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Abstract
Background: Gastrointestinal infections represent a risk factor for functional gastro-
intestinal and somatoform extraintestinal disorders. We investigated the prevalence 
and	relative	risk	 (RR)	of	gastrointestinal	and	somatoform	symptoms	5	months	after	
SARS-	CoV-	2	infection	compared	with	a	control	cohort.
Methods: One	hundred	and	sixty-	four	SARS-	CoV-	2	 infected	patients	and	183	con-
trols responded to an online questionnaire about symptoms and signs during the 
acute phase of the infection and after 4.8 ± 0.3 months. Presence and severity of 
gastrointestinal symptoms, somatization, anxiety, and depression were recorded with 
standardized questionnaires. Stool form and presence of irritable bowel syndrome 
(IBS)	were	also	recorded.	Any	association	between	exposure	to	infection	and	symp-
toms was evaluated by calculating crude and adjusted RR values and score differences 
with	95%	confidence	intervals	(CI).
Key Results: Fever, dyspnea, loss of smell/taste/weight, diarrhea, myalgia, arthralgia, 
and	asthenia	were	reported	by	more	than	40%	of	patients	during	the	acute	phase.	
Compared with controls, adjusted RRs for loose stools, chronic fatigue, and somatiza-
tion	were	increased	after	infection:	1.88	(95%	CI	0.99–	3.54),	2.24	(95%	CI	1.48–	3.37),	
and	3.62	(95%	CI	1.01–	6.23),	respectively.	Gastrointestinal	sequelae	were	greater	in	
patients with diarrhea during the acute phase.
Conclusions & Inferences: Mild	gastroenterological	symptoms	persist	5	months	after	
SARS-	CoV-	2	infection,	in	particular	in	patients	reporting	diarrhea	in	the	acute	phase.	
Infected patients are at increased risk of chronic fatigue and somatoform disorders, 
thus supporting the hypothesis that both functional gastrointestinal and somatoform 
disorders may have a common biological origin.
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1  |  INTRODUC TION

Severe	 acute	 respiratory	 syndrome	 coronavirus-	2	 (SARS-	CoV-	2)	
is	 a	 single-	stranded	 enveloped	 RNA	 beta-	coronavirus,	 responsi-
ble for the first 21st- century pandemic.1	 SARS-	CoV-	2	 infection	
can be asymptomatic or responsible for coronavirus disease- 2019 
(COVID- 19)2 characterized by a range of pulmonary manifestations 
from fever, dry cough, and dyspnea to pneumonia and acute res-
piratory distress syndrome.3	 Additionally,	 several	 extrapulmonary	
manifestations have also been described including neurological, 
hematological, cardiovascular, renal, dermatological, and gastroin-
testinal ones.4 The most frequent gastrointestinal manifestation in 
COVID- 19 patients is diarrhea, which has been variably reported in 
4%–	37%	of	large	series.3,5–	12 Less is known about whether gastroin-
testinal symptoms persist after the resolution of the acute infection. 
In	a	recent	large	Chinese	cohort	study,	5%	of	patients	reported	diar-
rhea	or	vomiting	6	months	after	SARS-	CoV-	2	infection.13 In another 
retrospective study, the most common gastrointestinal sequelae 
90 days after infection were the loss of appetite, nausea, acid reflux, 
and	diarrhea,	that	were	reported	by	24%,	18%,	18%,	and	15%	of	the	
patients, respectively.14

Bacterial, protozoal, and viral infections of the gastrointes-
tinal tract represent a recognized risk factor for the development 
of functional gastrointestinal disorders in the upper and lower 
gastrointestinal tract, known as post- infectious dyspepsia15,16 and 
post- infectious irritable bowel syndrome (IBS).17–	20 Gastrointestinal 
infections have also been reported to increase the risk of chronic 
fatigue and other extraintestinal symptoms (e.g., headache, articular, 
and muscle pain), which in absence of organic/biological alterations 
explaining them are known as functional somatic syndromes or so-
matoform disorders.19,21,22 Whether the origin of these somatoform 
symptoms was to be searched in a biological, psychological, or social 
domain is still debated.23

Since	February	2020,	SARS-	CoV-	2	has	been	hitting	Italy.24 This 
has provided a unique opportunity to assess the long- term impact 
of a previously unknown viral infection on the burden of both gas-
trointestinal and extraintestinal somatoform symptoms. The aim of 
our study was to assess the frequency and relative risk of gastroin-
testinal	and	somatoform	symptoms	5	months	after	the	resolution	of	
SARS-	CoV-	2	infection	compared	with	a	control	cohort.

