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Abstract

Objective Severe COVID-19 is characterized by a dysregulated immune response in which neutrophils play a critical role.
Calprotectin reflects neutrophil activation and is involved in the self-amplifying thrombo-inflammatory storm in severe
COVID-19. We aimed to evaluate the role of calprotectin in early prediction of severity in COVID-19 patients.

Methods This was a multicenter prospective observational study enrolling consecutive adult COVID-19 patients. On arrival
to emergency department, blood samples were collected for laboratory tests, including serum calprotectin. The primary
outcome was severe respiratory failure requiring invasive mechanical ventilation and the secondary outcome was need for
Intensive Care Unit (ICU) admission.

Results Study population included 395 patients, 57 (14.4%) required invasive mechanical ventilation and 100 (25.3%) were
admitted to ICU. Median serum calprotectin levels were significantly higher in intubated (3.73 mg/L vs. 2.63 mg/L; p <0.001)
and ICU patients (3.48 mg/L vs. 2.60 mg/L; p=0.001). Calprotectin showed a significant accuracy to predict the need for
invasive mechanical ventilation (ROC AUC 0.723) and ICU admission (ROC AUC 0.650). In multivariate analysis, serum
calprotectin was an independent predictor of invasive mechanical ventilation (OR 1.161) and ICU admission (OR 1.068).
Conclusion Serum calprotectin can be used as an early predictor of severity in COVID-19 patients.

Keywords Calprotectin - COVID-19 - Neutrophil activation - Invasive mechanical ventilation - ICU admission

Introduction

In December 2019, an outbreak of pneumonia due to a
novel coronavirus, severe acute respiratory syndrome coro-
navirus 2 (SARS-CoV-2), occurred in Wuhan (Hubei Prov-
ince, China). The disease caused by this virus was named
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Coronavirus disease 19 (COVID-19) and has resulted in a
pandemic affecting millions of people globally [1].

The clinical presentation of COVID-19 varies from
asymptomatic or mild upper respiratory tract symptoms to
severe viral pneumonia with acute respiratory distress syn-
drome (ARDS) and need for mechanical ventilation. Data
from a Spanish multicenter study including 4035 hospital-
ized patients with confirmed COVID-19 showed the devel-
opment of ARDS in 31.5% and need for mechanical ventila-
tion in 15.5% of patients [2]. An early identification upon
hospital admission of COVID-19 patients at high risk of
progression to the most severe forms of the disease is key to
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define an optimal strategy for the management of COVID-19
patients and efficient use of hospital resources [3].

The pathophysiology of severe COVID-19 is character-
ized by neutrophil activation [4] and hyperinflammatory host
response, which potentially lead to endotheliitis [5], severe
respiratory failure and mortality [6]. Hence, an aberrant neu-
trophil response in COVID-19 is likely due to uncontained
viral replication, tissue hypoxia and exacerbated inflamma-
tion [7]. One of the main effector mechanisms of neutro-
phils in inflammatory and infectious diseases are neutrophil-
derived extracellular traps (NETs) [8], which are thought
to be part of an innate immune mechanism for pathogen
clearance; however, there are increasing concerns about
the potential of NETs to initiate and propagate inflamma-
tory damages in host tissues [9], including lungs, resulting
in reduced oxygenation and ARDS in COVID-19 patients
[9]. Veras et al. [10] have demonstrated that in patients with
severe COVID-19, circulating and lung-infiltrating neutro-
phils release higher levels of NETs and this release is stimu-
lated directly by SARS-CoV-2 virus. The authors indicate
that the potentially deleterious role of NETs for lung epi-
thelial cells might explain partially the pathophysiology of
severe COVID-19 [10].

Calprotectin, as a signature of neutrophil activation, has
emerged as a promising biomarker for risk stratification in
COVID-19 patients during the first wave of pandemic [11,
12]. Calprotectin is a heterodimeric protein composed of
S100A8 and S100A9 proteins (also called myeloid-related
proteins (MRP) 8/14), belonging to the S100 family of cal-
cium-binding proteins. Increased calprotectin levels have
been reported in inflammatory [13, 14] and infectious dis-
eases [15—17]. It is particularly abundant in the cytoplasm
of neutrophils and may also be detected at low levels in
other cells, such as monocytes and macrophages [18]. In
COVID-19 patients, Shi et al. [19] have described markedly
increased serum calprotectin levels in patients with severe
form of the disease indicating the role of neutrophils as
potential players in COVID-19 severity.

