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Abstract

Background Calprotectin is an inflammatory marker mainly released by activated neutrophils that is increased in
acute severe COVID-19. After initial recovery, some patients have persistent respiratory impairment with reduced
diffusion capacity of the lungs for carbon monoxide (DLCO) months after infection. Underlying causes of this
persistent impairment are unclear. We aimed to investigate the correlation between circulating calprotectin,
persistent lung functional impairment and intensive care unit (ICU) stay after COVID-19 in two university hospital
centres in Switzerland.

Methods Calprotectin levels were measured in serum from 124 patients (50% male) from the Bern cohort (post-

ICU and non-ICU patients) and 68 (76% male) from the Lausanne cohort (only post-ICU patients) four months after
COVID-19. Calprotectin was correlated with clinical parameters. Multivariate linear regression (MLR) was performed to
evaluate the independent association of calprotectin in different models.

Results Overall, we found that post-ICU patients, compared to non-ICU, were significantly older (age 59.4+13.6
(Bern), 60.5+12.0 (Lausanne) vs. 48.8 + 13.4 years) and more obese (BMI 28.6+4.5 and 29.1£5.3 vs. 25.2+6.0 kg/

m?2, respectively). 48% of patients from Lausanne and 44% of the post-ICU Bern cohort had arterial hypertension as
a pre-existing comorbidity vs. only 10% in non-ICU patients. Four months after COVID-19 infection, DLCO was lower
in post-ICU patients (75.96 + 19.05% predicted Bern, 71.11 £ 18.50% Lausanne) compared to non-ICU (97.79+21.70%
predicted, p<0.01). The post-ICU cohort in Lausanne had similar calprotectin levels when compared to the cohort in
Bern (Bern 2.74+1.15 ug/ml, Lausanne 249+ 1.13 ug/ml vs. non-ICU 1.86+ 1.02 ug/ml; p-value <0.01). Calprotectin
correlated negatively with DLCO (r=-0.290, p < 0.001) and the forced vital capacity (FVC) (r=-0.311, p<0.001).

Conclusions Serum calprotectin is elevated in post-ICU patients in two independent cohorts and higher compared
to non-ICU patients four months after COVID-19. In addition, there is a negative correlation between calprotectin
levels and DLCO or FVC. The relationship between inflammation and lung functional impairment needs further
investigations.
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Background

After acute COVID-19 disease various symptoms can
persist. Previous coronaviruses, such as SARS and MERS
induced persistent lung impairment after acute infec-
tion as well as signs of pulmonary fibrosis [1-4]. While
severe fibrosis after COVID-19 is rare [5], lung functional
impairment is observed after 3 months and later [6-9].

Long COVID is complex and the underlying mecha-
nisms remain unclear. Clinical appearance is heterog-
enous with a wide range of possible symptoms affecting
different organ systems. The most commonly reported
symptoms include dyspnea, fatigue and cognitive impair-
ment [10-13]. In addition, long COVID can occur
regardless of the initial disease severity. There is a great
clinical variety of affected patients [14]. A comprehen-
sive review recently investigated the existing literature on
the pathophysiology of long COVID and concluded that
despite a large number of existing hypotheses to explain
persisting symptoms after acute COVID-19, the mecha-
nisms underlying long COVID remain unclear [15].

Ongoing inflammation is among the most debated
hypotheses [15]. The inflammation-hypothesis is sup-
ported by research on biomarkers [16]. Different pro-
inflammatory biomarkers have been associated with long
COVID. For example, C-reactive protein (CRP), inter-
leukin 6 (IL-6), and tumor necrosis factor alpha (TNFa)
were significantly higher in patients with persistent
symptoms after COVID-19 compared to patients that
fully recovered [16, 17].

A largely unexplored inflammatory biomarker in the
context of long COVID is calprotectin that correlated
with disease severity in acute COVID-19 and may consti-
tute a promising biomarker to predict the risk for a severe
disease course, intensive care unit (ICU) admission, intu-
bation, and mortality [18—-22]. At present, its levels and
relevance in long COVID are undetermined.

Calprotectin is the stable heterodimeric complex
of S100A8 and S100A9, which are members of the
Ca?*-binding S100 protein family, and it plays crucial
roles in multiple biological functions, most importantly
in inflammatory processes [23]. The main source of
S100A8/A9 are neutrophils and monocytes, but expres-
sion can also be found in macrophages, platelets, or cells
at the site of inflammation like epithelial cells [23, 24].
Once released, SI00A8/A9 acts as an inflammatory mod-
ulator with predominantly pro-inflammatory properties,
although anti-inflammatory properties are also known
[25]. Its major functions include the recruitment of neu-
trophils and the induction of pro-inflammatory cytokines
such as IL-1p, IL-6, IL-8, and TNF-« [25].

