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Abstract

This study aims to evaluate differences in serum and fecal calprotectin in patients with HCV chronic hepatitis and COVID-19
infection and compare them to a control group. This observational study was performed between April 2020 and October
2020 in a single Internal Medicine center. We determined serum and fecal calprotectin, as well as levels of transaminases,
C-reactive protein, ferritin, in 25 patients with COVID-19 infection, 30 patients with active HCV chronic infection and 38
patients with cured HCV infection. Serum levels of ALT, AST, C-reactive protein and ferritin were significantly higher in
patients with COVID-19 infection (mean values of 127 IU/mL, 135 IU/mL, 123 mg/L and 1034 ng/mL, respectively) than
in patients with active HCV infection (mean values of 68 IU/mL, 51 IU/mL, 17 mg/L and 528 ng/mL, respectively) or in
patients with cured HCV infection (37 IU/mL, 29 IU/mL, 3.4 mg/L and 274 ng/mL, respectively). Also, serum and fecal
calprotectin had increased concentrations in patients with COVID-19 (7.3 ug/mL and 394 pug/mg) versus patients with active
hepatitis (2.4 ug/mL and 217 ug/mg) and patients with cured hepatitis (1.2 pg/mL and 38 pg/mg). Values were significantly
higher in patients with digestive symptoms related to COVID-19. Serum and fecal calprotectin can be used as inflammatory
markers in patients with active viral infections. In COVID-19, calprotectin concentrations can be correlated to the severity
of disease, particularly in patients with digestive symptoms.
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Introduction

Calprotectin, pertaining to the S-100 family, is a calcium and
zinc-binding protein, forming about 60% of the cytosolic
proteins of neutrophils [1]. It plays an important role in the
pathogenesis of inflammation as ligand for toll-like receptor
4, mediator for the migration of polymorphonuclear leuko-
cytes and up-regulator for neutrophils [2]. Furthermore, the
interaction between calprotectin and RAGE (Receptor for
Advanced Glycation End products) activates nuclear factor-
kappa f inducing the release of pro-inflammatory cytokines;
this mechanism has been incriminated in the development
and progression of atherosclerosis [3].
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The majority of studies regarding calprotectin as inflam-
matory marker comes from inflammatory bowel diseases
(IBDs), where high concentrations of serum and fecal cal-
protectin are associated with increased severity scores [4].
International guidelines for Crohn’s disease and ulcerative
colitis recommend using calprotectin determinations for the
diagnosis and monitoring of IBDs [5, 6]. The most important
use of fecal calprotectin remains in the differential diagnosis
of IBDs versus irritable bowel syndrome, thus underlining
its importance as an inflammatory marker [7]. Increased
fecal calprotectin concentrations have also been described in
patients with ankylosing spondylitis, without gastrointestinal
symptoms, as a marker of subclinical intestinal inflamma-
tion [8]. Other studies have demonstrated the importance of
calprotectin as biomarker of cystic fibrosis exacerbations [9],
adult-onset Still’s disease [10] or other arthropathies [11].

The exacerbated immune response associated with
COVID-19 is the leading cause of morbidity and mortal-
ity in this infection. As such, monitoring patients by serial
determinations of inflammatory markers is crucial in the
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management of these patients [12]. Hyperinflammation in
COVID-19 appears to be the result of a dysregulated acti-
vation of the mononuclear phagocyte compartment [13] as
well as down-regulation of angiotensin-converting enzyme 2
(ACE2) leading to the dysregulation of the renin—angioten-
sin—aldosterone system, stimulation of the bradykinin axis
and activation of the complement systems [14]. Serum cal-
protectin has been evaluated as a biomarker for the differen-
tiation between mild and severe forms of COVID-19 infec-
tion [15]. In a recent review, levels of serum calprotectin
correlated with other inflammatory markers, such as IL-6,
C-reactive protein (CRP), neutrophil count and D-dimers
[16].

