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INTRODUCTION: Coronavirus disease (COVID-19) has spread from Wuhan, China, and become a worldwide pandemic.

Most patients display respiratory symptomsbut up to 50% report gastrointestinal symptoms.Neopterin is

a surrogate marker for viral inflammation, and its production by macrophages is driven by interferon-g.

METHODS: We measured fecal neopterin in 37 hospitalized COVID-19 patients not requiring intensive care

measures and 22 healthy controls.

RESULTS: Fecal neopterin was elevated in stool samples from COVID-19 patients compared with that in samples

from healthy controls. Especially, patients reporting gastrointestinal symptoms exhibited increased

fecal neopterin values.

DISCUSSION: COVID-19 is associated with an inflammatory immune response in the gastrointestinal tract.
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INTRODUCTION
Coronavirus disease (COVID-19), caused by the severe acute
respiratory syndrome coronavirus 2 (SARS-CoV-2), has spread
fromWuhan, Hubei Province, China, and become a worldwide
pandemic. Although most patients display respiratory symp-
toms (1), initial studies reported that up to 50% of patients also
have gastrointestinal (GI) symptoms such as diarrhea, vomiting,
or nausea (2) such that Centers for Disease Control and Pre-
vention integrated GI symptoms into the catalog of COVID-19
symptoms (3). More recent studies estimated that between 10%
and 30% of patients experienced GI symptoms (4,5). SARS-
CoV-2 RNA was detected in stool of patients (6) and SARS-
CoV-2 infects and replicates in human intestinal epithelium (7),
which is why a fecal–oral transmission could be possible. This is
notable as 8 of 10 SARS-CoV-2 infected children exhibited
polymerase chain reaction positive rectal swabs whereas naso-
pharyngeal tests were already negative (8). Recently, we could
show that elevated fecal calprotectin, a reliable biomarker for
activity and inflammation in inflammatory bowel disease (IBD)
(9), correlates with serum interleukin-6 (a cytokine that indi-
cates disease severity (10)) in hospitalized COVID-19 patients
(6). These findings suggest an inflammatory response in the gut
of COVID-19 patients. Neopterin is a pteridine derivate, which
is produced mainly by macrophages on stimulation with in-
terferon (IFN)-g (11). Neopterin is particularly induced during

viral infections, such as Epstein-Barr virus and cytomegalovirus.
Fecal neopterin (fNEO) is also a biomarker that adequately re-
flects endoscopic activity in patients with IBD (12,13). In this
study, we evaluated whether fNEO is elevated in COVID-19
patients compared with that of healthy controls, which would
provide evidence that SARS-CoV-2 elicits immune activation
and inflammation in the gut.

METHODS
We collected fecal samples from 37 hospitalized COVID-19 pa-
tients at theUniversityHospital of Innsbruck, Austria, who did not
require intensive care measures; 22 healthy subjects served as
healthy controls. Diarrhea, defined as loose stools .3 times per
day, nausea, and vomiting .1 time per day were included as GI
symptoms in this study. We excluded other causes of acute GI
infection by stool analysis for common viral, bacterial, parasitic,
andprotozoanpathogens in all patientswith diarrhea, andnoother
chronic intestinal disease was documented for any patient. In-
fection with SARS-CoV-2 was confirmed by polymerase chain
reaction of nasopharyngeal swab, recommended by the Centers for
Disease Control and Prevention (Atlanta, GA). For collecting the
swab systems, the Xpert Nasopharyngeal Sample Collection Kit
(Cepheid, Sunnyvale, CA) was used. Informed consent was
obtained from all patients, and ethics approval was granted as an
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amendment to AN2017-0016369/4.21. Supernatant for fNEO
ELISA measurement of fecal samples was isolated using the ex-
traction buffer from the Calprest Kit (Eurospital SpA, Triest, Italy).
Fecal isolation was performed to the manufacturer’s protocol. In
brief, fecal samples were diluted in extraction buffer and vortexed
for 30 seconds; afterward, homogenization was performed for 30
minutes on a tube rotator. Homogenized samples were centrifuged
at 10,000g for 20minutes. Supernatant was used for quantification
of neopterin with the Neopterin Elisa Kit (RE59321; Tecan, IBL
International, Hamburg, Germany), according to the manufac-
turer’s recommendation. Patients were classified as high or low
fNEO group using the 80% of patients as cutoff, allowing a 100%
specificity and 19% sensitivity. For statistical analysis, 1- or 2-tailed
t test or Mann–Whitney test was used (as appropriate) to assess
statistical significance. A 1-tailed t test was used in Figure 1a, as we
predicted, partly based on the findings from the study by Husain
et al. and our fecal calprotectin findings (6,13) that COVID-19
patients exhibit higher fNEO concentrations. A P value of ,0.05
was assumed to be statistically significant. Statistical analysis was
performed with GraphPad Prism V8 (San Diego, CA).

