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ABSTRACT
Introduction: Coronavirus disease 2019 (COVID-19) is an infectious disease caused by severe acute 
respiratory syndrome coronavirus 2 (SARS-CoV-2) infection. Although demographic and clinical para-
meters such as sex, age, comorbidities, genetic background and various biomarkers have been identi-
fied as risk factors, there is an unmet need to predict the risk and onset of severe inflammatory disease 
leading to poor clinical outcomes. In addition, very few mechanistic biomarkers are available to inform 
targeted treatment of severe (auto)-inflammatory conditions associated with COVID-19. Calprotectin, 
also known as S100A8/S100A9, MRP8/14 (Myeloid-Related Protein) or L1, is a heterodimer involved in 
neutrophil-related inflammatory processes. In COVID-19 patients, calprotectin levels were reported to 
be associated with poor clinical outcomes such as significantly reduced survival time, especially in 
patients with severe pulmonary disease.
Areas covered: Pubmed was searched using the following keywords: Calprotectin + COVID19, S100A8/ 
A9 + COVID19, S100A8 + COVID-19, S100A9 + COVID-19, MRP8/14 + COVID19; L1 + COVID-19 between 
May 2020 and 8 March 2021. The results summarized in this review provide supporting evidence and 
propose future directions that define calprotectin as an important biomarker in COVID-19.
Expert opinion: Calprotectin represents a promising serological biomarker for the risk assessment of 
COVID-19 patients.
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1. Introduction

Coronavirus disease 2019 (COVID-19) is an infectious disease 
caused by exposure to the severe acute respiratory syndrome 
coronavirus 2 (SARS-CoV-2). First identified in December 2019 
in Wuhan, Hubei, China, SARS-CoV-2 is one of 7 coronaviruses 
that can cause respiratory disease in humans. There are four 
subgroups of these viruses (alpha, beta, gamma, and delta) 
including SARS-CoV and Middle East respiratory syndrome 
CoV (MERS-CoV), which caused an outbreak of severe acute 
respiratory syndrome in 2002–2003 and 2012 respectively [1]. 
However, the world-wide case and fatality rates of the pre-
vious coronavirus outbreaks were associated with compara-
tively milder disease than that experienced in the current 
world-wide SARS-CoV2 pandemic. As of March 2021, more 
than115 million cases have been reported around 250 coun-
tries and while the vast majority of people have recovered, 
over2.5 million have died (https://coronavirus.jhu.edu) [2].

Common symptoms of COVID-19 include fever, cough, fati-
gue, shortness of breath, and loss of taste and smell [3,4]. 
Besides the pulmonary symptoms, several extrapulmonary 
symptoms have been reported in patients with COVID-19 
including but not limited to diarrhea [5], nausea, and abdom-
inal pain [6,7]. Recently, Lamers and colleagues provided evi-
dence that SARS-CoV-2 not only interacts with the airway but 
also with human gut enterocytes which possibly explains the 
gastrointestinal symptoms observed in a portion of COVID-19 

patients. In more detail, these interactions are mediated via 
highly expressed angiotensin converting enzyme 2 (ACE2) on 
differentiated enterocytes [8]. The interval from documented 
SARS-CoV2 exposure to onset of COVID-19 symptoms is typi-
cally 3–7 days but may range from 2 to 14 days [9]. A higher 
risk of more severe disease is associated with viral load [10], 
increased age and the presence of certain comorbidities such 
as diabetes, hypertension and obesity [11]. About 80% of 
cases have mild symptoms, about 15% may require hospitali-
zation, and about 5% are classified as critically ill, possibly 
associated with a ‘cytokine storm’ and acute respiratory dis-
tress syndrome (ARDS), multi-organ failure, and septic shock 
[3,4,12]. However, more recent studies indicate that the ‘cyto-
kine storm’ in COVID-19 is different from hemophagocytic 
lymphohistiocytosis (HLH) and macrophage activation syn-
drome (MAS) [13,14] which can be associated with autoim-
mune conditions such as systemic lupus erythematosus (SLE) 
[13–16]. Treatment of COVID-19 is largely supportive, although 
multiple treatment options are evolving as an understanding 
of the natural history of the SARS-CoV-2 virus and COVID-19 
increases [17,18].

In order to estimate the risk of complications in COVID-19 
patients, a number of risk scores have been developed and 
compared [19–21]. The sequential organ failure assessment 
score (SOFA score) or a modified version thereof (qSOFA) [19], 
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previously known as the sepsis-related organ failure assess-
ment score is frequently used for the assessment of COVID-19. 
Another risk score is the COVID-GRAM score [22] which is 
available online (http://118.126.104.170/). Other scores 
include, but are not limited to COVID severity index, 
A-DROP, National Early Warning Score 2 (NEWS2), CURB-65, 
systolic blood pressure, multi-lobar chest radiography invol-
vement, albumin level, respiratory rate, tachycardia, confu-
sion, oxygenation, and arterial pH (SMART-COP) and 
Pneumonia Severity Index (PSI). Although SOFA is an inde-
pendent predictor for extended ventilation [23] additional 
prognostic factors and biomarkers are desired. Clinically, one 
of the glaring unmet needs are biomarkers that can predict 
sudden and unexpected clinical deterioration and disease 
severity [24].

Several studies have evaluated biomarkers that can help 
predict severe complications in COVID-19 patients including 
but not limited to virus load [10], interleukin (IL)-6 [25], 
D-dimer [26], C-reactive protein (CRP) [27], lactate dehydro-
genase (LDH) [27], ferritin [27], serum amyloid A (SAA) [28,29] 
as well as components of the complement pathways [30,31] 
and others [32] (Table 1). Interestingly, combining biomarkers 
can increase the predictive value for COVID-19 outcomes [20]. 
It has been reported that the ratio of IL-6 to IL-10 linked to 
a 5-point linear score (Dublin-Boston score) informed prog-
nosis by helping to determine when to revise care, such as 
mechanical ventilation, or determine considerations for thera-
pies and clinical outcomes in hospitalized COVID-19 patients 
[21]. Along these lines, and as discussed in more detail below 
there is mounting evidence that a neutrophil mediated inflam-
matory protein called calprotectin might represent a strong 
candidate biomarker that can aid in risk stratification [33–37].

2. Link between COVID-19 and autoimmunity

Several studies have linked COVID-19 with autoimmune con-
ditions [54] such as anti-phospholipid syndrome [55–60], 
Guillain-Barré [61–65] and Miller Fisher syndromes [66,67] 
(reviewed in [68]). In addition, some patients with COVID-19 
develop signs and symptoms that are also observed in certain 
autoimmune conditions [54,69–73], but the number of 
patients reported to date tend to be small, lack immunoassay 
details and contemporaneous non-COVID-19 respiratory dis-
ease controls. A recent study reported autoantibodies to 

cytokines as a marker for disease severity in COVID-19 [74], 
which has interest because of previous associations of anti- 
cytokine antibodies to infectious disease susceptibility and 
outcomes. In addition, there is increasing evidence that sev-
eral drugs, such as IL-6 antagonists, that have been used in 
patients with HLH, MAS and other autoimmune/autoinflam-
matory conditions were beneficial in COVID-19 [75–88]. 
Interestingly, autoimmune disease patients treated with anti- 
TNF alpha inhibitors do not show increased risk of COVID-19 
infection or more severe disease cause [89]. Along those line, 
there is preliminary evidence of the usefulness of anti-C5 
blocking monoclonal antibody (eculizumab) in COVID-19 
which represents a standard treatment for some autoinflam-
matory disorders such as hemolytic uremic syndrome (HUS), 
thrombotic thrombocytopenic purpura or catastrophic 
APS [90].

3. Relevance of neutrophil extracellular traps in 
COVID-19

It is well-established that neutrophil extracellular traps (NETs) 
can mediate inflammation-associated lung damage, thrombo-
sis, and fibrosis [91–93]. Consequently, to shed more light on 
the potential involvement of NETs in COVID-19, several studies 
have been initiated [94]. Further evidence came from a recent 
study that investigated postmortem lung specimens from four 
COVID-19 patients and four patients who died from a COVID- 
19-unrelated cause [91]. NETs were observed in the lungs of 
each COVID-19 patient, especially in the airway compartment 
and neutrophil-rich inflammatory areas of the interstitium. In 
addition, NET-primed neutrophils were present in arteriolar 
microthrombi. Preliminary data indicate that SARS-CoV-2 can 
activate NETosis in human neutrophils, potentially due to 
increased levels of intracellular Reactive Oxygen Species 
(ROS) [95]. Besides thrombosis, NETosis has also been asso-
ciated with ST-elevated myocardial infarction (STEMI) in 
COVID-19 disease [96]. All these data point to a crucial role 
of NET formation leading to severe pulmonary complications 
of COVID-19. Based on the growing evidence about the invol-
vement of NETs in the pathogenesis of COVID-19, NET inhibi-
tors have been proposed and are being studied as a feasible 
way to prevent coronary thrombosis in patients with severe 
COVID-19 disease [95–98]. Several intervention trials are cur-
rently recruiting with a diversity of study designs and outcome 
measures. For example, nebulized dornase alfa, a common 
cystic fibrosis medication, is currently undergoing trials for 
COVID-19 treatment [99,100]. Its proposed protective effect 
relates to its clearance of neutrophil extracellular traps, 
which play a pathogenic role in SARS-CoV-2 infection [101]. 
Preliminary data also indicates that dornase alfa is effective in 
limiting the in vitro infection of green cell lines by SARS-CoV-2 
(see also below under treatment) [99].