In addition to being a neutrophil-related inflammatory
marker, calprotectin may also have a direct role in the
self-amplifying thrombo-inflammatory storm observed
in patients with severe COVID-19. Silvin et al. [20] have
reported that excess production of damage-associated
molecular patterns (DAMPs) drives this association and
showed that elevated calprotectin levels are linked to imma-
ture neutrophils and nonclassical monocytes. Therefore,
calprotectin has been suggested to be a key mediator in the
hyperinflammatory host response and expansion of inflam-
matory monocytes, neutrophils and platelets contributing to
the characteristic coagulopathy in severe COVID-19 [21].

Cherubini et al. [22] have recently reported higher plasma
calprotectin levels in patients with confirmed infection by
SARS-CoV-2 in comparison to suspected patients with
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negative RT-PCR. The role of calprotectin in evaluation of
disease severity has been confirmed in several studies [19,
23-26], although these findings should be assessed in larger
prospective cohorts [12]. Since severe cases of COVID-19
are regularly complicated by respiratory failure, in this mul-
ticenter study, we aimed to evaluate the role of circulating
serum calprotectin, measured at hospital admission, as an
early predictor of severe respiratory failure and ICU admis-
sion in hospitalized patients infected by SARS-CoV-2.

Materials and methods
Study design and patient selection

This was a multicenter prospective observational study
enrolling consecutive adult (> 14 years) COVID-19 patients
admitted to Son Espases University Hospital (Palma de
Mallorca, Spain), Clinic University Hospital (Valencia,
Spain), Clinic University Hospital (Valladolid, Spain) and
Santa Lucia University Hospital (Cartagena, Spain) during
the second wave in Spain (September to November 2020).
Infection by SARS-CoV-2 was diagnosed by a positive
result of real-time reverse transcriptase-polymerase chain
reaction testing of a nasopharyngeal or lower respiratory
tract specimen, according to WHO Guidance [27]. Exclusion
criteria were: (a) patients < 14 years; (b) pregnant women;
(c) patients transferred from or to other hospital; (d) length
of hospital stay <24 h; (e) limitation of therapeutic effort
or life-sustaining treatment; and (f) lack of samples for the
measurement of biomarkers. Only a first episode of admis-
sion to hospital was considered for inclusion in this study.

The study protocol was approved by the local Ethics
Committee of participating hospitals (E.0.2020-38 LAB2-
COVID19) and was performed under a waiver of informed
consent and in accordance with the Declaration of Helsinki
ethical guidelines.

Study endpoints

The primary outcome was severe respiratory failure requir-
ing invasive mechanical ventilation. Because there is no sin-
gle number or algorithm that determines the requirement for
invasive mechanical ventilation, the determination of need
for endotracheal intubation for COVID-19-related respira-
tory failure was made by clinicians considering a variety of
factors such as signs of unsustainable work of breathing,
refractory hypoxemia, hypercapnia or respiratory acidosis
and encephalopathy or inadequate airway protection [30].
Secondary endpoint was need for admission to Intensive
Care Unit (ICU) during the hospital stay.
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Data collection

For eligible patients, epidemiological, demographic, clini-
cal, laboratory, home and in-hospital treatment and outcome
data, including ventilation status and ICU admission, were
extracted from electronic medical records and laboratory
information systems.

