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Dear Editor, 

We read the recent articles by Li and colleagues and Lin and

colleagues about the role of two inflammatory biomarkers, serum

amyloid A 

1 and ferritin 

2 , in the evaluation of severity in coron-

avirus disease 2019 (COVID-19) patients. We fully agree with au-

thors that early identification of patients with a higher risk for

severity remains crucial to define an optimal strategy for the man-

agement of COVID-19 patients. 

In severe cases, the interaction of SARS-CoV-2 with the immune

system contributes to a dysfunctional immune response, which

triggers a cytokine storm that mediates widespread inflammation

and multi-organ damage, major cause of disease severity and death

in infected patients 3 , 4 . Higher levels of inflammatory biomarkers in

blood, such as C-reactive protein (CRP), ferritin and d -dimer, have

been reported as predictors of a poor outcome in COVID-19 pa-

tients 5 . The role of biomarkers associated to inflammation other

than those above mentioned, such as calprotectin or growth differ-

entiation factor 15 (GDF-15), is less known. 

The association of inflammation and calprotectin and GDF-15

has been previously reported 

6-8 . During inflammatory response,

neutrophils and monocytes quickly arrive to the site of inflamma-

tion. The heterodimeric protein S100A8/A9, named as calprotectin,

is an alarmin mainly derived by both cell types which play a crit-

ical role in inflammatory response, exerting its functions by bind-

ing to two patterns recognition receptors: Toll-like receptor and

Receptor of Advanced Glycation Endproducts and activating pro-

inflammatory signaling pathways leading to further recruitment

and activation of immune cells 6 . Infection-induced inflammation is

one of the main triggers that leads to calprotectin liberation 

8 . In a

recent study, calprotectin levels were significantly higher in COVID-

19 patients who required mechanical ventilation, similarly to CRP 9 .

GDF-15 is a member of the Tumor Growth Factor-beta (TGF- β)

family, primarily expressed under conditions of inflammation and

oxidative stress. Recently, an experimental study showed a novel

function of GDF-15 in the promotion of lung human rhinovirus and

virus-associated inflammation, contributing to the severity of res-

piratory viral infection 

10 . 

In the present observational study, we aimed to explore a po-

tential role of calprotectin and GDF-15 for prediction of in-hospital

mortality in a cohort of COVID-19 patients admitted to Santa Lucia

University Hospital (Cartagena, Spain). 
https://doi.org/10.1016/j.jinf.2020.08.010 
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From March 14th to April 12th, 66 consecutive patients were

dmitted to our hospital by confirmed SARS-CoV-2 infection.

OVID-19 was confirmed either by a positive result of real–time

everse transcriptase-polymerase chain reaction (RT-PCR) testing

f a nasopharyngeal swab specimen or by positive result of

erological testing and a clinically compatible presentation. Pa-

ients were followed until discharge or death. In all patients, a

lood sample was collected in the Emergency Department (ED)

or measurement of inflammatory biomarkers, including CRP, fer-

itin, calprotectin, GDF-15 and d -dimer. Serum calprotectin levels

ere measured by a particle enhanced turbidimetric immunoassay

PETIA) (GentianAS, Norway) in a Cobas c502 instrument (Roche

iagnostics, Mannheim, Germany) and serum GDF-15 levels by

lectrochemiluminescent immunoassay, in a Cobas e602 analyzer

Roche Diagnostics, Mannheim, Germany), according to manufac-

urers ́recommendations. 

To analyze the data, firstly we compared the crude values of

iomarkers in both patient groups (those who died during admis-

ion versus those discharged alive) by means of a Mann-Whitney

est. Then, we built a binary logistic regression analysis being

n-hospital mortality the dependent variable and SOFA score as

nique covariate. This model showed a discrimination capacity

qual to 0.964. We obtained the estimated individual probability of

he occurrence of in-hospital mortality for each patient and then

e weighted each value of the panel of circulating biomarkers

ith that probability obtained from the logistic regression model

inverse probability weighting [IPW]). We further compared val-

es between groups by applying the IPW method. The discrimi-

ation ability for those biomarkers that showed a significant IPW-

djusted p-value was evaluated by Receiver Operating Characteris-

ic (ROC) curve analysis (Hanley&Mc Neil method). We finally used

 binary non-adjusted logistic regression model for the prediction

f in-hospital mortality entering each biomarker dichotomized ac-

ording to the optimal threshold maximizing the Youden index.

he p -values < 0.05 were considered statistically significant. Soft-

are package SPSS version 20 (SPSS Inc., Chicago, USA) was used

or statistical analyses. 

In our cohort, the mortality rate was 12.1% (8/66). Median time

rom symptoms onset to ED admission was 7 (5–10) days. Table 1

hows the differences in demographics and comorbidities between

urvivors and non-survivors. 

Table 2 shows the circulating biomarker levels in both groups.

otably, all inflammatory biomarkers evaluated in the present

tudy (serum calprotectin, GDF-15, CRP, ferritin and plasma d -
eserved. 

https://doi.org/10.1016/j.jinf.2020.08.010
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Table 1 

Baseline characteristics of COVID-19 patients on admission. 

