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A B S T R A C T

Background: Patients with COVID-19 most commonly report respiratory symptoms, with a minority
reporting gastrointestinal (GI) symptoms in currently available reports. Additionally, little is known
about the symptoms of anosmia/hyposmia, ageusia, and dysgeusia anecdotally seen in COVID-19
patients, which may potentially be considered both GI and sensory/neurological manifestations of
infection. We hope to clarify the prevalence of these symptoms and patterns of transmission within a
family cluster.
Case presentation: We interviewed 7 patients via oral inquiries and a questionnaire, collecting data on
subject symptoms and their durations. Reverse transcriptase-polymerase chain reaction (RT-PCR) was
used to confirm 2 of these cases. We report a familial cluster of 5 presumed and 2 confirmed COVID-19
cases, all of whom reported one or more GI symptoms and 5 of whom reported sensory symptoms of
anosmia/hyposmia, ageusia/hypogeusia, and/or dysgeusia.
Conclusions: This frequency of GI symptoms is high relative to currently available epidemiological reports,
which also infrequently report on sensory symptoms. COVID-19 exhibits wide variation in duration,
severity, and progression of symptoms, even within a familial cluster.
© 2020 The Authors. Published by Elsevier Ltd. This is an open access article under the CC BY-NC-ND

license (http://creativecommons.org/licenses/by-nc-nd/4.0/).

Background

Severe acute respiratory syndrome coronavirus 2 (SARS-CoV-
2) is the virus identified as the causative agent of the pandemic
coronavirus disease of 2019 (COVID-19). As a member of the
beta-coronavirus genera, it is closely associated with the
pandemic viruses SARS-CoV and MERS-CoV, and all 3 viruses
are known to predominantly cause upper respiratory infections.
As of April 12, 2020, 1,777,666 confirmed cases of COVID-19
have been reported internationally [1]. Of these, 529,951 cases
(29.8 %) have been confirmed in the US following the first case,
reported on January 20, 2020 [2]. Investigational reporting of
cases in the literature has varied from retrospective epidemio-
logical reports to studies of transmission within small family
clusters [3,4].

It is well-established that SARS-CoV-2 infection most com-
monly presents with fever, myalgias, fatigue, and respiratory
symptoms including cough and dyspnea [5]. Less commonly
reported symptoms include gastrointestinal (GI) manifestations
such as nausea, vomiting, and diarrhea [5]. In a literary review of 12
cohort studies addressing COVID-19 GI manifestations, wide
variation was observed in the prevalence of GI symptoms [6].
Diarrhea was observed in 2.0–35.6 % of patients, nausea in 1–17.3 %,
vomiting in 1–6.4 %, and abdominal pain in 2.2–5.8 %. These studies
varied by location, cohort type (hospital vs. outpatient settings),
and cohort size. The presumed mechanism for GI symptoms is
thought to be due to the propensity of the virus to not only enter
and infect type II alveolar cells and stratified esophageal epithelial
cells via the ACE2 receptor, but also cholangiocytes and enterocytes
of the colon and ileum, in which ACE2 expression is also observed
[7]. It is thought that the cytopathic effects of viral infection of
enterocytes and/or cholangiocytes may contribute to symptoms
such as nausea, vomiting, diarrhea, anorexia, and abdominal pain.
Multiple studies have noted the persistence of viral RNA in stool
samples of patients infected with SARS-CoV-2, supporting the

Abbreviations: GI, gastrointestinal; RT-PCR, reverse transcriptase polymerase
chain reaction; COVID-19, coronavirus disease of 2019; SARS-CoV-2, severe acute
respiratory syndrome coronavirus 2.
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ith GI symptoms. SARS-CoV has even been histologically observed
eplicating within enterocytes [8]. Thus, while the prevalence of GI
ymptoms in patients presenting with COVID-19 is often over-
hadowed by respiratory symptoms, the capacity for SARS-CoV-2 to
eplicate and persist in the GI tract must be considered, as this raises
oncerns for fecal-oral transmission in addition to respiratory
roplet and fomite transmission.
On the other hand, while GI symptoms with COVID-19 are

