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KEYWORDS Abstract The Coronavirus disease 2019 (COVID-19) pandemic, caused by severe acute respi-
COVID-19; ratory syndrome coronavirus 2 (SARS-CoV-2), is an international public health emergency.
Nausea; Although respiratory symptoms predominate the clinical manifestations of COVID-19, gastroin-
Vomiting; testinal symptoms have been observed in a subset of patients. Notably, some patients have
Epidemiology; nausea/vomiting as the first clinical manifestation of COVID-19, which is often overlooked
Mechanism by people. It is now clear that not only the lungs, the gastrointestinal tract could also be at-

tacked by SARS-CoV-2. Its host receptor angiotensin-converting enzyme 2 (ACE2), which acts as
a gateway to infection, has been found to be highly expressed in the gastrointestinal epithe-
lium and may lead to the development of nausea/vomiting. Raise awareness of these symp-
toms and take timely intervention would help people combat the pandemic. This review
discussed epidemiology, mechanisms, management, and prevention of COVID-19 related
nausea and vomiting.

Copyright © 2020, Taiwan Society of Microbiology. Published by Elsevier Taiwan LLC. This is an
open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-
nc-nd/4.0/).

Introduction since late December 2019 and continues threatening the
whole world. As of September 6, 2020, more than 25 million
confirmed cases and more than 876,616 deaths had been
reported worldwide.’

SARS-CoV-2, an enveloped positive-sense, single-stranded
RNA virus, belongs to the Sarbecovirus subgenus, along with
SARS-CoV.Z The SARS-CoV-2 receptor is the angiotensin-
converting enzyme 2 (ACE2) whose binding affinity for
* Corresponding author. Fax: +86 27 8366 2832. SARS-CoV-2 is 10—20 times h1gher than that for SARS'COV.3'4

E-mail address: xialimin@tjh.tjmu.edu.cn (L. Xia). It is reported that ACE2 is abundantly expressed not only in

The Coronavirus disease 2019 (COVID-19) pandemic, caused
by severe acute respiratory syndrome coronavirus 2 (SARS-
CoV-2), has brought considerable morbidity and mortality
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lung alveolar type 2 cells and esophageal cells, but also on
cells in gastrointestinal tract, including glandular cells of
gastric, duodenal and rectal, absorptive enterocytes from
the ileum and colon, making these tissues susceptible to
infection by the virus.>® In the meantime, a growing number
of studies have reported gastrointestinal symptoms in pa-
tients with COVID-19. Moreover, patients with gastrointes-
tinal involvement had a higher prevalence of complications.’
Nausea and vomiting are the main gastrointestinal symp-
toms; nevertheless, the prevalence of nausea/vomiting is
variable. The roles they play in COVID-19 are not entirely
known. Here we review the epidemiology and possible
mechanisms of nausea and vomiting in COVID-19 in order to
better characterize these symptoms and to propose any
effective measures for people in this public health crisis.

Epidemiology of COVID -19 associated nausea
and vomiting

Many studies have shown that nausea and vomiting are not
uncommon symptoms in COVID-19. One of the earliest
studies analyzing gastrointestinal manifestations in 1141
patients hospitalized with COVID-19 in Wuhan reported that
nausea was in 134 cases (11.7%) and vomiting was 119
(10.4%).8 In a multicenter cohort study enrolling 318 patients
hospitalized with confirmed COVID-19 in the United States,
nausea and vomiting occurred in 26.4% and 15.4% of patients
respectively.” Furthermore, the latest review and meta-
analysis performed by the American Gastroenterological
Association (AGA) institute showed that the pooled preva-
lence of nausea/vomiting was 7.8%."° A similar result was
observed in another systematic review and meta-analysis by
Mao et al.” They reported that the rate of nausea/vomiting
was 7%. Compared with studies from China (5.2%), the
pooled prevalence in studies from countries other than China
was much higher: 14.9%." The frequency of nausea and
vomiting being reported varies widely in different areas,
indicating varied susceptibility of the individual digestive
system. Of note, most of the studies were retrospective,
which may have memory bias. Furthermore, many studies
included inpatients but excluded the outpatients with
perhaps milder symptoms, which makes it fail to estimate