Fecal calprotectin is measured in clinical routine as a
marker for inflammatory bowel disease activity. More-
over, we have previously observed that patients with idio-
pathic pulmonary fibrosis (IPF) have increased serum
calprotectin levels compared to healthy individuals, indi-
cating its involvement in fibrotic interstitial lung disease
[26].

Our study aimed to investigate levels of calprotectin in
patients after severe or non-severe COVID-19 with or
without pulmonary impairment.

Methods

Swiss COVID-19 lung study cohort

The Swiss COVID-19 lung cohort is a prospective obser-
vational cohort study to investigate pulmonary and extra-
pulmonary effects following COVID-19 (Clinical Trial
identifier NCT04581135). For this sub-analysis patients
recruited in Bern and Lausanne were included.

Clinical assessment

124 patients were recruited at the University Hospital
in Bern (Inselspital, Bern, Switzerland). They were clas-
sified according to the severity of the disease into post-
ICU, if they had the severe disease condition and stayed
in ICU (with or without mechanical ventilation); and
non-ICU, if they had mild or moderate COVID-19. To
validate our results, 68 patients were included from the
University Hospital in Lausanne (CHUYV, Lausanne,
Switzerland). This validation cohort consisted only of
patients who were admitted to the ICU because of very
severe COVID-19 lung disease. Diagnosis of COVID-19,
disease management and routine follow-up were per-
formed according to national recommendations [27].
Three months after the acute illness, the patients’ history,
clinical data, laboratory, and lung functional tests were
recorded. All participants were >18 years old and signed
a written informed consent before inclusion in both cen-
tres, which was approved by the local Ethical committee
(KEK 2020-00799).

Biobank/ serum samples

Blood samples were obtained from all participants at the
first visit four months after the acute phase of the disease.
Serum was isolated and stored at -80 °C. For the calpro-
tectin analysis all serum samples were transferred to the
Department centre of laboratory medicine in the Insel-
spital (Bern).
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Calprotectin measurement

All samples were analysed in the centre of laboratory
medicine in Bern. A commercially available enzyme-
linked chemiluminescent assay (CLIA) kit for circulating
calprotectin was used (701,365, QuantaFlash, INOVA
Diagnostics, San Diego, CA) according to the manufac-
turer’s instructions.

Statistical analysis

Data is shown as mean*SD. Quantitative groups’ fea-
tures and calprotectin levels were compared by ANOVA
test for parametric variables (with Tukey HSD as post-
hoc test) or by Kruskal-Wallis Test for non-parametric
(with Pairwise Comparisons as post-hoc test, p-value
adjusted by Bonferroni correction for multiple tests). To
determine an association between categorical data, Chi-
Square Test of Association was performed. Moreover,
Spearman’s correlation (r) was performed to associate the
serum calprotectin levels and the lung function param-
eters. In addition, a multiple linear regression (MLR) was
also assessed to determine the statistical implication of
the patient’s features to the calprotectin measurement,
considering calprotectin as dependent variable and age,
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sex, BMI, lung function and comorbidities as explanatory
variables. Dataset and statistical analysis were performed
in IBM® SPSS® Statistics v28.0.1 (IBM, USA). In all cases,
statistical significance was assumed when p-value <0.05.

Results

To assess the relationship of serum calprotectin levels and
persistent pulmonary function impairment after COVID-
19, blood samples from a total of 192 post-COVID-19
patients were investigated in this study. As illustrated in
Fig. 1, participants were divided into three groups, which
were recruited at the two centres in Bern and Lausanne.
99 non-ICU patients and 25 post-ICU patients from
Bern were compared to 68 post-ICU patients from Lau-
sanne. Some of the clinical data from patients have been
included in a previous publication about lung functional
impairment 4 months after COVID-19 [6].