ecognized in the literature, sensory symptoms including anosmia/
yposmia, ageusia, and dysgeusia have been anecdotally reported,
ith few investigations addressing their prevalence and mecha-
isms at present. Both the American Academy of Otolaryngology-
ead and Neck Surgery (AAO-HNS) and ENT UK at the Royal
ollege of Surgeons have issued public statements recognizing
nosmia, hyposmia, and dysgeusia as symptoms possibly associ-
ted with SARS-CoV-2 infection [9,10]. The few cohort studies
vailable include a report of a spike in online survey reporting of
nosmia in Iran coinciding with simultaneous outbreak of
OVID-19 in the same geographic region [11]. Another retrospec-
ive cohort study in Italy found that 34 % of hospitalized COVID-19
atients reported taste and/or olfactory disorders, with 19 %
eporting both taste and olfactory disorders [12]. Numerous
ypotheses exist regarding the mechanism of these sensory
anifestations. Some postulate that SARS-CoV-2 may cause a
emyelinating reaction in olfactory neurons, directly infects
eurons by hematogenous or retrograde neuronal routes [13],
nd/or causes an inflammatory or autoimmune process that
ediates neural injury [14,15], causing these sensory symptoms. A
euroinvasive process has been supported by evidence of viral
ncephalitis and other neurological complications, with identifi-
ation of SARS-CoV-2 in cerebrospinal fluid [15]. Furthermore,
ther coronaviruses including SARS-CoV and MERS-CoV have been
dentified as possibly neuroinvasive, contributing to a variety of
eurological symptoms and syndromes [15]. Some hypothesize
hat COVID-19-associated sensory symptoms may be related to
CE inhibition or ACE2-mediated viral entry into cells of the
lfactory epithelium [16,17]. Though many hypothetical explan-
tions exist, little to nothing has been well established regarding
he significance and mechanism of SARS-CoV-2-associated anos-
ia/hyposmia, ageusia/hypogeusia, and dysgeusia.
We report here on a family COVID-19 case cluster of 7

ndividuals with high prevalence of both GI symptoms and sensory
anifestations of anosmia, ageusia, and dysgeusia. We hope the
haracterization of this cluster contributes to better understanding
f the transmission and highly variable presentation of COVID-19.

ase presentations

We retrospectively interviewed and reviewed 7 patients with
resumed COVID-19 in Denver, Colorado ranging in age from 17 to
4 yo. We collected epidemiological and symptomatic data by
uestionnaire. Some symptoms were provided additional descrip-
ions to eliminate potential ambiguity, listed as follows. Shortness
f breath was described as “having to catch one’s breath” or
feeling winded, e.g. while climbing stairs,” chest pain as “pain
hile inhaling/breathing,” and chest tightness as “chest feeling
ight or restricted when inhaling.” Ageusia/hypogeusia was
escribed as “loss of taste” or “dulled sense of taste.” Dysgeusia
as described as “altered taste” or “odd or different taste from
sual.” Anosmia/hyposmia was described as “loss or dulling of

cases were confirmed by Roche cobas 6800 EUA RT-PCR at a certified
tertiary care hospital. The other 5 were presumed based on case
proximity, temporal progression, and comparable symptomatic
presentation. All subjects were cohabitants in a single-family home
and were exposed to the same surfaces without precautionary
measures (e.g. surface disinfectants, individual room quarantine,
etc.) for the first 11 days following the index case’s first symptoms,
until the first test was identified as positive. None of the patients
required hospital admission, and none had recent domestic nor
international travel prior to symptom onset.

GI symptoms

All 7 cases reported GI involvement with 1+ symptoms of:
nausea (5/7), diarrhea (4/7), abdominal pain (3/7), anorexia (3/7),
and emesis (2/7). Duration of GI symptoms ranged from 2 to 15
days, with a mean of 10 days. In 4 of 7 patients, GI symptoms came
later in the disease/symptomatic course and were not presenting
symptoms. The delay between initial symptoms and GI symptoms
in these patients ranged from 1 to 8 days, with a mean of 4 days.

Sensory symptoms

5 subjects reported sensory symptoms including anosmia/
hyposmia (5/7), ageusia (5/7), and dysgeusia (3/7). Subjects with
anosmia and ageusia reported that these symptoms always
occurred together; neither anosmia nor ageusia were seen
independently. Of the 5 that reported sensory manifestations, 3
reported only anosmia and ageusia, while 2 reported anosmia,
ageusia, and dysgeusia. Length of anosmia and ageusia ranged from
5 to 29 days (29 days thus far; one patient still experiences
persistent anosmia/ageusia at present). The mean length of
anosmia and ageusia was 12 days, and the mean length of
dysgeusia was 6 days. Sensory symptoms preceded respiratory and
constitutional symptoms in 1 patient, presented together with
respiratory and constitutional symptoms in 2 patients, and
occurred later in symptomatic course in 2 patients.

Subject profiles

The dates and durations of each subject’s constitutional (fever,
chills, myalgias), respiratory (cough, dyspnea, chest pain/tight-
ness), GI, and sensory symptoms are illustrated in Fig.1. The clinical
profiles of each case are reported below:

� The index case was a 54 yo male who presented with
nonproductive cough one day after presumed exposure, then
nausea on day 3 of symptoms. He reports volunteering at a
homeless clinic with acutely ill patients on March 14, 2020. His
symptoms lasted �10 days. Relevant comorbidities include
coronary artery disease and hypertension.