RESULTS
Characteristics, frequency of GI symptoms, and biochemical pa-
rameters of 37 COVID-19 patients included in this study are pre-
sented in Table 1. In brief, 11 women and 26 men COVID-19
patients, with a median age of;62 years and evidence of systemic
inflammation (indicated by C-reactive protein) of which 17 dis-
played GI symptoms (diarrhea and/or nausea and/or vomiting)
were included in this study. In this cohort, fNEO values were ele-
vated when compared with those of healthy controls (Figure 1a,
mean 314.6 ng/g, SEM 50.0 vs mean 195.9 ng/g, SEM 12.9; P 5
0.038; 95% confidence interval [CI] 213.1–416.0 vs 169.0–222.8). A
disease-discriminating cutoff of 614.7 ng/g fNEO (i.e., the 80%,
allowing a 100% specificity and 19% sensitivity) suggested that only
a group of COVID-19 patients displayed elevated (.614.7 ng/g)

fNEOconcentrations in the stool. In this patient group,we observed
significantly higher serum C-reactive protein concentration when
comparedwith the lowneopterin group (Figure 1b,mean 4.017mg/
dL, SEM0.687vsmean 11.39mg/dL, SEM3.160,P5 0.026; 95%CI
2.6–5.4 vs 3.7–19.1) and an elevated body temperature on the day of
fecal sample collection (Figure 1c, mean 36.87°C, SEM 0.183 vs
mean 36.15°C, SEM 0.142, P 5 0.03; 95% CI 36.39–37.34 vs
35.86–36.44), indicating systemic inflammation. Notably, elevated
fNEO concentration was particularly observed in patients with GI
symptoms (Figure 1d,mean194.6ng/g, SEM41.4 vsmean362.1ng/
g, SEM 76.6; P 5 0.049; 95% CI 107.3–281.8 vs 199.9–524.4). As
such, COVID-19 patients displayed increased fNEO concentration,
particularly during presentation of GI symptoms.

DISCUSSION
GI symptoms occur in COVID-19 patients frequently (2,14,15),
whereas mucosal disturbances in the gut are poorly understood. A
recent study indicated that SARS-CoV-2 can infect and replicate in
human enterocytes (7). Furthermore, it was shown that ACE2 and
transmembrane serine protease 2, the 2 key proteins for cell entry of
the SARS-CoV-2, are coexpressed on intestinal epithelial cells (16).
Both findings indicate a potential route of infection of SARS-CoV-2
in the intestinal tract. We show that fNEO, a surrogate of a cellular
viral immune response (17), is increased in fecal samples ofCOVID-
19 patients, particularly in those with GI symptoms. Our findings
underline the involvementof theGI tract inCOVID-19andgoalong
with several recent studies showing frequent GI inflammation in
COVID-19 (2,14,15). COVID-19 patients seem to display compa-
rable (or slightly higher) fNEO values when compared with active
IBD patients (12,13), suggesting that the COVID-19 inflammatory
response in the gut is similarly pronounced compared to an IBD
disease flare. Of interest, we did not see any difference in fNEO
depending on which GI symptom patients where reporting.