2  |  MATERIAL S AND METHODS

2.1  |  Subjects

In	February	2020,	a	SARS-	CoV-	2	outbreak	occurred	in	Italy,	with	
extreme severity in Milan and the surrounding Lombardy region. 
A	first	peak	was	reached	at	the	end	of	March	2020,	while	the	end	
of the first wave was recognized in May 2020.24 Far from that, 
we	launched	an	online	structured	questionnaire.	All	 the	patients	
aged between 18 and 60 years who tested positive with a poly-
merase	chain	reaction	for	SARS-	CoV-	2	at	nose	pharyngeal	swab	in	

the	laboratories	of	our	hospital	between	February	and	April	2020	
were contacted by e-mail. Employees and healthcare profession-
als who were tested negative at nose pharyngeal swab within the 
surveillance program of the hospital in the same period were also 
e-mailed as a control group. Subjects reporting a previous diag-
nosis of IBS, inflammatory bowel disease (IBD), or celiac disease 
were excluded.

2.2  |  Ethics

The study was approved by the local Ethics Committee of Fondazione 
IRCCS Ca’ Granda Ospedale Maggiore Policlinico, Milan (approval 
no. 106876 on June 23rd	2020).	All	the	subjects	received	an	e-mail	
explaining the rationale of the study for their informed consent to 
participate.	As	they	agreed,	the	subjects	were	directed	via	a	link	to	an	
online structured questionnaire on the EU- Survey platform (https://
ec.europa.eu/eusur vey/) supported by the European Commission, 
which allows to collect sensible data with no user identification via 
IT tracking, profiling cookies, or geographical location or personal/
socio- demographic/health data.

2.3  |  Symptom questionnaires

The structured questionnaire contained: (i) demographic char-
acteristics and medical history including: age, sex, level of edu-
cation, current job, past surgery, chronic medications, smoking 
habits, psychiatric disorders, and a previous diagnosis of IBS, 
IBD, and celiac disease; (ii) symptoms and signs in the acute 
phase	of	SARS-	CoV-	2	infection	including:	presence/absence	of	
fever, dyspnea, expectorated phlegm, hemoptysis, rhinitis, sore 
throat, conjunctivitis, loss of smell, loss of taste, nausea, sick-
ness, diarrhea, abdominal pain, weight loss, headache, myalgia, 
arthralgia,	 and	asthenia;	 (iii)	 severity	of	SARS-	CoV-	2	 infection	
scored according to the need and type of hospitalization: as 
mild (no hospitalization or discharge from emergency depart-
ment), moderate (hospitalization in non- intensive care unit), or 

Key Points

• Gastrointestinal infections represent a risk factor for 
functional gastrointestinal and somatoform extraintes-
tinal disorders.

•	 Mild	gastrointestinal	 symptoms	persist	5	months	after	
severe acute respiratory syndrome coronavirus- 2 infec-
tion together with an increased risk of chronic fatigue 
and somatoform symptoms.