Post-ICU patients show greater lung impairment 4-months
after COVID-19

Clinical characteristics of all three groups are summa-
rized in Tables 1 and 2. Overall, mild-moderate COVID-
19 patients from Bern (Bern non-ICU, n=99) had equal

Non-impaired
n=71
Bern Non-ICU \ )
n=99 ( B
Impaired
n=16
Non-impaired
n=10
Total cohort Bern Post-ICU L )
n=192 n=25 )
Impaired
n=14
Non-Impaired
n=22
Lausanne Post-ICU \ )
n=68 s N
Impaired
Criteria: ICU stay* n=4>5

Fig. 1 Post-COVID-19 Flow-Chart: Bernese and Lausanne Cohorts

Impairment: DLCO < 80%
Missing data: 14

The flow chart shows patients'group selection according to their ICU stay during the initial illness and impairment defined as diffusion capacity above or

below 80% during lung functional measurement after 3 months
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Table 1 Bern and Lausanne Cohorts” Baseline Characteristics
Bern Non-ICU Bern Post-ICU Lausanne Post-ICU p-value
(n=99) (n=25) (n=68)
Age, yr. 48.84+13.40 59.35+13.60 60.52+12.02 <0.0001
Sex, M (%) 44 (44.4%) 18 (72.0%) 52 (76.5%) <0.00012°
BMI, kg/m? 25.24+594 28.65+4.55 29.19+5.33 <0.001*°
Lung impairment, (%) 16 (18.4%) 14 (58.3%) 45 (67.2%) <0.000120
DLCO, % pred. 97.79+£21.70 7596+ 19.05 71.11+£18.50 <0.00012P
FVC, % pred. 974041542 87.65+14.11 87.11+£20.96 <0.012*°
TLC, % pred. 100.98+17.79 86.70+£15.07 82.91+£18.85 0.0012°
Desaturation index, % 3.84+5.19 5.17+3.80 6.86+3.93 <0.039*°

2Bern Non-ICU vs. Bern Post ICU
bBern Non-ICU vs. Lausanne Post-ICU
“Bern Post-ICU vs. Lausanne Post-ICU

Abbreviation: BMI: Body mass index; DLCO: diffusing capacity for carbon monoxide; FVC: Forced vital capacity; ICU: Intensive care unit; ILD: Interstitial lung disease;

TLC: Total lung capacity

Table 2 Pre-existing Comorbidities

Bern Non-ICU Bern Lausanne
(n=99) Post-ICU Post-ICU
(n=25) (n=68)

Asthma 4 (14.1%) 1 (4.0%) 10 (14.9%)
ILD 1(1.0%) 2 (8.0%) 0 (0.0%)
copPD 0 (0.0%) 0 (0.0%) 2 (3.0%)
Cor. Art. Disease 5(5.1%) 2 (8.0%) 3 (4.5%)
Art. Hypertension 0(10.2%) 11 (44.0%) 32 (47.8%)
Heart failure 1 (1.0%) 2 (8.3%) 5(7.5%)
Pulm. Embolism 1 (1.0%) 3(12.0%) 1(1.5%)

Abbreviation: COPD: Chronic obstructive pulmonary disease; ICU: Intensive
care unit; ILD: Interstitial lung disease

numbers of males (44.4%) and females, with an aver-
age age of 48.84 (+13.40) years and a close to normal
BMI of 25.24 (+5.94) kg/m? In contrast, patients in the
post-ICU groups were predominantly males (72.0% and
76.5%, in Bern and Lausanne, respectively) compared
with non-ICU (p<0.0001). These post-ICU groups were
significantly older (Bern=>59.35 yrs, Lausanne=60.52 yrs,
p<0.0001), and had a significantly higher weight (Bern
BMI 28.65 kg/m? Lausanne BMI 29.19 kg/m?, p<0.001)
compared to the non-ICU patients. Thus, the two post-
ICU groups fulfilled the described risk factors for a
severe course of COVID-19 such as male sex, advanced
age, and increased BMIL.

Lung function measurements performed 4 months
after COVID-19 showed that patients with a previous
ICU stay had reduced pulmonary function measurements
compared to non-ICU patients after four months as we
have previously reported [6]. Bern and Lausanne post-
ICU groups had reduced diffusing capacity for carbon
monoxide (DLCO=75.96% predicted and 71.11% pre-
dicted, respectively) compared to non-ICU (p<0.0001).
In addition, predicted forced vital capacity (FVC) and
total lung capacity (TLC) were also significantly lower
in Bern (FVC=87.65% predicted, TLC=86.70% pre-
dicted) and Lausanne post-ICU (FVC=87.11% predicted,

TLC=82.91% predicted) than in non-ICU (FVC=97.40%
predicted, TLC=100.98% predicted) (p<0.012, p=0.001,
respectively).

Based on their DLCO measurements, patients were
subdivided in two groups: Impaired DLCO (below 80%
predicted) or non-impaired DLCO (>=80% predicted).
We observed that the incidence of DLCO impaired
patients in the Bern (58.3%) and Lausanne post-ICU
cohort (67.2%) was greater than in the Bern non-ICU
cohort (18.4%) (p<0.0001 each). Moreover, during six-
minute walking test, post-ICU patients had a larger
transcutaneous oxygen desaturation (Bern=5.17% desat-
uration, Lausanne=6.86% desaturation) than non-ICU
patients (3.84%, p<0.039).