Blood sampling and laboratory analysis

In all patients, blood samples were drawn upon arrival to
the Emergency Department and then centrifuged (3000 *g
for 5 min for non-anticoagulated blood to obtain serum and
1500 *g for 15 min for blood samples containing trisodium
citrate as anticoagulant to obtain plasma for coagulation test-
ing) and analysed within 1 h from collection. According to
recommendations from Spanish Health Ministry [28], the
following laboratory tests were measured: creatinine, by a
colorimetric assay (Jaffe reaction), C-reactive protein (CRP),
by an immunoturbidimetric assay, and lactate dehydrogenase
(LDH), by an ultraviolet assay, on Architect ci16200 (Abbott
Diagnostics, US) and Cobas ¢502/702 (Roche Diagnostics,
Germany) platforms, D-dimer, by immunoturbidimetry on
ACL-TOP Family (Instrumentation Laboratory, US) and
Stago STA-R (Stago Diagnostica, Belgium) analyzers, and
cell blood count (CBC) by flow cytometry on Sysmex XN
(Sysmex, Japan) and Cell-Dyn Saphire (Abbott Diagnostics,
US) analyzers. For calprotectin and ferritin, leftover serum
was immediately frozen and stored at —80 °C until analysis.
Serum ferritin levels were measured by a chemilumines-
cence immunoassay and turbidimetry on Architect ci16200
(Abbott Diagnostics, US) and Cobas ¢502/702 (Roche
Diagnostics, Germany) platforms, respectively. Serum cal-
protectin levels were measured by a particle enhanced tur-
bidimetric immunoassay (PETIA) (Gentian AS, Norway)
using a Cobas ¢702 instrument (Roche Diagnostics, Man-
nheim, Germany). According to manufacturer’s data, limit
of quantification is 0.30 mg/L and the measurement range
is 0.43-20.66 mg/L, with automatic dilution of samples
with higher concentrations. Upper normal reference limit
(UNRL), obtained from analysis of serum samples from
100 healthy individuals using a Cobas c501 analyzer (Roche
Diagnostics, Mannheim, Germany), is 1.63 mg/L (data not
published). According to Nilsen et al. [29], the imprecision
was lower than 1.5% for samples ranging from 1.17 mg/L
up to 22.14 mg/L.

Statistical analysis

The normality of continuous variables was tested by Kol-
mogorov—Smirnov and they are reported as median (inter-
quartile range [IQR]). Categorical variables are presented as
frequency and percentage in each category. Mann—Whitney

U and chi-squared tests were used to compare continuous
and categorical data between groups. Kruskal-Wallis and
chi-squared tests were used to analyse the association of
calprotectin, stratified according to quartiles, with invasive
mechanical ventilation and other population characteris-
tics. Correlation between calprotectin and other markers for
thrombo-inflammation was evaluated by Pearson correlation
coefficient (r).

For association among potential predictors and outcomes,
a binary logistic regression was performed and odd ratios
(OR) calculated. For multivariable regression, analysis was
fitted using two criteria for selection of predictors: clinical
relevance and statistical significance in univariate analysis
(p <0.05) after testing for collinearity using the variance
inflation factor (VIF).

Discriminatory ability for invasive mechanical ventila-
tion and ICU admission was evaluated by calculating the
area under the receiver operating characteristic curve (ROC
AUCQC). Optimal cut-offs were defined as the value maximiz-
ing the Youden index; furthermore, we determined a second
optimal cut-off point aimed to rule out need for mechanical
ventilation with a negative predictive value (NPV) of 90% or
greater and sensitivity of at least 85%. In a further step, the
impact of calprotectin on the primary endpoint was assessed
using Kaplan—Meier curves and the Mantel-Haenszel log-
rank test. Time was censored at 94 days following admission
to the Emergency Department, corresponding to the high-
est in-hospital length of stay. We performed analyses using
the software packages SPSS 21.0 (SPSS Inc., IL, USA)
and MedCalc 15.0 (MedCalc Software, Ostend, Belgium).
In all tests, a two-sided p value of <0.05 was considered
significant.

Results
Baseline characteristics

Baseline characteristics in the overall cohort, including
a total of 395 patients, and stratified data according to
need for invasive mechanical ventilation and ICU admis-
sion are listed in Supplementary Table 1. Median age in
the cohort was 62 years [Interquartile range (IQR) 49-77;
range 17-99 years) and 63.3% (n=250) of patients were
male. The most prevalent comorbidities were hypertension,
dyslipidemia and obesity. In the overall cohort, 34.2% of
patients were on ACEI/ARBs, 31.1% on statins and 20.0%
on antidiabetics.

Concerning outcomes, 57 patients (14.4%) required inva-
sive mechanical ventilation and 100 patients (25.3%) were
admitted to the ICU. The median length of hospital stay was
9 days (IQR 6-17; range 1-94). As expected, in-hospital
length of stay [8 days (IQR 5-13) vs. 32 days (IQR 21-42);
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p<0.001] and mortality rate (5.9% vs. 24.6%; p <0.001)
were significantly higher in patients requiring invasive
mechanical ventilation in comparison to non-ventilated
patients [n =328 (85.6%)]. With regards to in-hospital treat-
ment, 87.1% of patients were on methylprednisolone and/or
dexamethasone, 83.8% on low heparin molecular weight,
42% on azithromycin and 23% on remdesivir.