• Our results support the hypothesis that both functional 
gastrointestinal and somatoform disorders may have a 
common biological origin.
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severe (hospitalization in intensive care unit); (iv) the concomi-
tant use of antibiotic or antiviral therapy. (v) gastrointestinal 
and selected non- gastrointestinal symptoms recorded accord-
ing	to	the	Structured	Assessment	of	Gastrointestinal	Symptoms	
(SAGIS)	 questionnaire25	 at	 the	 time	 of	 the	 survey.	 The	 SAGIS	
questionnaire includes 22 gastrointestinal symptoms scored on 
a five- point Likert scale as 0: no problem, 1: mild (a symptom 
can be ignored when you do not think about it) 2: moderate (it 
cannot be ignored, but does not influence daily activities), 3: 
severe (influencing your concentration on daily activities), and 
4: very severe (it markedly influences your daily activities and/
or requires rest). Symptoms were grouped in five symptoms 
domains: 1-  Abdominal pain/discomfort including: post- prandial 
pain, epigastric pain, bloating, fullness, early satiety, retroster-
nal discomfort, and abdominal cramps. 2-  Diarrhea/incontinence 
including: diarrhea, loose stools, urgency to defecate, pain/
discomfort prior to defecation, excessive gas flatulence, and 
incontinence. 3-  Gastroesophageal reflux disease/regurgitation 
including: dysphagia, excessive belching, and acid eructation. 
4-  Nausea/vomiting including: sickness, nausea, vomiting, and 
loss	 of	 appetite.	 5-		 Constipation including: constipation and 
difficult defecation. The scores of each symptom domain are 
reported as the arithmetic mean of the scores for the symp-
toms	of	the	given	domain.	The	SAGIS	questionnaire	also	asked	
subjects to describe in their own words their first and second 
most important health concern/problem and the presence/ab-
sence of 6 selected non- gastrointestinal symptoms including: 
headache, back pain, sleep disturbances, chronic fatigue, and 
self-	reported	 depression	 and	 anxiety	 (vi)	 A	 yes/no	 question	
summarizing the Rome IV criteria for IBS26 (vii) The visual chart 
of the Bristol Stool scale27 (viii) Symptom Checklist (SCL)- 12 for 
somatoform disorders28 including the 11 “non- gastrointestinal” 
questions (headache, faintness or dizziness, pains in the heart 
or chest, pains in the lower back, soreness of your muscles, 
trouble getting your breath, hot or cold spells, numbness or tin-
gling in parts of your body, a lump in your throat, feeling weak 
in parts of your body, heavy feelings in your arms or legs) scored 
on how much that problem bothered or distressed during the 
past week (from 0: not at all to 4: extremely). The “gastrointes-
tinal” question: “nausea or upset stomach” was excluded from 
the analysis to avoid the overlap with the symptoms recorded 
with	 the	SAGIS	questionnaire.	The	 individual	 raw	scores	were	
converted to standard area t- scores based on a non- psychiatric 
patient	normative	sample.	An	area	t-	score	of	60	places	the	 in-
dividual in the 84th centile of the normative or referent popu-
lation and an area t- score of 70 in the 98th centile; according 
to Derogatis et al.,29	 area	 t-	scores	 ≥63	 have	 been	 applied	 for	
making an operational definition of “positive cases” when using 
the SCL90- R as a screening measure for psychiatric disorders. 
(ix)	Hospital	Anxiety	and	Depression	Scale	(HADS)30 composed 
of	 14	 items,	 7	 of	 which	 are	 related	 to	 anxiety	 (-	A)	 and	 seven	
to depression (- D). Each item of the questionnaire was scored 
from 0 to 3. The scores of each domain are reported as the 

arithmetic mean of the scores of the symptoms composing the 
domain in each subject. The final score ranged from 0 to 21 for 
each	anxiety	or	depression	with	a	cutoff	value	≥11	suggestive	
of the condition.

2.4  |  Statistical analysis

Data were automatically collected on EU- Survey. The sample size 
was calculated assuming the frequency of IBS- like symptoms in the 
study	and	control	groups	of	25%	and	5%,	respectively;	accordingly,	
140	subjects	in	each	group	would	be	needed	to	have	a	80%	power	
with	a	0.05	type-	I	error.	At	univariate	analysis,	the	differences	be-
tween the two groups for categorical variables and continuous 
variables were analyzed by Chi- square and Mann- Whitney test, re-
spectively.	Adjusted	score	differences	and	95%	confidence	intervals	
(CI)	 between	 SARS-	CoV-	2-	positive	 patients	 and	 negative	 controls	
were obtained from multiple linear regression models containing co-
variates selected a priori as potential confounders: sex, age, level of 
education, past surgery, chronic medications, smoking habits, and 
psychological comorbidity. The same covariates were entered in 
multiple Poisson regression models with robust variance to compare 
symptoms frequencies in the two groups and to calculate adjusted 
risk ratios (RR).31 Statistical analysis was carried out by software: 
Stata 16 (StataCorp. 2019).

3  |  RESULTS

The	rate	of	response	to	the	structured	questionnaire	was	34.6%	
(177	out	of	511)	among	SARS-	CoV-	2-	positive	patients	and	10.1%	
(201 out of 1,987) among the control group: 13 patients and 18 
controls were excluded because of a pre- existing gastrointesti-
nal	 disease,	 9	 (5%)	 and	16	 (8%)	with	 IBS,	 respectively;	 thus	164	
SARS-	CoV-	2-	positive	 patients	 and	 183	 control	 subjects	were	 fi-
nally included. The flowchart of the recruited subjects is reported 
in Figure S1.

The questionnaire was completed by the enrolled patients 
4.8 ± 0.3 months after the nose pharyngeal swab. The demographic 
characteristics of the compared groups are provided in Table 1. 
SARS-	CoV-	2-	positive	patients	smoked	less	than	control	subjects	and	
were older, with lower frequency of women and lower education 
level. Job activity, past surgery, chronic medications, and psychiatric 
disorders were not different in the compared groups.