The most frequent pre-existing comorbidity in all the
three groups was arterial hypertension: > 40% of the par-
ticipants in the Bern and Lausanne post-ICU group and
10.2% in Bern non-ICU group, followed by asthma: 14.1%
of the participants in Bern non-ICU and 14.9% in Laus-
anne post-ICU.

Serum calprotectin levels are higher in post-ICU COVID-19
patients

Peripheral blood samples were collected at time of pulmo-
nary function testing. Serum calprotectin measurements
revealed that post-ICU patients each had significantly
higher calprotectin levels (Bern=2.74+1.15 pg/ml, Lau-
sanne=2.49+1.13 pg/ml) compared to non-ICU patients
(1.86£1.02 pg/ml, p<0.002 each, Fig. 2). Meanwhile,
there was no statistical difference between the two post-
ICU groups.

Furthermore, to investigate whether serum calprotec-
tin levels differed between patients with and without lung
impairment, both cohorts were classified according to the
ICU admission and the % predicted DLCO (Fig. 3). The
group of non-ICU patients without impairment had the
lowest serum calprotectin level (Fig. 3). On average, these
patients had less serum calprotectin than the post-ICU
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Fig. 2 Calprotectin in Post-COVID-19: Bern and Lausanne Cohorts
Frequencies of serum calprotectin levels (ug/ml) in the non-ICU cohort (blue) vs. the post-ICU cohorts (Bern: red, Lausanne: green)
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Fig. 3 Calprotectin and Lung Impairment in Post-COVID-19
Distributions of serum calprotectin levels (ug/ml) in non-ICU patients vs. post-ICU patients according to their lung status: non-impaired (DLCO >80%) or
impaired (DLCO < 80%).
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Fig. 4 Correlation between Calprotectin and Pulmonary Function in Post-COVID-19
Correlation between serum calprotectin levels and % predicted FVC, TLC, and DLCO within the whole cohort

Table 3 Regression Model

Model Coefficient 95% Cl p-value
Constant -0.088 -0.963 t0 0.788 0.843
Age 0.017 0.005 t0 0.028 0.004
BMI 0.041 0.015t0 0.067 0.003
Desaturation 0.063 0.031 to 0.094 <0.0001

r=0.437; adjusted R?=0.178; ANOVA p-value <0.001

patients with or without lung impairment (DLCO <80%
predicted). Calprotectin concentrations were similar
between non-ICU patients with and without impairment
four months after the infection, as well as between post-
ICU patients with and without lung impairment.

A more detailed version of this comparison between
impaired and non-impaired patient groups, where the
post-ICU cohorts are split, is shown in the supplemental
Fig. 1. In all patients combined, the comparison between
impaired and non-impaired patients was significant
(p=0.002).

Serum calprotectin correlate with lung function

Serum calprotectin levels showed a weak but significant
negative correlation with FVC% predicted (r = -0.311),
TLC% predicted (r = -0.305), and DLCO% predicted (r =
-0.290; all p<0.001; Fig. 4).

To investigate possible dependencies of calprotectin
on other factors such as sex, age, BMI, lung function 4
months after COVID-19, or comorbidities, multiple lin-
ear regression was performed. As presented in the regres-
sion model in Table 3 with calprotectin as the dependent
variable, a significant association was found with age
(coefficient 0.017, CI 0.005 to 0.028, p=0.004), BMI
(0.041, CI 0.015 to 0.067, p=0.003), and desaturation
during six-minute walking test (0.063, CI 0.031 to 0.094,
p<0.0001).

Discussion

Our results showed that serum calprotectin levels four
months after acute SARS-CoV-2 infection were sig-
nificantly higher in patients that had a severe course of
COVID-19 and initially required ICU admission com-
pared to patients with milder disease. These results were
validated in post-ICU patients from Lausanne. To our
knowledge, this is the first time that calprotectin concen-
trations have been studied and compared in post-COVID
patients with distinct primary disease severities. Further-
more, patients that were in the ICU had reduced lung
function with significantly lower DLCO compared to
patients without ICU admission.

