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a b s t r a c t 

Coronavirus disease 2019 (COVID-19), caused by severe acute respiratory syndrome coronavirus 2 (SARS- 

CoV-2), has become a global health threat. Although most patients with COVID-19 manifest fever and 

respiratory tract symptoms, SARS-CoV-2 infection may also involve other organs/systems and present 

with extra-respiratory manifestations, including cardiac, gastrointestinal, hepatic, renal, neurological, ol- 

factory, gustatory, ocular, cutaneous and haematological symptoms. Occasionally, these extra-respiratory 

symptoms/signs represent the initial presentation of SARS-CoV-2 infection, prior to fever or respiratory 

manifestations. Therefore, this comprehensive review of the extra-respiratory manifestations of COVID-19 

is intended to help clinicians better understand the range of clinical presentations associated with SARS- 

CoV-2 infection, allowing the consideration of COVID-19 in differential diagnoses. A screening test for 

SARS-CoV-2 should be performed when patients have these extra-respiratory manifestations. In addition, 

clinicians should be alerted to the adverse effects of anti-SARS-CoV-2 agents that can mimic the extra- 

respiratory manifestations of COVID-19. Moreover, some extra-respiratory manifestations, such as ocular 

and gastrointestinal involvement, may be caused by direct invasion of SARS-CoV-2. Therefore, protec- 

tive measures should be taken while managing the associated clinical specimens. Finally, several extra- 

respiratory manifestations, such as cardiac involvement, acute kidney injury, coagulation disorders and 

thrombotic complications, could be associated with a poor prognosis. 

© 2020 Elsevier B.V. and International Society of Chemotherapy. All rights reserved. 

1

 

r  

g  

1  

l  

c  

a  

p  

h  

t  

s  

a

S

t  

i  

s  

s  

m  

t  

o  

o  

o  

t  

2  

n  

t  

h

0

. Introduction 

Coronavirus disease 2019 (COVID-19), caused by severe acute

espiratory syndrome coronavirus 2 (SARS-CoV-2), has become a

lobal health threat, infecting 1 844 863 people and resulting in

17 021 deaths at the time of writing [1–3] . An infected person’s

ungs are the organs most affected because the virus accesses host

ells via angiotensin-converting enzyme 2 (ACE2), which is most

bundant on type II alveolar cells. The virus uses a surface glyco-

rotein, called a ‘spike’ (peplomer), to bind to ACE2 and enter the

ost cell [4] . Thus, respiratory manifestations such as cough, spu-

um production and shortness of breath remain the most common

ymptoms, following fever [5] . In addition, upper airway manifes-
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ations, including nasal congestion and sore throat, are observed

n patients exhibiting mild disease. Furthermore, respiratory tract

pecimens (e.g. nasopharyngeal, nasal and oropharyngeal swabs,

putum, saliva and bronchoalveolar lavage fluid) are the most com-

on clinical specimens obtained for real-time quantitative reverse

ranscription PCR (RT-qPCR) detection of SARS-CoV-2 [6] . Based

n a preliminary understanding of COVID-19, patients with fever

r airway symptoms and characteristic travel, occupation, contact

r cluster histories were initially screened for SARS-CoV-2 infec-

ion [7] . However, extra-respiratory manifestations of SARS-CoV-

 infection have recently been observed in the rapidly increasing

umber of COVID-19 cases. To reduce the risk of overlooking pa-

ients with COVID-19 who manifest only extra-respiratory symp-

oms, clinicians need to better understand the range of SARS-CoV-

 infection-related extra-respiratory manifestations. Therefore, this 

rticle provides a comprehensive review of the extra-respiratory

anifestations of COVID-19 to help clinicians better understand

he clinical presentations of the disease ( Table 1 ; Fig. 1 ). 
rved. 
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Table 1 

Summary of the main extra-respiratory manifestations of patients with COVID-19. 

Organ/system Symptoms/signs (reported prevalence of patients) References 

Cardiac Acute cardiac injury (8–12%), heart failure (23–52%), arrhythmia (8.9–16.7%), shock, acute myocarditis, chest 

tightness 

[8 , 9–16 ] 

Gastrointestinal Anorexia (26.8%), diarrhoea (12.5%), nausea/vomiting (10.2%), abdominal pain/discomfort (9.2%) [ 20–22 , 24 , 25 , 27 , 28] 

Hepatic Abnormal aspartate aminotransferase or alanine aminotransferase values (16.1–53.1%) [8 , 10 , 23–28 ] 

Kidney Acute kidney injury (overall 0.5%; 2.9–23% in severe cases) [10 , 24 , 25] 

Neurological Dizziness (16.8%), headache (13.1%), skeletal muscle injury (10.7%), impaired consciousness (7.5%), acute 

cerebrovascular disease (2.8%), ataxia (0.5%), seizures (0.5%), meningoencephalitis, Guillain–Barré syndrome 

[33–36] 