Total 

n = 66 

Survivors 

n = 58 

Non-survivors 

n = 8 

p -value 

Age, years 61 (16) 60 (16) 74 (9) 0.013 

Gender, male 43 (65.2) 35 (57.7%) 8 (67.7%) 0.027 

Comorbidities 

Hypertension 31 (47.0) 23 (39.7) 8 (100) 0.001 

Diabetes mellitus 18 (27.3) 13 (22.4) 5 (62.5) 0.017 

Non-asthma respiratory disease 5 (7.6) 4 (6.9) 1 (12.5) 0.574 

Cardiovascular disease 15 (22.7) 10 (17.2) 5 (62.5) 0.004 

Chronic kidney disease 8 (12.1) 1 (1.7) 7 (100) < 0.001 

Immunosupression 6 (9.1) 6 (10.3) 0 (0) 0.340 

SOFA score 1 (1–2) 1 (1–2) 8 (6–9) < 0.001 

Note: Data are expressed as frequency (percentage) or mean (standard deviation). 

Table 2 

Inflammatory biomarkers in patients who died during admission versus those who survived. Crude and inverse probability weighted estimation. 

Non-survivors 

( n = 8) 

Survivors 

( n = 58) 

Crude 

p- value 

IPW- 

adjusted 

p -value 1 

ROC AUC 

(CI95%; p -value) 

Youden index 

derived cutoff1 

Unadjusted OR ratio 

(CI 95%; p -value) 2 

Ferritin (ng/mL) 769 (501–1301) 360 (223–1256) 0.080 < 0.001 0.692 (0.566–0.800) 

p = 0.080 

– –

CRP (mg/dL) 19.3 (10.4–30.5) 6.0 (2.8–10.8) 0.008 < 0.001 0.791 (0.673–0.881) 

p = 0,003 

≥ 10 15.56 (1.78–136) 

p = 0,002 

D-dimer ( μg/L 

FEU) 

3465 (995–4432) 570 (404–848) 0.001 0.031 0.869 (0.763–0.939) 

p < 0.001 

≥ 936 38.11 (4.17–348) 

p < 0.001 

Calprotectin (mg/L) 7.1 (4.5–10.3) 3.1 (1.9–4.4) 0.005 < 0.001 0.801 (0.691–0.894) 

P = 0.001 

≥ 3.9 13.30 (1.53–116) 

p = 0.004 

GDF-15 (ng/L) 9448 (6462–17,707) 2590 (1886–4811) < 0.001 < 0.001 0.892 (0.792–0.955) 

P < 0.001 

≥ 7789 40.50 (6.09–270) 

p < 0.001 

AUC: Area under the curve, CI: Confidence interval, CRP: C-reactive protein, OR: Odd ratio, ROC: Receiver operating characteristic. 

Biomarker levels are expressed as median (interquartile range). 
1 Weighted by inverse probability of dying during admission (obtained from a propensity score model using SOFA scale as covariate, C statistic of the model 0.964, 

95% CI: 0.919–1). 
2 For the calculation the Youden index derived cutoffs for each of the biomarkers were used. 
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imer) showed significant differences between patients who

ied and those who survived after adjustment by the SOFA

core by means of the IPW method. Calprotectin levels corre-

ated positively with ferritin ( r = 0.359; p = 0.003), CRP ( r = 0.686;

 < 0.001), GDF-15 ( r = 0.441; p < 0.001) and d -dimer ( r = 0.330;

 = 0.007), whilst GDF-15 levels correlated positively with fer-

itin ( r = 0.334; p = 0.006), CRP ( r = 0.527; p < 0.001) and d -dimer

 r = 0.260; p = 0.035). Calprotectin and GDF-15 showed a good dis-

rimination capacity (see Table 2 ), as assessed by the analysis of

he AUC of ROC curve for in-hospital mortality, similar to both

 -dimer and CRP but numerically higher than ferritin ( Table 2 ).

able 2 shows the unadjusted odds ratio for each of the studied

iomarkers stratified by a cut off obtained by means of the Youden

ndex for the prediction of in-hospital mortality. 

We have shown that circulating levels of two emerging in-

ammatory biomarkers, calprotectin and GDF-15, are significantly

igher in COVID-19 patients who died, suggesting a potential role

n the evaluation of prognosis in these patients. Our study is the

rst, to our knowledge, exploring a potential prognostic value of

oth in COVID-19 patients. 

This early report has some limitations, namely the small sam-

le size. Hence, we did not perform multivariable analysis, due to

he small number of included patients and outcomes. However, the

PW method allowed us to adjust for the SOFA score, that was

hown to be a powerful predictor of mortality. The aim was not

o generate a predictive model, but rather to explore the potential

ole of these novel biomarkers. 
Our findings suggest that calprotectin and GDF-15 might have a

otential role in the assessment of prognosis in COVID-19 patients.
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