Mann—Whitney
U test or two-sample ¢ test, as appropriate, for ordinal or
continuous variables. A two-tailed p value less than 0.05
was considered statistically significant. SPSS Version 27.0
(IBM Corp. Released 2020, IBM SPSS Statistics for Win-
dows. Armonk, NY: IBM Corp) and SAS version 9.4 (SAS
Institute, Inc., Cary, NC) were used for all analyses.

Results
Cohort 1

Of the 1305 patients who were hospitalized with COVID-19
during the study period, 924 non-ICU and 103 ICU patients
were included in Cohort 1 (Fig. 1A). The rates of proven
bacterial co-infections were higher in ICU patients com-
pared to non-ICU patients (7.8% vs. 3.5%, p=0.04). The
most common sites of bacterial co-infections were blood-
stream (n=17) or urinary tract (n=17) in non-ICU, and
bloodstream (n=15) or lung (n=3) in ICU patients, respec-
tively. PCT showed a wide range of distribution regardless
of bacterial co-infections (Table 1, Fig. 2). Overall, the
median PCT was higher in proven bacterial co-infections
compared to cases with absent/low-suspicion of bacte-
rial co-infection (Table 1). In the multivariable analyses,
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Table 1 Comparison of pro-

N Absence/low-suspicion of bacte-  Proven bacterial co-infection P value

calcitonin levels based on rial co-infection

bacterial co-infections (Cohort

1)) Non-ICU, n (%) 892 (96.5)* 32(3.9)
Median (IQR, Range) 0.16 (0.08-0.36,<0.06-87.4) 0.64 (0.16-2.87,<0.06-92.0) 0.014
<0.25 pg/L, n (%) 576 (64.6) 10 (31.3) <0.001
>0.25 pg/L, n (%) 316 (35.4) 22 (68.8)
ICU, n (%) 95 (92.2)° 8(7.8)
Median (IQR, Range) 0.37 (0.17-1.04,<0.06-242.4) 1.3 (0.19-19.5, 0.08-202.2 0.257
<0.25 pg/L, n (%) 31 (32.6) 2 (25) 1.0
>0.25 pg/L, n (%) 64 (67.4) 6 (75)
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Fig.2 Comparison of pro-calcitonin distribution based on bacterial
co-infections stratified by ICU admission (Cohort 1)

Table 2 Sensitivity, specificity, PPV, NPV of various PCT cutoffs for
predicting bacterial co-infections (Cohort 1)

Sensitivity ~ Specificity PPV NPV

Non-ICU  >0.25pg/L  68.8 64.6 6.5 983
>0.5ug/L  53.1 82.6 9.9 98.0

>1 ug/L 40.6 92.0 155 977

ICU >0.25ug/L  75.0 32.6 8.6 939
>05pug/l 625 60.0 11.6  95.0

>1 ug/L 50.0 74.7 143 947

factors significantly associated with elevated baseline PCT
of >0.25 ug/L, > 0.5 pg/L and > 1 pg/L were proven bacterial
co-infection (OR 3.53, OR 4.87, OR 6.78), ICU status (OR
3.06, OR 2.61, OR 3.08) and oxygen requirement (OR 2.03,
OR 2.10, OR 2.32) (Supplemental Table 1).

For PCT >0.25 pg/L to predict proven bacterial co-infec-
tions, sensitivity, specificity, PPV and NPV were 69, 65,
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6.5 and 98% in non-ICU and 75, 33, 8.6 and 94% in ICU
population (Table 2).

Cohort 2

Seven hundred and fifty six of the 1305 (58%) patients
met inclusion/exclusion criteria in Cohort 2 (Fig. 1B). In
Cohort 2, 489 (65%) were not treated with antibiotics and
267 (35%) were treated with antibiotics (Table 3). Baseline
characteristics were similar between the non-antibiotic and
antibiotic groups except PCT levels and the use of tocili-
zumab within the first 5 days of hospitalization (Table 3).
Antibiotic use differed based on PCT values with 23% of
the patients with PCT < 0.25 pg/L and 58% of the patients
with PCT > 0.25 pg/L receiving antibiotics. More than half
of the patients required supplemental oxygen therapy at
presentation.