4. Calprotectin

Calprotectin a heterodimer composed of S100A8 and S100A9 
proteins (also called myeloid related proteins (MRP) 8/14), 
belongs to the S100 family of calcium-binding proteins 
whose levels are increased in patients with various 

Article highlights

● Calprotectin a heterodimer composed of S100A8 and S100A9 (or 
MRP8/14) represents a promising marker for disease severity in 
COVID-19 patients

● In independent studies, circulating calprotectin levels were associated 
with increased risk for mechanical ventilation/intensive care unit 
requirement, multi-organ failure as well as COVID-19 related death

● Circulating Calprotectin assays are available in certain geographies 
which allows testing of patients in the management of COVID-19

● Circulating Calprotectin might represent a novel companion or com-
plementary diagnostic marker for management of COVID-19 severity. 
Studies are needed to evaluate the value.
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inflammatory and autoimmune conditions [102–104]. 
Calprotectin is particularly abundant in the cytoplasm of neu-
trophils and is expressed on the membrane of monocytes and 
has been recognized as a valid functional biomarker of inflam-
mation as it is involved in recruiting inflammatory cells upon 
interacting with endothelial cells [5]. Fecal calprotectin repre-
sents a reliable biomarker in the context of inflammatory 
bowel disease [105], which might gain additional value during 
the COVID-19 pandemic [106,107]. Further, elevated fecal cal-
protectin has been studied in COVID-19 [107–109] where it is 
associated with intestinal inflammation [110]. Although these 
observations are intriguing, this review focuses on the mea-
surement of calprotectin in blood matrices (serum, plasma).

4.1. Measurement in blood

Although fecal calprotectin measurement represents a well – 
established and reliable biomarker in the diagnosis of inflam-
matory bowel disease, the role of serum (blood/plasma/circu-
lating) calprotectin in the pathogenesis of diseases is less 
established. Recently, it has gained increasing attention 
because it may be a novel biomarker of (auto)inflammatory 
disorders such as rheumatoid arthritis [102,103,111–117], psor-
iatic arthritis [117,118], and systemic lupus erythematosus 
[102,119–123]. It has been reported that calprotectin measure-
ment in blood-derived matrices could be affected by preana-
lytical factors such as sample type, collection and storage 
conditions (temperature), and the presence and type (if any) 
of anticoagulant used; all potentially leading to inconsistent 
measurement of calprotectin levels [124–127]. In different 

clinical studies, calprotectin has been measured either in 
plasma or in serum as interchangeable sample matrix despite 
lacking consensus. Although it is widely known that neutro-
phils are highly labile in-vitro (calprotectin is a major compo-
nent of these cells) and platelet activation and coagulation 
may induce release of intracellular calprotectin into the extra-
cellular medium, pre-analytical sample processing of serum 
calprotectin has not been thoroughly studied. According to 
Rammes et al. [128], monocytes release calprotectin after 
activation of protein kinase C (PKC), an enzyme that requires 
calcium ions for activation. Ethylenediaminetetraacetic acid 
(EDTA), which inhibits coagulation by binding calcium, 
reduces PKC availability and consequently calprotectin derived 
from monocytes. Clark et al. showed that the activation of 
platelets via Toll-Like receptor 4 during coagulation induces 
neutrophils to bind platelets with the activation and produc-
tion of NETs [129]. In the 1990’s, Dale showed that serum 
calprotectin levels were about twofold increased in plasma, 
which was attributed to its release from cells activated during 
in-vitro coagulation [125]. Dale also reported that calprotectin 
levels showed very small changes in plasma when blood was 
collected in EDTA, acid citrate dextrose, and acid phosphate 
dextrose [125]. Despite both citrate and EDTA being calcium 
chelators that inhibit the coagulation process, EDTA plasma 
was found to have more reliable quantification of calprotectin 
levels. According to Pedersen et al., higher calprotectin levels 
were found in lithium heparin and serum samples compared 
to EDTA plasma when stored at high temperatures. In line 
with these observations, Nordal et al. [126] reported that 
calprotectin levels measured in EDTA plasma were lower 

Table 1. Overview of potential risk biomarkers for COVID-19.

Group Marker Reference
Level of 
Evidence Comments

Hemostasis D-dimer [20,26,38–41] High Heart involvement
Acute phase 

reactant
Procalcitonin [39,42–44] Moderate

Ferritin [27,35,76] Moderate Marker of HLH, MAS
CRP [26,27,44] High Low specificity, in combination with diagnosis of COVID-19 (currently) 

strongly predictive
Cytokine IL-6 [21,25,44] Moderate Associated with ‘cytokine storm’ in COVID-19
COVID-19 related 

markers
Anti-SARS-CoV-2 antibodies 

(isotypes)
[45,46] Limited Ratio between isotypes might indicate severity; IgA might play important 

role in COVID-19 severity
Viral load in RT-PCR [10] Moderate Long turn-around time

Inflammatory 
protein

Amphoterin, HMGB1 [34,47] Limited Released during NETosis, also discussed as therapeutic target
Calprotectin, S100A8/S100A9, 

MRP8/14
[33,37] Limited More global/specific indicator of PMN and monocyte activation

Autoantibodies Anti-phospholipid antibodies [56,59,60] Limited Controversial findings; further studies required
Complement 

system
Complement activation [48] Limited SC5b-9 and C5a

Serum protein Serum amyloid A (SAA) [28,29,49] Evolving Might be useful in cases which have low CRP levels; potentially combined 
with IL-6

Fibrinogen (Fib) [50] Moderate Potentially combined with Albumin in ratio
Albumin (Alb) [41,50] High Potentially combined with Fibrinogen in ratio

Cardiac biomarkers Cardiac troponin I (cTn1) [43,51,52] Moderate Might predict death related to myocardial injury
Liver enzyme Lactate dehydrogenase (LDH) [41,53] High Routinely used

Alanine aminotransferase 
(ALT)

[41,53] High Routinely used 
ALT might have the highest value among liver markers

Aspartate aminotransferase 
(AST)

[41,53] High Routinely used

Abbreviations: CRP, C-reactive protein; HMGB1, high mobility group protein B1; HLH, hemophagocytic lymphohistiocytosis; IL, interleukin; MAS, macrophage 
activation syndrome; RT-PCR, real time primer chain reaction. 
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compared to serum and concluded that calprotectin measure-
ments are most reliable in EDTA plasma. Van Hoovels et al. 
[124], also reported lower calprotectin levels in EDTA plasma 
compared to serum, confirming that blood calprotectin levels 
were matrix dependent with higher values in serum as com-
pared to plasma. Most recently, we performed additional pre- 
analytic studies related to the measurement of circulating 
calprotectin in serum/plasma. Our data is consistent in terms 
of time sensitivity of processing after blood draw. In addition, 
our data showed that Citrate plasma might represent 
a reliable matrix for the measurement of circulating calprotec-
tin [130]. Other pre-analytical factors can impact the test result 
for markers of inflammation such as cytokines [131], and also 
calprotectin [35]. For example, heavy exercise can lead to 
transient inflammation and increases in IL-6 and calprotectin 
levels [132]. Consequently, additional studies of pre-analytical 
parameters are warranted to define the specimen require-
ments for accurate and reliable measurement of circulating 
calprotectin. Based on the current knowledge, this will likely 
lead to a limitation for certain sample types (e.g. serum) and/ 
or the definition of matrix specific cutoff values. As reviewed 
below, several studies have established a correlation between 
calprotectin and disease severity of COVID-19.

4.2. Calprotectin as risk marker for COVID-19

In order to summarize the current knowledge on circulating 
calprotectin as a marker for disease severity in COVID-19 
patients, PubMed was searched using the following key-
words: Calprotectin + COVID19, S100A8/A9 + COVID19, 
S100A8 + COVID-19, S100A9 + COVID-19, MRP8/14 
+ COVID19; L1 + COVID-19. No publication time or language 
restrictions were applied. A total of twelve studies were 
identified that analyzed blood calprotectin (either serologi-
cally measured or via gene-expression analysis) in the con-
text of COVID-19 severity (Table 2). Due to the relatively low 
number of studies (related to the recent onset of the pan-
demic) we have not attempted a systematic literature 
review and/or meta-analysis and present the information 
below as a narrative review. This is in contrast to a recent 
review article that provides preliminary meta data on circu-
lating and fecal calprotectin [133]. Both approaches can be 
regarded as synergistic.

In the most comprehensive study of calprotectin in COVID- 
19 to date, Silvin et al. used a discovery approach to define 
signatures that were associated with disease severity in 
COVID-19 patients [33]. In this study of severe cases, high- 
dimensional flow cytometry and single-cell RNA sequencing of 
COVID-19 patient’s peripheral blood cells detected disappear-
ance of non-classical (CD14LowCD16High) monocytes, accu-
mulation of HLA-DR, low classical monocytes (Human 
Leukocyte Antigen – DR isotype), and release of massive 
amounts of calprotectin (S100A8/S100A9). Calprotectin levels 
were positively correlated with neutrophil count (r = 0.62), 
fibrinogen (0.76), D-dimer (r = 0.64) and disease severity 
(p < 0.001). Immature (CD10LowCD101-CXCR4+/) neutrophils 
with an immunosuppressive profile accumulated in the blood 
and lungs, suggesting emergency myelopoiesis. Finally, they 

reported that plasma levels of calprotectin and a routine flow 
cytometry assay detecting decreased frequencies of non- 
classical monocytes could discriminate patients who develop 
a severe form of COVID-19, suggesting a predictive value that 
deserves prospective evaluation. Calprotectin levels showed 
excellent discrimination between controls and mild cases vs. 
moderate and severe cases with an AUC of 0.959 derived from 
ROC analysis.

