Faecal calprotectin indicates
intestinal inflammation
in COVID-19

GIsymptoms such as diarrhoea, nausea and
vomiting are frequent coronavirus disease
(COVID-19) symptoms and affect up to
28% of patients."” The pathophysiology
of COVID-19-associated GI symptoms
is currently unclear. Severe acute respi-
ratory syndrome coronavirus 2 (SARS-
CoV-2)-RNA was detected in the faeces
in ~509% of patients with COVID-197° ¢
SARS-CoV-2 viral particles were observed
by electron microscopy in stool samples
from two patients without diarrhoea’; and
one study reported SARS-CoV-2 infection
of the oesophagus, stomach, duodenum
and rectum.’

Faecal calprotectin (FC) has evolved as
a reliable faecal biomarker allowing detec-
tion of intestinal inflammation in IBD and
infectious colitis.” In this pilot study, we
explored a relation between GI symp-
toms, intestinal inflammation (determined

by FC) and faecal SARS-CoV-2-RNA in
hospitalised patients with COVID-19 who
did not require intensive care measures.
We analysed 40 patients with COVID-19
hospitalised at the University Hospital
of Innsbruck, Austria. Confirmation of
SARS-CoV-2 infection was performed by
nasopharyngeal swab, and faecal SARS-
CoV-2-RNA detection was performed
using previously described real-time
PCR® as recommended by the Centers for
Disease Control and Prevention (DeKalb,
Georgia). Diarrhoea was defined as loose
stools >3 times/day. We excluded other
causes of acute GI infection by stool anal-
ysis for common viral, bacterial, parasitic
and protozoan pathogens in all patients
with diarrhoea, and no other chronic
intestinal disease was documented for any
patient. FC concentration was determined
by the Calprest ELISA (Eurospital, Trieste,
Italy) according to the manufacturer’s spec-
ification. The lower detection limit of the
assay is 16 pg/g. Faecal RNA isolation (for
SARS-CoV-2 PCR) was performed using
RNeasy PowerMicrobiome Kit (Qiagen,
Venlo, The Netherlands) according to the

Table 1

Patient characteristics and biochemical parameters

Group A: COVID-19
patients without

Group B: COVID-19
patients with

Group C: COVID-19
patients with

diarrhoea ceased diarrhoea acute diarrhoea

(n=18) (>48hours)* (n=13) (<48hours) (n=9)
Onset of symptoms before admission to hospital (days) 4(£1.7) 8.6 (£4.8) 43 (£2.8)
Faecal sample after hospital admission (days) 1.7 (£1.4) 4.8 (£3.1) 1.3 (x1.2)
Underlying conditiont 50% (n=9) 54% (n=7) 78% (n=7)
Age 58.4 (£17.1) 66.3 (+13.1) 78.3 (x13.8)
Sex (male) 50% (n=9) 69% (n=9) 67% (n=6)
Nausea 1% (n=2) 8% (n=1) 89% (n=8)
Vomiting 6% (n=1) 15% (n=2) 22% (n=2)
Diarrhoea 0% (n=0) 100% (n=13) 100% (n=9)
Fever (=37.3°C) 89% (n=16) 84% (n=11) 78% (n=7)
COVID-19-associated respiratory syndrome# and cough 100% (n=18) 100% (n=13) 100% (n=9)
X-ray (showing infiltrate) 28% (n=5) 31% (n=4) 55% (n=5)
Muscle ache and fatigue 88% (n=16) 54% (n=7) 89% (n=8)
Antibiotic therapy 28% (n=5) 15% (n=2) 33% (n=3)
Antiviral therapy 6% (n=1) 0% (n=0) 0% (n=0)
ACE1 inhibitor therapy 11% (n=2) 8% (n=1) 0% (n=0)
ACE2 inhibitor therapy 6% (n=1) 15% (n=2) 20% (n=2)
Faecal SARS-COV-2-RNA 22% (n=4) 61.5% (n=8) 0% (n=0)
Calprotectin (ug/g) 17.3 (+4.8) 37.2 (+14.4) 123.2 (+58.8)
Interleukin 6 (ng/L) 25.7 (x21.2) 45.0 (+29.3) 84.3 (+49.1)
LDH (U/L) 266.1 (£129.3) 270.0 (£71.4) 262.8 (+61.7)
CRP (mg/dL) 6.0 (+5.0) 5.4 (+3.7) 5.9 (+5.0)
Leucocytes (10°/L) 5.5 (+1.8) 5.5 (+1.3) 5.1 (+1.8)
Haemoglobin (g/L) 123.3 (x18.4) 121.5 (+18.6) 121.5 (x20.7)
Platelet count (10°/L) 254.5 (+96.3) 257.85 (+81.9) 282.0 (+96.9)
Quick % 97.3 (+9.2) 98.2 (+8.1) 97.2 (+9.5)
Ferritin (ug/L) 736.9 (+568.2) 646.3 (£517.9) 895.4 (+604.6)

*Patients who reported diarrhoea during COVID-19 but without diarrhoea 48 hours before FC testing.
tIncluding smoking, allergies, arterial hypertension, type 2 diabetes, malignant diseases, chronic heart disease, chronic liver disease, chronic

obstructive respiratory disease and immunosuppressive therapy.