� Case 1 was a 24 yo female who presented with fevers up to 39�C,
fatigue, chills, myalgias, and nonproductive cough, followed by
dyspnea, chest pain/tightness, nausea, diarrhea, abdominal pain,
anorexia, ageusia, and dysgeusia on day 6 of symptoms. Her
symptoms lasted �20 days. Relevant comorbidities include
history of immunodeficiency with recurrent respiratory and
mucosal infections.

� Case 2 was a 17 yo female who presented with fatigue,
nonproductive cough, emesis, nausea, anosmia, and ageusia.
mell.” Anosmia and hyposmia were considered synonymous and
nterchangeable, with hyposmia representing decrease of smell
nd anosmia representing loss of smell. Patients were asked to
stimate the duration of each symptom.
Of 7 presumed cases, 2 were confirmed by reverse transcriptase-

olymerase chain reaction (RT-PCR) of nasopharyngeal swabs. Both
2

On day 7, she developed additional symptoms of fevers up to
38�C, chills, myalgias, and exertional dyspnea. She reported
diarrhea, anosmia, and ageusia as her final symptoms, with her
sensory symptoms persisting to present (April 13). Apart from
sensory loss, the majority of her symptoms lasted �14 days. She
has no relevant comorbidities to report.
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� Case 3 was a 20 yo female who presented with fatigue,
nonproductive cough, anorexia, anosmia, and ageusia. On day
3, she reported subjective fevers, and on day 7, she developed
myalgias, dyspnea, and chest pain/tightness. Her symptoms
lasted �14 days. She has no relevant comorbidities to report.

� Case 4 was a 51 yo female who presented with fevers up to 39.5�C,
chills, myalgias, fatigue, nonproductive cough, and headache,
followed by nausea and vomiting on day 3, diarrhea, abdominal
pain, anosmia, ageusia, and dysgeusia on day 6, and dyspnea, chest
pain/tightness, and retroorbital pain on day 10. Her symptoms
lasted �14 days and were dominated by symptoms of fever,
nausea,diarrhea, and ageusia/dysgeusia. Shewas testedon day 6 of
symptoms. Relevant GI comorbidities include Crohn’s disease,
ulcerative colitis, and ankylosing spondylitis.

� Case 5 was a 17 yo female who presented with fatigue, anosmia,
ageusia, and dysgeusia, followed by nausea and headache on day
2 and nonproductive cough on day 7. Apart from a residual
cough, her symptoms lasted �7 days. She has no relevant
comorbidities to report.

� Case 6 was a 26 yo male who presented with subjective fevers,
chills, fatigue, and myalgias, followed by a nonproductive cough
and dyspnea on day 5 and diarrhea on day 9. His symptoms
lasted �13 days. He has no relevant comorbidities to report. He
was tested on day 8 of symptoms.

Overall findings

The duration of illness ranged from 7 to 20 days, and the mean
durationwas13 days.Themost commonlyreportedsymptomsamong
this cluster were dry cough (7/7), fatigue (6/7), fever (5/7), myalgias
(5/7), nausea (5/7), dyspnea (5/7), ageusia (5/7), and anosmia (5/7).

Other symptoms not reported above included chills (4/7),
headache (4/7), chest pain (3/7), chest tightness (3/7), and

presentation as well as duration, severity, and progression of
symptoms (Fig. 1). While one 17 yo female patient experienced a
mild, 7-day disease course with predominantly sensory symptoms
and dry cough (case 5), a related 24 yo female patient reported a
20-day disease course with significant respiratory, constitutional,
and GI symptoms in addition to sensory symptoms. Consistent
with other reports, nonproductive cough, fatigue, myalgias, and
fever were the most common symptoms [18–20], but in this
cluster, these were accompanied by other GI and sensory
symptoms that are reported at far lower frequency, inconsistently,
or sparsely in the existing literature.

GI symptoms

Among our 7 cases, the prevalence of GI symptoms was far
higher than reported in recent studies. While nausea was reported
in 71 % of our patients, it was reported in 10 % [21], 10.1 % [18], and
17.3 % of patients in recent cohort studies [19]. Diarrhea was
reported in 57 % of our patients, compared with 2.6 % [20], 10.1 %
[18],12 % [21], and 12.9 % [19]. Abdominal pain was reported in 43 %
of our patients, compared with 2.2 % [18], 5.8 % [19], and 9 % [21].
Anorexia was reported in 43 % of our patients, compared with
12.2 % [19], 27 % [21], and 40 % [18]. Emesis was reported in 29 % of
our patients, compared with 3.6 % [18], 5 % [19], and 10 % [21].