the actual prevalence of nausea and vomiting in COVID-19
patients.®% 11713

As for children with COVID-19, while most of them
appeared to have a milder clinical course than sick adults,
vomiting could also be seen in pediatric patients with a
certain proportion (Table 1)."*7% In a cohort of 171 infec-
ted children, vomiting and nausea were observed in 11
(6.4%) and 9 (5.3%) of the patients respectively.'® Analysis
from the American Centers for Disease Control and Pre-
vention suggested a higher rate of vomiting: 11% (31/
291)." In a systematic review of 62 studies, the prevalence
of vomiting was 7.2%, which was similar to that of
adults.””** Since children were less symptomatic than
adults, the appearance of vomiting could be a warning of
infection. In a case report article, Cai et al. described 5
cases of children with COVID-19 who showed non-
respiratory symptoms as the first manifestation.”” Among
them, two children showed vomiting before admission.

It is worth mentioning that nausea and vomiting might be
the initial symptoms in COVID-19. A case report showed
that a 68-year-old male was admitted to the hospital for
“paroxysmal vomiting for seven days, fever for one day”.
After admission, he still had vomiting without diarrhea or
other respiratory symptoms. Later on, he was diagnosed
with SARS-CoV-2 infection.?® Similarly, according to the first
confirmed case of SARS-CoV-2 infection in the United
States, the patient reported a 2-day history of nausea and
vomiting on admission.?” Furthermore, regardless of hos-
pitalization status, the prevalence of nausea/vomiting as
one of the initial symptoms was estimated to 7.6% by
AGA."® Among 1141 patients with COVID-19 in Hubei, 183
(16%) patients presented with gastrointestinal symptoms
only without respiratory features of which nausea and
vomiting accounted for about two thirds.® Conversely, in a
study regarding 116 American patients with confirmed
COVID-19, none of the patients showed isolated gastroin-
testinal symptoms or had gastrointestinal symptoms as an
initial symptom.?® However, in a retrospective study by Lin
et al., nausea was one of the main symptoms occurring in
17/95 patients (17.9%) with three (3.2%) cases occurred on
the illness onset.?’ Among these 17 patients, 2 cases did not
have any CT imaging features of COVID-19 pneumonia.
These findings indicate that the symptoms of COVID-19 can

Table 1  Vomiting in pediatric patients with COVID-19.
Study Country Age N N (%) of N (%) of family
vomiting contact
cbc'™ USA Median 11 years (0—17 years) 291 31 (11%) 168 (58%)
Xiong et al.” China 0—18 years 244 23 (9%) 208 (85%)
Lu et al."® China Median 6.7 year (1 day—15 years) 171 11 (6%) 154 (90%)
Parri et al."” Italy Median 3.3 years (0—17.5 years) 100 10 (10%) 45 (45%)
de Ceano-Vivas et al."® Spain Median 35.5 months (3.3 months—146 months) 58 9 (15%) 30 (51%)
Qiu et al." China Mean 8.3 years (1—16 years) 36 2 (5%) 32 (89%)
Zhang et al.?° China Median 33 months (10—94 months) 34 4 (12%) 13 (38%)
Zheng et al.?’ China Median 3 years (3 months—14 years) 25 2 (8%) 21 (84%)
Xia et al.”? China Median 2.1 (0—14 years) 20 2 (10%) 13 (65%)
Tan et al.?? China Median 7.5 years (13 months—12 years) 10 1 (10%) 9 (90%)

a: Single case reports and small case series (<10 cases)are not included in this table.

N: Number.
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be atypical. Meanwhile, nausea and vomiting should not be
overlooked, especially for those who live in high-risk areas.

Conflicting results about nausea and vomiting in severe
and non-severe cases have been reported. Yan et al. found
that there was no significant difference in nausea/vomiting
between severe and non-severe patients (nausea 8.3% vs
4.5%; vomiting 2.3% vs 11.1%).3° Another study reported
similar results: the incidence rates of nausea/vomiting
between ICU patients and non-ICU patients were not sta-
tistically different.’® On the contrary, Chen et al. reported
that nausea and vomiting were more common in mild
group.>' Similarly, Zhang et al. reported that the proportion
of nausea in non-severe patients (23.2%) was significantly
higher than that in severe patients (8.8%).%”

Of note, it is quite challenging to compare the rates of
nausea and vomiting between studies. The definitions of
nausea and vomiting are relatively vague and subjective.>*
There are no objective data or images to confirm the
judgment. Since we lack precise diagnostic criteria for
nausea and vomiting, it mainly depends on the patients’
subjective feelings to judge and to evaluate these symp-
toms, which may be inaccurate due to memory bias and
individual tolerance.>* Moreover, criteria for diagnosing
nausea and vomiting may be inconsistent among hospitals,
which may affect the final diagnosis by clinicians.®® In
summary, the differences in the incidence of nausea and
vomiting between studies were partly attributable to sub-
jective factors.