#$Including cough, sputum, haemoptysis, sore throat, nasal obstruction and shortness of breath.
COVID-19, coronavirus disease 2019; CRP, C reactive protein; FC, faecal calprotectin; LDH, lactate dehydrogenase; SARS-CoV-2, severe acute

respiratory syndrome coronavirus 2.

manufacturer’s specifications. Data were
expressed as mean+SEM. Statistical signif-
icance, determined by one-way analysis of
variance or Spearman’s rank correlation in
GraphPad Prism, was assumed at p<0.035.
The characteristics, frequency of GI
symptoms and biochemical parame-
ters of 40 hospitalised patients with
COVID-19 are listed in table 1. In this
cohort, 18 (45%) patients did not report
diarrhoea (group A), while 22 patients
(55%) reported diarrhoea. We sepa-
rated these patients into two groups
because in 13 patients diarrhoea had
ceased (>48hours) before we collected
the faecal samples (group B), while
9 patients still reported diarrhoea
(symptom onset <48hours) (group C).
COVID-19 patients with ceased diar-
rhoea (group B) and to a larger extent
patients with ongoing diarrhoea (group
C) displayed elevated FC concentra-
tions when compared with COVID-19
patients without diarrhoea (group A)
(figure 1A, p<0.001). FC concentration
significantly correlated with serum inter-
leukin-6 (IL-6) concentration (figure 1B,
p<0.001), but not C reactive protein
(CRP) or ferritin (data not shown). SARS-
CoV-2-RNA was detected in stools from
12 of 40 (30%) patients with COVID-19
(figure 1C). Notably, SARS-CoV-2-RNA
was not detected in stools from patients
with ongoing diarrhoea (group C), but
in eight patients with ceased diarrhoea
(group B) and in four patients without
diarrhoea (group A). In line with this,
no relation between faecal SARS-CoV-
2-RNA and FC, IL-6, CRP or ferritin was
noted (figure 1D; data not shown).
Previous  studies  indicated  that
SARS-CoV-2 binds to cells in the GI tract
(eg, small and large intestinal epithelial
cells), likely via specific receptors such
as ACE2 and the transmembrane serine
protease 2.°” It is conceived that this virus
infects epithelial cells causing cytokine
and chemokine release, instigating acute
intestinal inflammation characterised by
infiltration of neutrophils, macrophages
and T cells. We report evidence that
SARS-CoV-2 infection in patients with
COVID-19 indeed instigates an inflamma-
tory response in the gut, as evidenced by
diarrhoea, elevated FC (largely expressed
by neutrophil granulocytes”) and a systemic
IL-6 response. Faecal SARS-CoV-2 RNA
was not detected during acute diarrhoea
but could be detected in asymptomatic
patients with or without previous diar-
rhoeal symptoms. It is currently unknown
if SARS-CoV-2 infection affects the
course of patients with IBD and whether
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Increased FC and serum IL-6 feature acute diarrhoea in COVID-19. (A) FC concentration

determined by ELISA. Group A (n=18): COVID-19 patients without diarrhoea. Group B (n=13):
COVID-19 patients who reported diarrhoea which ceased 48 hours before stool collection. Group C
(n=9): COVID-19 patients with acute diarrhoea (onset <48 hours) (*p<0.001, group B versus group
A; **p<0.001, group C versus groups B and A). (B) Correlation of serum IL-6 concentration with FC
concentration reported in A. (C) Detection of faecal SARS-CoV-2-RNA by PCR, reported as 1/cycle
threshold value. Dashed line indicates threshold of RNA detection. (D) Correlation of faecal SARS-
CoV-2-RNA (as in C) with FC. COVID-19, coronavirus disease 2019; FC, faecal calprotectin; IL-6,
interleukin-6; SARS-CoV-2, severe acute respiratory syndrome corona virus 2.

immunosuppressive treatment affects their
susceptibility to (or the course of) COVID-
19."° Our data support the notion that
SARS-CoV-2 infection exerts gut tropism
characterised by an acute inflammatory
response that potentially deteriorates the
course of human IBD.
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