3.1  |  Characteristics of acute SARS- CoV- 2 infection

The	 frequency	 of	 symptoms	 and	 signs	 of	 SARS-	CoV-	2-	positive	
patients compared to those reported by negative controls are 
shown in Figure 1. Fever, dyspnea, loss of smell, loss of taste, 
diarrhea, weight loss, myalgia, arthralgia, and asthenia were re-
ported	by	more	than	40%	of	patients	and	with	a	greater	frequency	
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(p < 0.001) than in the control group. Half of patients received 
antibiotic treatment, mainly beta- lactams, cephalosporins, and 
macrolides; 3 patients received antiviral treatments; among con-
trol	subjects,	11	(6%)	received	antibiotic	treatment,	mainly	amoxi-
cillin/clavulanate; none received antiviral treatments. Most of the 
patients	suffered	of	a	mild	(53%)	or	moderate	(33%)	form	of	SARS-	
CoV-	2	infection;	22	patients	(13%)	experienced	a	severe	form;	five	
control	 subjects	 were	 hospitalized	 for	 issues	 other	 than	 SARS-	
CoV- 2 infection in the same period.

3.2  |  Characteristics after acute SARS- 
CoV- 2 infection

Gastrointestinal	symptoms	summarized	according	to	the	5	domains	
of	 the	 SAGIS	 questionnaire	 are	 reported	 in	 Table	 2.	 At	 univariate	
analysis, the symptoms in the abdominal pain/discomfort, diarrhea/
incontinence, and gastroesophageal reflux disease/regurgitation 
domains	were	more	 severe	 in	 patients	with	 previous	 SARS-	CoV-	2	
infection than in control subjects with a score difference of +0.16, 
+0.13, and +0.13, respectively. These differences were lower at mul-
tivariable analysis (Table 2). Similar scores of nausea/vomiting and 
of constipation domains were reported in the two groups at both 
univariate and multivariable analysis.

The frequency of IBS according to the Rome IV criteria was 
similar	in	patients	with	previous	SARS-	CoV-	2	infection	and	control	
subjects	 (26.2%	 vs.	 25.1%;	p = 0.81) with an adjusted RR of 1.07 
(0.72–	1.60).	Loose	stools,	defined	as	a	Bristol	stool	score	≥6,	were	
more	frequent	 (17.8%	vs.	9.3%;	p = 0.02) in patients with previous 
SARS-	CoV-	2	infection	than	control	subjects	with	an	adjusted	RR	of	
1.88	(0.99–	3.54).

The	extraintestinal	symptoms	recorded	by	the	SAGIS	question-
naire are reported in Table 3. Chronic fatigue was more than twice 
more	frequent	in	patients	with	previous	SARS-	CoV-	2	infection	than	
in	control	subjects	both	at	univariate	 (31.7%	vs.	13.7%;	p < 0.001) 
and multivariable robust Poisson analysis with an adjusted RR of 
2.24	 (1.48–	3.37).	Chronic	 fatigue	was	not	 associated	with	 the	 se-
verity	of	 the	 infection	 (mild	33.3%	vs.	moderate	25.9%	vs.	 severe	
40.1%,	p = 0.41). The frequency of headache, back pain, sleep dis-
turbances, depression, and anxiety disorders was similar in the two 
groups (Table 3).

The first most important health concern/problem among gas-
trointestinal symptoms was abdominal pain and bloating in both 
patients	with	previous	SARS-	CoV-	2	 infection	and	control	 subjects	
(n = 16 and n = 10), while chronic fatigue (n = 14) or headache (n = 6) 
was the most important non- gastrointestinal symptoms. Similar 
trends were reported for the second most important health con-
cern/problem (data not reported).