The systemic inflammatory response is also responsi-
ble for a variety of manifestations in chronic hepatitis C
(HCV) infection, including liver damage (chronic hepatitis,
cirrhosis, hepatocellular carcinoma) and extrahepatic mani-
festations [17]. It is currently considered that up to 66% of
HCV-infected patients experience extrahepatic manifesta-
tions, mainly autoimmune or lymphoproliferative disorders
[18]. These include non-Hodgkin lymphoma [19] cryoglobu-
linemia [20], diabetes [21] or rare associated conditions such
as sarcoidosis [22]. The use of calprotectin as biomarker
has been studied in regard to the early diagnosis of hepatic
encephalopathy, spontaneous bacterial peritonitis and hepa-
tocellular carcinoma in HCV-induced cirrhosis [23, 24]. In
the studies aforementioned, fecal and ascites calprotectin
determinations were performed; data regarding serum cal-
protectin as inflammatory marker in HCV chronic infection
are scarce. One study has also found significant correlations
between fecal concentrations of calprotectin and the severity
of HCV-induced liver disease [25].

Materials and methods

The aim of our study is to compare values of serum and fecal
calprotectin in patients with COVID-19 infection, active
HCYV chronic infection and cured HCV infection, in order to
underline the importance of calprotectin as an inflammatory
biomarker in acute and chronic viral infections. From April
2020 to October 2020, we performed an observational study
enrolling consecutive patients diagnosed with COVID-19
infection without chronic hepatitis, patients with ongoing
HCYV chronic infection and patients with cured HCV infec-
tion (at least 1 year after sustained virologic response after
direct acting antiviral therapy). The study was approved by
the local Ethics Committee. Patients signed an informed
consent form on hospital admission, approving the use of
their demographic, clinical and biological data for scientific
purposes. All the patients received medical care according to
current guidelines, and no study-related interventions were
taken.
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The diagnosis of COVID-19 infection was made by
SARS-CoV-2 RNA detection via reverse-transcription
polymerase chain reaction (RT-PCT) from the upper res-
piratory tract (both nasal and pharyngeal swabs) using
Cobas® SARS-CoV-2 Test (Roche Diagnostics, F. Hoff-
mann-La Roche, Ltd, Basil, SW). Active HCV infection was
diagnosed using positive anti-HCV antibodies and values of
HCYV viremia quantitatively assessed by RT-PCR. Patients
with cured HCV infection had undetectable HCV-RNA at
3 months after the end of DAA therapy (paritaprevir/ombi-
tasvir/ritonavir and dasabuvir).

Exclusion criteria were:

Hepatitis B virus or HIV co-infection

Presence of liver cirrhosis

History of or ongoing autoimmune diseases

Suspicion of inflammatory bowel disease

Past or present treatment with anti-inflammatories (ste-
roidal or nonsteroidal) or immune modulators

e The presence of solid or hematological malignancies
(except history of non-melanoma skin cancer)

Patients with solid or hematologic malignancies have
been excluded due to the chronic inflammatory syndrome
associated with these conditions [26]. It has been shown that
there is an inflammatory microenvironment within tumors,
consisting mainly of leukocytes [27]. Also, the progression
of liver disease to cirrhosis is associated with a chronic sys-
temic inflammation and dysregulation of the immune system
[28].

After applying the exclusion criteria, a total of 93 patients
were evaluated: 25 patients with COVID-19 infection, 30
patients with active HCV chronic infection and 38 patients
with cured HCV infection. Patients with COVID-19 infec-
tion were classified according to the WHO recommendations
[29]. Thus, patients were considered to have mild disease
if they were symptomatic but had no signs of pneumonia
or hypoxia or moderate disease if they had clinical signs of
pneumonia but maintaining oxygen saturation levels over
90% in room air.

We determined serum levels of transaminases, C-reactive
protein, serum ferritin, serum and fecal calprotectin. We
also performed clinical evaluation of the patients and noted
data referring to digestive symptoms: diarrhea, nausea and
abdominal pain. Blood samples were taken a jeun, within
24 h of hospital admission via a peripheral vein and biologi-
cal assays were performed within 1 h. CRP was determined
by latex-enhanced immunoturbidimetry using a reference
value of less than 0.5 mg/dL. Ferritin levels were determined
by electrochemiluminescence; while normal values vary sig-
nificantly in children and adolescence, considering all our
patients were adult we considered normal values between
13-150 ng/mL for women and 30-400 ng/mL for men.
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ELISA kits were used for determination of serum calprotec-
tin, as provided by the local laboratory. Stool samples were
also collected within 24 h of admission in sterile recipients
and were transported at temperatures from 2 to 8 degrees
Celsius to the local laboratory. ELISA kits were also used
to determine fecal calprotectin concentrations, with a detec-
tion limit of 30 mg/g. Cutoff values for significant digestive
inflammation were 90 mg/g. In normal subjects, levels of 50
to 90 mg/g were considered as susceptible for inflammation,
but with a low probability.