Neopterin synthesis takes place almost exclusively in activated
macrophages primarily under the control of IFNg (11). COVID-

Figure 1. (a) The fNEO levels (ng/g) in healthy controls (HCs) (n 5 22) and COVID-19 patients (n 5 37), P 5 0.038; note a subgroup of elevated fNEO
samples above 614.7 ng/g. (b) C-reactive protein levels (mg/dL) in HCs and COVID-19 patients with high or low fNEO (cutoff 614.7 ng/g), P5 0.026. (c)
Body temperature in degree celsius of the low and high fNEO group, P 5 0.036. (d) The fNEO values in patients with and without GI symptoms; note
increased values in the grouppresentingwithGI symptoms,P50.049.Data shownasmean6SEM; statistic tests used: 1-tailed t test for (a), unpaired t test
for (c), Mann–Whitney test for (b and d). COVID-19, coronavirus disease 2019; fNEO, fecal neopterin; GI, gastrointestinal.

Clinical and Translational Gastroenterology VOLUME 12 | JANUARY 2021 www.clintranslgastro.com

C
O
LO

N
Grabherr et al.2

http://www.clintranslgastro.com


19 is characterized by activation of innate immunity (10,18),
which also involves the intestine indicated by the data of this
study.Disease severity inCOVID-19 correlates with the detection
of various cytokines and chemokines including IFNg (18). The
release of a plethora of cytokines and chemokines by infected cells
(such as enterocytes) might result in intestinal inflammation,
which might underlie GI symptoms. Although this study has
some limitations (small sample size, younger age of controls, and
SARS-COV-2 RNA was only measurable in 7 of 20 samples), we
believe that our findings together with previous reports collec-
tively indicate that COVID-19 is a systemic viral disease, causing
GI inflammation and an innate intestinal immune response.
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Study Highlights

WHAT IS KNOWN

3 COVID-19 is a systemic disease involving the GI tract.
3 Neopterin is a surrogate marker for viral inflammation.

WHAT IS NEW HERE

3 Fecal neopterin is elevated in COVID-19 patients compared
with that in healthy controls.

3 Patients reporting gastrointestinal symptoms have higher
fecal neopterin values.

TRANSLATIONAL IMPACT

3 Fecal neopterin indicates intestinal inflammation in COVID-
19.

Table 1. Patients’ characteristics

Healthy Controls COVID-19

PMean SEM Mean SEM

N 22 37

Sex, female/male 8/14 11/26

Age (yr) 39.77 2.91 62.22 2.68 ,0.0001

C-reactive protein, mg/dL 0.15 0.03 5.41 0.92 ,0.0001

Leukocytes, g/L 6.17 0.26 6.06 0.27 0.78

Ferritin, mg/L 110.59 12.92 640.54 74.34 ,0.0001

Fecal calprotectin, mg/g 18.21 1.82 44.31 7.20 0.0079

Serum interleukin-6, ng/L 50.06 8.84

Temperature, °C 36.27 0.13

Gastrointestinal symptoms, no/yes/unknown 18/17/2

Diarrhea 12

Nausea 12

Vomiting 4

Dyspnea 13

Chronic obstructive pulmonary disease 3

Cough 26

Fatigue 21

Hypertension 16

Systolic blood pressure, mm Hg 129.26 3.13

Diastolic blood pressure, mm Hg 74.03 1.82

Diabetes 7

Allergies 6

Malignant disease 6

American College of Gastroenterology Clinical and Translational Gastroenterology

C
O
LO

N

Increased fNEO Parallels GI Symptoms in COVID-19 3



REFERENCES
1. Wang D, Hu B, Hu C, et al. Clinical characteristics of 138 hospitalized

patients with 2019 novel coronavirus-infected pneumonia in Wuhan,
China. JAMA 2020;323(11):1061–9.

2. Lin L, Jiang X, Zhang Z, et al. Gastrointestinal symptoms of 95 cases with
SARS-CoV-2 infection. Gut 2020;69(6):997–1001.