While our case number was small, the considerably higher rate
of GI symptoms among this cluster is likely largely attributable to
significant disparities between our patient population and other
study cohorts. First, none of our cases ultimately required
hospitalization, while the majority of epidemiological reports
thus far have used data from hospitalized patients [18–20]. This
likely contributes to disparities in case severity between our study
and other investigations, as well as the information extracted from
subjects. Our study subjects had ample opportunities to document
and reflect on symptoms very early in disease course and post-

Fig. 1. Timeline of Symptoms and Exposure to Index Case in Familial COVID-19 Cluster.
retroorbital pain (3/7).

Discussion

This family case cluster of 7 patients demonstrates the highly
variable presentation of COVID-19 with regards to symptomatic
3

infectious symptoms that persisted (e.g. diarrhea) after acute
illness had subsided. Additionally, our patients were not dealing
with a life-threatening illness, and thus were likely more alert and
able to accurately report symptoms. Other investigations’ subjects
were presumably unable to report more mild, post-viral symptoms
that persisted after hospital discharge due to lack of follow-up.
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econd, our case cluster involved a younger population than most
ther studies. The mean age of our subjects was 30 yo, while the
edian ages of other studies were 49 [20], 56 [18], and 57 [19]. We
an infer that our cluster was overall younger and likely healthier,
xperienced milder disease courses, and had fewer comorbidities
han other studies. It is possible that GI symptoms may be seen
ore commonly in younger patient cases, or that they may be
verlooked in older patients with severe respiratory and constitu-
ional symptoms. Another family cluster study of 6 patients
ospitalized with confirmed COVID-19 found that the 2 patients
hat reported GI symptoms of diarrhea were 2 of the younger study
ubjects (36 and 37 yo), while older members of the family (63, 65,
6 yo) reported no such symptoms [3]. Third, 6 of our 7 subjects
ere first-degree relatives, including 2 parents and 4 of their
hildren. One of the parents had a history of severe inflammatory
owel disease (IBD) and other autoimmune comorbidities that
ay have contributed to her persistent GI symptoms. Though none
f her children reported any autoimmune history, this might
ontribute to higher frequency of GI symptoms within the cluster
ia an unclarified genetic predisposition. While this is a
onfounding variable in ours and other case cluster studies
3,4], in recent cohort studies, familial relations are unlikely to
imit study generalizability given far larger sample sizes.

Presuming that the aforementioned were not interfering
ariables in the vast differences observed in prevalence of GI
ymptoms, it is possible that patterns of transmission and
ymptomatology may differ between family clusters and larger
ohort studies with predominantly community-acquired dis-
ase. Jin et al. found that COVID-19 patients with GI symptoms
ere more likely than patients without GI symptoms to report

amily clustering as opposed to community transmission of
OVID-19 (31.08 % vs. 20.45 %) [22]. Perhaps this difference is
elated to types of exposure; family clustering may involve
igher rates of fecal-oral and fomite transmission from
ommunally shared surfaces, while community transmission
ay involve higher rates of transmission from respiratory
roplets. This raises questions related to the tissue involve-
ent of SARS-CoV-2; are patients that initially acquire

nfection via particle ingestion (fomite, fecal-oral transmis-
ion) more likely to experience GI symptoms than patients that
nitially acquire infection by replication in pulmonary epithe-
ium? If so, is this related to replication within GI epithelium?
s spread of infection from the GI tract to other organ systems
ttributed to hematogenous spread of viral particles?

ensory symptoms

In addition to unusually high frequency of GI symptoms, our
ase cluster also documented a remarkably high prevalence of
ensory disturbances in the form of olfactory and taste disorders,
hich include anosmia/hyposmia, ageusia/hypogeusia, and dys-
eusia. We observed wide variation in duration of these sensory
isorders, which range from 5 to 29 days thus far, with one subject
till reporting persistent anosmia and ageusia at present. Among
ur 7 patients, 71 % reported sensory symptoms (5/7), and all
eported coinciding anosmia and ageusia. Few studies have
xamined the epidemiologic features of olfactory and taste
isorders, which have largely been reported anecdotally. A recent
tudy of 59 hospitalized COVID-19 patients by Giacomelli et al.
ound that 34 % of patients reported an olfactory or taste disorder,

severe cases than the hospitalized patients interviewed in
Giacomelli et al.’s study. Furthermore, while this study reported
symptoms at time of hospitalization, our data was acquired by
interview post-infection. These factors may account for why our
study reported such high frequency of sensory symptoms.