Olfactory and 

gustatory 

Hyposmia (5.1–20.4%), anosmia (79.6%), dysgeusia (8.5%), ageusia (1.7%) [24 , 25 , 39 , 40] 

Ocular Acute conjunctivitis (31.6%) [44 , 45] 

Cutaneous Erythematous rash (15.9%), hives rash (3.4%), vesicles (1.1%), acro-ischaemia, transient unilateral livedo reticularis [25 , 51–54 ] 

Haematological Lymphopenia (56.5%), thrombocytopenia (16.4–32.3%), coagulation disorders, thrombotic events, antiphospholipid 

antibody 

[55–61] 

Fig. 1. Reported ranges of prevalence (%) of extra-respiratory manifestations in patients with COVID-19, by organ/system. 
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of SARS-CoV-2. 
2. Cardiac manifestations 

COVID-19-associated cardiac complications have been reported

frequently [8–14] and the mechanisms appear complicated, includ-

ing direct viral injury, hypoxaemia, unstable haemodynamic status

with hypoperfusion, enhanced systematic inflammation, ACE2 re-

ceptor downregulation, increased endogenous catecholamine pro-

duction and medication toxicity [15 , 16] . In a series of 138 hospi-

talised patients with SARS-CoV-2 pneumonia in Wuhan, China, ar-

rhythmia, shock and acute cardiac injury were observed in 16.7%,

8.7% and 7.2% of patients, respectively [8] . Another study of 41 pa-

tients with SARS-CoV-2-caused pneumonia showed similar find-

ings, with 5 patients (12.2%) exhibiting acute cardiac injury [10] .

Zhou et al. reported that 44 (23.0%) of 191 hospitalised patients

had heart failure [11] . In addition, acute myocarditis and ventric-

ular arrhythmia have been reported rarely [12–14] . Most impor-

tantly, patients with COIVD-19 and cardiac injuries more frequently

require mechanical ventilation and demonstrate a higher mortality

rate than those without cardiac injuries [9] . In summary, SARS-

CoV-2 infection can cause acute cardiac injuries, chest pain and

arrhythmic complications; cardiac involvement in patients with

COVID-19 may be associated with poor outcomes. 

3. Gastrointestinal manifestations 

In addition to the respiratory tract, SARS-CoV-2 also affects gas-

trointestinal organs because ACE2 is abundantly expressed on glan-
ular cells of the gastric, duodenal and rectal epithelia [17] as well

s on endothelial cells and enterocytes of the small intestine. In

ddition, many reports show that SARS-CoV-2 can be detected in

aecal specimens [18 , 19] as well as in oesophageal, stomach, duo-

enal and rectal samples [20] . A recent meta-analysis including

234 COVID-19 patients from 60 studies reporting gastrointestinal

ymptoms showed that the prevalence of all gastrointestinal symp-

oms was 17.6% [95% confidence interval (CI) 12.3–24.5%] and that

evere COVID-19 cases were more likely to have gastrointestinal

ymptoms than non-severe cases (17.1% vs. 11.8%) [21] . The pooled

revalence of anorexia, diarrhoea, nausea/vomiting and abdominal

ain/discomfort were 26.8% (95% CI 16.2–40.8%), 12.5% (95% CI 9.6–

6.0%), 10.2% (95% CI 6.6–15.3%) and 9.2% (95% CI 5.7–14.5%), re-

pectively [21] . Moreover, the pooled prevalence of stool specimens

hat tested positive for SARS-CoV-2 was 48.1% (95% CI 38.3–57.9%),

ncluding 70.3% (95% CI 49.6–85.1%) of specimens collected after

eturning negative respiratory specimen results [21] . In addition,

he duration of SAR-CoV-2 RNA detection in stool specimens from

atients treated with steroids (20 days) was significantly longer

han that for those not receiving steroids (11 days) ( P < 0.001)

22] . Based on these findings, clinicians should be cognisant of

he common gastrointestinal symptoms and understand that stool

iral shedding may occur throughout the disease course. Health-

are providers should remain cautious during the management of

atients with gastrointestinal manifestations and during the han-

ling of faecal material to avoid potential faecal–oral transmission
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. Hepatic manifestations 

Liver impairment is a common complication of SARS-CoV-2

nfection and may be caused by direct viral infection of liver

ells [23] . Abnormal liver function and elevated levels of aspartate

minotransferase or alanine aminotransferase, which have devel-

ped in 16.1–53.1% of SARS-CoV-2-infected patients, are the most

ommonly reported manifestations of liver injury among patients

ith COVID-19 [8 , 10 , 23–28 ]. In addition, one study of 56 patients

eported elevated levels of gamma-glutamyl transferase (30 pa-

ients; 54%) and alkaline phosphatase (1 patient; 1.8%) [23] . 