In another recent study by Chen et al. [34] comparing 
the results from 40 COVID-19 patients admitted to the ICU 
with 81 in general wards, significant discrimination of cal-
protectin levels was observed using ROC with an AUC of 
0.875 and a sensitivity and specificity of 83.3% and 83.5%, 
respectively. In the same study, the AUC for death vs. 
survivor was 0.860 with a sensitivity and specificity of 
85.0% and 82.7%, respectively. Kaplan-Meier analysis 
showed a significant difference between individuals with 
high levels of calprotectin (cutoff 6195 ng/mL) vs. those 
with low levels. The resulting COVID-19 hazard ratio (HR) 
was 13.32 (p < 0.0001) and significantly higher compared to 
the COVID-GRAM score (HR 4.81, p < 0.0001). Calprotectin 
levels were significantly correlated with both, the COVID- 
GRAM (r = 0.47, p < 0.001) and qSOFA (r = 0.50, p < 0.001) 
sores.

In a small series of patients, de Guadiana Romualdo 
et al. [37] reported significant differences in calprotectin 
levels in COVID-19 survivors (3.1 µg/mL, 1.9–4.4 mg/mL) 
vs. non-survivors (7.1 mg/mL, 4.5–10.3 µg/mL) (adjusted 
p < 0.001). The corresponding AUC and odds ratio were 
0.801 (95% CI 0.691–0.894), and 13.30 (95% CI 1.53–116) 
respectively. The results were compared to other risk 
markers such as ferritin, C-reactive protein, D-dimer 
and GDF-15. Although the OR were higher for CRP 
(15.56, 95% CI 1.78–136), D-dimer (38.11, 95% CI 4.17–-
348) and GDF-15 (a member of the Tumor Growth 
Factor-beta family) (40.50, 95% CI 6.09–270) all 95% CI 
intervals significantly overlapped.

Shi et al. [35], studied 172 COVID-19 patients, 60 of 
which required mechanical ventilation and compared 
those to 47 healthy individuals. The ROC analysis showed 
good discrimination between COVID-19 patients and con-
trols for calprotectin (AUC = 0.794) which was significantly 
higher when compared to LDH (AUC = 0.699), CRP 
(AUC = 0.614) and ferritin (AUC = 0.562). In addition, Shi 
et al. compared changes of circulating calprotectin levels 
among three groups: worsening, stable and improving clin-
ical conditions (by oxygenation). Patients with 
a deteriorating clinical condition demonstrated increasing 
levels of serum calprotectin while stable or improving indi-
viduals had no significant change in circulating calprotectin 
levels.

In a more recent study, the gene expression in COVID-19 
patients was studied in 48 subjects including 28 COVID-19 
patients (8 severe/critical vs. 20 mild/moderate cases) and 
age/sex-matched 20 healthy controls [36]. Among the most 
highly increased inflammatory mediators in severe/critically ill 
patients, S100A9 (calprotectin component), an alarmin and 
toll-like receptor (TLR) 4 ligand, was found as a notable bio-
marker, because it inversely correlated with the serum 
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albumin levels. It was also observed that recombinant S2 and 
nucleocapsid proteins of SARS-CoV-2 significantly increased 
pro-inflammatory cytokines/chemokines and S100A9 in 
human primary peripheral blood mononuclear cells (PBMCs). 
These data supported a link between TLR4 signaling and 
pathological inflammation during COVID-19 and may be 
used to inform therapeutic approaches through targeting 
TLR4-mediated pathways.

A more recent study on calprotectin by Wu et al. [145] 
describes S100A9 as being highly upregulated in lung tissue 
of individuals that died from COVID-19. In addition to S100A9, 
several other members of the S100 protein family were also 
overexpressed. Interestingly, all of the patients had low viral 
load indicating that the cause of death is related to the 
hyperinflammatory process rather than to the virus itself. 
Another key observation of the study is that IL-6 was not 
highly expressed in the lung of severe COVID-19 cases which 
is in keeping with lack of effectiveness of IL-6 inhibition in late- 
stage COVID-19 pneumonia.

Shu et al. conducted a proteomic approach on plasma 
samples to identify biomarkers associated with COVID-19 
pathogenesis using 160 samples from 40 fatal, 40 severe and 
40 mild cases as well as 40 healthy controls [136]. The study 
utilized a discovery and validation cohort and machine learn-
ing to evaluate the clinical and pathogenic importance of 
proteins identified. The final validation using ELISA assays, 
confirmed calprotectin levels as being significantly increased 
in severe vs. mild cases. Especially the combination of S100A9 
with CRP and cholesterol ester transfer protein (CETP) showed 
excellent discrimination between severe and non-severe 
COVID-19 patients.

Shaath et al. [137] employed iterative clustering and guide- 
gene selection 2 (ICGS2) as well as uniform manifold approx-
imation and projection (UMAP) dimensionality reduction com-
putational algorithms to decipher the complex immune and 
cellular composition of bronchoalveolar lavage (BAL), using 
publicly available datasets from a total of 68,873 single cells 
derived from two healthy subjects, three patients with mild, 
and five patients with severe COVID-19. The data revealed the 
presence of neutrophils and macrophage cluster-1 as 
a hallmark of severe COVID-19. Among the identified gene 
signatures of the neutrophil cluster, S100A8 was identified 
among others. Transcriptome data from a cohort of COVID-19- 
derived peripheral blood mononuclear cells (PBMCs) validated 
the data from BAL from patients with severe and mild COVID- 
19 (including S100A8).

In one of the smallest series of patients studied for 
calprotectin levels, Bauer et al. [138] compared 
Calprotectin levels in 19 COVID-19 patients based on 
ICU requirement, multi-organ failure (MOF) after 
72 hours (in alignment with SOFA assessment), MOF in 
total as well as 90-day mortality. Calprotectin levels were 
determined in serum samples using a turbidimetric assay 
in addition to standard of care biomarkers for COVID-19 
(lactate CRP, PCT). High calprotectin levels were asso-
ciated with MOF after 72 hours as well MOF in general 
with AUC values of 0.87 (95% CI 0.63–1.00) and 0.91 
(95% CI 0.77–1.00), respectively. Although the AUC 

values for calprotectin were higher compared to most 
other markers, due to the small number of patients, 
differences were not significant (strongly overlapping 
95% CI). However, the data strongly supports the value 
of calprotectin as biomarker for risk stratification, in 
particular with regard to subsequent MOF. Indeed, mea-
surement of calprotectin might add to the biomarker 
repertoire in the emergency department or ICU since it 
seems to perform better than traditional markers such as 
lactate, CRP and PCT. Compared to CRP and PCT, calpro-
tectin might add value in early management of COVID- 
19 patients.

Abers et al. described a immune based-biomarker signature 
that is associated with mortality in COVID-19 patients [139]. The 
authors used multiplex testing using serum or plasma samples. 
Out of 66 biomarkers tested, circulating calprotectin was one of 
the few markers that remained significantly associated with 
mortality after full adjustments in multi-variate models.

Kaya et al. conducted a study to compare individuals hos-
pitalized but not referred to the ICU (n = 38) with critical 
patients in the ICU setting (n = 42). Calprotectin levels were 
determined in serum using an ELISA system. The calprotectin 
levels in ICU patients were higher compared to the non-ICU 
group (p = 0.031).

Very compelling data were derived from comprehensive 
single-cell immune landscape mapping using samples from 
171 COVID-19 patients. Virus RNA was found in epithelial 
and immune cells leading to systemic upregulation of 
calprotectin potentially contributing to the mechanisms 
observed in severe COVID-19 patients. This data might 
indicated that calprotectin can function as a mechanistic 
biomarker and fit into the concept of precision medi-
cine [135].

Although the data reported for circulating calprotec-
tin in COVID-19 patients is promising, some limitations 
of the studies have to pointed out. One limitation that is 
common for most studies is the relatively small number 
of cases and the imbalance among the comparator 
groups. For example, the study by de Guadiana 
Romualdo et al. included 58 survivors and only 8 non- 
survivors. In addition, the endpoints of the studies are 
heterogenous (see Table 2). Lastly, different assays have 
been applied to measure calprotectin levels and no 
commutability data is available, especially around the 
decision point .

4.3. Calprotectin levels for monitoring and cutoff

Only one study utilized longitudinally collected samples to explore 
the utility for monitoring. Although this study provided promising 
data, several limitations were observed (including samples size, 
time difference between sequential samples etc.) [35]. In addition, 
the cutoff value needs to be established. It is very likely that 
different thresholds provide the best performance depending on 
the clinical scenario (e.g., prediction of severity or mortality). In 
addition, as pointed out above, different cutoff values might be 
required for different sample types (i.e., serum vs. plasma).
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4.4. Calprotectin and other biomarkers

Calprotectin levels showed significant correlation with several 
other biomarkers of inflammation including, but not limited 
to, IL-6 [33,34], CRP [34,35], neutrophil count [33] as well as 
other markers of disease severity such as D-dimer [33,34] 
(Table 1, Table 3). In addition, other members of the S100 
protein family might correlate/overlap with calprotectin levels 
[136,140]. Future studies using multivariate analyses are 
needed to identify independent predictors of severe disease 
and to define the best combination of markers to aid in the 
risk stratification and management of COVID-19 cases.