Conclusions

Our study is one of few documenting rates of sensory symptoms
and GI manifestations within a family cluster. We found an
unusually high rate of both among our 7 cases, but the lack of
understanding surrounding the mechanisms, pathophysiology,
and overall epidemiology of these symptoms ultimately beckons
the critical need for further investigation.

Direct evidence of replication within enterocytes and chol-
angiocytes, i.e. histology, electron microscopy, or viral particle
detection (as was found in SARS-CoV by Leung et al.) [8], has yet
to be released. The existing preliminary evidence that SARS-CoV-
2 may replicate in the GI tract includes confirmed ACE2
expression in gastrointestinal epithelium and persistence of viral
nucleic acid in stool [2,7,23,24]. Confirmation of viral GI
replication may warrant supplemental precautionary measures
to reduce fecal-oral transmission. These might include additional
mandatory personal protective equipment (PPE) for employees at
high risk of GI exposure, including otolaryngologists and health-
care workers involved in GI procedures such as endoscopies
[25,26]. Additionally, direct contacts of COVID-19 patients that
experience GI symptoms, even in the absence of other symptoms,
may need to be quarantined, as these symptoms can precede
respiratory or constitutional symptoms or even present without
them [6]. These less acutely severe cases may be overlooked,
leading to widespread viral shedding [27]. Transmission control
also relates to the mechanism of sensory symptoms. Olfactory and
taste dysfunction may indicate that SARS-CoV-2 has the potential
to be neuroinvasive and/or cause damage to olfactory epithelium,
especially given that other β-coronaviruses have been found to be
neuroinvasive [15]. The implications of this relate to disease
control as well; patients presenting with sensory disorders, even
in the absence of other COVID-19 symptoms, may need to be
quarantined to reduce transmission. The mechanistic under-
pinnings of GI and sensory symptoms in COVID-19 warrant close
consideration and analysis, especially as it relates to reducing
disease transmission.
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Availability of data and materials
hile 19 % reported both [12]. In contrast with our study, this study
lso found that taste disorders more commonly occurred early in
isease course, prior to hospitalization.
With regards to differences between our case cluster and recent

pidemiological cohort studies, they include those mentioned
bove; our patients were unhospitalized and presumably less
4

The datasets used and/or analyzed during the current study are
available from the corresponding author on reasonable request.

Declaration of Competing Interest

The authors declare that they have no competing interests



B.E. Ho, A.P. Ho, M.A. Ho et al. IDCases 22 (2020) e00975
Funding

This work was not supported by any source of funding.

Authors’ contributions

BEH and APH conceived the idea, BEH drafted the paper, and all
authors collected data and reviewed the paper. All authors
contributed to, read, and approved the final manuscript, which
has not been previously published and is not being considered for
publication elsewhere. If accepted, it will not be published
elsewhere in the same form.

Acknowledgments

Not applicable

References

[1] COVID-19 dashboard by the center for systems science and engineering (CSSE)
at johns Hopkins university (JHU). ArcGIS; 2020. . Accessed April 12, 2020
https://www.arcgis.com/apps/opsdashboard/index.html#/
bda7594740fd40299423467b48e9ecf6.

[2] Holshue ML, DeBolt C, Lindquist S, Lofy KH, Wiesman J, Bruce H, et al. First case
of 2019 novel coronavirus in the United States. N Engl J Med 2020;382
(10):929–36, doi:http://dx.doi.org/10.1056/NEJMoa2001191.

[3] Chan JFW, Yuan S, Kok KH, To KKW, Chu H, Yang J, et al. A familial cluster of
pneumonia associated with the 2019 novel coronavirus indicating person-to-
person transmission: a study of a family cluster. Lancet 2020;395:514–23, doi:
http://dx.doi.org/10.1016/S0140-6736(20)30154-30159.

[4] Qian G, Yang N, Ma AHY, Wang L, Li G, Chen X, et al. A COVID-19 Transmission
within a family cluster by presymptomatic infectors in China. Clin Infect Dis
2020, doi:http://dx.doi.org/10.1093/cid/ciaa316.

[5] Li L, Huang T, Wang Y, Wang Z, Liang Y, Huang T, et al. COVID-19 patients’
clinical characteristics, discharge rate, and fatality rate of meta-analysis. J Med
Virol 2020;1–7, doi:http://dx.doi.org/10.1002/jmv.25757.

[6] Wong SH, Lui RNS, Sung JJY. Covid-19 and the digestive system. J Gastroenterol
Hepatol 2020, doi:http://dx.doi.org/10.1111/jgh.15047.