In PCT <0.25 pg/L group, those who received antibiot-
ics had significantly higher rates of mechanical ventila-
tion (29% vs. 7%), initiation of broad-spectrum antibiotics
(23% vs. 4%), transfer to ICU (28% vs. 9%), worse in-
hospital mortality (7% vs. 2%) and longer LOS (10 days
vs. 5 days), as compared to the non-antibiotic group
(Table 4). Similarly, worse outcomes were observed in the
antibiotic group as compared to the non-antibiotic group
when PCT >0.25 pg/L except no statistical difference was
detected in in-hospital mortality (Table 4).

In the multivariable analysis stratified by PCT lev-
els of 0.25 pg/L to predict mechanical ventilation in
5 days, antibiotic use (OR 5.82, 95% CI 3.21-10.54
in PCT <0.25 pg/L; OR 2.12, 95% CI 1.11-4.14 in
PCT >0.25 pg/L) and oxygen requirement in emer-
gency department (OR 2.38, 95% CI 1.27-4.48 in
PCT <0.25 pg/L; OR 2.88, 95% CI 1.37-6.06 in
PCT >0.25 pg/L) remained significant while controlling
for other confounding factors in both PCT groups (Sup-
plemental Table 2). Male sex (OR 2.06, 95% CI 1.09-3.90)
when PCT <0.25 pg/L, and the use of tocilizumab (OR
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Table 3 . Baseli.nf.: cbaracter istics No antibiotics  Antibiotics P value
comparing antibiotic and non- (n=489) (n=267)
antibiotic groups (Cohort 2)
Age (years), mean (SD) 62.1 (14.8) 62.6 (13.5) 0.65
Female sex, n (%) 188 (38.4) 90 (33.7) 0.20
BMI (kg/m?), mean (SD) 29.2(7.2) 28.6 (5.9) 0.23
Race 0.50
Asian 75 (15.3) 53(19.9)
Black 75 (15.3) 35(13.1)
Nonspecific 82 (16.8) 38 (14.2)
Other 109 (22.3) 59 (22.1)
White 148 (30.3) 82 (30.7)
Number of comorbidities, median (IQR) 1(1-2) 1(1-3) 0.16
Active malignancy 27 (5.9) 18 (6.7) 0.5
Coronary artery disease 65 (13.3) 33 (12.4) 0.72
Diabetes mellitus 148(30.3) 98 (36.7) 0.07
Heart failure 28 (5.7) 17 (6.4) 0.71
HIV 10 (2.0) 8 (3.0) 0.41
Hypertension 258 (52.8) 152 (56.9) 0.27
Pulmonary disease 90 (18.4) 42 (15.7) 0.35
Transplant 18 (3.7) 16 (6.0) 0.14
Liver disease 18 (3.7) 10 (3.7) 0.78
Renal disease 43 (8.8) 31 (11.6) 0.21
Any of the above 368 (75.3) 205 (76.8) 0.64
Oxygen requirement in ED 0.21
Nasal cannula or non- rebreather, n (%) 266 (54.4) 156 (58.4)
High flow nasal cannula or NIV (BIPAP, CPAP), n (%) 4(0.8) 5(1.9)
PCT (pg/L), n (%)
<0.25 372 (76.1) 109 (40.8) <0.001
>0.25 117 (23.9) 158 (59.2)
Systemic corticosteroid > prednisone 20 mg/day, n (%)* 3(0.6) 4(1.5) 0.204
Tocilizumab, n (%)* 9(1.8) 13 (4.9) 0.018
Remdesivir, n (%)* 28 (5.7) 22 (8.2) 0.184

BMI body mass index, ED emergency department, NIV non-invasive ventilation, BIPAP bi-level positive
airway pressure, CPAP continuous positive airway pressure

#Use of corticosteroid, tocilizumab and remdesivir within the first 5 days of hospitalization

8.51,95% CI 1.93-37.6) and remdesivir use (OR 5.72,
95% CI 2.13-15.4) when PCT >0.25 ug/L, respectively,
also remained significant (Supplemental Table 2).