5. Treatment

Although it is of value to be able to predict complications in 
patients with COVID-19 (such as with any other disease), it 
is of utmost importance to have actionable biomarkers. 
Calprotectin levels have been shown to predict treatment 
responses in patients with RA [111], especially patients trea-
ted with TNF-alpha inhibitors who showed different treat-
ment effects when stratified according to the calprotectin 
levels [111]. In addition, several biological disease modifying 
anti-rheumatic drugs currently used in RA have shown ben-
efits in patients affected with COVID-19 [18,141,142]. Using 
biomarker prediction models that include calprotectin 
levels, could open new precision medicine approaches in 
COVID-19 (Figure 1). Efforts are underway to study whether 
anti-TNF alpha therapy is effective in COVID-19 (CATALYST, 
ISRCTN40580903) [143,144]. Such trials should ideally 
include testing for calprotectin levels. In addition, consider-
ing that calprotectin levels are significantly elevated in more 
severe COVID-19 combined with the promising outcomes in 

treating inflammatory diseases with using S100A8/S100A9 
inhibitors (e.g. quinoline-3-carboxamide compounds) 
[145,146], might represent a promising strategy for treating 
severe or critically ill COVID-19 cases. Several other treat-
ments have been proposed based on biological roles of 
calprotectin. One of them, alpha-1-antitrypsin (AAT) repre-
sents an established treatment for AAT deficiency which is 
manifest in lung damage. A recent paper outlines several 
reasons why AAT might be an effective treatment in COVID- 
19 including (among others) the inhibitory effect of AAT on 
neutrophil elastase [147,148]. Consequently, several clinical 
trials have been approved to study the efficacy of AAT in 
COVID-19 related lung disease. Lastly, in murine models of 
autoimmune disorders, the direct or indirect blockade of 
S100A8 or S100A9 exerted a beneficial effect (reviewed 
in [103]).

6. Conclusion

In conclusion, evidence to date has suggested that calprotectin is 
a potentially valuable addition to biomarker panels to assess the 
risk of disease severity in COVID-19. The link of calprotectin to the 
inflammatory pathway might open new opportunities to 
improve the management and outcomes of COVID-19. It has 
yet to be clarified if other variables such viral load, SARS-CoV2 
antibodies, the use of corticosteroids, anti-coagulants (i.e., low 
dose heparin) or biologics (i.e., tocilizumab, anakinra) could affect 
neutrophil function and circulating calprotectin levels. Additional 
studies are required to elucidate these issues. However, the 
notion that different targeted approaches [34,35,37] and discov-
ery research [33,136,145]) indicate that calprotectin represents an 
intriguing and promising biomarker for COVID-19 severity.

Figure 1. Potential application of Calprotectin measurement in precision medicine model for severe lung disease in COVID-19. Confirmed COVID-19 with high 
baseline calprotectin levels might require close follow-up of lung function and potentially are candidates for early interventions to reduce cytokine imbalance.
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7. Expert opinion

The research discussed in this review article provides further 
insights into the pathogenesis of COVID-19 and risk biomar-
kers. In addition, the compiled data serves as a call to 
facilitate additional clinical trials, regulatory submission 
(and approvals) as well as clinical adoption of circulating 
calprotectin levels in the management of COVID-19 patients. 
The desired outcome is to benefit healthcare utilization, 
health economics as well as patient morbidity and mortality. 
Considering the mounting evidence of circulating calprotec-
tin as risk marker for COVID-19 severity, it is conceivable 
that calprotectin might become part of risk stratification 
panel combined with, for example, CRP, PCT, D-dimer, IL-6, 
and/or ferritin. This approach is intended to be evidence- 
based. First, several independent discovery studies with 
thousands of analyzed expressed genes identified calprotec-
tin as one or the strongest predictors of COVID-19 severity. 
In addition, several validation cohorts and different methods 
for the measurement of circulating calprotectin were used. 
However, additional studies are warranted to better define 
the potential role of calprotectin as part of a risk panel and 
to define how many days prior to the onset of severe 
complications this biomarker is detectable. Data derived 
from RA indicate that elevated calprotectin levels are 
detected before clinical escalation, a feature which also 
needs to be extended in COVID-19. In this context, long-
itudinal evaluation will also provide valuable insights into 
the utility of measuring circulating calprotectin as 
a potential monitoring parameter that objectively informs 
the pathogenesis of the disease. In addition to clinical stu-
dies, pre-analytical aspects are of utmost importance when 
measuring calprotectin levels. Although some pre-analytical 
studies have been conducted and published [124,127,130], 
larger studies that address all aspects of sample processing 
(including blood draw, hold time as well as shipping simu-
lation studies) are warranted. All these studies will be crucial 
in defining the intended clinical use of calprotectin mea-
surements. The long-term utility of calprotectin as a marker 
for autoinflammation causing multi-organ failure goes far 
beyond COVID-19 as several other diseases are mediated 
via similar mechanisms. Lastly, the implication for evidence- 
based treatment selection is less clear and could benefit 
from retrospective analysis of ongoing or completed clinical 
trials using bio-banked serum or plasma samples. Examples 
for such clinical trials include but are not limited to trials on 
TNF-alpha, IL-6, C5 (complement), dornase alpha or JAK 
inhibitors. If calprotectin levels predict treatment response 

in COVID-19 as demonstrated in RA, calprotectin might be 
considered as a companion or complementary diagnostic 
test, where the regulatory requirements differ significantly. 
While for companion diagnostics, the biomarker must 
appear in the drug labeling and therefore has to be 
included in early phases of the clinical trials, for comple-
mentary diagnostic tests, this is not a requirement. From 
our viewpoint it is conceivable that circulating calprotectin 
will be used clinically to assess a number of autoinflamma-
tory conditions. Although speculative, calprotectin might be 
considered as the CRP of autoinflammation as it is primarily 
released from neutrophils (not from the liver) and therefore 
more closely linked to the autoinflammatory process. The 
role of calprotectin testing in COVID-19 is somewhat 
unsettled because much is to be learned on the effective-
ness of vaccines and the impact of herd-immunity as the 
spread of the virus and COVID-19 becomes endemic [148]. 
However, knowing that there have been previous outbreaks 
of coronavirus, it is likely that new viruses will emerge, and 
some might also trigger such autoinflammatory reactions. 
To translate the promising data into clinical practice, regu-
latory hurdles need to be overcome which strongly depend 
on the geography and target markets. While in the US, 
emergency use authorizations (EUA) are used by the FDA 
to allow clinical applications, in other geographies the CE- 
mark still allows for self-declaration depending on the 
indented use of the proposed product. Close collaborations 
between clinical sites, regulatory agencies and diagnostic 
companies are need to advance circulating calprotectin 
from bench to bedside.
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Table 3. Correlation of calprotectin with other biomarkers in COVID-19 patients.

Study
Neutrophil 

count D-dimer IL-6 CRP

Chen et al. 
[34]

N/R 0.51 
p < 0.001

p < 0.0001 N/R

Shi et al. 
[35]

0.50 
p < 0.0001

N/R N/R 0.44 
p < 0.0001

Silvin 
et al. 
[33]

0.62 
p = 2.8 e10

0.64 
p = 1.7 e7

0.43 
p = 0.00013

N/R

Abbreviations: N/R = not reported 

EXPERT REVIEW OF CLINICAL IMMUNOLOGY 9



Declaration of interest
Michael Mahler is an employee of the Research department of Inova 
Diagnostics, a diagnostic company commercializing diagnostic assays 
(holds no stocks or equity in the company). Marvin J. Fritzler is 
a consultant to Inova Diagnostics. Pier Luigi Meroni has been 
a consultant to Inova Diagnostic in the past. Maria Infantino has been 
providing webinars on Circulating Calprotectin on behalf of Inova 
Diagnostics. The authors have no other relevant affiliations or financial 
involvement with any organization or entity with a financial interest in or 
financial conflict with the subject matter or materials discussed in the 
manuscript apart from those disclosed.

Reviewer disclosures
Peer reviewers on this manuscript have no relevant financial or other 
relationships to disclose.

ORCID
Marvin J. Fritzler http://orcid.org/0000-0003-1652-6608

References

Papers of special note have been highlighted as either of interest (•) or of 
considerable interest (••) to readers.

1. Yan Y, Chang L, Wang L. Laboratory testing of SARS-CoV, 
MERS-CoV, and SARS-CoV-2 (2019-nCoV): current status, chal-
lenges, and countermeasures. Rev Med Virol. 2020;30(3):e2106.

2. Dong E, Du H, Gardner L. An interactive web-based dashboard to 
track COVID-19 in real time. Lancet Infect Dis. 2020;20(5):533–534.

3. Grant MC, Geoghegan L, Arbyn M, et al. The prevalence of symp-
toms in 24,410 adults infected by the novel coronavirus (SARS-CoV- 
2; COVID-19): a systematic review and meta-analysis of 148 studies 
from 9 countries. PLoS One. 2020;15(6):e0234765.

4. Wu Z, McGoogan JM. Characteristics of and Important Lessons From 
the Coronavirus Disease 2019 (COVID-19) Outbreak in China: sum-
mary of a Report of 72 314 Cases From the Chinese Center for Disease 
Control and Prevention. Jama. 2020;323(13):1239.