The lung functional impairment coincides well with
other studies that described reduced lung diffusion
capacity after severe COVID-19 compared to mild/mod-
erate disease courses [28, 29]. The reason for the DLCO
impairment observed in some patients post COVID-
19 are not fully understood, but there is evidence that
air trapping due to small-airway inflammation may be
involved. We have observed mosaic pattern as a radio-
logical sign for air trapping in chest scans 12 months
after infection [7]. Another study has described air trap-
ping as a common finding in expiratory CT scans of post-
COVID patients with persisting respiratory symptoms
[30]. An association of air trapping and reduced DLCO
has also been described [31]. Furthermore, some studies
have described small airway disease and the mismatch
between ventilation and perfusion using VQ SPECT/CT
as another cause for diffusion capacity impairment after
COVID-19 [30]. Also, ongoing inflammation is among
the most debated hypotheses for long COVID [15], that
might lead to obstruction of small vessels and/or airways
leading to our observations.
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Within our entire cohort calprotectin levels were nega-
tively correlated with pulmonary function.

These findings confirm that inflammation and lung
impairment persist after severe COVID-19. Moreover,
they suggest that calprotectin or at least ongoing inflam-
mation may be involved as a mechanism of persisting
lung impairment after COVID-19.

Literature on calprotectin in post-COVID patients is
limited to a few publications that investigated a group
of convalescent blood donors [32] and a population up
to 6 weeks after mild COVID-19 [33]. Calprotectin is a
promising biomarker for various diseases as it reflects
inflammatory activity [23-26]. It is straightforward to
measure in clinical routine. In COVID-19, several studies
have already described that calprotectin levels correlated
with the severity of the acute disease [18—22]. Circulating
calprotectin differentiated between patients with severe,
moderate, and mild COVID-19, respectively [18]. More-
over, calprotectin was predictive for disease severity, ICU
admission, intubation, and death in patients with acute
COVID-19 [19-22]. Currently, research groups seek bio-
markers to monitor long COVID patients [34—36], hence
a biomarker such as Calprotectin for persistent disease
activity that can easily be measured could assist clinicians
to manage the disease effects post COVID-19.

According to the current literature, knowledge about
calprotectin in post-COVID-19 patients is scarce. Nev-
ertheless, there are a few publications that indicate that
calprotectin may play a role in the pathophysiology of
persisting symptoms after acute COVID-19. One study
performed consecutive plasma proteome analysis from
1 to 6 weeks after mild SARS-CoV-2 infection in health-
care workers and found a trend for higher serum calpro-
tectin levels at the time of seroconversion in individuals
that developed persistent symptoms. In that study, cal-
protectin was one of the biomarkers with the strongest
association with long-term symptoms captured in ques-
tionnaires 6 and 12 months after COVID-19 [33].

Another study looked for 102 different autoantibod-
ies in the plasma of convalescent healthcare workers 8
months after their acute SARS-CoV-2 infection as well
as in uninfected controls. Here, anti-calprotectin auto-
antibodies appeared to be protective. With a positivity
rate of 22.6% in the convalescent group, anti-calprotectin
autoantibodies were the most frequently detected auto-
antibodies and individuals with positive titres for anti-
calprotectin autoantibodies were significantly more likely
to report full clinical recovery 8 months post-COVID-19
compared to individuals without these autoantibodies
[37].

A recent study showed a persistent neutrophil-asso-
ciated immune signature in patients with post-COVID
pulmonary sequelae [38]. As calprotectin is produced
by neutrophils, our findings may align with this recent
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publication and offer an available surrogate clinical test
for neutrophil inflammation.

Our study has several limitations. Firstly, most of our
patients have lung function impairment, as most of the
patients with no respiratory symptoms were excluded
from the original study, and in the Lausanne part of the
cohort only severe COVID cases post-ICU were included
in the cohort which may lead to selection bias. Further-
more, only few of the patients in both cohorts had pre-
viously known relevant lung disease such as ILD and we
did not have any lung function data before COVID-19
infection. By this relatively small sample size and lim-
ited number of comorbidities a further subgroup analysis
was not feasible. In addition, serum calprotectin was not
determined at the time of initial hospital admission. For
this reason, no statement can be made about the trends
of caprotectin levels over time. For example, it remains
unclear whether those patients who still had high cal-
protection levels after 4 months already had high levels
at the onset of the disease. Finally, the fact that it is an
observational cohort study we cannot claim causality,
thus more studies are needed to investigate pathways and
our findings need to be verified in a larger context of long
COVID research.

Conclusions

Four months after acute COVID-19, serum calprotectin
concentrations were significantly higher in patients that
had a severe disease course with ICU admission com-
pared to mildly/moderately affected patients. In addi-
tion, calprotectin and DLCO correlate negatively. This
suggests an involvement of continual inflammation and
calprotectin in the pathophysiology of persisting lung
impairment after COVID-19. Further research is needed
to better understand the association between inflamma-
tion and persisting pulmonary dysfunction after COVID-
19 and to determine whether calprotectin could be a
candidate biomarker to monitor long-COVID patients.