Laboratory findings are summarized in Table 1. Cal-
protectin (Fig. 1A), ferritin, CRP, LDH, white blood cell
(WBC) count and neutrophil-to-lymphocyte ratio (NLR)
were significantly higher in patients requiring invasive
mechanical ventilation. No differences were found for
creatinine, platelet count and D-dimer. The same findings
for laboratory tests, including calprotectin (Fig. 1B), were

found for the secondary endpoint (Table 1). Finally, when
we analysed the biomarker levels in the ICU population
(n=100) for invasive mechanical ventilation, only calpro-
tectin [3.73 mg/L (2.91-8.10) vs. 2.79 mg/L (2.80-4.39);
p=0.001 (Fig. 1C)], CRP [117.8 mg/L (63.3-168.8) vs.
80.1 mg/L (32.2-108.7); p=0.008] and ferritin [1160 ng/
mL (643-1982) vs. 756 ng/mL (510-1214); p =0.041]
levels were significantly higher in patients who required
invasive mechanical ventilation [n=57 (57.0%)] as com-
pared to those who remained free of intubation (n =43
(43%)], without significant differences for the other tested
biomarkers. Of note, median calprotectin levels in all ana-
lyzed subgroups of patients were over of the UNRL from
a healthy population (1.63 mg/L) (Fig. 1).

Table 1 Laboratory findings on admission to ED (expressed as median [IQR])

All patients Need for invasive mechanical ventilation p-value ICU admission p-value
Non-invasive Invasive mechanical Non admitted Admitted
mechanical venti- ventilation
lation
Number of patients, 395 328 (85.6) 57 (14.4) - 295(74.7) 100 (25.3) -
n (%)
Creatinine (pmol/L) ~ 79.6 (64.5-101.7) 79.6 (64.5-100.8) 79.6 (64.5-99.0) 0.982 78.7 (63.7-101.7) 81.4 (65.4-101.7) 0.717
LDH (U/L) 303 (240-403) 293 (234-387) 393 (311-562) <0.001 283 (230-379) 381 (302-480) <0.001
CRP (mg/L) 60.0 (25.5-111.4) 53.3 (22.7-102.5) 117.8 (63.3-168.8) <0.001 51.4 (21.6-99.2) 979 (47.4-156.3) <0.001
Ferritin (pg/L) 524 (257-944) 470 (238-803) 1160 (643-1982) <0.001 439 (215-772) 863 (563-1738) <0.001
WBC count (*10°/L) 6.57 (4.95-9.18)  6.38 (4.83-8.75)  8.09 (5.70-12.44) 0.004 6.32 (4.80-8.79)  7.38 (5.59-11.10) 0.002
NLR 4.12 (2.42-7.39) 4.00 (2.38-6.94)  5.81 (3.26-9.40) 0.002 3.81 (2.29-6.37) 5.45(3.12-8.93) 0.001
Platelet count 204 (158-267) 202 (157-261) 209 (163-273) 0.377 203 (156-261) 205 (162-274) 0.574
(*10°/L)
D-dimer (pg/L FEU) 612 (383-1100) 599 (380-1064) 790 (506-1334) 0.110 604 (379-1130) 648 (421-1058) 0.511
Calprotectin (mg/L)  2.76 (1.77-4.45)  2.63 (1.70-4.07)  3.73 (2.91-8.10) <0.001 2.60 (1.68-4.00) 3.48 (2.24-6.36) <0.001

IOR Interquartile range, LDH Lactate dehydrogenase, CRP C-reactive protein, WBC White blood cell, NLR Neutrophil-to-Lymphocyte Ratio,

FEU Fibrinogen Equivalent Units, /CU Intensive Care Unit

A Overall population; n=395 B Overall population; n=395 C ICU subpopulation; n=100 (25.3%)
16,00 p <0.001 16,007 p <0.001 16,007 p =0.001
14,001 - 14,007 14001 373 (2.91-8.10
3.73 (2.91-8.10) 348 (2.24-6.36) ( )
12,00 12,001 12,001
3 1000] B 10007 g 10,001
< 2.63 (1.70-4.07) 13 H
§ s % s0o 2.60 (1.68-4.00) TE 200 2.79 (2.80-4.39)
g 8 H
s % ;5 6,007 ;2 6,00
4007 4,004 400
2009 UNRL: 1.63 mg/L 004 2,00 UNRL: 163 mg/
UNRL: 1.63 mg/L. —— |~ T mg/L
001 00 00
Non mvaswe' mechanical Invasive mecha’nlca\ ventilation T T v v
ventilation Non ICU admission ICU admission Non |m?S|v“elaT§rsnanxcal Invasive mechanical population
ent
n=328 (85.6%) n=57 (14.4%) n=295 (74.7%) n=100 (25.3%) n=43 (43.0%) n=57 (57.0%)