Discussion

In our Cohort 1 including hospitalized adult patients with
COVID-19, the median PCT was higher in proven bacte-
rial co-infections compared to cases with absent/low-suspi-
cion of bacterial co-infection although PCT showed a wide
range of distribution regardless of bacterial co-infections.
The rates of bacterial co-infections observed in our Cohort

1 were consistent with the results from meta-analyses for
COVID-19 patients, which showed overall pooled rates of
7-8% (1-20%) [16, 19]. Multivariable analyses to examine
the significant clinical factors associated with elevated PCT
values suggested that COVID-19 disease severity as previ-
ously reported [3-5] as well as bacterial co-infection may
be contributory to elevated PCTs altogether.

Across all three PCT cutoffs, the NPV of
PCT <0.25 pg/L, <0.5 pg/L or < 1 pg/L for ruling out proven
bacterial co-infection was high (94-98%). In contrast to the
high PPV of PCT >1 pg/L (i.e., 93%) ruling in bacterial
co-infection observed in van Berkel’s study [20], our study
showed poor PPV across all PCT cutoffs in both non-ICU
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Table 4 Comparison of clinical outcomes between antibiotic and non-antibiotic groups stratified by pro-calcitonin of 0.25 ug/L (Cohort 2)

Procalcitonin Clinical outcomes No antibiotic (N=372) Antibiotic P value
(N=109)
<0.25 pg/L Mechanical ventilation within 5 days, n (%) 7(7.3) 32(29.4) <0.001
Broad-spectrum antibiotic within 5 days, n (%)* 14 (3.8) 23 (23.1) <0.001
Transfer to ICU within 5 days, n (%) 34 (9.1) 31 (28.4) <0.001
ICU LOS among survivors, median (IQR)® 17 (7.3-27) 19 (10-40) 0.075
In-hospital mortality, n (%) 8(2.2) 8(7.3) <0.014
LOS among survivors, median (IQR)¢ 5 (3-10) 10 (5-22) <0.001
No antibiotic Antibiotic P value
(N=117) (N=158)
>0.25 pg/L Mechanical ventilation 17 (14.5) 44 (27.8) 0.009
within 5 days, n (%)
Broad-spectrum antibiotic 11 (9.4) 42 (26.6) <0.001
within 5 days, n (%)*
Transfer to ICU within 17 (14.5) 46 (29.1) 0.004
5 days, n (%)
ICU LOS among survivors, 15 (6.8-23.5) 15.5(11-25.5) 0.693
median (IQR)®
In-hospital mortality, n (%) 5 (4.3) 13 (8.2) 0.190
LOS among survivors, 7 (4-14) 11 (6-22.3) <0.001

median (IQR)®

ICU Intensive care unit, LOS: length of stay

“Patients started on or broadened to the following antibiotics within 5 days of hospitalization: piperacillin-tazobactam, aztreonam, meropenem,
ceftazidime, cefepime, ceftolozane—tazobactam, ceftazidime—avibactam, aminoglycosides, polymyxin B =+ anti-Methicillin-Resistant Staphylo-

coccus aureus agents

®ICU LOS among patients who were transferred to ICU and survived (N=36 in non-antibiotic and N=23 in antibiotic group in
PCT <0.25 pg/L, N=18 in non-antibiotic and N=40 in antibiotic group in PCT >0.25 ng/L)

°LOS among survivors (N=364 in non-antibiotic and N=101 in antibiotic group in PCT <0.25 pg/L, N=112 in non-antibiotic and N=146 in

antibiotic group in PCT >0.25 pg/L)

and ICU populations. Baseline PCT <0.25 pg/L drawn
within 24 h of hospitalization had high NPV for bacterial
co-infection in COVID-19, which suggests that antibiotic
discontinuation may be warranted just as randomized con-
trolled trials have shown in community-acquired pneumo-
nia before the pandemic. An exception might be in the ICU
population in which the specificity and NPV are decreased.