[7] Zhang H, Kang Z, Gong H, Xu D, Wang J, Li Z, et al. The digestive system is a
potential route of 2019-nCov infection: a bioinformatics analysis based on
single-cell transcriptomes. BioRxiv 2020, doi:http://dx.doi.org/10.1101/
2020.01.30.927806.

[8] Leung WK, To KF, Chan PKS, Chan HLY, Wu AKL, Lee N, et al. Enteric
involvement of severe acute respiratory syndrome–Associated coronavirus
infection. Gastroenterology 2003;125:1011–7, doi:http://dx.doi.org/10.1053/
S0016-5085(03)01215-0.

[9] American Academy of Otolaryngology-Head and Neck Surgery. Anosmia,
hyposmia, and dysgeusia symptoms of coronavirus disease. AAO-HNS website.
2020. . March 22, 2020. Accessed April 2 https://www.entnet.org/content/aao-
hns-anosmia-hyposmia-and-dysgeusia-symptoms-coronavirus-disease.

[10] ENT-UK at the Royal College of Surgeons of England. Loss of sense of smell as
marker of COVID-19 infection. 2020. . March 2020. ENTUK website. Accessed
April 2 https://www.entuk.org/sites/default/files/files/Loss%20of%20sense%
20of%20smell%20as%20marker%20of%20COVID.pdf.

[11] Bagheri SHR, Asghari AM, Farhadi M, Shamshiri AR, Kabir A, Kamrava SK, et al.
Coincidence of COVID-19 epidemic and olfactory dysfunction outbreak.
MedRxiv 2020, doi:http://dx.doi.org/10.1101/2020.03.23.20041889.

[12] Giacomelli A, Pezzati L, Conti F, Bernacchia D, Siano M, Oreni L, et al. Self-
reported olfactory and taste disorders in SARS-CoV-2 patients: a cross-
sectional study. Clin Infect Dis 2020;330:, doi:http://dx.doi.org/10.1093/cid/
ciaa330.

[13] Mao L, Wang M, Chen S, He Q, Chang J, Hong C, et al. Neurological
Manifestations of hospitalized Patients with COVID-19 in Wuhan, China: a
retrospective case series study. MedRxiv 2020, doi:http://dx.doi.org/10.1101/
2020.02.22.20026500.

[14] Keyhan SO, Fallahi HR, Cheshmi B. Dysosmia and dysgeusia due to the 2019
Novel Coronavirus; a hypothesis that needs further investigation. Maxillofac
Plast Reconstr Surg 2020;42(9), doi:http://dx.doi.org/10.1186/s40902-020-
00254-7.

[15] Wu Y, Xu X, Chen Z, Duan J, Hashimoto K, Yang L, et al. Nervous system
involvement after infection with COVID-19 and other coronaviruses. Brain
Behav Immun 2020, doi:http://dx.doi.org/10.1016/j.bbi.2020.03.031.

[16] Bahat G. Response to the emerging novel coronavirus outbreak: loss of smell
and taste in the course of COVID-19 infection may be related to angiotensin
converting enzyme (ACE) inhibition. BMJ 2020;368:m406, doi:http://dx.doi.
org/10.1136/bmj.m406.

[17] Brann D, Tsukahara T, Weinreb C, Logan DW, Datta SR. Non-neural expression
of SARS-CoV-2 entry genes in the olfactory epithelium suggests mechanisms
underlying anosmia in COVID-19 patients. BioRxiv 2020, doi:http://dx.doi.org/
10.1101/2020.03.25.009084.

[18] Wang D, Hu B, Hu C, Zhu F, Liu X, Zhang J, et al. Clinical characteristics of 138
hospitalized patients with 2019 novel coronavirus–Infected pneumonia in
Wuhan, China. JAMA 2020;323(11):1061–9, doi:http://dx.doi.org/10.1001/
jama.2020.1585.

[19] Zhang J, Dong X, Cao Y, Yuan Y, Yang Y, Yan Y, et al. Clinical characteristics of 140
patients infected with SARS-CoV-2 in Wuhan, China. Allergy 2020;00:1–12,
doi:http://dx.doi.org/10.1111/all.14238.

[20] Huang C, Wang Y, Li X, Ren L, Zhao J, Hu Y, et al. Clinical features of patients
infected with 2019 novel coronavirus in Wuhan, China. Lancet 2020;395:497–
506, doi:http://dx.doi.org/10.1016/S0140-6736(20)30183-30185.

[21] Cheung KS, Hung IFN, Chan PPY, Lung KC, Tso E, Liu R, et al. Gastrointestinal
manifestations of SARS-CoV-2 infection and virus load in fecal samples from
the Hong Kong cohort and systematic review and meta-analysis.
Gastroenterology 2020, doi:http://dx.doi.org/10.1053/j.gastro.2020.03.065.