Statistical evaluation was performed using SPSS 18.0
(SPSS Inc., Chicago, IL, USA). We used the expression of
numerical values as mean + standard deviation. The ANOVA
test was used to compare the values between the three groups
of patients. A P value of less than 0.05 was considered sta-
tistically significant for differences between values.

Results

All COVID-19 patients had asymptomatic or mild disease.
Twenty percent required noninvasive oxygen therapy to
maintain saturation levels over 95%, according to current
guidelines. In ambient air, none of the patients had oxygen
saturation less than 90%.

The mean age in the study group was 47 +23.15 years,
with a predominance of the female sex in each study group.
The results of the study are presented in Table 1.

Table 1 Demographic and biologic characteristic of the study groups

Significantly higher levels of ALT and AST were noted in
patients with COVID-19 infection compared to patients with
active or cured HCV infection. Furthermore, levels of CRP
and ferritin were also increased in patients with COVID-
19, as well as patients with active HCV infection, support-
ing the idea that there is systemic inflammation associated
with these infections. Both serum and fecal calprotectin had
higher concentrations in patients with COVID-19, compared
to patients with active or cured HCV infection. As results in
patients with cured HCV are within normal range, we can
conclude that HCV cure signifies the abolishment of sys-
temic inflammation in patients without comorbidities, and
these may be considered as a normal population (a control
group).

Thirty-six percent of COVID-19-infected patients pre-
sented gastrointestinal symptoms, as opposed to 43.33%
patients with active HCV and 13.15% patients with cured
HCV. None of the symptoms were suggestive for other
gastrointestinal disease, and samples for bloody stools
were negative. The prevalence of symptoms is presented in
Table 2

Patients with HCV infection had the highest prevalence of
digestive symptoms; the most frequently encountered were
diarrhea, abdominal pain and nausea. Diarrhea was signifi-
cantly associated with COVID-19 infection, while abdomi-
nal pain and nausea were found in patients with COVID-19
as well as active HCV, with increased prevalence compared
to the control group (cured HCV). Notably, the presence of

Patients with COVID-19

Patients with active HCV ~ Patients with cured HCV P value

(n=25 pts) (n=30 pts) (n=38 pts)

Mean age 49.23+25.16 53.15+£24.62 47.91+22.05 0.4

Female gender 14 (56%) 20 (66.6%) 22 (57.8%) 0.3

ALT (N: 0-45 Ul/mL) 127+26 68+22 3712 0.01
AST (N: 0-35 IU/mL) 135+54 51+28 29+15 0.02
CRP (N: 0-3 mg/L) 127.4+59.3 17.2+£8.3 34+1.8 0.01
Ferritin (N9: 13-150 ng/mL 945+118 371101 78+27 0.01
Nd:30-400 ng/mL) 10344231 528+94 2744112 0.01
Serum calprotectin (N: 0.1-1.6 ug/mL) 7.3+2.6 24+1.1 1.2+0.4 0.03
Fecal calprotectin (N: 10-60 ug/mg) 3942+77.1 217.7+92.7 385+11.6 0.01

ALT alanine aminotransferase, AST aspartate aminotransferase, CRP C-reactive protein

Table 2 Prevalence of digestive

Patients with COVID- Patients with active Patients with cured P value

symptoms in the study groups 19 (N=25 pts) HCV (N=30 pts) HCV (N=38 pts)

Digestive symptoms 36% (9 pts)

Diarrhea 32% (8 pts)
Abdominal pain 24% (6 pts)
Nausea 28% (7 pts)

43.33% (13 pts) 13.15% (5pts) 0.4
6,66% (2 pts) 0% (0 pts) 0.01
23.33% (7 pts) 7.89% (3 pts) 0.02
30% (9 pts) 7.89% (3 pts) 0.02
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digestive symptoms was associated with increased levels of
serum and fecal calprotectin (P value 0.01 and 0.02, respec-
tively, CI1 95%).

A sub-analysis shows that COVID-19-infected patients
with digestive symptoms had higher levels of serum and
fecal calprotectin compared to patients without digestive
symptoms (Table 3). However, there results should be
regarded cautiously due to the low number of patients.