3. CDC. (https://www.cdc.gov/coronavirus/2019-ncov/symptoms-testing/
symptoms.html) 2020. Accessed December 17, 2020.

4. Hajifathalian K, Krisko T, Mehta A, et al. Gastrointestinal and hepatic
manifestations of 2019 novel coronavirus disease in a large cohort of
infected patients fromNewYork: Clinical implications. Gastroenterology
2020;159:1137–1140

5. Sultan S, Altayar O, Siddique S, et al. AGA onstitute rapid review of the
gastrointestinal and liver manifestations of COVID-19, meta-analysis of
international data, and recommendations for the consultative
management of patients with COVID-19. Gastroenterology 2020;159(1):
320–34.e27.

6. Effenberger M, Grabherr F, Mayr L, et al. Faecal calprotectin indicates
intestinal inflammation in COVID-19. Gut 2020;69(8):1543–4.

7. Lamers MM, Beumer J, van der Vaart J, et al. SARS-CoV-2 productively
infects human gut enterocytes. Science 2020;369(6499):50–4.

8. XuY, Li X, ZhuB, et al. Characteristics of pediatric SARS-CoV-2 infection
and potential evidence for persistent fecal viral shedding. Nat Med 2020;
26(4):502–5.

9. Petryszyn P, Staniak A, Wolosianska A, et al. Faecal calprotectin as a
diagnostic marker of inflammatory bowel disease in patients with
gastrointestinal symptoms: Meta-analysis. Eur J Gastroenterol Hepatol
2019;31(11):1306–12.

10. Zhou F, Yu T, Du R, et al. Clinical course and risk factors for mortality of
adult inpatientswithCOVID-19 inWuhan,China:A retrospective cohort
study. Lancet 2020;395(10229):1054–62.

11. Huber C, Batchelor JR, Fuchs D, et al. Immune response-associated
production of neopterin. Release from macrophages primarily under
control of interferon-gamma. J Exp Med 1984;160(1):310–6.

12. Nancey S, Boschetti G,MoussataD, et al. Neopterin is a novel reliable fecal
marker as accurate as calprotectin for predicting endoscopic disease
activity in patients with inflammatory bowel diseases. InflammBowel Dis
2013;19(5):1043–52.

13. Husain N, Tokoro K, Popov J, et al. Neopterin concentration as an index
of disease activity in Crohn’s disease and ulcerative colitis. J Clin
Gastroenterol 2013;47(3):246–51.

14. HanC,DuanC, Zhang S, et al.Digestive symptoms inCOVID-19patients
with mild disease severity: Clinical presentation, stool viral RNA testing,
and outcomes. Am J Gastroenterol 2020;115(6):916–23.

15. Pan L, MuM, Yang P, et al. Clinical characteristics of COVID-19 patients
with digestive symptoms in Hubei, China: A descriptive, cross-sectional,
multicenter study. Am J Gastroenterol 2020;115(5):766–73.

16. Zhang H, Kang Z, Gong H, et al. Digestive system is a potential route of
COVID-19: An analysis of single-cell coexpressionpattern of key proteins
in viral entry process. Gut 2020;69(6):1010–8.

17. Reibnegger G, Auhuber I, Fuchs D, et al. Urinary neopterin levels in acute
viral hepatitis. Hepatology 1988;8(4):771–4.

18. Huang C, Wang Y, Li X, et al. Clinical features of patients infected with
2019 novel coronavirus in Wuhan, China. Lancet 2020;395(10223):
497–506.

Open Access This is an open access article distributed under the Creative
Commons Attribution License 4.0 (CCBY), which permits unrestricted use,
distribution, and reproduction in any medium, provided the original work is
properly cited.

Clinical and Translational Gastroenterology VOLUME 12 | JANUARY 2021 www.clintranslgastro.com

C
O
LO

N
Grabherr et al.4

https://www.cdc.gov/coronavirus/2019-ncov/symptoms-testing/symptoms.html
https://www.cdc.gov/coronavirus/2019-ncov/symptoms-testing/symptoms.html
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://www.clintranslgastro.com