Fig.1 Median (boxplots) values of calprotectin in patients requiring
invasive mechanical ventilation (1.A) and ICU admission (1.B) in
overall population and in patients requiring invasive mechanical ven-
tilation in ICU subpopulation (1.C). In boxplots, the dark line inside
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the box is the median of the distribution. The bottom and the top of
the boxes represent the 1st and the 3rd quartiles (interquartile range).
UNRL: Upper normal reference limit
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Patient’s characteristics stratified by calprotectin
levels and correlation with other biomarkers

The median level of calprotectin in our cohort was
2.76 mg/L [IQR (1.77—-4.45)]. When patients were strati-
fied according to calprotectin quartiles, the need for
invasive mechanical ventilation increased significantly
from the patients in the first quartile (serum calprotec-
tin< 1.77 mg/L; n=4/97 (4.1%)] to the fourth quartile
[serum calprotectin >4.45 mg/L; n=27/99 (27.3%)]
(Fig. 2). No differences between quartiles were found
related to age, gender and pre-existing comorbidities. In
the subgroup of patients who required invasive mechanical
ventilation (n=57), rate of patients with diabetes melli-
tus (73.3% vs. 42.0%; p=0.043) was significantly higher
in those with elevated calprotectin levels (>3.73 mg/L,

40,01

30,01 27.3%

% Invasive mechanical ventilation

20,01 16.2%
10%
10,0
4.1%
00 T T
<1.77mgL  1.77-2-75mg/L 2.76-444mg/L.  2445mg/L

Calprotectin quartiles

Fig.2 Rate of patients requiring invasive mechanical ventilation
according to calprotectin quartiles

corresponding to median level) compared to ventilated
patients with low calprotectin levels (< 3.73 mg/L), with-
out significant differences for other demographics and
comorbidities.

Serum calprotectin levels correlated positively with
levels of other biomarkers for inflammation and thrombo-
sis, such as ferritin (r=0.256; p <0.001), CRP (r=0.530;
p<0.001), WBC count (r=0.534; p<0.001), LDH
(r=0.492; p<0.001), NLR (r=0.383; p<0.001) and
D-dimer (r=0.371; p<0.001).

Association of calprotectin with the severity
of the disease

In univariate analysis, clinical factors and laboratory
tests that could be associated with both outcomes were
analyzed. Noteworthy, no demographic variable or
prior comorbidities were predictive of need for invasive
mechanical ventilation and only age could predict the need
for ICU admission (Supplementary Table 1). However,
several laboratory tests were predictive of both endpoints
(Table 2), with calprotectin yielding the numerically
higher OR for invasive mechanical ventilation [OR 1.327
(95% Confidence Interval (CI) 1.196-1.473); p <0.001]
and ICU admission [OR 1.233 (95% CI 1.127-1.349);
p<0.001].

In multivariate regression analysis, after adjusting for
age, LDH, CRP, ferritin, WBC count and NLR, serum cal-
protectin has been shown as an independent predictor for
need of invasive mechanical ventilation [OR 1.161 (95%
CI1.018-1.324); p=0.026] and ICU admission [OR 1.068
(95% CI 1.005-1.224); p=0.034] (Table 2).

Table 2 Uni- and multivariate regression analysis for invasive mechanical ventilation and ICU admission

Variable Invasive mechanical ventilation ICU admission

Univariate analysis Multivariate analysis Univariate analysis Multivariate analysis

OR (95%CI) p-value OR (95%CI) p-value OR (95%CI) p-value OR (95%CI) p-value
Age n.s - - 0.986 (0.973-0.999) 0.033 0.977 (0.962-0.992) 0.003
LDH 1.003 (1.002-1.005) <0.001 1.001 (1.000-1.003) 0.044 1.003 (1.002-1.004)  <0.001 1.002 (1.000-1.004) 0.014
CRP 1.107 (1.066-1.149) <0.001 1.051 (1.001-1.003) 0.043 1.084 (1.049-1.121)  <0.001 1.047 (1.006-1.089) 0.004
Ferritin 1.001 (1.001-1.001) <0.001 1.001 (1.000-1.001) <0.001 1.001 (1.001-1.001)  <0.001 1.001 (1.000-1.001)  <0.001
WBC count 1.121 (1.044-1.203) 0.012  n.s 1.112 (1.046-1.184)  <0.001 1.082 (1.008-1.161) 0.029
NLR 1.069 (1.028-1.111) 0.001 n.s 1.060 (1.021-1.099)  <0.001 n.s
Calprotectin  1.327 (1.196-1.473) <0.001 1.161 (1.018-1.324) 0.026 1.233(1.127-1.349)  <0.001 1.068 (1.005-1.224) 0.034

