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In the last year, a growing number of articles addressed
coronavirus disease 2019 (COVID-19), including its link
with gastrointestinal (GI) (dys)function. We here high-
light the most important findings regarding the role
of the gut in this disease, with a focus on critically ill
patients.

Clinical Gl features related to COVID-19

The reported prevalence of GI symptoms in COVID-
19 patients is highly variable and ranges from 11-95%,
potentially related to differences in study design, popula-
tion and definition of GI symptoms (Table 1) [1]. In gen-
eral, symptoms were mild and non-specific, and included
nausea, vomiting, diarrhea, and abdominal pain [1].
Patients with initial GI symptoms more frequently had
fever, constitutional symptoms, shortness of breath and
body aches [2]. Likewise, the presence of GI symptoms
has been associated with higher illness severity, reflected
in a higher need for hospital admission, intensive care
unit (ICU) admission and intubation, even after adjust-
ment for demographics, comorbidities, and other clinical
symptoms [2].

In critically ill patients in general, GI dysfunction is
prevalent and independently associated with adverse out-
come [3]. In one study in patients with acute respiratory
distress syndrome (ARDS), COVID-19 ARDS compared
to non-COVID ARDS was more commonly associated
with potentially severe GI complications, and these com-
plications included, among others, ileus and mesenteric
ischemia [4]. Additionally, acute pancreatitis and severe
intra-abdominal hypertension have been described in
COVID-19 patients [1].
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Importantly, GI symptoms may persist in a consider-
able number of patients. A 6-months follow-up in 1733
patients hospitalized with COVID-19 revealed decreased
appetite in 8%, and diarrhea or vomiting in 5% of dis-
charged patients [5].

Pathophysiology

In critically ill COVID-19 patients, the GI tract may be
affected directly by severe acute respiratory syndrome
coronavirus 2 (SARS-CoV-2) although GI dysfunction
may also be related to critical illness, and its associated
systemic inflammation and treatments (Fig. 1).

Cytotoxic enterocyte injury

Evidence suggests a cytotoxic effect of SARS-CoV-2 on
enterocytes. Indeed, enterocytes express both the ACE2
receptor and TMPRSS2, required for intracellular entry
of SARS-CoV-2, and cells were rapidly infected in a
human small intestinal organoid model, producing infec-
tious virion [1]. SARS-CoV-2 RNA and intracytoplas-
matic viral proteins have been observed in biopsies from
different parts of the GI tract, supporting viral intru-
sion in vivo [6, 7]. SARS-CoV-2 RNA was also found in
feces of more than half of studied COVID-19 patients,
yet without a clear association with GI symptoms [6, 7].
Observed pathomorphological features include infiltra-
tion of plasma cells and lymphocytes in the lamina pro-
pria in different parts of the GI tract (Supplementary
reference).

Microvascular injury and thromboinflammation

Numerous studies have indicated a substantial activation
of coagulation in COVID-19 patients, with a significantly
elevated risk of thrombosis in various organs, includ-
ing the lung and GI tract [4, 8]. Activation of coagula-
tion is potentially related to endothelial injury. Indeed,
in postmortem lung biopsies, a prominent pathophysi-
ological feature of COVID-19 was pulmonary endothe-
lial injury associated with the presence of intracellular
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Table 1 Clinical features of gastrointestinal dysfunction
in critically ill patients with vs. without COVID-19

coviD Non-COVID

11-95% (1,16-18) 60% (19,20)
15-45% (16,21-23) 3-78% (24)
39% (16) 20-83% (24)

Gl symptoms
Diarrhea

Bowel paralysis/consti-
pation

11-64% (16,21,22)
10-83% (21,23)
38-67% (16,21)
32-63% (18,21,22)
2-3% (1,16)

Nausea/vomiting
Large GRV
Abdominal distension

15-38% (19,20,25)
8-67% (26,27)
21-45% (20,26)
2-75% (26-28)

1-5% in patients
with shock or
burns (29-31)

6-26% (20,26,32,33)

Feeding intolerance
Mesenteric ischemia

Gastrointestinal failure? 8-50% (17,18)

Association of Gl dysfunc-  Independent associa-  Independent
tion with outcome tion with mortality association
(18,21) with mortality
(20,26,32,33)

Studies considerably varied with regard to study design, population and
definition of Gl symptoms

? Gastrointestinal failure was defined as AGI grade (34) lIl/IV or presence of >3
concomitant Gl symptoms

References from 16-34 are available in the Supplementary material

SARS-CoV-2, and accompanied by inflammation, micro-
vascular thrombosis and angiogenesis [9]. Similar
endotheliitis and inflammatory cell death has been iden-
tified in intestinal biopsies of patients who died of
COVID-19 or who underwent bowel resection because
of mesenteric ischemia [10, 11].