[22] 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;0:1–8, doi:http://dx.
doi.org/10.1136/gutjnl-2020-320926.

[23] Zhang J, Wang S, Xue Y. Fecal specimen diagnosis 2019 novel coronavirus–
infected pneumonia. J Med Virol 2020;1–3, doi:http://dx.doi.org/10.1002/
jmv.25742.

[24] Tian Y, Rong L, Nian W, He Y. Review article: gastrointestinal features in COVID-
19 and the possibility of faecal transmission. Aliment Pharmacol Ther
2020;00:1–9, doi:http://dx.doi.org/10.1111/apt.15731.

[25] Vukkudala N, Qian ZJ, Holsinger FC, Patel ZM, Rosenthal E. COVID-19 and the
otolaryngologist – preliminary evidence-based review. Laryngoscope 2020,
doi:http://dx.doi.org/10.1002/lary.28672.

[26] Repici A, Maselli R, Colombo M, Gabbiadini R, Spadaccini M, Anderloni A, et al.
Coronavirus (COVID-19) outbreak: what the department of endoscopy should
know. Gastrointest Endosc 2020, doi:http://dx.doi.org/10.1016/j.
gie.2020.03.019.

[27] Gu J, Han B, Wang J. COVID-19: Gastrointestinal manifestations and potential
fecal-oral transmission. Gastroenterology 2020, doi:http://dx.doi.org/10.1053/
j.gastro.2020.02.054.
5