In this table, only variables with a significant OR were included

CI Confidence interval, OR Odd ratio, /CU Intensive Care Unit, /QR Interquartile range, LDH Lactate dehydrogenase, CRP C-reactive protein,

WBC White blood cell, NLR Neutrophil-to-Lymphocyte Ratio
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Fig.3 Receiver operating characteristic curves of biomarker levels
on arrival to ED to predict need for invasive mechanical ventilation
(1.A) and ICU admission (1.B) and invasive mechanical ventilation
in ICU subpopulation (1.C). 95% ClIs and p values for ROC AUCs for
invasive mechanical ventilation: Calprotectin: 0.652-0.790, p <0.001;
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ICU admission: Calprotectin: 0.600-0.697, p <0.001; ferritin: 0.680—
0.770, p<0.001; CRP: 0.617-0.712, p<0.001; LDH: 0.651-0.744,
p<0.001; WBC count: 0.556-0.654, p=0.001; NLR: 0.563-0.661,
p=0.001.95% ClIs and p values for ROC AUCs for invasive mechan-
ical ventilation in ICU subpopulation: Calprotectin: 0.588-0.777,

ferritin: 0.673-0.818, p<0.001; CRP: 0.646-0.790, p<0.001; LDH: ~ p<0.001; CRP: 0.553-0.747, p=0.001; ferritin: 0.517-0.715,
0.645-0.786, p<0.001; WBC count: 0.533-0.704, p=0.004; NLR: p=0.036

0.547-0.705, p=0.002. 95% CIs and p values for ROC AUCs for

Table3 Accuracy of Cutoff (mg/L)  Sensitivity (95% CI)  Specificity (95% CI) PPV (95% CI) NPV (95% CI)
calprotectin for predicting the

neeqlfor invasive mechanical 2.98° 73.7 (60.3-84.5) 60.4 (54.9-65.6) 23.9(17.8-30.9)  93.2(89.0-96.1)
ventilation <2230 86.0 (74.2-93.7) - - 94.7 (89.7-96.4)

CI Confidence Interval, PPV Positive predictive value, NPV Negative predictive value
4Optimal cut-off according to Youden index

®Optimal cut-off to rule out need for invasive mechanical ventilation

Receiver operating curves for prediction of need
for invasive mechanical ventilation and ICU
admission

Concerning the predictive ability for need of invasive
mechanical ventilation, serum calprotectin levels showed
a significant ROC AUC of 0.723, similar to performance
of ferritin (ROC AUC 0.745), CRP (ROC AUC 0.718) and
LDH (ROC AUC 0.715) and significantly higher than per-
formance of WBC count (ROC AUC 0.618) and NLR (ROC
AUC 0.626) (Fig. 3A). According to Youden index, an opti-
mal cut-off point for serum calprotectin and prediction of
need for invasive mechanical ventilation, was established at
2.98 mg/L, with a sensitivity of 73.7% and a specificity of
60.4% (Table 3). A second cut-off point of 2.23 mg/L maxi-
mizing the sensitivity up to 86.0% and NPV up to 94.7%
was suggested to rule-out the need for invasive mechanical
ventilation. Kaplan—Meier curves using a calprotectin cut-off
point <2.23 mg/L identified a significantly lower need for
invasive mechanical ventilation (5.3% vs. 20.0%; p <0.001)
(Fig. 4).
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For prediction of ICU admission, serum calprotectin lev-
els showed a significant ROC AUC of 0.650 (Fig. 3B), with
an optimal cut-off point of 3.09 mg/L according to Youden
index [sensitivity 60% (95% CI 49.7-69.7); specificity
62.4% (95% CI 56.6—67.9)]. This accuracy was similar to
those achieved by other inflammatory biomarkers, such as
CRP (AUC 0.666), LDH (AUC 0.699), WBC (AUC 0.606)
and NLR (AUC 0.613), but slightly lower than ferritin (AUC
0.727; p of comparison: 0.027).