Characteristic

SARS- CoV- 2

p- valuePositive (n = 164) Negative (n = 183)

Age,	years.	mean	(range) 44.1	(23–	60) 39.6	(22–	60) <0.001

Female, n	(%) 66	(40.2%) 111	(60.7%) <0.001

Educational level, n	(%)

Middle school 17	(10.4%) 5	(2.7%) <0.001

High school 64	(39%) 37	(20.2%)

Degree 81	(49.4%) 138	(75.4%)

Current job, n	(%)

Unemployed 6	(3.7%) 1	(0.55%) 0.05

Employed 80	(48.8%) 100	(54.6%)

Freelance 22	(13.4%) 23	(12.6%)

Retired 5	(3.0%) 0

Student 3	(1.8%) 0

Other 47	(28.7%) 49	(26.8%)

Past surgery, n	(%) 103	(62.8%) 102	(55.7%) 0.19

Chronic medications, n	(%) 59	(36%) 53	(29%) 0.25

Smoking, n	(%)

Never smoked 112	(68.3%) 99	(54.1%) <0.001

Former smoker 30	(18.3%) 20	(10.9%)

Current smoker 11	(6.7%) 35	(19.1%)

Psychiatric disorders, n	(%)

Depression 3	(1.8%) 0 0.25

Anxiety	disorder 8	(4.8%) 9	(4.9%)

Other psychiatric disorders 0 1	(0.5%)

TA B L E  1 Demographic	characteristics	
and clinical history of the recruited 
subjects
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Somatization and psychological characteristics according to 
the	Hospital	Anxiety	and	Depression	Scale	(HADS)	are	reported	in	
Table 4. Somatization scores were higher in patients with previous 
SARS-	CoV-	2	 infection	 than	 in	 control	 subjects	 both	 at	 univariate	
(p = 0.0006) and multivariable analysis with an adjusted score differ-
ence	of	3.62	(1.01–	6.23).	Positive	cases,	namely	with	a	normalized	
t-	score	≥63,	were	more	frequent	(24.4%	vs.	14.2%,	p = 0.02) in pa-
tients	with	previous	SARS-	CoV-	2	infection	than	in	control	subjects.	
Somatization	was	not	associated	with	 the	severity	of	SARS-	CoV-	2	
infection	(mild	53.8%	vs.	moderate	54.5%	vs.	severe	57.9%	normal-
ized scores, p =	0.31).	Anxiety	and	depression	scores	were	similar	in	
the two groups (Table 4); positive cases, with a score equal or greater 
than	the	operational	cutoff	value	of	11	for	anxiety	were	17	(10%)	in	

patients	with	previous	SARS-	CoV-	2	infection	and	8	(4%)	in	controls	
and	for	depression	9	(5%)	and	4	(2%),	respectively.

3.3  |  Post hoc analysis

The presence of diarrhea was associated (a) in the acute phase 
of	 SARS-	CoV-	2	 infection	 with	 an	 increased	 frequency	 of	 hos-
pitalization	 (64.7%	 vs.	 47.9%;	 p = 0.03); among the hospitalized 
patients the frequency of diarrhea tended to be greater in mod-
erate	than	in	severe	patients	(64.2%	vs.	45.2%;	p = 0.13); and (b) 
after the acute phase with higher scores of gastrointestinal symp-
toms in the abdominal pain/discomfort, diarrhea/incontinence, 

F I G U R E  1 Symptoms	and	signs	during	the	acute	phase	of	SARS-	CoV-	2	infection	and	during	the	same	period	in	SARS-	CoV-	2-	nesgative	
subjects. Data are expressed as percentage of subjects reporting the condition. *p	<	0.05,	**p < 0.01, ***p < 0.001
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and gastroesophageal reflux disease/regurgitation symptoms 
domains	 of	 the	 SAGIS	 questionnaire	 with	 a	 score	 difference	 of	
+0.17, +0.19 and +0.14 in comparison to patients without diarrhea 
(Table	5),	together	with	an	increased	frequency	of	IBS	(32.9%	vs.	
19.2%,	p =	 0.05)	 and	 of	 loose	 stools	 (21.2%	 vs.	 9.6%,	p = 0.04). 
The frequency of chronic fatigue (p =	0.05)	and	elevated	somatiza-
tion scores (p = 0.003) were higher in patients with diarrhea than 
those	without	it	(Table	5).	Antibiotic	treatments	tended	to	be	more	
frequent	 in	patients	with	diarrhea	 (58.8%)	than	 in	 those	without	
(41.1%)	(p=0.03).

Among	SARS-	CoV-	2-	positive	patients,	the	subjects	with	chronic	
fatigue reported higher somatization scores than those without 
(61.7	±	10.8	vs.	50.9	±	10.9,	p = <0.001).