5. Perisetti A, Gajendran M, Goyal H. Putative Mechanisms of Diarrhea 
in COVID-19. Clin Gastroenterol Hepatol. 2020;18(13):3054–3055.

6. Perisetti A, Gajendran M, Mann R, et al. extrapulmonary illness - 
special gastrointestinal and hepatic considerations. Dis Mon. 
2020;66(9):101064.

7. Perisetti A, Gajendran M, Boregowda U, et al. and gastrointestinal 
endoscopies: current insights and emergent strategies. Dig Endosc. 
2020;32(5):715–722.

8. Lamers MM, Beumer J, Van Der Vaart J, et al. SARS-CoV-2 productively 
infects human gut enterocytes. Science. 2020;369(6499):50–54.

9. Lauer SA, Grantz KH, Bi Q, et al. The Incubation Period of Coronavirus 
Disease 2019 (COVID-19) From Publicly Reported Confirmed Cases: 
estimation and Application. Ann Intern Med. 2020;172(9):577–582.

10. Chen X, Zhao B, Qu Y, et al. Detectable serum SARS-CoV-2 viral load 
(RNAaemia) is closely correlated with drastically elevated interleu-
kin 6 (IL-6) level in critically ill COVID-19 patients. Clin Infect Dis. 
2020 Nov 5;71(8):1937-1942. doi: 10.1093/cid/ciaa449.

11. Ye C, Zhang S, Zhang X, et al. Impact of comorbidities on patients 
with COVID-19: a large retrospective study in Zhejiang, China. 
J Med Virol. 2020;92(11):2821–2829.

12. Ye Q, Wang B, Mao J. The pathogenesis and treatment of the 
`Cytokine Storm’ in COVID-19. J Infect. 2020;80(6):607–613.

13. Monneret G, Benlyamani I, Gossez M, et al. COVID-19: what type of 
cytokine storm are we dealing with? J Med Virol. 2021 Jan;93 
(1):197-198. doi: 10.1002/jmv.26317. Epub 2020 Jul 27

14. Sinha P, Matthay MA, Calfee CS. Is a “Cytokine Storm” Relevant to 
COVID-19? JAMA Intern Med. 2020;180(9):1152.

15. Bhaskar S, Sinha A, Banach M, et al. Cytokine Storm in COVID-19- 
Immunopathological Mechanisms, Clinical Considerations, and 

Therapeutic Approaches: the REPROGRAM Consortium Position 
Paper. Front Immunol. 2020;11:1648.

16. Caricchio R, Gallucci M, Dass C, et al. Preliminary predictive 
criteria for COVID-19 cytokine storm. Ann Rheum Dis. 2020;80 
(1):88–95.

17. Tang Y, Liu J, Zhang D, et al. Cytokine Storm in COVID-19: the Current 
Evidence and Treatment Strategies. Front Immunol. 2020;11:1708.

18. Alunno A, Najm A, Machado PM, et al. EULAR points to consider on 
pathophysiology and use of immunomodulatory therapies in 
COVID-19. Ann Rheum Dis. 2021;annrheumdis-2020-219724. 
DOI:10.1136/annrheumdis-2020-219724

19. Fan G, Tu C, Zhou F, et al. Comparison of severity scores for 
COVID-19 patients with pneumonia: a retrospective study. Eur 
Respir J. 2020;56(3):3.

20. Xu R, Cui J, Hu L, et al. Development and validation of a simplified 
nomogram predicting individual critical illness of risk in COVID-19: 
a retrospective study. J Med Virol. 2021 Apr;93(4):1999-2009. doi:  
10.1002/jmv.26551. Epub 2020 Oct 14.

21. McElvaney OJ, Hobbs BD, Qiao D, et al. A linear prognostic score 
based on the ratio of interleukin-6 to interleukin-10 predicts out-
comes in COVID-19. EBioMedicine. 2020;61:103026.

22. Liang W, Liang H, Ou L, et al. Development and Validation of a Clinical 
Risk Score to Predict the Occurrence of Critical Illness in Hospitalized 
Patients With COVID-19. JAMA Intern Med. 2020;180(8):1081–1089.

23. Gamberini L, Tonetti T, Spadaro S, et al. Factors influencing libera-
tion from mechanical ventilation in coronavirus disease 2019: mul-
ticenter observational study in fifteen Italian ICUs. J Intensive Care. 
2020;8(1):80. .

24. Zhu X, Song B, Shi F, et al. Joint prediction and time estimation of 
COVID-19 developing severe symptoms using chest CT scan. Med 
Image Anal. 2020;67:101824.

25. Gubernatorova EO, Gorshkova EA, Polinova AI, et al. Relevance for 
immunopathology of SARS-CoV-2. Cytokine Growth Factor Rev. 
2020;53:13–24.

26. Dujardin RWG, Hilderink BN, Haksteen WE, et al. Biomarkers for the 
prediction of venous thromboembolism in critically ill COVID-19 
patients. Thromb Res. 2020;196:308–312.

27. Fei F, Smith JA, Cao L. Clinical laboratory characteristics in patients 
with suspected COVID-19: one single institution experience. J Med 
Virol. 2020;93(3):1665–1671.

28. Chen M, Wu Y, Jia W, et al. The predictive value of serum amyloid 
A and C-reactive protein levels for the severity of coronavirus 
disease 2019. Am J Transl Res. 2020;12(8):4569–4575.

29. Liu Q, Dai Y, Feng M, et al. Associations between serum amyloid A, 
interleukin-6, and COVID-19: a cross-sectional study. J Clin Lab 
Anal. 2020;34(10):e23527.

30. Carvelli J, Demaria O, Vély F, et al. Association of COVID-19 
inflammation with activation of the C5a-C5aR1 axis. In: 
Nature. 2020 Dec;588(7836):146-150. doi: 10.1038/s41586- 
020-2600-6. Epub 2020 Jul 29

31. Holter JC, Pischke SE, De Boer E, et al. Systemic complement activation 
is associated with respiratory failure in COVID-19 hospitalized 
patients. Proc Natl Acad Sci U S A. 2020;117(40):25018–25025.

32. Uzzan M, Soudan D, Peoc’h K, et al. Patients with COVID-19 present 
with low plasma citrulline concentrations that associate with sys-
temic inflammation and gastrointestinal symptoms. Dig Liver Dis. 
2020;52(10):1104–1105.

33. Silvin A, Chapuis N, Dunsmore G, et al., Elevated Calprotectin and 
Abnormal Myeloid Cell Subsets Discriminate Severe from Mild 
COVID-19. Cell. 2020;182(6): 1401–1418.e18.
First large gene-expression study that identified calprotectin 
as risk marker. Also provided serological data as confirmation.

34. Chen L, Long X, Xu Q, et al., Elevated serum levels of S100A8/A9 
and HMGB1 at hospital admission are correlated with inferior 
clinical outcomes in COVID-19 patients. Cell Mol Immunol. 
2020;17(9): 992–994.
Discrimination between ICU/non-ICU and death/survival.

35. Shi H, Zuo Y, Yalavarthi S, et al. Neutrophil calprotectin identifies 
severe pulmonary disease in COVID-19. J Leukoc Biol. 2020; 109(1). 
DOI: 10.1002/JLB.3COVCRA0720-359R

10 M. MAHLER ET AL.

https://doi.org/10.1093/cid/ciaa449
https://doi.org/10.1002/jmv.26317
https://doi.org/10.1136/annrheumdis-2020-219724
https://doi.org/10.1002/jmv.26551
https://doi.org/10.1002/jmv.26551
https://doi.org/10.1038/s41586-020-2600-6
https://doi.org/10.1038/s41586-020-2600-6
https://doi.org/10.1002/JLB.3COVCRA0720-359R


First study to show longitudinal data on calprotectin on 
COVID-19 patients.

36. Sohn KM, Lee SG, Kim HJ, et al. COVID-19 Patients Upregulate 
Toll-like Receptor 4-mediated Inflammatory Signaling That Mimics 
Bacterial Sepsis. J Korean Med Sci. 2020;35(38):e343.

37. Luis Garcia De Guadiana R, Mdr M, Mh O, et al. Circulating levels of 
GDF-15 and calprotectin for prediction of in-hospital mortality in 
COVID-19 patients: a case series. J Infect. 2021 Feb;82(2):e40-e42. 
doi: 10.1016/j.jinf.2020.08.010. Epub 2020 Aug 12

38. Li X, Xu Z, Wang T, et al. Clinical laboratory characteristics of severe 
patients with coronavirus disease 2019 (COVID-19): a systematic 
review and meta-analysis. Clin Epidemiol Glob Health. 2020;9:184– 
190.

39. Shang Y, Liu T, Wei Y, et al. Scoring systems for predicting mortality 
for severe patients with COVID-19. EClinicalMedicine. 
2020;24:100426.

40. Marietta M, Coluccio V, Luppi M. COVID-19, coagulopathy and 
venous thromboembolism: more questions than answers. Intern 
Emerg Med. 2020;15(8):1375–1387.

41. Hu X, Hu C, Yang Y, et al. Clinical characteristics and risk factors for 
severity of COVID-19 outside Wuhan: a double-center retrospective 
cohort study of 213 cases in Hunan, China. Ther Adv Respir Dis. 
2020;14:1753466620963035.

