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Coronavirus disease 2019 (COVID-19), caused by severe acute 
respiratory syndrome coronavirus 2 (SARS-CoV-2), has been 
declared the sixth public health emergency of international con-
cern by the World Health Organization.1,2

Besides the typical symptoms related to respiratory symp-
toms, gastrointestinal (anorexia, nausea, vomiting, abdominal 
pain, and/or diarrhea) and hepatic manifestations (abnormal 
liver enzymes) have been reported in patients with COVID-19,1 
with pooled prevalence rates of 15% and 17%, respectively, 
based on a recent meta-analysis.3 These symptoms imply higher 
disease severity and risk of complications. Furthermore, these 
non-respiratory symptoms mislead physician assessment and 
delay diagnosis of COVID-19.3

Owing to the low disease incidence of COVID-19 in Taiwan, 
statistical data regarding gastrointestinal or hepatic symptoms 
are limited. However, differences in epidemiology between 
Occidentals and Orientals were reported. Diarrhea, nausea/
vomiting, and liver abnormalities were more prevalent in nations 
other than China.1

As it shares similar receptor-binding domain structure with 
SARS-CoV, SARS-CoV-2 also infects human cells through the 
binding of the receptor-binding domain to the human angioten-
sin-converting enzyme 2 (ACE2) receptor.4 ACE2 receptors are 
expressed in type II alveolar (AT2) cells of the lung, which leads 
to the devastating respiratory symptoms after SARS-CoV-2 
infection. Besides the respiratory system, ACE2 receptors are 
highly abundantly expressed in the glandular cells of gastric, 
duodenal, and rectal epithelia, which explains the gastrointesti-
nal symptoms in SARS-CoV-2.1,2

Diarrhea is the most common gastrointestinal manifesta-
tion and can present in the absence of respiratory symptoms 
or before intervention with medications.2,3,5 The specific mecha-
nism of COVID-19-related diarrhea remains unclear, but several 

hypotheses have been proposed. Viral infection may alter intes-
tinal permeability, which results in enterocyte malabsorption.6 
ACE2 is essential for the expression of the amino acid trans-
porter of the small intestine. Amino acids are important to main-
tain the homeostasis of the gut microbiome by regulating the 
secretion of antimicrobial peptides.6,7

Other gastrointestinal symptoms may be linked to the nerv-
ous system. Although less commonly presented, anosmia (loss 
of smell) and ageusia (loss of taste) are considered important 
indicators of COVID-19. Both symptoms have already proven 
to be particularly predictive as compared with other constitu-
tional symptoms and listed in the diagnostic criteria.8 Several 
kinds of viral infections may damage the olfactory epithelium. 
In addition, the ACE2 expression level in the olfactory epithe-
lium is considered relatively high. Direct viral infection through 
the olfactory epithelium is a reasonable explanation of the early 
onset of anosmia among patients with COVID-19. Ageusia may 
be explained by consequence of olfactory dysfunction. ACE2 
receptors are also widely expressed on epithelial cells of the oral 
mucosa. This may also lead to another explanation of the onset 
of ageusia.9

Abdominal pain, loss of appetite, nausea, and vomiting are 
all commonly reported symptoms. This phenomenon implies the 
possible involvement of the autonomic nervous system. The dor-
sal vagal complex (DVC), located in the medulla, controls sev-
eral autonomic activities. The nucleus of tractus solitarius (NTS) 
and area postrema (AP) are components of the DVC. Human 
NTS is responsible for the regulation of food intake, while AP 
contains the emetic chemoreceptor trigger zone. These areas also 
have expressions of the ACE2 receptors, making them poten-
tial targets of SARS-CoV-2. One possible route for the invasion 
of SARS-CoV-2 to the central nervous systems is through the 
nasopharyngeal epithelium, olfactory nerve, and olfactory bulb. 
Another hypothesis is via the blood-brain barrier directly.10

Abnormal liver biochemistries have also been reported in 
patients with COVID-19. Most of the cases reported had mildly 
elevated levels of alanine aminotransferase (ALT), aspartate 
aminotransferase, and lactic dehydrogenase.11

The exact pathogenesis of liver injury is still under investigation. 
The liver plays a crucial role in maintaining immune tolerance. 
However, the mechanism is interrupted by psychological stress 
related to severe COVID-19 infection. Overexpressed immune 
response and even cytokine storm have been reported among these 
patients. Poor oxygenation and ventilation resulting from respira-
tory failure or shock may lead to ischemic liver injury.2,11
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In addition, drug-induced liver injury may be a possible 
explanation. These patients usually receive antipyretic drugs or 
simultaneous administration of multiple antiviral drugs. People 
with preexisting hepatic illnesses are also vulnerable to recur-
rences due to the viral infection.2,11

Unlike gastrointestinal symptoms, ACE2 may not be a reason-
able explanation of the onset of liver injury. The ACE2 expres-
sion level was low in cholangiocytes, but not in hepatocytes, 
Kupffer cells, and endothelial cells.2 In an animal model, ACE2 
upregulation was considered a compensatory proliferation of 
hepatocytes. In addition, patients with COVID-19 and liver 
injury usually present with ALT elevation instead of alkaline 
phosphatase. The mechanism of liver injury through cholangio-
cytes is not reasonable on the basis of this finding.11