Non-specific critical illness-related Gl dysfunction

All etiological factors leading to GI dysfunction in
non-COVID patients are also important in critically
ill COVID patients, including systemic inflammation,
hypoperfusion, and frequently administered drugs such
as opioids (Fig. 1). Critically ill COVID-19 patients often
require deep sedation and neuromuscular blockade, lead-
ing to prolonged immobility, which may contribute to
bowel dysmotility and paralysis. Moreover, prone posi-
tion is not necessarily optimal with regard to enteral
feeding tolerance. However, although data are limited,
prone positioning is not considered a contraindication
for enteral nutrition [12].

Recently, an important role of the microbiome has been
suggested for a considerable number of diseases, includ-
ing COVID-19 (Supplementary references). Indeed,
COVID-19 patients were found to have significantly

Endothelial cell damage
and thromboinflammation

Microvascular injury
and thrombosis

Direct cytotoxic effect

v

Clinical features

»

&
Viral intrusion
in Gl system

>
Inflammation »

Impaired barrier function
Enterocyte damage

Gastroparesis
Bowel paralysis
Bowel distension

Hypoperfusion > Diarrhea
A | Gl bleeding
Cholestasis
;E Acute severe | Altered enterohormonal | | Intra-abdominal
g,- illness si response hypertension
® Sepsis via bacterial
S ) " translocation
= — Fluids > Bowel edema — Bowel schemia
? - 4
—  Immobility —> Bowel dysmotility —
Dysbiosis
— Medications >

Fig. 1 Pathophysiological mechanisms of gastrointestinal dysfunction in critically ill patients with COVID-19
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reduced bacterial diversity, with a reduction in bacteria
with known immunomodulatory potential and relative
increases in opportunistic pathogens (Supplementary
references). Alterations in the microbiome were found to
be related to COVID-19 severity and biochemical mark-
ers of inflammation, whereas changes at species level
were not associated with fecal viral load (Supplementary
reference). However, an observational study reported
that the reduced bacterial diversity was less pronounced
in COVID-19 patients compared to patients with HIN1
influenza, although it is not clear if patients were suffi-
ciently matched for illness severity (Supplementary refer-
ence). Future studies should further elucidate the role of
the microbiome in relation to disease severity.

Bacterial translocation due to gut barrier failure is a
hypothetical mechanism of sustaining multiple organ
failure in critical illness, however, with very limited and
circumstantial data [3]. A matched case-cohort study
reported higher incidence of ICU-acquired bloodstream
infections in COVID-19 vs. non-COVID patients, which
were more frequently of unknown source [13].

Gl dysfunction in severe COVID-19 vs. other critical
ilinesses

It remains unclear whether COVID-19-associated GI
dysfunction substantially differs from GI dysfunction
observed in other critical conditions, since there are
many similarities regarding pathophysiological mecha-
nisms, concomitant factors and clinical manifestations
(Fig. 1, Table 1). In this regard, experts have recom-
mended similar risk assessment, medical and nutritional
management as in non-COVID patients with GI dysfunc-
tion [14].

Additionally, there is no solid evidence whether
COVID-19-specific treatments impact on GI dysfunc-
tion. Selected randomized controlled trials demonstrat-
ing survival benefit by administration of corticosteroids
and IL-6 receptor antagonists have not reported on GI
manifestations. Additionally, data on the impact of anti-
viral treatment and anticoagulation on GI dysfunction
are lacking, and data on nutritional support are limited.

The overwhelming urgency of the COVID-19 pan-
demic has led to many publications and various hypothe-
ses based on limited evidence [15] with an overall quality
that is below the pre-pandemic level (Supplementary ref-
erence). Data on the role of GI tract in COVID-19 are no
exception, calling for the need for well conducted studies
addressing this important topic. Future mechanistic stud-
ies should further elucidate pathophysiological mecha-
nisms, and clinical studies should assess the impact of
COVID-19-specific treatments on GI complications in
relation to outcome, as well as the ideal feeding strategy.

Such studies will be essential for making definitive state-
ments and suggesting any specific treatment.
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