Abbreviations
ARDS Acute Respiratory Distress Syndrome
BMI Body Mass Index

COVID-19  Coronavirus Disease 2019

DLCO Diffusion Capacity of the Lungs for Carbon Monoxide (CO)
FVC Forced Vital Capacity

ICU Intensive Care Unit

IPF Idiopathic Pulmonary Fibrosis

MERS Middle East Respiratory Syndrome

SARS Severe Acute Respiratory Syndrome

TLC Total Lung Capacity

Supplementary Information
The online version contains supplementary material available at https://doi.
org/10.1186/512879-023-08653-7.

[ Supplementary Material 1 J



https://doi.org/10.1186/s12879-023-08653-7
https://doi.org/10.1186/s12879-023-08653-7

Abu Hussein et al. BMC Infectious Diseases (2023) 23:650

Acknowledgements

We would like to acknowledge and thank all participants and patients in this
study, our study coordinator Kurt de Jaegere, our study nurses Anja Renner,
Laetitia Krummen, Mary-Lise Wiasemsky, Estelle Clément, and all other study
nurses and all other staff who helped to conduct this study.

Authors’ contributions

NAH collected data, analyzed, interpreted results and wrote the Manuscript.
CM analyzed, interpreted results and wrote the Manuscript, SCR analyzed,
interpreted results and wrote the Manuscript, MP and LP collected data

and revised the manuscript, MH performed the laboratory examination of
the Samples, CvG collected data, analyzed, interpreted results and revised
the manuscript, MFC designed the study concept, collected data, analyzed,
interpreted results and wrote the Manuscript. All authors read and approved
the final manuscript.

Funding

Lungenliga Bern (to MFC), Johanna Dirmdiller Foundation (to MFC),

Bern Centre for Precision Medicine (BCPM) (to MFC), the Federal Office of
Public Health (FOPH) of the Federal Council of Switzerland (to MFC). Ligue
pulmonaire Vaudoise, Juchum Foundation, and Placide Nicod Foundation (to
QVQ).

Data Availability
The datasets used and/or analysed during the current study are available from
the corresponding author on reasonable request.

Declarations

Ethics approval and consent to participate

The study has been approved by the ethical committee in Bern NCT04581135
and for all local sub-centres. Patients signed a written consentment before
inclusion.

Consent for publication
Not applicable.

Competing interests
The authors declare no competing interests.

Author details

‘Department of Pulmonary Medicine, Bern University Hospital, Inselspital,
University of Bern, Bern, Switzerland

2Depar‘[ment for BioMedical Research DBMR, Inselspital, Bern University
Hospital, University of Bern, Bern, Switzerland

3Faculty of Medicine, University of Bern, Bern, Switzerland

“Department of Clinical Chemistry, Bern University Hospital, Inselspital,
University of Bern, Bern, Switzerland

°Division of Pulmonary Medicine, Lausanne University Hospital (CHUV),
University of Lausanne, Lausanne, Switzerland

Department of Diagnostic Laboratory Medicine, Inselspital, Bern
University Hospital, University of Bern, Bern, Switzerland

Received: 23 March 2023 / Accepted: 27 September 2023
Published online: 03 October 2023

References

1. Antonio GE, Wong KT, Hui DSC, Wu A, Lee N, Yuen EHY, et al. Thin-section
CT in patients with severe acute respiratory syndrome following hospital
discharge: preliminary experience. Radiology. 2003 Sep;228(3):810-5.

2. Cheung QY, Chan JWM, Ng CK, Koo CK. The spectrum of pathological
changes in severe acute respiratory syndrome (SARS). Histopathology.
2004;45:119-24.

3. KetaiL, Paul NS, Wong KTT. Radiology of severe Acute Respiratory Syndrome
(SARS): the emerging pathologic-radiologic correlates of an emerging
disease. J Thorac Imaging. 2006;21:276-83.

4,

20.

21.

22.

23.

24.

25.

26.

27.

Page 8 of 9

Das KM, Lee EY, Singh R, Enani MA, al Dossari K, van Gorkom K; et al. Follow-
up chest radiographic findings in patients with MERS-CoV after recovery.
Indian J Radiol Imaging. 2017,27:342-9.

Ravaglia C, Doglioni C, Chilosi M, Piciucchi S, Dubini A, Rossi G et al. Clinical,
radiological and pathological findings in patients with persistent lung
disease following SARS-CoV-2 infection. Eur Respir J; 2022;60.