Pathogenesis of COVID -19 associated nausea
and vomiting

Although the specific mechanisms involved in COVID -19
associated nausea and vomiting are not entirely known,
some theories of the viral infection could explain this
phenomenon (Fig. 1).

ACE2-mediated direct SARS-CoV-2 invasion of
gastrointestinal epithelium

ACE2, the functional receptor of SARS-CoV-2, facilitates
viral entry into the host’s cells.>® Meanwhile, as a vital
metalloproteinase, ACE2 could convert angiotensin Il (Ang
Il) to angiotensin-(1—7), leading to protective effects on
tiss%es such as anti-inflammation, anti-oxidant, and so
on.

SARS-CoV-2 spike (S) protein binds to ACE2 and in con-
cert with host cell proteases transmembrane serine prote-
ase 2 (TMPRSS2), which plays a crucial role cleaving S
protein, to invade the cells.?® In a single-cell transcriptomic
analysis, ACE2 and TMPRSS2 were highly expressed in
gastrointestinal tract epithelium.® Using confocal- and
electron-microscopy, Lamers et al. observed that SARS-
CoV-2 could productively infect human gut enterocytes.?
They also found that low levels of ACE2 may be sufficient
for viral entry. It is reported that SARS-CoV-2 was localized
in the cytoplasm of gastric, duodenal, and rectum glandular
epithelial cells.” These findings suggest that SARS-CoV-2 can
actively invade the gastrointestinal tract, which highly ex-
presses ACE2.

If the immune system cannot defeat the infection, then
SARS-CoV-2 will actively replicate. The massive replication
of the virus will decrease the level of ACE2 and destroy the
host’s cells. In the meantime, downregulation of ACE2 leads
to decreased organ protection.*® As a result, the gastroin-
testinal function is ruined and inflammation is accelerated.

Therefore, nausea and vomiting may be caused by the
virus attacking the gastrointestinal tract.

Injury of gastrointestinal system through immune
response and inflammatory reactions

The antiviral responses of human immune system, including
the production of proinflammatory cytokines and chemo-
kines, the activation of CD4+ Th1 and CD8+ T cells cellular
response, results in viral clearance in mild cases.>® How-
ever, in severe cases, the tissue injury caused by the virus
could activate monocytes, macrophages and dendritic cells
with excessive amounts of proinflammatory cytokines
(including IL-6, IL-8l, IL-1B, IL-2, IL-17, G-CSF, GM-CSF,
IP10, MCP1, MIP1a, TNF), leading to cytokine storm syn-
drome.>*™*' The systemic inflammatory response could
damage many organs and systems in the body, including the
digestive system.“>*' Although no studies have reported
the levels of cytokines in the gastrointestinal tract of
nausea/vomiting patients with COVID-19, several studies
have suggested that the digestive system is very likely to be
injured by the chain reactions of inflammatory factors. A
retrospective analysis of 409 severe patients with COVID-19
found that peripheral cytokine levels of IL-6, IL-10 and TNF-
o were significantly increased in patients with diarrhea.*
Xiao et al. also found that occasional lymphocyte infiltra-
tion in the esophageal squamous epithelium and a large
number of infiltrating plasma cells and lymphocytes,
interstitial edema could be seen in the lamina propria of
the stomach, duodenum and rectum.’

Other possible impact factors of nausea and
vomiting

Adverse effects of COVID-19 treatments

Some patients with COVID-19 presented with nausea and
vomiting during hospitalization, which may be related to
the adverse effects of treatments. After receiving remde-
sivir, 2 of the first 7 patients hospitalized with COVID-19
showed nausea, which had not been observed before the
application.** One randomized, controlled trial conducted
by Cao et al. included 199 hospitalized patients with severe
COVID-19, of which 99 received treatment to lopinavir/ri-
tonavir and 100 to the standard-care group for 14 days.*
There were 9.5% (9/99) with nausea and 6.3% (6/99) with
vomiting, while there was no one who had nausea/vomiting
in the standard-care group. Gastrointestinal adverse events
were the most common ones and were the primary reason
for discontinuing the full 14-day course.