Discussion

The COVID-19 pandemic is a continuous challenge of medi-
cal systems worldwide, but it has also proven an opportunity
for scientific research, particularly in the field of immunol-
ogy, as understanding the systemic inflammatory response
is critical for the diagnosis and proper management of this
altogether systemic infection [30]. Apart from the intrinsic
morbidity and mortality, COVID-19 has negatively impacted
the prognosis of patients with chronic diseases, such as HCV
chronic infection [31].

There are biological and clinical similarities between
HCV and COVID-19. Most of the current information
comes from extrapolation of the results obtained in study-
ing the SARS-CoV and the MERS pandemic [32]. Important
similarities are the induction of channelopathies as a patho-
logic mechanism, the involvement of T helper lymphocytes
(in the carcinogenesis of HCV and in the cytokine dysregu-
lation associated with the early stage of SARS-CoV infec-
tion) and the response to interferon therapy. From a clinical
point of view, both viruses trigger inflammatory responses
in multiple organs, leading to systemic disease by direct or
indirect mechanisms. It is well known that HCV infection
causes multiple extrahepatic manifestations [33] and HCV
cure is associated with a favorable outcome of the liver dis-
ease and also on HCV-induced comorbidities, such as cryo-
globulinemia and lymphoma [34].

Symptoms of HCV chronic infection are non-specific,
regardless of the stage of liver disease, with a recent study
pointing to 40-50% of patients with gastrointestinal com-
plaints [35]. A recent review, including a total of over 18,000
patients, found that COVID-19 frequently manifests with
digestive symptoms (11.5% of patients and as many as 30%

in some studies), the most common symptoms being diar-
rhea (11.5%), nausea and vomiting (6.3%) and abdominal
pain (2.3%); cases of intestinal bleeding were also reported
[36]. In our study, we found a higher prevalence of over-
all gastrointestinal symptoms (36%) as well as diarrhea
(32%), nausea (24%) and abdominal pain (28%). None of
the patients in our study group presented intestinal bleeding.
The higher prevalence of gastrointestinal symptoms can be
explained by the selective addressability of patients; as our
Clinic focuses primarily on gastroenterology and hepatol-
ogy, patients with digestive symptoms are more likely to
appeal to us. We did not include ageusia and anosmia as
gastrointestinal symptoms of COVID-19 as these are more
likely to be receptor and neuronal dysfunctions [37, 38].
Inflammation is a key factor in both HCV and COVID-19
infection. HCV infection promotes a chronic inflammatory
process in the liver, involving IL-1 B production and secre-
tion by liver macrophages, increased production of TNF
-a and activation of Toll-like receptors [17]. In addition,
chronic HCV infection is associated with intestinal bacte-
rial overgrowth, leading to endotoxemia, liver and systemic
inflammation [39]. This is one possible explanatory mecha-
nism for the increased concentration of serum and fecal cal-
protectin in patients with active infection, compared to those
with cured infection, as described in our study. Furthermore,
the exclusion of patients with advanced liver disease (com-
pensated or decompensated cirrhosis) means that there is
significant inflammation due to the infection per se and not
due to the degree of liver fibrosis. Inflammation in HCV
infection is maintained by a vicious circle, as HCV is an
inductor of liver steatosis (which induces oxidative stress
and the activation of stellate cells [40] and insulin resistance
and diabetes mellitus (via TNF-a pathways) [41]. This may
contribute to the pro-inflammatory state that is the HCV
chronic infection and may explain our findings of increases
CRP and ferritin levels in patients without other causes of
systemic inflammation. Studies have found that increased
ferritin levels in chronic HCV hepatitis are associated with
insulin resistance [42] and diabetes [43]. On the other hand,
it has been shown that ferritin levels decrease at 24 weeks
after HCV cure by direct acting antiviral therapy [44].
COVID-19 affects the digestive system directly, by infect-
ing the gastrointestinal cells via ACE2 receptors (100 fold

Table 3 Comparison between
inflammatory markers in
COVID-19 patients with and

Patients with digestive
symptoms (9 pts)

Patients without digestive
symptoms (16 pts)

without digestive symptoms CRP (V: 0-3 mg/L)

Ferritin (N9: 13-150 ng/mL
NJ&': 30-400 ng/mL)