Currently, no gastrointestinal or hepatic specific treatments 
are available. However, prolonged stool shedding and detec-
tion of the virus in the sewage system cause the concern of 
possible fecal-oral transmission. Proper hand hygiene may be 
beneficial and must be emphasized.2 However, definite evi-
dence is still lacking, and in-depth research is still needed for 
confirmation.1,3

In conclusion, gastrointestinal and hepatic manifestations 
should not be regarded as rare presentations of COVID-19. 
Moreover, awareness of the connection between these symptoms 
and poor clinical outcomes and delayed diagnosis is important. 
Clinicians should be careful to promptly identify a possible con-
tact history and other suspicious symptoms (eg, fever, respira-
tory symptoms, and loss of taste or smell) while attending to 
patients with newly developed gastrointestinal symptoms. The 
interaction between human ACE2 and SARS-CoV-2 is a reason-
able but partial explanation of the mechanism of gastrointestinal 
and hepatic manifestations. Gut hormones12–14 and hepatokines 
such as bile acid and fibroblast growth factor,15 which regulate 
appetite, nutrient absorption, and immunometabolism, may 
deserve further exploration. Further investigations are needed 
for elucidation of the comprehensive pathophysiology and pos-
sible treatments of COVID-19.

REFERENCES
 1. Sultan S, Altayar O, Siddique SM, Davitkov P, Feuerstein JD, Lim JK, 

et al. AGA institute rapid review of the GI and liver manifestations 
of COVID-19, meta-analysis of international data, and recommenda-
tions for the consultative management of patients with COVID-19. 
Gastroenterology 2020:S0016–5085(20)30458–3. Doi: 10.1053/j.
gastro.2020.03.072

 2. Lee IC, Huo TI, Huang YH. Gastrointestinal and liver manifestations in 
patients with COVID-19. J Chin Med Assoc 2020;83:521–3.

 3. Mao R, Qiu Y, He JS, Tan JY, Li XH, Liang J, et al. Manifestations 
and prognosis of gastrointestinal and liver involvement in patients with 
COVID-19: a systematic review and meta-analysis. Lancet Gastroenterol 
Hepatol 2020;5:667–78.

 4. He J, Tao H, Yan Y, Huang SY, Xiao Y. Molecular mechanism of evolu-
tion and human infection with SARS-CoV-2. Viruses 2020;12:428.

 5. Jin X, Lian JS, Hu JH, Gao J, Zheng L, Zhang YM, et al. Epidemiological, 
clinical and virological characteristics of 74 cases of coronavirus-
infected disease 2019 (COVID-19) with gastrointestinal symptoms. Gut 
2020;69:1002–9.

 6. Gu J, Han B, Wang J. COVID-19: gastrointestinal manifestations and 
potential fecal-oral transmission. Gastroenterology 2020;158:1518–9.

 7. D’Amico F, Baumgart DC, Danese S, Peyrin-Biroulet L. Diarrhea during 
COVID-19 infection: pathogenesis, epidemiology, prevention, and man-
agement. Clin Gastroenterol Hepatol 2020;18:1663–72.

 8. Menni C, Valdes AM, Freidin MB, Sudre CH, Nguyen LH, Drew DA, 
et al. Real-time tracking of self-reported symptoms to predict potential 
COVID-19. Nat Med 2020;26:1037–40.

 9. Lee Y, Min P, Lee S, Kim SW. Prevalence and duration of acute loss of 
smell or taste in COVID-19 patients. J Korean Med Sci 2020;35:e174.

 10. Chigr F, Merzouki M, Najimi M. Autonomic brain centers and patho-
physiology of COVID-19. ACS Chem Neurosci 2020;11:1520–2.

 11. Li J, Fan JG. Characteristics and mechanism of liver injury in 2019 coro-
navirus disease. J Clin Transl Hepatol 2020;8:13–7.

 12. Chen CY, Inui A, Asakawa A, Fujino K, Kato I, Chen CC, et al. Des-acyl 
ghrelin acts by CRF type 2 receptors to disrupt fasted stomach motility 
in conscious rats. Gastroenterology 2005;129:8–25.

 13. Chen CY, Fujimiya M, Laviano A, Chang FY, Lin HC, Lee SD. 
Modulation of ingestive behavior and gastrointestinal motility by ghre-
lin in diabetic animals and humans. J Chin Med Assoc 2010;73:225–9.

 14. Lee WJ, Chen CY, Chong K, Lee YC, Chen SC, Lee SD. Changes in post-
prandial gut hormones after metabolic surgery: a comparison of gastric 
bypass and sleeve gastrectomy. Surg Obes Relat Dis 2011;7:683–90.

 15. Huang HH, Lee WJ, Chen SC, Chen TF, Lee SD, Chen CY. Bile acid and 
fibroblast growth factor 19 regulation in obese diabetics, and non-alcoholic 
fatty liver disease after sleeve gastrectomy. J Clin Med 2019;8:E815.

CA9V83N9_Text.indb   796 02-Sep-20   19:50:35


