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Abstract: Background: Patients with coronavirus infectious disease 2019 (COVID-19) and
gastrointestinal symptoms showed increased values of fecal calprotectin (FC). Additionally,
bowel abnormalities were a common finding during abdominal imaging of individuals with COVID-19
despite being asymptomatic. The current pilot study aims at evaluating FC concentrations in patients
without gastrointestinal symptoms. Methods: we enrolled 25 consecutive inpatients with COVID-19
pneumonia, who were admitted without gastrointestinal symptoms and a previous history of
inflammatory bowel disease. Results: At admission, 21 patients showed increased FC with median
values of 116 (87.5; 243.5) mg/kg despite absent gastrointestinal symptoms. We found a strong positive
correlation between FC and D-Dimer (r = 0.745, p < 0.0001). Two patients developed bowel perforation.
Conclusion: our findings may change the current understanding of COVID-19 intestinal-related
disease pathogenesis, shedding new light on the potential role of thrombosis and the consequent
hypoxic intestinal damage.
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1. Main Text

At the time of writing this letter, the principal cause of mortality in patients with severe acute
respiratory syndrome coronavirus 2 (SARS-CoV-2) infection is respiratory failure with exudative diffuse
alveolar damage and massive capillary congestion often accompanied by microthrombi or, in lower
percentages, by generalized thrombotic microangiopathy, as reported by post-mortem examinations [1].
With coronavirus infectious disease 2019 (COVID-19) being conceived as a solely respiratory disease [2,3],
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the scientific community initially assumed that the lungs represented the preferred and initial site of
viral proliferation, as well as its primary source for shedding and transmission.

2. Gastrointestinal Manifestations of COVID-19

Recent findings indicated that SARS-CoV-2 could bind to gastrointestinal cells via specific receptors
(such as the angiotensin converting enzyme-2 (ACE2) receptor and the transmembrane serine protease
2) [4], whose interaction is supposed to promote local inflammation by massive cytokine and chemokine
release [5]. Additionally, an autoptic study on the small intestine of two COVID-19 patients showed
endotheliitis of the submucosa vessels and evidence of direct viral infection of endothelial cells [6].

Regarding the clinical presentation, gastrointestinal symptoms are present in up to 28% of patients
with COVID-19 [7–9], and fecal SARS-CoV-2-RNA was detected in approximately 50% of positive
individuals [8–10]. Recently, Effenberger et al. [5] proposed the role of fecal calprotectin (FC) as a
marker of intestinal inflammation in COVID-19 patients who developed gastrointestinal (GI) symptoms.
In particular, the authors detected significantly higher FC values in patients with acute diarrhea if
compared to patients without diarrhea or with ceased diarrhea (>48 h). In this pilot study, we aimed to
externally validate the results of Effenberger et al. [5] by determining the actual absence of significant
FC concentrations in patients who did not present gastrointestinal symptoms and without previous
history of inflammatory bowel disease (IBD).

3. Materials and Methods

We performed a prospective observational cross-sectional study by enrolling 25 consecutive
COVID-19 inpatients from May 2020 to June 2020, who were admitted without gastrointestinal
symptoms and a previous history of IBD.

SARS-CoV-2 detection in nasopharyngeal swabs was determined by PCR (LightMix®-
Modular-Wuhan CoV-RdRP and E genes). FC concentration was determined by the DiaSorin-
LIAISON®-Calprotectin according to the manufacturer’s specification (normal range <50 mg/kg).
Both tests were performed at admission. Potential infective causes for FC increase were investigated
through canonical stool analysis for common bacteria, viral and parasitic pathogens.

Data were displayed as median (Quartile 1; Quartile 3). We explored the correlation between
continuous variables via Spearman’s correlation coefficient, considering a statistically significant
two-tailed p-value < 0.05.

4. Results

From the 25 original patients, 21 (84%) showed increased FC, with median values of 116 (87.5;
243.5) mg/kg despite being asymptomatic for GI symptoms, and a median D-Dimer of 1.32 (0.82; 2)
mg/L (normal value < 0.5 mg/L). Their clinical characteristics, possible risk factors, and biochemical
parameters are reported in Table 1. We did not detect any significant correlation between FC and the C
reactive protein (CRP), white blood cell count (WBC), platelet count, ferritin, lactate dehydrogenase
(LDH) or albumin. However, we found a strong positive correlation between FC and D-Dimer
(r = 0.745, p < 0.0001).
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Table 1. Patients’ Characteristics and Laboratory Parameters. Continuous Variables are Reported as
the Median (Quartile1; Quartile3). CRP: C Reactive Protein; LDH: Lactate Dehydrogenase.