Finally, we also analysed the accuracy of laboratory
tests in the ICU subpopulation for predicting the need for
invasive mechanical ventilation. Serum calprotectin [AUC
0.688 (95% C10.588-0.777); p<0.001] was the biomarker
with the ROC AUC numerically higher, although without
significant difference in comparison to CRP [AUC 0.654
(95% CI1 0.553-0.747); p=0.001; p of comparison: 0.571]
and ferritin [AUC 0.620 (95% CI 0.517-0.715); p=0.036;
p of comparison 0.278] (Fig. 3C). For an optimal cut-off
point of 2.81 mg/L, calprotectin achieved a sensitivity of
75.4% [95% CI 62.2-85.9] and a specificity of 55.8% [95%
CI 39.9-70.9].

Discussion

COVID-19 is characterized by a clinical picture ranging
from mild upper airway symptoms in most of patients to
severe lower airway symptoms in a subgroup of patients
developing acute respiratory distress syndrome that progress
to respiratory failure due to intense acute lung injury [31]
and cytokine storm syndrome resulting in a multiorgan fail-
ure and death [32].

Recent research confirms that neutrophils play a central
role in the immunopathology of COVID-19 [33]. Thus, the
characterization of neutrophil activation by the measurement
of calprotectin levels in blood has emerged as a predictor of
COVID-19 severity and the value of calprotectin in severe
COVID-19 was recently reviewed [11, 12]. However, larger
studies have been proposed to evaluate the value of calpro-
tectin in risk stratification in severe COVID-19 [12]. The
aim of our multicenter study, conducted during the second
wave of pandemic in Spain was to assess the value of serum
calprotectin in prediction of severe respiratory failure in hos-
pitalized COVID-19 patients, and secondarily, of need for
ICU admission. The level of serum calprotectin was meas-
ured by a fully automated turbidimetric assay [29], providing
rapid test results.

The role of conventional inflammatory markers, such as
NLR, CRP, LDH and ferritin, in prediction of respiratory
failure has been widely reported in COVID-19 patients dur-
ing the first wave of pandemic. CRP and LDH are inversely
correlated to respiratory function evaluated by the partial
pressure of arterial oxygen to fraction of inspired oxygen

ratio (PaO2/Fi02) and are predictors of moderate—severe
acute respiratory distress syndrome (ARDS) [34] with
ROC AUC close to 0.8. Herold et al. have recently reported
similar results for both biomarkers, showing AUCs of 0.79
and 0.83 for CRP and LDH, respectively [35]. Although
significantly higher values have been reported in patients
who required mechanical ventilation, NLR was shown to be
a moderate predictor of this outcome, with AUCs ranging
from 0.581 [36] to 0.710 [37]. The value of ferritin for res-
piratory failure is also controversial. Herold et al. reported
a non-significant ROC AUC of 0.72 (95% CI 0.52-0.91;
p=0.064) for need for mechanical ventilation, lower than
the accuracy achieved by CRP (ROC AUC: 0.79) and LDH
(ROC AUC 0.79) [35]. Feld et al. [38] have reported a ROC
AUC of 0.681 for ferritin measured at hospital admission,
consistent with a poor discriminating ability for prediction
of intubation. Noteworthy, in our study, differences were
not observed for some laboratory tests strongly associated
with COVID-19 severity during the first wave, such as cre-
atinine, D-dimer and platelet count. A similar finding has
been recently described by Mollinedo-Gajate et al. [39]
when critical or non-survivors were compared with patients
with a moderate severity.

The value of calprotectin has been previously reported in
other infectious diseases, with better diagnostic and prognos-
tic performance than other biomarkers, such as procalcitonin
[15, 17, 40], as well as in inflammatory diseases such as
rheumatoid arthritis, as a biomarker for disease activity [41,
42]. In COVID-19 patients, several studies have evaluated
the potential role of calprotectin for prediction of need for
mechanical ventilation [19], ICU admission [23, 24, 26],
multiorgan failure [26] and death [23, 25, 26]. Main limita-
tions in these studies are the small sample size and the inclu-
sion of patients recruited in the first wave of pandemic. The
first wave was more severe than the second [43] resulting
in differences between values reported for some thrombo-
inflammatory markers in comparison to the second wave
[39].