4  |  DISCUSSION

To our knowledge, this is the first controlled cohort study investigat-
ing the frequency and relative risk of gastrointestinal and somato-
form	symptoms	5	months	after	SARS-	CoV-	2	 infection.	Our	results	
show	 that	 gastroenterological	 symptoms	may	 persist	 after	 SARS-	
CoV- 2 infection but with mild intensity. Regarding the somatoform 
symptoms, that are often associated with functional gastrointestinal 
disorders,	our	results	show	that	SARS-	CoV-	2	infection	increases	the	
risk of chronic fatigue together with elevated scores for somatiza-
tion. Both gastrointestinal and extraintestinal sequelae tended to 
be greater in patients who reported diarrhea at the time of acute 
infection.

The	impact	of	SARS-	CoV-	2	infection	on	the	gastrointestinal	tract	
during the acute phase has been already reported in several stud-
ies.	Acute	gastrointestinal	manifestations	include	diarrhea,	nausea,	
vomiting, abdominal pain, and rare cases of mesenteric ischemia with 
gastrointestinal bleeding.4–	6 Diarrhea has been the most common 
symptom with high variability among the published studies rang-
ing	from	4%	to	37%	of	large	series.3,5–	12 In line with these studies, 
acute	diarrhea	was	reported	by	more	than	50%	of	our	SARS-	CoV-	2	

patients. In our cohort, the presence of diarrhea was associated 
with an increased hospitalization rate, but among the hospitalized 
patients it tended to be associated with a less severe disease in line 
with the results of a recent study reporting a less severe COVID- 19 
in patients with diarrhea.32

Less is known about whether gastrointestinal symptoms per-
sist after the resolution of the acute infection.13,14 Our results 
show that abdominal pain/discomfort, diarrhea/incontinence, and 
gastroesophageal reflux disease/regurgitation symptoms do per-
sist	 after	 SARS-	CoV-	2	 infection,	 but	with	 very	 low	 severity;	 the	
relative increase on the mean score of each domain was minimal 
(up to +0.16) and the absolute score failed to achieve even the 
level of 1, which identifies the severity of a symptom (mild) that 
can be ignored when you do not think about it according to the 
SAGIS	classification.	In	line	with	the	mild	impact	of	the	viral	infec-
tion on gastrointestinal symptoms, we did not found an increased 
risk of IBS in our patients. On the other hand, our patients had an 
increased	risk	of	about	twofold	of	loose	stools	5	months	after	the	
infection and the gastrointestinal sequelae seemed greater in the 
subgroup of patients with diarrhea during the acute phase. In addi-
tion,	patients	with	acute	infections	other	than	SARS-	CoV-	2	might	
have been included in our control group increasing the probabil-
ity of post- infectious functional gastrointestinal disorders at the 
time of the comparison and thus reducing the magnitude of the 
difference between groups. Whether mild gastrointestinal symp-
toms	and	diarrhea	seemed	to	persist	after	SARS-	CoV-	2	infection,	
previous studies on post- infectious IBS after viral infections re-
ported a not increased risk of IBS 6 months after a Norwalk- like 
virus food- borne outbreak33 but an increased IBS risk 12 months 
after Norovirus infection.34

Fatigue is reported during acute viral infections and is known 
to persist after the resolution of infection with several different 
viral and non- viral pathogens.22 The risk of chronic fatigue in-
creases threefold after Giardia infection19 and, in a population- 
based	 analysis,	 it	 increased	 1.35-		 to	 1.82-	fold	 after	 a	 previous	
gastrointestinal infection.21	Our	results	indicate	that	SARS-	CoV-	2	

TA B L E  2 Gastrointestinal	manifestation	after	resolution	of	SARS-	CoV-	2	infection	according	to	the	five	domains	of	the	Structured	
Assessment	of	Gastrointestinal	Symptoms	Scale	(SAGIS)	questionnaire