42. Yuan X, Huang W, Ye B, et al. Changes of hematological and 
immunological parameters in COVID-19 patients. Int J Hematol. 
2020;112(4):553–559. .

43. Huang C, Wang Y, Li X, et al. Clinical features of patients infected 
with 2019 novel coronavirus in Wuhan, China. Lancet. 2020;395 
(10223):497–506.

44. Mudatsir M, Fajar JK, Wulandari L, et al. Predictors of COVID-19 
severity: a systematic review and meta-analysis. F1000Res. 2020;9 
(1107):1107.

45. Yager EJ. Antibody-dependent enhancement and COVID-19: mov-
ing toward acquittal. Clin Immunol. 2020;53:108496.

46. Shen L, Wang C, Zhao J, et al. Delayed specific IgM antibody 
responses observed among COVID-19 patients with severe 
progression. Emerg Microbes Infect. 2020;9(1):1096–1101.

47. Andersson U, Ottestad W, Tracey KJ. Extracellular HMGB1: 
a therapeutic target in severe pulmonary inflammation including 
COVID-19? Mol Med. 2020;26(1):42.

48. Cugno M, Meroni PL, Gualtierotti R, et al. Complement activation in 
patients with COVID-19: a novel therapeutic target. J Allergy Clin 
Immunol. 2020;146(1):215–217.

49. Shi F, Wu T, Zhu X, et al. Association of viral load with serum 
biomakers among COVID-19 cases. Virology. 2020;546:122–126.

50. Yang R, Gui X, Ke H, et al. The indicative role of markers for liver 
injury on the severity and prognosis of coronavirus disease 2019 
patients. Eur J Gastroenterol Hepatol. 2020. DOI:10.1097/ 
MEG.0000000000001968

51. Majure DT, Gruberg L, Saba SG, et al. Usefulness of Elevated 
Troponin to Predict Death in Patients With COVID-19 and 
Myocardial Injury. Am J Cardiol. 2020;138:100–106.

52. Manocha KK, Kirzner J, Ying X, et al. Troponin and Other Biomarker 
Levels and Outcomes Among Patients Hospitalized with COVID-19: 
derivation and Validation of the HA(2)T(2) COVID-19 Mortality Risk 
Score. J Am Heart Assoc. 2020;e018477.

53. Chaibi S, Boussier J, Hajj WE, et al. Liver function test abnormalities 
are associated with a poorer prognosis in Covid-19 patients: results 
of a French cohort. Clin Res Hepatol Gastroenterol. 2020;101556. 
DOI:10.1016/j.clinre.2020.10.002

54. Pascolini S, Vannini A, Deleonardi G, et al. COVID-19 and immuno-
logical dysregulation: can autoantibodies be useful? Clin Transl Sci. 
2020. DOI:10.1111/cts.12908

55. Harzallah I, Debliquis A, Drenou B. Lupus anticoagulant is frequent in 
patients with Covid-19: response to Reply. In J Thromb Haemost. 2021 
Mar 16;10(6):e018477. doi: 10.1161/JAHA.120.018477. Epub 2020 Oct 
30.

56. Bowles L, Platton S, Yartey N, et al. Lupus Anticoagulant and 
Abnormal Coagulation Tests in Patients with Covid-19. N Engl 
J Med. 2020;383(3):288–290.

57. Quintana-Díaz M, Andrés-Esteban EM, Ramírez-Cervantes KL, 
et al. An Efficient Measure for Predicting the Prognosis and 
Clinical Management of Patients with COVID-19. J Clin Med. 
2020;9(11):11.

58. Zhang Y, Xiao M, Zhang S, et al. Coagulopathy and 
Antiphospholipid Antibodies in Patients with Covid-19. N Engl 
J Med. 2020;382(17):e38.

59. Zuo Y, Estes SK, Ali RA, et al. Prothrombotic autoantibodies in 
serum from patients hospitalized with COVID-19. Sci Transl Med. 
2020;12(570):570. .

60. Borghi MO, Beltagy A, Garrafa E, et al. Anti-Phospholipid Antibodies 
in COVID-19 Are Different From Those Detectable in the 
Anti-Phospholipid Syndrome. Front Immunol. 2020;11:584241.

61. Pelea T, Reuter U, Schmidt C, et al. SARS-CoV-2 associated 
Guillain-Barre syndrome. J Neurol. 2020. DOI:10.1007/s00415-020- 
10133-w

62. Caress JB, Castoro RJ, Simmons Z, et al. COVID-19-Associated 
Guillain-Barre Syndrome: the Early Pandemic Experience. In: 
Muscle Nerve. 2020;62(4):485-491.

63. Helbok R, Beer R, Loscher W, et al. Guillain-Barre syndrome in 
a patient with antibodies against SARS-COV-2. Eur J Neurol. 
2020;27(9):1754–1756.

64. Dalakas MC. Guillain-Barre syndrome: the first documented 
COVID-19-triggered autoimmune neurologic disease: more to 
come with myositis in the offing. Neurol Neuroimmunol 
Neuroinflamm. 2020;7(5):5.

65. Shah S, Danda D, Kavadichanda C, et al. Autoimmune and rheu-
matic musculoskeletal diseases as a consequence of SARS-CoV-2 
infection and its treatment. Rheumatol Int. 2020;40(10):1539–1554.

66. Senel M, Abu-Rumeileh S, Michel D, et al. Miller-Fisher syndrome 
after COVID-19: neurochemical markers as an early sign of nervous 
system involvement. Eur J Neurol. 2020;27(11):2378–2380. .

67. Gutiérrez-Ortiz C, Méndez-Guerrero A, Rodrigo-Rey S, et al. Miller 
Fisher syndrome and polyneuritis cranialis in COVID-19. Neurology. 
2020;95(5):e601–e605.

68. Rodríguez Y, Novelli L, Rojas M, et al. Autoinflammatory and auto-
immune conditions at the crossroad of COVID-19. J Autoimmun. 
2020;114:102506.

69. Guilmot A, Maldonado Slootjes S, Sellimi A, et al. Immune- 
mediated neurological syndromes in SARS-CoV-2-infected 
patients. J Neurol. 2020;268(3):751–757. .

70. Lamb JA, Megremis S, Chinoy H. Response to: ‘Similarities and 
differences between severe COVID-19 pneumonia and anti-MDA-5 
positive dermatomyositis associated rapidly progressive interstitial 
lung diseases: a challenge for the future’ by Wang et al.. Ann 
Rheum Dis. 2020;annrheumdis-2020-218712. DOI:10.1136/ 
annrheumdis-2020-218712

71. Vlachoyiannopoulos PG, Magira E, Alexopoulos H, et al. 
Autoantibodies related to systemic autoimmune rheumatic dis-
eases in severely ill patients with COVID-19. Ann Rheum Dis. 
2020;79(12):1661–1663.

72. Ehrenfeld M, Tincani A, Andreoli L, et al. Covid-19 and 
autoimmunity. Autoimmun Rev. 2020;19(8):102597.

73. Ciaffi J, Meliconi R, Ruscitti P, et al. Rheumatic manifestations of 
COVID-19: a systematic review and meta-analysis. BMC Rheumatol. 
2020;4(1):65.

74. Bastard P, Rosen LB, Zhang Q, et al. Auto-antibodies against type 
I IFNs in patients with life-threatening COVID-19. Science. 2020;370 
(6515):eabd4585. .

75. Miao Y, Fan L, Li JY. Potential Treatments for COVID-19 Related 
Cytokine Storm - Beyond Corticosteroids. Front Immunol. 
2020;11:1445.

76. Conrozier T, Lohse A, Balblanc JC, et al. Biomarker variation in 
patients successfully treated with tocilizumab for severe corona-
virus disease 2019 (COVID-19): results of a multidisciplinary 
collaboration. Clin Exp Rheumatol. 2020;38(4):742–747.

77. Figuero-Perez L, Olivares-Hernandez A, Escala-Cornejo RA, et al. 
Anakinra as a potential alternative in the treatment of severe 
acute respiratory infection associated with SARS-CoV-2 refrac-
tory to tocilizumab. In Reumatol Clin. 2020;17:S1699-258X(20) 

EXPERT REVIEW OF CLINICAL IMMUNOLOGY 11

https://doi.org/10.1016/j.jinf.2020.08.010
https://doi.org/10.1097/MEG.0000000000001968
https://doi.org/10.1097/MEG.0000000000001968
https://doi.org/10.1016/j.clinre.2020.10.002
https://doi.org/10.1111/cts.12908
https://doi.org/10.1161/JAHA.120.018477
https://doi.org/10.1007/s00415-020-10133-w
https://doi.org/10.1007/s00415-020-10133-w
https://doi.org/10.1136/annrheumdis-2020-218712
https://doi.org/10.1136/annrheumdis-2020-218712


30142-X. doi: 10.1016/j.reuma.2020.06.003. Online ahead of 
print

78. Crisafulli S, Isgro V, La Corte L, et al. Potential Role of 
Anti-interleukin (IL)-6 Drugs in the Treatment of COVID-19: ratio-
nale, Clinical Evidence and Risks. BioDrugs. 2020;34(4):415–422.

79. Madenidou AV, Bukhari M. Real-life experience of tocilizumab use 
in COVID-19 patients. Rheumatology (Oxford). 2020;59 
(8):2163–2166.

80. Melody M, Nelson J, Hastings J, et al. Case report: use of lenzilumab 
and tocilizumab for the treatment of coronavirus disease. 
Immunotherapy. 2020Oct;12(15):1121-1126.