This study, performed in a cohort of 395 patients
recruited during the second wave of pandemic in four Span-
ish hospitals, confirms the role of calprotectin in risk strati-
fication at an early stage in patients presented at the emer-
gency department, with a significant accuracy for the need
of invasive mechanical ventilation and ICU admission. In the
study performed by Shi et al. [19], the ROC AUC of serum
calprotectin, measured by an ELISA assay in samples col-
lected during the first 2 days of hospitalization, to predict the
need for mechanical ventilation was 0.794, which is slightly
higher than ROC AUC obtained in our study (0.723). This
disagreement could be explained by differences in the time
for collection of samples as well as differences in relation
to the assay used for measurement, as recently described
by Van Hoovels et al. [44]. This accuracy is similar to that
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achieved for prediction of need for mechanical ventilation
in a small cohort of patients recruited during the first wave
of pandemic, in which calprotectin, measured with the same
assay and in the same type of sample, yielded a ROC AUC
of 0.723 (95% CI1 0.563-0.883; p=0.032), with an optimal
cut-off point, according to Youden index, of 3.0 mg/L (sen-
sitivity 78% and specificity 40%) [25] (data not published).
The cut-off point reported in above-mentioned study is very
similar to the cut-off point suggested in our multicenter
study (2.98 mg/L). Moreover, we found that serum calpro-
tectin level below 2.23 mg/L is an optimal cut-off point for
identification of patients at low risk of need for mechanical
ventilation. The early identification of this population can be
useful for improved resource allocation and optimal care of
patients with severe COVID-19.

We also reported a moderate but significant performance
of serum calprotectin levels for prediction of ICU admission
(AUC 0.650), similar to those previously reported by Bauer
et al. (AUC 0.700) [26] and Kaya et al. (AUC 0.641) [24],
but lower than that reported by Chen et al. (AUC 0.875)
[23], and prediction of invasive mechanical ventilation in
patients requiring management in ICU (AUC 0.688).

Finally, binary logistic regression analysis confirmed the
value of calprotectin as an independent predictor of need
for invasive mechanical ventilation, finding not previously
reported in the literature, and ICU admission, similarly to
Kaya et al. [24] (OR 1.029).

This is the study with the largest sample size evaluat-
ing the role of calprotectin as an early predictor of need
for invasive mechanical ventilation and ICU admission, but
it has some limitations. First, a well-defined control group
including healthy individuals or patients with other respira-
tory infections was not included in the study design. Second,
only one measurement of calprotectin and other biomarkers
in samples collected on admission to the emergency depart-
ment was performed and the impact of serial measurements
was not evaluated. Shi et al. [19] reported increasing lev-
els of calprotectin in patients with a deteriorating clinical
condition. Third, other biomarkers previously reported as
predictors of need for mechanical ventilation, such as IL-6
[35], were not measured in this study. Fourth, early warning
scores, such the National Early Warning Score 2, which has
been reported as predictor of severe disease, was not calcu-
lated upon admission to the Emergency Department [45].
Finally, the results for calprotectin are assay- and matrix-
dependent [44]; therefore, the suggested cut-off points must
be confirmed for each assay, because test results cannot be
used inter-changeably [44, 46-48]. Besides, Van Hoov-
els et al. [44] have reported that the variability (CV%) of
calprotectin measured after different storage times or after
different freeze—thaw cycles was higher in serum than in
EDTA-plasma. Recently, Mylemans et al. [46] have also
reported a greater stability of calprotectin in EDTA-plasma
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resulting in higher serum calprotectin levels in comparison
to plasma [44]. Noteworthy, the lack of harmonization in
important preanalytical factors could hamper adequate inter-
study comparison. In our study, serum tubes were centri-
fuged within 2 h after blood collection [46], immediately
transferred to the secondary tube, as recommended by the
manufacturer, and the samples were stored according to sta-
bility results previously reported [46].

In summary, our results support the association of neu-
trophil activation, characterized by elevated calprotectin lev-
els, with COVID-19 severity. Calprotectin might be used as
an early, valuable predictor of need for invasive ventilator
support in COVID-19 patients. In the current situation with
overwhelmed ICU and limited resources in the healthcare
systems, an early identification of patients on risk of severe
respiratory failure, requiring critical care management, is of
key importance. The assessment of calprotectin and other
biomarkers, in combination with other clinical data might
be helpful for fast triage, timely allocation and effective care
of COVID-19 patients.
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