SARS- CoV- 2

p- value

Adjusted score difference

p- value

Mean score ± SD

(95% confidence interval)Positive Negative

SAGIS	domain

Abdominal	pain/discomfort 0.49 ± 0.60 0.33	±	0.53 0.009 0.11	(−0.04;	0.26) 0.15

Diarrhea/incontinence 0.41	±	0.55 0.28 ± 0.40 0.03 0.07	(−0.05;	0.19) 0.27

Gastroesophageal reflux disease/
regurgitation

0.39	±	0.51 0.26 ± 0.44 0.06 0.07	(−0.05;	0.20) 0.28

Nausea/vomiting 0.20 ± 0.33 0.17	±	0.35 0.76 0.06	(−0.03;	0.16) 0.20

Constipation 0.31 ± 0.62 0.35	±	0.68 0.82 −0.01	(−0.17;	0.16) 0.95

Note: Adjusted	score	differences	between	SARS-	CoV-	2-	positive	and	negative	subjects	were	obtained	from	multiple	linear	regression	models	
containing the covariates sex, age, level of education, past surgery, chronic medications, smoking habits, and psychological comorbidity.
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infection elevates the risk of chronic fatigue more than two times 
according to a recent large Chinese cohort study13 and with the 
reports of severe cases of chronic fatigue syndrome/myalgic en-
cephalomyelitis	described	after	SARS	infection	in	the	earlier	coro-
navirus epidemics.35,36 In line with the increased risk in chronic 
fatigue, the scores for somatization were higher in our patients 
following	their	SARS-	CoV-	2	infection	than	in	control	subjects	both	
at univariate and multivariable analysis.

Somatic symptoms are greater in patients with IBS than in 
patients with functional diarrhea,37 are usually associated with 
anxiety and depression,37,38 and are interpreted on the basis of 
psychological or social disturbances. Interestingly, the increased 
risk of chronic fatigue and somatization scores in our study was 
not associated with significant changes in anxiety and depression; 
moreover, somatization but not anxiety and depression scores 
were significantly increased in patients with diarrhea during 
the	 acute	 phase.	 According	 to	 the	 “biology first” hypothesis by 
Enck and Mazurak,23 it is conceivable that chronic fatigue and 

somatization might also have a post- infectious origin to begin with 
and that anxiety might develop at a further step following the bi- 
directional brain- to- gut and gut- to- brain interplay over time.39 If 
this	hypothesis	stands	true	also	for	SARS-	CoV-	2	infection,	further	
studies will be needed to understand the biological mechanisms 
contributing to the development of the final phenotype includ-
ing genetic predisposition in response to the infection,40,41 the 
alterations of the neuro- immune response that controls the pen-
etration of the virus into the central nervous system through the 
olfactory pathway35,42 as well as studies with longer follow- up on 
the long- term changes in the microbiota,43,44 in the gut mucosal 
barrier,41 and in the evolution of somatic symptoms, anxiety, and 
depression over time.39

This study comes with some limitations that should be ac-
knowledged. (1) The response rate to the questionnaire was far 
from optimal in particular for the control group and younger sub-
jects, more prone to respond to an online survey, and female sub-
jects perhaps more interested to take part in a study on functional 

SARS- CoV- 2

p- value

Adjusted risk 
ratio

p- value

n (%) (95% 
confidence 
interval)Positive Negative

SAGIS	extraintestinal

Headache 33	(20.1%) 61	(33.3%) 0.017 0.68 (0.46; 
1.0)

0.05

Back pain 46	(28.0%) 68	(37.2%) 0.185 0.65	(0.47;	
0.90)

0.01

Sleep disturbances 63	(38.4%) 59	(32.2%) 0.483 1.23 (0.90; 
1.68)

0.19

Chronic fatigue 52	(31.7%) 25	(13.7%) <0.001 2.24 (1.48; 
3.37)

<0.001

Depression 13	(7.9%) 7	(3.8%) 0.262 1.35	(0.53;	
3.45)

0.52

Anxiety	disorder 30	(18.3%) 30	(16.4%) 0.745 0.88	(0.53;	
1.48)

0.64

Note: Adjusted	risk	ratios	were	obtained	from	multiple	Poisson	regression	models	with	robust	
variance containing the covariates sex, age, level of education, past surgery, chronic medications, 
smoking habits, and psychological comorbidity.

TA B L E  3 Extraintestinal	symptoms	
after	resolution	of	SARS-	CoV-	2	infection	
according	to	the	Structured	Assessment	
of Gastrointestinal Symptoms Scale 
(SAGIS)	questionnaire

SARS- CoV- 2

p- value

Adjusted score 
difference

p- value

Mean score ± SD
(95% confidence 
interval)Positive Negative

SCL- 12 54.6	±	10.8 50.5	±	10.8 0.0006 3.6 (1.0; 6.2) 0.007

HADS-	A 4.68 ± 3.97 4.47 ± 3.38 0.87 0.39	(−0.52;	1.31) 0.40

HADS-	D 3.81	±	3.53 3.53	±	3.34 0.47 0.47	(−0.38;	1.34) 0.27

Note: The	adjusted	score	differences	between	SARS-	CoV-	2-	positive	and	negative	subjects	were	
obtained from multiple linear regression models containing the covariates sex, age, level of 
education, past surgery, chronic medications, smoking habits, and psychological comorbidity.