Serum calprotectin (V: 0.1-1.6 pg/mL)
Fecal calprotectin (N: 10-60 ug/mg)

134.3+52.7 114.7+£55.1 P=05
879+ 166 921+124 P=04

1012+195 978 +£258 P=05
9.4+1.6 77+£1.8 P=0.04

442.4+39.5 298.4+£83.7 P=0.03
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more frequent in the small intestine and the colon than in
the lungs) and indirectly, by triggering a systemic inflam-
matory response, a “cytokine storm,” leading to multiple
organ dysfunction, including the digestive tract [45]. The
presence of ACE2 receptors in the absorptive enterocytes
and consecutive COVID-19 infection may explain the pres-
ence of diarrhea as a common symptom of infection [46].
In our study, 32% of COVID-19 patients presented diarrhea,
and this was the most frequent gastrointestinal symptom.
Furthermore, COVID-19 may reduce the absorption of
tryptophan at an enteric level, inducing intestinal inflam-
mation and colitis [45]. Intestinal dysbiosis, with decreased
concentration of Lactobacillus and Bifidobacterium spe-
cies, may also explain the digestive symptoms associated
with COVID-19 [47]. Inflammatory markers are essential
in establishing the severity of COVID-19 infection as well
as prognosis and management [48]. Elevated CRP levels are
associated with increased disease severity, but not increased
mortality, as opposed to high levels of ferritin, which mark
a poor prognosis. However, cutoff values differ significantly
between studies (from 3 mg/L to over 100 mg/L for CRP).
The role and importance of ferritin in COVID-19 infection is
still under debate. It appears to be related to the development
of secondary hemophagocytic lymphohistiocytosis leading
to multiple organ dysfunction [49]. In our study, we found
significantly higher levels of CRP and ferritin in COVID-
19 patients, compared to HCV-infected patients and to the
control group. Despite this, none of the patients presented
a poor outcome or intensive care requirements. The use of
calprotectin as a marker for inflammatory bowel disease has
known a setback since the beginning of the COVID-19 out-
break, as many studies have associated increased concentra-
tions of fecal calprotectin to the presence and severity to the
COVID-19 digestive symptoms [50]. The evolution of fecal
calprotectin in COVID-19-infected patients with inflamma-
tory bowel diseases needs to be further investigated.

In our study, we have shown that both fecal and serum
calprotectin have increased concentrations during COVID-
19 infection, and these concentrations correlate with the
severity of digestive symptoms. Patients with COVID-19
related digestive symptoms are more likely to have increased
calprotectin levels than patients without digestive symptoms,
in the setting of similar systemic inflammation as denoted
by CRP and ferritin levels. The fact that serum calprotectin
is increased in COVID-19 infection is an argument in favor
of categorizing this as a marker of systemic inflammation
rather than strictly a digestive one. In addition, levels of
calprotectin were increased in patients without digestive
symptoms, also suggesting its role as a systemic marker.

The comparison of COVID-19 patients to HCV-infected
patients and healthy subjects is meant to underline the
importance of calprotectin as a systemic inflammatory
marker, demonstrating increased concentrations in different

infectious pathologies associated with an exaggerated
immune response. Another important aspect of this com-
parison is proving that COVID-19 patients have significantly
increased calprotectin levels, thus raising the suspicion of
infection in symptomatic patients.

Our study has several drawbacks. First, the number of
patients is relatively low in each group, and the attempt to
compare between sub-groups of COVID-19 patients borders
the limits of statistical significance. Second, inflammatory
markers were collected on hospital admission without taking
into account the number of days since the beginning of the
symptoms or the potential infectious contact. Third, serum
and fecal calprotectin were not monitored periodically and
we cannot establish the evolution of their values accord-
ing to the moment of infection. However, we consider that
serum and fecal calprotectin may be of use in the diagnosis
and evaluation of patients with COVID-19 infection, along
other inflammatory markers, most importantly in patients
with digestive symptoms.

Conclusion

Viral infections such as HCV and COVID-19 are associated
with increased inflammatory markers, as a sign of the sys-
temic immune response triggered by the infections. Serum
and fecal calprotectin may be of further use in monitoring of
inflammation during the course of viral infections, but fur-
ther research is needed in order to establish cutoff prognostic
values. Our study shows that increased calprotectin concen-
trations are associated with COVID-19 infection, especially
in patients with digestive symptoms.
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