Stress and pressure

Anxiety and stress, psychological distress brought by COVID-
19, are of concern worldwide lately, which are also com-
mon causes of nausea and vomiting.>* Underneath the
medical crisis, long-term social isolation and the economic
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Figure 1.  Possible reasons for COVID -19 associated nausea and vomiting. Many reasons can probably cause nausea and vomiting

in COVID-19, including ACE2-mediated SARS-CoV-2 invasion of gastrointestinal epithelium, systemic inflammatory response, drug
side effects and psychological distress. Afferent pathways arise from the gastrointestinal tract, as well as signals from the
chemoreceptor trigger zone and cerebral cortex, stimulating the emetic center and triggering nausea and vomiting. Abbreviations:
Ang ll: Angiotensin Il; Ang 1—7: Angiotensin-(1—7), Created with Biorender.com.

burden, people remain at high risk of having mental health
problems, especially for the vulnerable ones such as
healthcare workers, children and the elderly.*> National
surveys reveal a high prevalence of distress in the popula-
tion during COVID-19, which is 35%—60%. A study including
1210 respondents from 194 cities in China showed that
28.8% reported moderate to severe anxiety symptoms.“® A
prospective case—control study from the United States
showed that among the outpatients during the COVID-19
pandemic, nausea and vomiting are common in out-
patients who tested negative for COVID-19:26% and 12%
respectively.*” While there is yet no specific data of nausea
and vomiting in people with anxiety, psychological factors
do play an important role in people’s illness and should be
regarded with certain care during the COVID-19 pandemic.

Management and prevention of COVID -19
associated nausea and vomiting

Clinicians should pay particular attention to nausea and
vomiting during the COVID-19 pandemic. For people who
already showed nausea and vomiting, physicians should
acquire detailed information about the history of high-risk
contact and symptoms associated with COVID-19, including
cough, shortness of breath, difficulty breathing, fever,
chills, muscle pain, sore throat, and new loss of taste or
smell. If outpatients only present with nausea/vomiting or
other gastrointestinal symptoms, a few days of monitoring
will be necessary, as nausea and vomiting might be the
initial symptoms of COVID-19. For those who only presented
with nausea/vomiting but are at high-risk areas or with
high-risk factors of COVID-19 such as advanced age and

heart or lung disease, COVID-19 testing should be consid-
ered.' Besides, in the face of patients with a history of
nausea/vomiting, treatment with drugs having potential
gastrointestinal adverse effects should be taken into more
consideration.*

To date, safe and effective vaccines for COVID-19 are
not available; however, at least 176 candidates are in
clinical and preclinical evaluation, with nine new coronal
vaccines in phase Il clinical trials.*® Recently, three early-
phase trials of adenovirus-vectored COVID-19 vaccine can-
didates have been reported in The Lancet, showing satis-
factory immunogenicity, which is encouraging, whereas the
clinical efficacy and safety still awaits for large scale clin-
ical trials to confirm.”*=>" Therefore, the current key
measures lie in prevention, monitoring and timely inter-
vention.>” The best way to protect people from infection is
to avoid being exposed to SARS-CoV-2. Moreover, during
COVID-19, for those who are under great pressure, for
example, workers in health and long-term care, timely
psychological support is essential.*

Conclusions

The ongoing COVID-19 pandemic requires long-term vigi-
lance and strategies for fighting the virus. Nausea and
vomiting are not uncommon symptoms for both adults and
children during the COVID-19 and they can be the initial
symptoms for SARS-CoV-2 infection. Many reasons can
probably cause nausea and vomiting, including virus infec-
tion, systemic inflammatory response, drug side effects and
psychological distress. To date, effective vaccines or
treatments for SARS-CoV-2 are not available. Thus timely
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intervention and precautions are the key measures to
control the COVID-19 pandemic. Also, psychological support
is quite essential. Recognizing characteristics of nausea and
vomiting can raise the suspicion of COVID-19, leading to
early testing and diagnosis of the disease, and help people
fight the virus in the long run.
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