Characteristics
Patients with Abnormal Fecal

Calprotectin
N = 21

Patients without Abnormal
Calprotectin

N = 4

Age, years 78.3 (69; 81.5) 76 (70; 84)

Gender, Male 15 (71.4%) 3 (75%)

BMI (kg/m2) 24 (21; 27) 25 (20; 26)

Hearth Diseases 10 (47.6%) 2 (50%)

Hypertension 7 (33.3%) 2 (50%)

Previous ACE-Inhibitors 5 (23.8%) 2 (50%)

Active Smokers 7 (33.3%) 1 (25%)

Antibiotic Therapy 5 (23.8%) 1 (25%)

Heparin Therapy 13 (61.9%) 2 (50%)

White Blood Cell Count 6530 (4050; 7350) 6110 (4350; 8365)

Platelets (109/L) 205 (141;357) 189 (153; 265)

PCR (mg/dL) 31 (24; 91) 40 (8; 115)

LDH (U/L) 290 (195; 381) 250 (190; 300)

Ferritin (µg/L) 645 (520; 1210) 550 (420; 610)

Fecal Calprotectin (mg/kg) 116 (87.5; 243.5)

D-Dimer (mg/LFEU) 1.32 (0.82; 2) 0.87 (0.5; 1.23)

4.1. Intestinal Perforation

Two of the enrolled patients developed intestinal perforation. They were admitted to the
emergency department for high-grade fever, cough and dyspnea. Both resulted positive to SARS-CoV-2
in nasopharyngeal swabs, and according to their comorbidities, they were admitted to the hospital.

The first patient, a 68-year-old female with an FC of 216 mg/kg, WBC of 17,940 cells/mm3, CRP of
94 mg/L and D-Dimer of 1.28 mg/LFEU developed severe abdominal pain 20 days after hospital
admission. The contrast-enhanced abdominal computed tomography (CT) showed rectal wall and
sigmoid colon thickening surrounded by extraluminal free air; a small-sized fluid collection and a
smoothly thickened peritoneum were noted. The patient was treated conservatively.

The second patient, an 84-year-old female with an FC of 290 mg/kg, WBC of 5990 cells/mm3, CRP of
290 mg/dL and D-Dimer of 2.1 mg/LFEU developed severe abdominal pain the day after admission
and septic shock. The contrast-enhanced abdominal CT showed rectal wall thickening, with free
air organized circumferentially around the mesorectum, suggestive for retroperitoneal perforation;
an inflammatory stranding of perivisceral fat tissue was also identified. The patient died the next day.

4.2. A Hypothesis on the Role of Thrombosis

In contrast to Effenberger et al. [5], we detected an increase in FC concentration in 88.2% of patients
without GI symptoms. Besides, our findings also represent the first report of a significant positive
correlation between FC and D-Dimer. This particular discovery may change our current understanding
of COVID-19 intestinal-disease pathogenesis, shedding new light on the potential role of thrombosis
and the consequent hypoxic intestinal damage. Indeed, FC is mainly expressed by neutrophils [11],
whose functions are severely affected by intestinal ischemia [12]. The two patients that developed
bowel perforation showed on the CT rectal and sigmoid colon wall thickening. In non-COVID-19
patients, left flexure and sigmoid colon segments have the highest risk of ischemic colitis, while distal
rectum is usually spared due to its dual blood supply; at variance, in COVID-19 patients colon/rectal
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thickening was previously reported in seven cases [13] in agreement with our data, supporting a
relationship between intestinal damage and COVID-19 infection. Notably, D-Dimer was found to
increase in up to 47% of patients with COVID-19 at hospital admission [14], which resulted in higher
mortality rates despite not presenting pulmonary embolism or deep vein thrombosis. Was the gut
being responsible for these patients’ death? Unfortunately, this question has no definitive answer, but
according to a recent study, bowel abnormalities were a common finding (31%) during abdominal
imaging of individuals with COVID-19. Patients who underwent laparotomy often showed histological
ischemia due to small vessel thrombosis [13].