81. Atal S, Fatima Z. IL-6 Inhibitors in the Treatment of Serious 
COVID-19: a Promising Therapy? Pharmaceut Med. 2020;34 
(4):223–231.

82. Rilinger J, Kern WV, Duerschmied D, et al. A prospective, rando-
mised, double blind placebo-controlled trial to evaluate the effi-
cacy and safety of tocilizumab in patients with severe COVID-19 
pneumonia (TOC-COVID): a structured summary of a study protocol 
for a randomised controlled trial. Trials. 2020;21(1):470.

83. Maes B, Bosteels C, De Leeuw E, et al. Treatment of severely ill 
COVID-19 patients with anti-interleukin drugs (COV-AID): 
a structured summary of a study protocol for a randomised con-
trolled trial. Trials. 2020;21(1):468.

84. Campochiaro C, Della-Torre E, Cavalli G, et al. Efficacy and safety of 
tocilizumab in severe COVID-19 patients: a single-centre retrospec-
tive cohort study. Eur J Intern Med. 2020;76:43–49.

85. Chakraborty C, Sharma AR, Bhattacharya M, et al. Consider IL-6 recep-
tor antagonist for the therapy of cytokine storm syndrome in 
SARS-CoV-2 infected patients. J Med Virol. 2020;92(11):2260–2262.

86. Campins L, Boixeda R, Perez-Cordon L, et al. Early tocilizumab 
treatment could improve survival among COVID-19 patients. Clin 
Exp Rheumatol. 2020;38(3):578.

87. Hassoun A, Thottacherry ED, Muklewicz J, et al. Utilizing tocilizu-
mab for the treatment of cytokine release syndrome in COVID-19. 
J Clin Virol. 2020;128:104443.

88. Levi M. Tocilizumab for severe COVID-19: a promising intervention 
affecting inflammation and coagulation. Eur J Intern Med. 
2020;76:21–22.

89. Okeke F, Mone A, Swaminath A. The Course of SARS-COV2 
Infection Was Not Severe in a Crohn’s Patient Who Administered 
Maintenance Anti-TNF Therapy Overlapping the Early Pre- 
Symptomatic Period of Infection. Antibodies (Basel). 2020;9(3):3.

90. Jodele S, Tackling KJ. COVID-19 infection through 
complement-targeted immunotherapy. Br J Pharmacol. 2020. 
DOI:10.1111/bph.15187

91. Radermecker C, Detrembleur N, Guiot J, et al. Neutrophil extracel-
lular traps infiltrate the lung airway, interstitial, and vascular com-
partments in severe COVID-19. J Exp Med. 2020;217(12):12. .

92. Yaqinuddin A, Kashir J. Novel therapeutic targets for SARS-CoV 
-2-induced acute lung injury: targeting a potential IL-1β/neutrophil 
extracellular traps feedback loop. Med Hypotheses. 
2020;143:109906.

93. Zuo Y, Zuo M, Yalavarthi S, et al. Neutrophil extracellular traps and 
thrombosis in COVID-19. J Thromb Thrombolysis. 2021;51 
(2):446–453.

94. Skendros P, Mitsios A, Chrysanthopoulou A, et al. Complement and 
tissue factor-enriched neutrophil extracellular traps are key drivers 
in COVID-19 immunothrombosis. J Clin Invest. 2020;130 
(11):6151–6157.

95. Arcanjo A, Logullo J, Menezes CCB, et al. The emerging role of 
neutrophil extracellular traps in severe acute respiratory syndrome 
coronavirus 2 (COVID-19). Sci Rep. 2020;10(1):19630.

96. Blasco A, Coronado MJ, Hernandez-Terciado F, et al. Assessment of 
Neutrophil Extracellular Traps in Coronary Thrombus of a Case 
Series of Patients With COVID-19 and Myocardial Infarction. In 
JAMA Cardiol. 2020;29:e207308. doi: 10.1001/jamacar-
dio.2020.7308. Online ahead of print. PMID: 33372956

97. Borges L, Pithon-Curi TC, Curi R, et al. and Neutrophils: the 
Relationship between Hyperinflammation and Neutrophil 
Extracellular Traps. Mediators Inflamm. 2020;8829674:2020.

98. Strich JR, Ramos-Benitez MJ, Randazzo D, et al. Fostamatinib 
Inhibits Neutrophils Extracellular Traps Induced by COVID-19 
Patient Plasma: a Potential Therapeutic. J Infect Dis. 2020. 
DOI:10.1093/infdis/jiaa789

99. Earhart AP, Holliday ZM, Hofmann HV, et al. Consideration of 
dornase alfa for the treatment of severe COVID-19 acute respiratory 
distress syndrome. New Microbes New Infect. 2020;35:100689.

100. Weber AG, Chau AS, Egeblad M, et al. Nebulized in-line endotra-
cheal dornase alfa and albuterol administered to mechanically 
ventilated COVID-19 patients: a case series. Mol Med. 2020;26(1):91.

101. Okur HK, Yalcin K, Tastan C et al. Preliminary report of in vitro and 
in vivo effectiveness of dornase alfa on SARS-CoV-2 infection. New 
Microbes New Infect, 37, 100756 (2020).

102. Romand X, Bernardy C, Nguyen MVC, et al. Systemic calprotectin 
and chronic inflammatory rheumatic diseases. Joint Bone Spine. 
2019;86(6):691–698.

103. Ometto F, Friso L, Astorri D, et al. Calprotectin in rheumatic 
diseases. Exp Biol Med (Maywood). 2017;242(8):859–873.

104. Austermann J, Zenker S, Roth J. S100-alarmins: potential therapeu-
tic targets for arthritis. Expert Opin Ther Targets. 2017;21 
(7):739–751.

105. Bertani L, Mumolo MG, Tapete G, et al. Fecal calprotectin: current 
and future perspectives for inflammatory bowel disease treatment. 
Eur J Gastroenterol Hepatol. 2020;32(9):1091–1098.

106. D’Amico F, Netter P, Baumann C, et al. Setting up a Virtual 
Calprotectin Clinic in Inflammatory Bowel Diseases: literature 
Review and Nancy Experience. J Clin Med. 2020;9(9):2697.

107. Mago S, Vaziri H, Tadros M. The utility of fecal calprotectin in the 
era of COVID-19 pandemic. In Gastroenterology. 2020;18:S0016- 
5085(20)30678-8. doi: 10.1053/j.gastro.2020.05.045. Online ahead 
of print

108. Younes, C. Fecal calprotectin and RT-PCR from both nasopharyn-
geal swab and stool samples prior to treatment decision in IBD 
patients during CoVID-19 outbreak. Dig Liver Dis 2020;52(11):1230.  
10.1016/j.dld.2020.05.039. Epub 2020 May 29

109. Britton GJ, Chen-Liaw A, Cossarini F, et al. SARS-CoV-2-specific IgA 
and limited inflammatory cytokines are present in the stool of 
select patients with acute COVID-19. In medRxiv. 2020. 
2020.09.03.20183947. doi: 10.1101/2020.09.03.20183947.Preprint

110. Effenberger M, Grabherr F, Mayr L, et al. Faecal calprotectin indi-
cates intestinal inflammation in COVID-19. Gut. 2020;69 
(8):1543–1544.

111. Choi IY, Gerlag DM, Herenius MJ, et al. MRP8/14 serum levels as 
a strong predictor of response to biological treatments in 
patients with rheumatoid arthritis. Ann Rheum Dis. 2015;74 
(3):499–505.

112. Bae SC, Lee YH. Calprotectin levels in rheumatoid arthritis and their 
correlation with disease activity: a meta-analysis. Postgrad Med. 
2017;129(5):531–537.

113. Nielsen UB, Bruhn LV, Ellingsen T, et al. Calprotectin in patients 
with chronic rheumatoid arthritis correlates with disease activity 
and responsiveness to methotrexate. Scand J Clin Lab Invest. 
2018;78(1–2):62–67.

114. Wang Q, Chen W, Lin J. The Role of Calprotectin in Rheumatoid 
Arthritis. J Transl Int Med. 2019;7(4):126–131.

115. Wang Y, Liang Y. Clinical significance of serum calprotectin level for 
the disease activity in active rheumatoid arthritis with normal 
C-reactive protein. Int J Clin Exp Pathol. 2019;12(3):1009–1014.

116. Aghdashi MA, Seyedmardani S, Ghasemi S, et al. Evaluation of 
Serum Calprotectin Level and Disease Activity in Patients with 
Rheumatoid Arthritis. Curr Rheumatol Rev. 2019;15(4):316–320.

117. Jarlborg M, Courvoisier DS, Lamacchia C, et al. Serum calprotectin: 
a promising biomarker in rheumatoid arthritis and axial 
spondyloarthritis. Arthritis Res Ther. 2020;22(1):105.

118. Sakellariou G, Lombardi G, Vitolo B, et al. Serum calprotectin as 
a marker of ultrasound-detected synovitis in early psoriatic and 
rheumatoid arthritis: results from a cross-sectional retrospective 
study. Clin Exp Rheumatol. 2019;37(3):429–436.