https://www.arcgis.com/apps/opsdashboard/index.html#/bda7594740fd40299423467b48e9ecf6
https://www.arcgis.com/apps/opsdashboard/index.html#/bda7594740fd40299423467b48e9ecf6
http://refhub.elsevier.com/S2214-2509(20)30283-3/sbref0010
http://refhub.elsevier.com/S2214-2509(20)30283-3/sbref0010
http://refhub.elsevier.com/S2214-2509(20)30283-3/sbref0010
http://refhub.elsevier.com/S2214-2509(20)30283-3/sbref0015
http://refhub.elsevier.com/S2214-2509(20)30283-3/sbref0015
http://refhub.elsevier.com/S2214-2509(20)30283-3/sbref0015
http://dx.doi.org/10.1016/S0140-6736(20)30154-30159
http://refhub.elsevier.com/S2214-2509(20)30283-3/sbref0020
http://refhub.elsevier.com/S2214-2509(20)30283-3/sbref0020
http://refhub.elsevier.com/S2214-2509(20)30283-3/sbref0020
http://refhub.elsevier.com/S2214-2509(20)30283-3/sbref0025
http://refhub.elsevier.com/S2214-2509(20)30283-3/sbref0025
http://refhub.elsevier.com/S2214-2509(20)30283-3/sbref0025
http://refhub.elsevier.com/S2214-2509(20)30283-3/sbref0030
http://refhub.elsevier.com/S2214-2509(20)30283-3/sbref0030
http://refhub.elsevier.com/S2214-2509(20)30283-3/sbref0035
http://refhub.elsevier.com/S2214-2509(20)30283-3/sbref0035
http://refhub.elsevier.com/S2214-2509(20)30283-3/sbref0035
http://dx.doi.org/10.1101/2020.01.30.927806
http://refhub.elsevier.com/S2214-2509(20)30283-3/sbref0040
http://refhub.elsevier.com/S2214-2509(20)30283-3/sbref0040
http://refhub.elsevier.com/S2214-2509(20)30283-3/sbref0040
http://dx.doi.org/10.1053/S0016-5085(03)01215-0
https://www.entnet.org/content/aao-hns-anosmia-hyposmia-and-dysgeusia-symptoms-coronavirus-disease
https://www.entnet.org/content/aao-hns-anosmia-hyposmia-and-dysgeusia-symptoms-coronavirus-disease
https://www.entuk.org/sites/default/files/files/Loss%20of%20sense%20of%20smell%20as%20marker%20of%20COVID.pdf
https://www.entuk.org/sites/default/files/files/Loss%20of%20sense%20of%20smell%20as%20marker%20of%20COVID.pdf
http://refhub.elsevier.com/S2214-2509(20)30283-3/sbref0055
http://refhub.elsevier.com/S2214-2509(20)30283-3/sbref0055
http://refhub.elsevier.com/S2214-2509(20)30283-3/sbref0055
http://refhub.elsevier.com/S2214-2509(20)30283-3/sbref0060
http://refhub.elsevier.com/S2214-2509(20)30283-3/sbref0060
http://refhub.elsevier.com/S2214-2509(20)30283-3/sbref0060
http://dx.doi.org/10.1093/cid/ciaa330
http://refhub.elsevier.com/S2214-2509(20)30283-3/sbref0065
http://refhub.elsevier.com/S2214-2509(20)30283-3/sbref0065
http://refhub.elsevier.com/S2214-2509(20)30283-3/sbref0065
http://dx.doi.org/10.1101/2020.02.22.20026500
http://refhub.elsevier.com/S2214-2509(20)30283-3/sbref0070
http://refhub.elsevier.com/S2214-2509(20)30283-3/sbref0070
http://refhub.elsevier.com/S2214-2509(20)30283-3/sbref0070
http://dx.doi.org/10.1186/s40902-020-00254-7
http://refhub.elsevier.com/S2214-2509(20)30283-3/sbref0075
http://refhub.elsevier.com/S2214-2509(20)30283-3/sbref0075
http://refhub.elsevier.com/S2214-2509(20)30283-3/sbref0075
http://refhub.elsevier.com/S2214-2509(20)30283-3/sbref0080
http://refhub.elsevier.com/S2214-2509(20)30283-3/sbref0080
http://refhub.elsevier.com/S2214-2509(20)30283-3/sbref0080
http://dx.doi.org/10.1136/bmj.m406
http://refhub.elsevier.com/S2214-2509(20)30283-3/sbref0085
http://refhub.elsevier.com/S2214-2509(20)30283-3/sbref0085
http://refhub.elsevier.com/S2214-2509(20)30283-3/sbref0085
http://dx.doi.org/10.1101/2020.03.25.009084
http://refhub.elsevier.com/S2214-2509(20)30283-3/sbref0090
http://refhub.elsevier.com/S2214-2509(20)30283-3/sbref0090
http://refhub.elsevier.com/S2214-2509(20)30283-3/sbref0090
http://dx.doi.org/10.1001/jama.2020.1585
http://refhub.elsevier.com/S2214-2509(20)30283-3/sbref0095
http://refhub.elsevier.com/S2214-2509(20)30283-3/sbref0095
http://refhub.elsevier.com/S2214-2509(20)30283-3/sbref0095
http://refhub.elsevier.com/S2214-2509(20)30283-3/sbref0100
http://refhub.elsevier.com/S2214-2509(20)30283-3/sbref0100
http://refhub.elsevier.com/S2214-2509(20)30283-3/sbref0100
http://refhub.elsevier.com/S2214-2509(20)30283-3/sbref0105
http://refhub.elsevier.com/S2214-2509(20)30283-3/sbref0105
http://refhub.elsevier.com/S2214-2509(20)30283-3/sbref0105
http://refhub.elsevier.com/S2214-2509(20)30283-3/sbref0105
http://refhub.elsevier.com/S2214-2509(20)30283-3/sbref0110
http://refhub.elsevier.com/S2214-2509(20)30283-3/sbref0110
http://refhub.elsevier.com/S2214-2509(20)30283-3/sbref0110
http://dx.doi.org/10.1136/gutjnl-2020-320926
http://refhub.elsevier.com/S2214-2509(20)30283-3/sbref0115
http://refhub.elsevier.com/S2214-2509(20)30283-3/sbref0115
http://dx.doi.org/10.1002/jmv.25742
http://refhub.elsevier.com/S2214-2509(20)30283-3/sbref0120
http://refhub.elsevier.com/S2214-2509(20)30283-3/sbref0120
http://refhub.elsevier.com/S2214-2509(20)30283-3/sbref0120
http://refhub.elsevier.com/S2214-2509(20)30283-3/sbref0125
http://refhub.elsevier.com/S2214-2509(20)30283-3/sbref0125
http://refhub.elsevier.com/S2214-2509(20)30283-3/sbref0125
http://refhub.elsevier.com/S2214-2509(20)30283-3/sbref0130
http://refhub.elsevier.com/S2214-2509(20)30283-3/sbref0130
http://refhub.elsevier.com/S2214-2509(20)30283-3/sbref0130
http://dx.doi.org/10.1016/j.gie.2020.03.019
http://refhub.elsevier.com/S2214-2509(20)30283-3/sbref0135
http://refhub.elsevier.com/S2214-2509(20)30283-3/sbref0135
http://dx.doi.org/10.1053/j.gastro.2020.02.054

	Case report of familial COVID-19 cluster associated with High prevalence of anosmia, ageusia, and gastrointestinal symptoms
	Background
	Case presentations
	GI symptoms
	Sensory symptoms
	Subject profiles
	Overall findings

	Discussion
	GI symptoms
	Sensory symptoms
	Conclusions

	Ethics approval and consent to participate
	Consent for publication
	Availability of data and materials
	Declaration of Competing Interest
	Funding
	Authors contributions
	Acknowledgments
	References