In our Cohort 2 comparing clinical outcomes associated
with antibiotic use stratified by PCT levels in non-critically
ill COVID-19 patients with absent/low suspicion of bacterial
co-infection, antibiotic use was not associated with improved
outcomes. Comparison of clinical outcomes of antibiotic
use was only done in non-critically ill patients given ICU
status affects PCT levels and lack of respiratory samples in
non-ICU patients poses challenges to diagnose bacterial co-
infection. We also intended to evaluate the clinical outcomes
only in patients with absent or low suspicion of bacterial
co-infection since they have less obvious reasons to be on
antibiotics as compared to those with proven bacterial infec-
tion. Cohort 2 showed lower rates of antibiotic prescribing
(i.e., 23% in PCT <0.25 pg/L and 58% in PCT >0.25 pg/L)

@ Springer

than other reports published during the initial surge of
COVID-19 in early 2020 ranging from 72% to over 90% [8,
9]. This low use in our study is likely from being a focused
analysis in non-ICU patients and excluding all proven bacte-
rial co-infections, although bacterial co-infections rates are
expected to be low [7, 10, 19]. While we did not reinforce
a PCT-guided algorithm during the study period, we also
had a PCT-guided antibiotic use algorithm in place since
2019 that discourages antibiotic use when PCT < 0.25 ug/L
[21]. While all of these might have contributed to our lower
rates of antibiotic prescribing than other early observa-
tional studies in COVID-19 patients, 23% antibiotic use in
PCT <0.25 pg/L and 58% in PCT > 0.25 ug/L groups still
represent opportunities for antimicrobial stewardship when
bacterial co-infections are absent or with low-suspicion.
Worse clinical outcomes observed in the antibiotic group
compared to the non-antibiotic group (Table 4) likely reflect
that antibiotics were continued and broadened in patients
who did not improve with initial interventions rather than
the direct effect of antibiotics. Given that baseline oxygen
requirement and other characteristics were well balanced
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between antibiotic and non-antibiotic groups, the higher
rates of progression into mechanical ventilation in the anti-
biotic group may reflect rapid deterioration. Likewise, more
patients in the antibiotic group might have received tocili-
zumab due to worsening clinical status.

Our study has limitations. First, this is a single-site study
performed during the early phase of the pandemic and may
not be generalized to other settings. Second, given the retro-
spective nature of the study, we cannot conclude any direct
effect of antibiotic use on clinical outcomes in the analyses
from Cohort 2, but our results reflect what happened in the
clinical care of these patients. Third, we did not exclude
all patients who might have elevated baseline PCT, such
as major burns, severe trauma, and renally impaired, major
abdominal or cardiothoracic surgery from Cohort 2 [22].
However, patients with baseline renal disease as well as
overall comorbidities were balanced between the antibiotic
and non-antibiotic groups. Finally, while more than 55% of
our patients were hypoxic on admission from Cohort 2, less
than 10% of the patients received systemic corticosteroids or
remdesivir which are now considered the standard of therapy
in hypoxic COVID-19 patients [23]. It would be interesting
to see changes in antibiotic prescribing rate as well as the
clinical outcomes with more knowledge about the low likeli-
hood of bacterial co-infection upon hospital admission and
with these standard therapies on board.

In this large study reporting PCT levels in COVID-19
patients, median PCT levels were higher in proven bacte-
rial co-infections as compared to the cases with absent or
low-suspicion of bacterial co-infections. Also, in COVID-19
patients outside of the ICU with low suspicion for bacte-
rial co-infections, use of antibiotics did not improve clinical
outcomes while antibiotic prescribing was more likely when
PCT >0.25 pg/L than when PCT <0.25 pg/L. The bacterial
co-infection as well as ICU status and oxygen requirement at
emergency department were associated with elevated base-
line PCT level >0.25 pg/L. Compounded by the severity of
illness and given the wide distribution regardless of bacte-
rial co-infection, elevated PCTs in COVID-19 are unlikely
to reliably distinguish patients with bacterial co-infections.
However, given the low prevalence of bacterial co-infection
in patients with PCT < 0.25 pg/L and high NPV, it is reason-
able to discontinue antibiotics for majority of patients based
on baseline PCT < 0.25 pg/L unless other evidence of infec-
tion is available. These data do not support antibiotic therapy
in hospitalized COVID-19 patients with PCT > 0.25 pg/L
outside of the ICU when bacterial co-infections are of low
suspicion. Initial antibiotic decision-making (i.e., whether to
withhold or initiate) should not be guided by pro-calcitonin
values alone.

Supplementary Information The online version contains supplemen-
tary material available at https://doi.org/10.1007/s11739-022-02955-5.
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