119. Tyden H, Lood C, Gullstrand B, et al. Increased serum levels of 
S100A8/A9 and S100A12 are associated with cardiovascular disease 

12 M. MAHLER ET AL.

https://doi.org/10.1016/j.reuma.2020.06.003
https://doi.org/10.1111/bph.15187
https://doi.org/10.1001/jamacardio.2020.7308
https://doi.org/10.1001/jamacardio.2020.7308
https://doi.org/10.1093/infdis/jiaa789
https://doi.org/10.1053/j.gastro.2020.05.045
https://doi.org/10.1016/j.dld.2020.05.039
https://doi.org/10.1016/j.dld.2020.05.039
https://doi.org/10.1101/2020.09.03.20183947.Preprint


in patients with inactive systemic lupus erythematosus. 
Rheumatology (Oxford). 2013;52(11):2048–2055.

120. Kopec-Medrek M, Widuchowska M, Kucharz EJ. Calprotectin in 
rheumatic diseases: a review. Reumatologia. 2016;54(6):306–309.

121. Pruenster M, Vogl T, Roth J, et al. S100A8/A9: from basic science to 
clinical application. Pharmacol Ther. 2016;167:120–131.

122. Tyden H, Lood C, Gullstrand B, et al. Pro-inflammatory S100 pro-
teins are associated with glomerulonephritis and anti-dsDNA anti-
bodies in systemic lupus erythematosus. Lupus. 2017;26 
(2):139–149.

123. Sumova B, Cerezo LA, Szczukova L, et al. Circulating S100 
proteins effectively discriminate SLE patients from healthy con-
trols: a cross-sectional study. Rheumatol Int. 2019;39 
(3):469–478.

124. Van Hoovels L, Vander Cruyssen B, Bogaert L, et al. Pre-analytical 
and analytical confounders of serum calprotectin as a biomarker in 
rheumatoid arthritis. Clin Chem Lab Med. 2019;58(1):40–49.

125. Dale I. Plasma levels of the calcium-binding L1 leukocyte protein: 
standardization of blood collection and evaluation of reference inter-
vals in healthy controls. Scand J Clin Lab Invest. 1990;50(8):837–841.

126. Nordal HH, Fagerhol MK, Halse AK, et al. Calprotectin (S100A8/A9) 
should preferably be measured in EDTA-plasma; results from 
a longitudinal study of patients with rheumatoid arthritis. Scand 
J Clin Lab Invest. 2018;78(1–2):102–108.

127. Pedersen L, Birkemose E, Gils C, et al. Storage Conditions Affect 
Calprotectin Measurements in Blood. The Journal of Applied 
Laboratory Medicine. 2019;2(6):851–856.

128. Rammes A, Roth J, Goebeler M, et al. Myeloid-related protein (MRP) 
8 and MRP14, calcium-binding proteins of the S100 family, are 
secreted by activated monocytes via a novel, tubulin-dependent 
pathway. J Biol Chem. 1997;272(14):9496–9502.

129. Clark SR, Ma AC, Tavener SA, et al. Platelet TLR4 activates neutro-
phil extracellular traps to ensnare bacteria in septic blood. Nat 
Med. 2007;13(4):463–469.

130. Infantino M, Manfredi M, Albesa R, et al. Critical role of pre-analytical 
aspects for the measurement of circulating calprotectin in serum or 
plasma as a biomarker for neutrophil-related inflammation. Clin Chem 
Lab Med. 2021;0. DOI:10.1515/cclm-2021-0172

131. Simpson S, Kaislasuo J, Guller S, et al. Thermal stability of cytokines: 
a review. Cytokine. 2020;125(154829):154829.

132. Niemelä M, Niemelä O, Bloigu R, et al. a Marker of Neutrophil 
Activation, and Other Mediators of Inflammation in Response to 
Various Types of Extreme Physical Exertion in Healthy Volunteers. 
J Inflamm Res. 2020;13(223–231):223–231.

133. Udeh R, Advani S, De Guadiana Romualdo LG, et al. Calprotectin, an 
Emerging Biomarker of Interest in COVID-19: a Systematic Review 
and Meta-Analysis. J Clin Med. 2021;10(4):4.

134. Kaya T, Yaylacı S, Nalbant A, et al. Serum calprotectin as a novel 
biomarker for severity of COVID-19 disease. Ir J Med Sci. 2021;1-6.

135. Ren X, Wen W, Fan X, et al. COVID-19 immune features revealed by 
a large-scale single-cell transcriptome atlas. Cell. 2021. 
DOI:10.1016/j.cell.2021.01.053
Evidence that SARS-CoV-2 RNA upregulates calprotectin in 
immune cells which provides direct mechanism to COVID-19 
pathogenesis.

136. Shu T, Ning W, Wu D, et al. Plasma Proteomics Identify Biomarkers and 
Pathogenesis of COVID-19. Immunity. 2020;53(5):1108–1122.e5. .

137. Shaath H, Vishnubalaji R, Elkord E, et al. Single-Cell Transcriptome 
Analysis Highlights a Role for Neutrophils and Inflammatory 
Macrophages in the Pathogenesis of Severe COVID-19. Cells. 
2020;9(11):11.

138. Bauer W, Diehl-Wiesenecker E, Ulke J, et al. Outcome prediction by 
serum calprotectin in patients with COVID-19 in the emergency 
department. J Infect. 2020. DOI:10.1016/j.jinf.2020.11.016

139. Abers MS, Delmonte OM, Ricotta EE, et al. An immune-based 
biomarker signature is associated with mortality in COVID-19 
patients. JCI Insight. 2021;6(1):1. .

140. Aceti A, Margarucci LM, Scaramucci E, et al. Serum S100B protein 
as a marker of severity in Covid-19 patients. Sci Rep. 2020;10 
(1):18665.

141. Gianfrancesco M, Hyrich KL, Al-Adely S, et al. Characteristics 
associated with hospitalisation for COVID-19 in people with 
rheumatic disease: data from the COVID-19 Global 
Rheumatology Alliance physician-reported registry. Ann Rheum 
Dis. 2020;79(7):859–866.

142. Benucci M, Damiani A, Giannasi G, et al. Serological tests confirm the 
low incidence of COVID-19 in chronic rheumatic inflammatory dis-
eases treated with biological DMARD. Ann Rheum Dis. 2020; 
annrheumdis-2020-218214. DOI:10.1136/annrheumdis-2020-218214

143. Feldmann M, Maini RN, Woody JN, et al. Trials of anti-tumour 
necrosis factor therapy for COVID-19 are urgently needed. Lancet. 
2020;395(10234):1407–1409.

144. Gianfrancesco M, Hyrich KL, Yazdany J, et al. COVID-19 Global 
Rheumatology Alliance Registry, anti-IL-6 therapy, shared decision- 
making and patient outcomes. Response to: ‘Correspondence on 
‘Characteristics associated with hospitalisation for COVID-19 in 
people with rheumatic disease: data from the COVID-19 Global 
Rheumatology Alliance physician-reported registry’ by 
Gianfrancesco et al. Compassionate use of tocilizumab in severe 
COVID-19 with hyperinflammation prior to advent of clinical trials - 
a real-world district general hospital experience’ by Khan et al, 
‘Comment on ‘Characteristics associated with hospitalisation for 
COVID-19 in people with rheumatic disease: data from the 
COVID-19 global rheumatology alliance physician-reported registry’ 
by Gianfrancesco M et al’ by Andreica et al and ‘COVID-19 out-
comes in patients with systemic autoimmune diseases treated with 
immunomodulatory drugs’ by Ansarin et al. Ann Rheum Dis. 2020 
Aug 12:annrheumdis-2020-218713. doi: 10.1136/annrheumdis- 
2020-218713. Online ahead of print

145. Wu M, Chen Y, Xia H, et al. Transcriptional and proteomic insights 
into the host response in fatal COVID-19 cases. Proc Natl Acad Sci 
U S A. 2020;117(45):28336–28343.

146. Bengtsson AA, Sturfelt G, Lood C, et al. Pharmacokinetics, toler-
ability, and preliminary efficacy of paquinimod (ABR-215757), 
a new quinoline-3-carboxamide derivative: studies in lupus-prone 
mice and a multicenter, randomized, double-blind, 
placebo-controlled, repeat-dose, dose-ranging study in patients 
with systemic lupus erythematosus. Arthritis Rheum. 2012;64 
(5):1579–1588.

147. Bai X, Hippensteel J, Leavitt A, et al. Hypothesis: alpha-1-antitrypsin is 
a promising treatment option for COVID-19. Med Hypotheses. 
2021;146:110394.

148. Tabish SACOVID-19. pandemic: emerging perspectives and future 
trends. J Public Health Res. 2020;9(1):1786.

EXPERT REVIEW OF CLINICAL IMMUNOLOGY 13

https://doi.org/10.1515/cclm-2021-0172
https://doi.org/10.1016/j.cell.2021.01.053
https://doi.org/10.1016/j.jinf.2020.11.016
https://doi.org/10.1136/annrheumdis-2020-218214
https://doi.org/10.1136/annrheumdis-2020-218713
https://doi.org/10.1136/annrheumdis-2020-218713

	Abstract
	1.  Introduction
	2.  Link between COVID-19 and autoimmunity
	3.  Relevance of neutrophil extracellular traps in COVID-19
	4.  Calprotectin
	4.1.  Measurement in blood
	4.2.  Calprotectin as risk marker for COVID-19
	4.3.  Calprotectin levels for monitoring and cutoff
	4.4.  Calprotectin and other biomarkers

	5.  Treatment
	6.  Conclusion
	7.  Expert opinion
	Abbreviations
	Acknowledgments
	Funding
	Declaration of interest
	Reviewer disclosures
	References