That being said, our data should be taken with caution due to the relatively small sample size
and the possible limitations related to selection bias. While waiting for the additional validation,
and data on gut histopathology (autoptic reports or in vivo endoscopic biopsies) in COVID-19 patients,
we firmly believe that the correlation between FC and D-Dimer may yield the secrets behind the
COVID-19 Pandora’s box.

Author Contributions: S.D.B., G.S., V.Z., M.C., A.A.O., A.P., A.C., F.M., R.L. and L.S.C. wrote the manuscript. M.G.,
S.D.B., V.Z., F.C., R.L., M.C., A.A.O. and L.S.C. were involved in patient care and contributed to the preparation of
the manuscript. G.S., V.Z., A.P. and A.C., given their expertise in the field, were involved in the discussion of the
gut damage etiology. All authors have read and agreed to the published version of the manuscript.

Funding: The authors did not receive funding for the current work.

Conflicts of Interest: The authors declare no conflict of interest.

Ethics Approval: The study protocol was approved by the institutional ethics commission (Comitato Etico Unico
Regionale, CEUR) with the following number 2020-OS-072.

References

1. Menter, T.; Haslbauer, J.; Nienhold, R.; Savic, S.; Hopfer, H.; Deigendesch, N.; Frank, S.; Turek, D.; Willi, N.;
Pargger, H.; et al. Post-mortem examination of COVID19 patients reveals diffuse alveolar damage with severe
capillary congestion and variegated findings of lungs and other organs suggesting vascular dysfunction.
Histopathology 2020. [CrossRef] [PubMed]

2. Sambataro, G.; Giuffrè, M.; Sambataro, D.; Palermo, A.; Vignigni, G.; Cesareo, R.; Crimi, N.;
Torrisi, S.; Vancheri, C.; Malatino, L.; et al. The Model for Early COvid-19 Recognition (MECOR)
Score: A Proof-of-Concept for a Simple and Low-Cost Tool to Recognize a Possible Viral Etiology in
Community-Acquired Pneumonia Patients during COVID-19 Outbreak. Diagnostics 2020, 10, 619. [CrossRef]
[PubMed]

3. Cabas, P.; Di Bella, S.; Giuffrè, M.; Rizzo, M.; Trombetta, C.; Luzzati, R.; Antonello, R.M.; Parenzan, K.;
Liguori, G. Community pharmacists’ exposure to COVID-19. Res. Soc. Adm. Pharm. 2020. [CrossRef]
[PubMed]

4. Hoffmann, M.; Kleine-Weber, H.; Schroeder, S.; Krüger, N.; Herrler, T.; Erichsen, S.; Schiergens, T.S.; Herrler, G.;
Wu, N.-H.; Nitsche, A.; et al. SARS-CoV-2 Cell Entry Depends on ACE2 and TMPRSS2 and Is Blocked by a
Clinically Proven Protease Inhibitor. Cell 2020, 181, 271–280. [CrossRef] [PubMed]

5. Effenberger, M.; Grabherr, F.; Mayr, L.; Schwaerzler, J.; Nairz, M.; Seifert, M.; Hilbe, R.; Seiwald, S.;
Scholl-Buergi, S.; Fritsche, G.; et al. Faecal calprotectin indicates intestinal inflammation in COVID-19. Gut
2020, 69. [CrossRef] [PubMed]

6. Varga, Z.; Flammer, A.J.; Steiger, P.; Haberecker, M.; Andermatt, R.; Zinkernagel, A.S.; Mehra, M.R.;
Schuepbach, R.A.; Ruschitzka, F.; Moch, H. Endothelial cell infection and endotheliitis in COVID-19. Lancet
2020, 395, 1417–1418. [CrossRef]

7. Liang, W.; Feng, Z.; Rao, S.; Xiao, C.; Xue, X.; Lin, Z.; Zhang, Q.; Qi, W. Diarrhoea may be underestimated:
A missing link in 2019 novel coronavirus. Gut 2020, 69, 1141–1143. [CrossRef] [PubMed]

8. Xiao, F.; Tang, M.; Zheng, X.; Liu, Y.; Li, X.; Shan, H. Evidence for Gastrointestinal Infection of SARS-CoV-2.
Gastroenterology 2020, 158, 1831–1833. [CrossRef] [PubMed]