Guler SA, Ebner L, Aubry-Beigelman C, Bridevaux PO, Brutsche M, Clarenbach
Cetal. Pulmonary function and radiological features 4 months after COVID-
19: first results from the national prospective observational swiss COVID-19
lung study. Eur Respir J; 2021;57.

Lenoir A, Christe A, Ebner L, Beigelman-Aubry C, Bridevaux P-O, Brutsche M,
et al. Pulmonary recovery 12 months after non-severe and severe COVID-19:
the prospective swiss COVID-19 lung study. Respiration. 2023;102:120.

Wu X, Liu X, Zhou Y, Yu H, Li R, Zhan Q, et al. 3-month, 6-month, 9-month,
and 12-month respiratory outcomes in patients following COVID-19-related
hospitalisation: a prospective study. Lancet Respir Med. 2021;9:747-54.

So M, Kabata H, Fukunaga K, Takagi H, Kuno T. Radiological and functional
lung sequelae of COVID-19: a systematic review and meta-analysis. BMC
Pulm Med; 2021;21.

Nasserie T, Hittle M, Goodman SN. Assessment of the frequency and variety
of persistent symptoms among patients with COVID-19: a systematic review.
JAMA Netw Open. 2021 May 3;4(5).€2111417.

Davis HE, McCorkell L, Vogel JM, Topol EJ. Long COVID: major findings,
mechanisms and recommendations. Nat Rev Microbiol. 2023;21:133.

van Kessel SAM, Olde Hartman TC, Lucassen PLBJ, van Jaarsveld CHM. Post-
acute and long-COVID-19 symptoms in patients with mild diseases: a system-
atic review. Fam Pract. 2022;39:159.

Raman B, Bluemke DA, Luscher TF, Neubauer S. Long COVID: post-

acute sequelae of COVID-19 with a cardiovascular focus. Eur Heart J.
2022;43:1157-72.

Crook H, Raza S, Nowell J, Young M, Edison P. Long covid-mechanisms, risk
factors, and management. BMJ. 2021 Jul 26;374:n1648.

Castanares-Zapatero D, Chalon P, Kohn L, Dauvrin M, Detollenaere J, Maertens
de Noordhout C, et al. Pathophysiology and mechanism of long COVID: a
comprehensive review. Ann Med. 2022;54:1473-87.

Yong SJ, Halim A, Halim M, Liu S, Aljeldah M, Shammari BR. t al. Inflammatory
and vascular biomarkers in post-COVID-19 syndrome: a systematic review
and meta-analysis of over 20 biomarkers. Rev Med Virol; 2023,e2424.

Lai Y-J, Liu S-H, Manachevakul S, Lee T-A, Kuo C-T, Bello D. Biomarkers

in long COVID-19: a systematic review. Front Med (Lausanne). 2023 Jan
20;10:1085988.

Silvin A, Chapuis N, Dunsmore G, Goubet AG, Dubuisson A, Derosa L, et al.
Elevated calprotectin and abnormal myeloid cell subsets discriminate severe
from mild COVID-19. Cell. 2020;182:1401.

Norman GL, Navaz SA, Kanthi Y, Albesa R, Mahler M, Knight JS et al. Circulat-
ing calprotectin as a predictive and severity biomarker in patients with
COVID-19. Diagnostics (Basel). 2022 May 27;12(6):1324.

Infantino M, Manfredi M, Alessio MG, Previtali G, Grossi V, Benucci M, et al.
Clinical utility of circulating calprotectin to assist prediction and monitoring
of COVID-19 severity: an italian study. J Med Virol. 2022,94:5758-65.

Garcia de Guadiana-Romualdo L, Rodriguez Rojas C, Morell-Garcia D,
Andaluz-Ojeda D, Rodriguez Mulero MD, Rodriguez-Borja E, et al. Circulating
levels of calprotectin, a signature of neutrophil activation in prediction of
severe respiratory failure in COVID-19 patients: a multicenter, prospective
study (CalCov study). Inflamm Res. 2022;71:57-67.

Cardiero G, Palma D, Vano M, Anastasio C, Pinchera B, Ferrandino M et al.
Calprotectin levels and neutrophil count are prognostic markers of mortality
in COVID-19 patients. Diagnostics (Basel). 2022 Oct 20;12(10):2554.
Pruenster M, Vogl T, Roth J, Sperandio M. ST00A8/A9: from basic science to
clinical application. Pharmacol Ther Pergamon. 2016;167:120-31.

Kotsiou OS, Papagiannis D, Papadopoulou R, Gourgoulianis K. Calprotectin in
Lung Diseases. Int J Mol Sci. 2021;22:1-24.