TA B L E  4 Psychological	characteristics	
according to the Symptom Checklist (SCL) 
−12	for	Somatization	and	the	Hospital	
Anxiety	and	Depression	Scale	(HADS)
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bowel disorders, might have eventually been selected. To obviate 
this, we performed the analysis adjusted for gender, age, and other 
potential confounders. (2) More anxious subjects might have been 
selected by internet survey assessment. However, positive cases 
for	 anxiety	 in	 our	 patients	 with	 previous	 SARS-	CoV-	2	 infection	
(10%)	 and	 in	 controls	 (4%)	 were	 comparable	 to	 those	 reported	
in the Italian general population before the COVID- 19 pandemic 
(10.3%)45 and lower than those reported in two recent internet- 
based	survey	 (20.8%	and	32.1%)	 in	 the	 Italian	population	during	
the pandemic.46,47 (3) Gastrointestinal symptoms and the Bristol 
Stool Scale were not recorded before the nose pharyngeal swab, 
raising the possibility that patients with undiagnosed gastrointes-
tinal diseases might have been included; on the other hand, sub-
jects with a diagnosis of IBS, IBD, or celiac disease were carefully 
excluded.	(4)	A	recall	bias	might	have	influenced	the	assessment	of	
the symptoms during the acute phase of the infection; however, 
the major aim of the study was to assess the persistence of the 
symptoms	5	months	after	the	acute	infection,	that	is,	at	the	time	
when	the	questionnaire	was	completed.	(5)	The	study	was	mono-
centric and accordingly the results should be extrapolated with 
cautions in other geographical areas and institutions. Conversely, 
the single- center study design reduced the heterogeneity for both 
patients and controls and the environmental confounders, which 
have high impact on functional gastrointestinal disorders.48	 (6)	A	
standardized questionnaire25 was used, albeit not previously vali-
dated for an online survey on a target Italian population. However, 
this questionnaire has shown to represent a reliable valid tool 
for the assessment of the severity and impact of a wide spec-
trum of gastrointestinal and selected extraintestinal symptoms 

in an outpatient settings and, in comparison to other question-
naires,49,50 it is characterized by a limited number of questions that 
better suit an internet- based survey, as already shown.51

In	conclusion,	our	study	shows	that	acute	SARS-	CoV-	2	infection	
may affect the brain- gut axis. Five months after the acute infection, 
mild gastroenterological symptoms persist, in particular in patients 
reporting diarrhea in the acute phase of the infection. Infected pa-
tients are also at increased risk of chronic fatigue and somatoform 
disorders, thus supporting the hypothesis that both functional gas-
trointestinal and somatoform disorders may have a common biolog-
ical origin.
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SARS- CoV- 2 Positive

p- valueDiarrhea n = 85
No Diarrhea 
n = 73

SAGIS	domain,	(mean	±	SD)

Abdominal	pain/discomfort 0.46 ± 0.69 0.29 ± 0.38 0.02

Diarrhea/incontinence 0.39 ± 0.63 0.20 ± 0.26 0.006

Gastroesophageal reflux disease/
Regurgitation symptoms

0.36	±	0.55 0.22 ± 0.40 0.009

Nausea/vomiting 0.17 ± 0.36 0.11 ± 0.29 0.56

Constipation 0.32	±	0.59 0.31 ± 0.62 0.59

SAGIS	extraintestinal,	n	(%)

Headache 23	(27.0%) 9	(12.3%) 0.02

Back pain 34	(40.0%) 10	(13.7%) <0.001

Sleep disturbances 38	(44.7%) 22	(30.1%) 0.06

Chronic fatigue 32	(37.6%) 17	(23.3%) 0.05

Depression 7	(8.2%) 5	(6.8%) 0.74

Anxiety	disorder 15	(17.6%) 13	(17.8%) 0.98

SCL- 12, (mean ± SD) 56.5	±	10.18 52.1	±	11.49 0.003

HADS-	A,	(mean	±	SD) 5.03	±	4.16 4.09	±	3.59 0.15

HADS-	D,	(mean	±	SD) 4 ± 3.66 3.33 ± 3.33 0.19

Note: Data are expressed as mean ± SD or n (percentages).

TA B L E  5 Gastrointestinal	and	
extraintestinal manifestations and 
psychological profile after resolution of 
SARS-	CoV-	2	infection	in	patients	who	
reported diarrhea vs. no diarrhea at the 
time of acute infection
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