9. Lin, L.; Jiang, X.; Zhang, Z.; Huang, S.; Zhang, Z.; Fang, Z.; Gu, Z.; Gao, L.; Shi, H.; Mai, L.; et al.
Gastrointestinal symptoms of 95 cases with SARS-CoV-2 infection. Gut 2020, 69, 997–1001. [CrossRef]
[PubMed]

http://dx.doi.org/10.1111/his.14134
http://www.ncbi.nlm.nih.gov/pubmed/32364264
http://dx.doi.org/10.3390/diagnostics10090619
http://www.ncbi.nlm.nih.gov/pubmed/32825763
http://dx.doi.org/10.1016/j.sapharm.2020.05.020
http://www.ncbi.nlm.nih.gov/pubmed/32499159
http://dx.doi.org/10.1016/j.cell.2020.02.052
http://www.ncbi.nlm.nih.gov/pubmed/32142651
http://dx.doi.org/10.1136/gutjnl-2020-321388
http://www.ncbi.nlm.nih.gov/pubmed/32312790
http://dx.doi.org/10.1016/S0140-6736(20)30937-5
http://dx.doi.org/10.1136/gutjnl-2020-320832
http://www.ncbi.nlm.nih.gov/pubmed/32102928
http://dx.doi.org/10.1053/j.gastro.2020.02.055
http://www.ncbi.nlm.nih.gov/pubmed/32142773
http://dx.doi.org/10.1136/gutjnl-2020-321013
http://www.ncbi.nlm.nih.gov/pubmed/32241899


Trop. Med. Infect. Dis. 2020, 5, 147 5 of 5

10. Pan, Y.; Zhang, D.; Yang, P.; Poon, L.L.M.; Wang, Q. Viral load of SARS-CoV-2 in clinical samples.
Lancet Infect. Dis. 2020, 20, 411–412. [CrossRef]

11. Magro, F.; Lopes, J.; Borralho, P.; Lopes, S.; Coelho, R.; Cotter, J.; De Castro, F.D.; De Sousa, H.T.; Salgado, M.;
Andrade, P.; et al. Comparison of different histological indexes in the assessment of UC activity and their
accuracy regarding endoscopic outcomes and faecal calprotectin levels. Gut 2018, 68, 594–603. [CrossRef]
[PubMed]

12. Tahir, M.; Arshid, S.; Fontes, B.; Castro, M.S.; Luz, I.S.; Botelho, K.L.R.; Sidoli, S.; Schwämmle, V.; Roepstorff, P.;
Fontes, W. Analysis of the Effect of Intestinal Ischemia and Reperfusion on the Rat Neutrophils Proteome.
Front. Mol. Biosci. 2018, 5, 89. [CrossRef] [PubMed]

13. Bhayana, R.; Som, A.; Li, M.; Carey, D.; Anderson, M.A.; Blake, M.A.; Catalano, O.A.; Gee, M.S.; Hahn, P.F.;
Harisinghani, M.; et al. Abdominal Imaging Findings in COVID-19: Preliminary Observations. Radiology
2020, 201908. [CrossRef] [PubMed]

14. Zhang, L.; Yan, X.; Fan, Q.; Liu, H.; Liu, X.; Liu, Z.; Zhang, Z. D-dimer levels on admission to predict
in-hospital mortality in patients with Covid-19. J. Thromb. Haemost. 2020, 18, 1324–1329. [CrossRef]
[PubMed]

© 2020 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access
article distributed under the terms and conditions of the Creative Commons Attribution
(CC BY) license (http://creativecommons.org/licenses/by/4.0/).

http://dx.doi.org/10.1016/S1473-3099(20)30113-4
http://dx.doi.org/10.1136/gutjnl-2017-315545
http://www.ncbi.nlm.nih.gov/pubmed/29437913
http://dx.doi.org/10.3389/fmolb.2018.00089
http://www.ncbi.nlm.nih.gov/pubmed/30555831
http://dx.doi.org/10.1148/radiol.2020201908
http://www.ncbi.nlm.nih.gov/pubmed/32391742
http://dx.doi.org/10.1111/jth.14859
http://www.ncbi.nlm.nih.gov/pubmed/32306492
http://creativecommons.org/
http://creativecommons.org/licenses/by/4.0/.

	Main Text 
	Gastrointestinal Manifestations of COVID-19 
	Materials and Methods 
	Results 
	Intestinal Perforation 
	A Hypothesis on the Role of Thrombosis 

	References