Wang S, Song R, Wang Z, Jing Z, Wang S, Ma J. ST00A8/A9 in inflammation.
Front Immunol; 2018:9.

Machahua C, Guler SA, Horn MP, Planas-Cerezales L, Montes-Worboys A,
Geiser TK et al. Serum calprotectin as new biomarker for disease severity in
idiopathic pulmonary fibrosis: a cross-sectional study in two independent
cohorts. BMJ Open Respir Res. 2021;8.

Funke-Chambour M, Bridevaux P-O, Clarenbach CF, Soccal PM, Nicod LP,

von Garnier C. Swiss recommendations for the Follow-Up and Treatment of
Pulmonary Long COVID. Respiration. 2021;100:826-41.



Abu Hussein et al. BMC Infectious Diseases

28.

29.

30.

31.

32.

33.

(2023) 23:650

Anastasio F, Barbuto S, Scarnecchia E, Cosma P, Fugagnoli A, Rossi G et al.
Medium-term impact of COVID-19 on pulmonary function, functional capac-
ity and quality of life. Eur Respir J. 2021 Sep 16;58(3):2004015.

Krueger T, van den Heuvel J, van Kampen-van den Boogaart V, van Zeeland
R, Mehagnoul-Schipper DJ, Barten DG et al. Pulmonary function three to five
months after hospital discharge for COVID-19: a single centre cohort study.
Sci Rep. 2023 Jan 13;13(1):681.

Franquet T, Giménez A, Ketai L, Mazzini S, Rial A, PomarV, et al. Air trap-

ping in COVID-19 patients following hospital discharge: retrospective
evaluation with paired inspiratory/expiratory thin-section CT. Eur Radiol.
2022,32:4427-36.

Jia X,Han X, CaoY, FanY, Yuan M, Li Y et al. Quantitative inspiratory-expiratory
chest CT findings in COVID-19 survivors at the 6-month follow-up. Sci Rep.
2022 May 5;12(1):7402.

Hetland G, Fagerhol MK, Dimova-Svetoslavova VP, Mirlashari MR, Nguyen

NT, Lind A, et al. Inflammatory markers calprotectin, NETs, syndecan-1 and
neopterin in COVID-19 convalescent blood donors. Scand J Clin Lab Invest.
2022;82:481-5.

Captur G, Moon JC, Topriceanu CC, Joy G, Swadling L, Hallgvist J et al. Plasma
proteomic signature predicts who will get persistent symptoms following
SARS-CoV-2 infection. EBioMedicine. 2022 Nov;85:104293.

34.

35.

36.

37.

38.

Page 9 of 9

Hua-Huy T, GUnther S, Lorut C, Subileau M, Aubourg F, Morbieu C et al. Distal
lung inflammation assessed by alveolar concentration of nitric oxide is an
individualised biomarker of severe COVID-19 pneumonia. J Pers Med. 2022
Oct 2:12(10):1631

Sudre CH, Murray B, Varsavsky T, Graham MS, Penfold RS, Bowyer RC, et al.
Attributes and predictors of long COVID. Nat Med. 2021;27:626-31.

Koc HC, Xiao J, Liu W, Li Y, Chen G. Long COVID and its management. Int J Biol
Sci. 2022;18:4768-80.

Moody R, Sonda S, Johnston FH, Smith KJ, Stephens N, McPherson M et al.
Antibodies against spike protein correlate with broad autoantigen recogni-
tion 8 months post SARS-CoV-2 exposure, and anti-calprotectin autoanti-
bodies associated with better clinical outcomes. Front Immunol. 2022 Aug
11;13:945021.

George PM, Reed A, Desai SR, Devaraj A, Faiez TS, Laverty S et al. A persistent
neutrophil-associated immune signature characterizes post-COVID-19
pulmonary sequelae. Sci Transl Med. 2022 Nov 16;14(671):eabo5795.

Publisher’s Note

Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.



	﻿Circulating calprotectin levels four months after severe and non-severe COVID-19
	﻿Abstract
	﻿Background
	﻿Methods
	﻿Swiss COVID-19 lung study cohort
	﻿Clinical assessment
	﻿Biobank/ serum samples
	﻿Calprotectin measurement
	﻿Statistical analysis

	﻿Results
	﻿Post-ICU patients show greater lung impairment 4-months after COVID-19
	﻿Serum calprotectin levels are higher in post-ICU COVID-19 patients
	﻿Serum calprotectin correlate with lung function

	﻿Discussion
	﻿Conclusions
	﻿References