. Renal manifestations 

The mechanisms of acute kidney injury (AKI) in COVID-19 could

e multifactorial, such as cytokine damage, cardiorenal crosstalk,

ypoxia, intra-abdominal hypertension, fluid imbalance, hypoper-

usion, rhabdomyolysis-related tubular toxicity and endotoxin [29] .

hen et al. showed only three (3%) of 99 COVID-19 pneumonia case

ad AKI [24] . Huang et al. showed that three (7%) of 41 COVID-

9 patients had AKI and that intensive care unit (ICU) patients

ere more likely to have AKI than non-ICU patients (23% vs. 0%;

 = 0.027) [10] . A similar finding was shown in a large study which

eported that the overall prevalence of AKI was only 0.5% (6/1099)

ut that severe cases had more AKI than non-severe cases (2.9% vs.

%) [25] . All of these indicate that the prevalence of AKI is low but

he risk of AKI could be increased with the severity of COVID-19. 

. Neurological manifestations 

Previous studies have shown the presence of ACE2 receptors in

he nervous system and in skeletal muscle, suggesting a mecha-

ism for SARS-CoV-2-related neuromuscular injury [30 , 31] . Apart

rom ACE2, COVID-19-associated nervous system damage may also

e caused by direct infection injury, hypoxic injury and immune

esponses [32] . A retrospective clinical study of 214 laboratory-

onfirmed COVID-19 cases reported that 78 patients (36.4%) had

eurological manifestations, including 53 (24.8%) with central ner-

ous system (CNS) injuries, 19 (8.9%) with peripheral nervous sys-

em (PNS) injuries and 23 (10.7%) with skeletal muscle injuries

33] . Dizziness (36 patients; 16.8%) and headache (28 patients;

3.1%) were the most commonly reported CNS symptoms; impair-

ents of taste (12 patients; 5.6%) and smell (11 patients; 5.1%)

ere the most common PNS symptoms [33] . In addition, impaired

onsciousness, acute cerebrovascular disease, ataxia, seizures, vi-

ion impairment and nerve pain were reported in < 10% of pa-

ients. Except for stroke and impaired consciousness, which devel-

ped within a median post-admission period of 8–10 days, most

eurological manifestations occurred within a median period of 1–

 post-admission days. Moreover, neurological manifestations were

ore common in patients with severe COVID-19 infection than in

hose with non-severe disease (45.5% vs. 30.2%; P = 0.02); patients

ith severe disease were also more likely to have impaired con-

ciousness, acute cerebrovascular disease and skeletal muscle in-

uries than those with non-severe infection. In addition, one case

f meningoencephalitis associated with SARS-CoV-2 infection was

eported in a patient with an initial neurological presentation of

onvulsions and unconsciousness in Japan [34] . Magnetic reso-

ance imaging (MRI) of the brain showed hyperintensity along the

ight lateral ventricle wall and hyperintense signal changes in the

ight mesial temporal lobe and hippocampus, indicating meningi-

is; SARS-CoV-2 RNA was detected in the cerebral spinal fluid (CSF)

34] . Similarly, another case of COVID-19-associated encephalitis

as reported in a male from Wuhan, China [35] . In Italy, Toscano

t al. reported that five cases developed Guillain–Barré syndrome

–10 days after the onset of COVID-19 with an initial presentation
f lower limb weakness, paraesthesia and ataxia [36] . These data

ndicate that SARS-CoV-2 may infect the nervous system and skele-

al muscle as well as the respiratory tract; thus, clinicians should

onsider COVID-19 as a differential diagnosis for patients with neu-

ological manifestations. 

. Olfactory and gustatory manifestations 

Olfactory and gustatory disorders are known to be associated

ith viral infections [37] , and SARS-CoV-2 is no exception. An in

itro study showed that the ACE2 receptor is widely expressed

n epithelial cells of the oral mucosa [38] , suggesting a possi-

le pathogenetic mechanism for the association between COVID-

9 and olfactory and gustatory disorders. In a questionnaire-based,

ross-sectional study conducted in Italy of 88 hospitalised COVID-

9 patients, 59 patients were able to be interviewed, of whom

0 (33.9%) self-reported at least one olfactory or gustatory symp-

om, including the gustatory manifestations of dysgeusia (5 pa-

ients; 8.5%) and ageusia (1 patient; 1.7%) and the olfactory mani-

estation of hyposmia (3 patients; 5.1%) [39] . Another large surveil-

ance study including patients with mild-to-moderate COVID-19 in

2 European hospitals reported that 85.6% (357/417) and 88.8%

342/385) of patients had olfactory and gustatory dysfunctions, re-

pectively [40] . Anosmia was the most common olfactory symp-

om (284/357; 79.6%), followed by hyposmia (73/357; 20.4%). In-

erestingly, 11.8% of patients reported that their olfactory dys-

unction began before their other symptoms; the short-term ol-

actory disorder recovery rate was 44.4% among the 59 clinically

ured patients. Furthermore, 78.9% and 21.1% patients reported re-

uced/discontinued or distorted abilities to taste flavours, respec-

ively. The same study also reported that other otolaryngologic

ymptoms, highly related to COVID-19, included facial pain (54 pa-

ients; 12.9%) and nasal obstruction (50 patients; 12.0%). Further-

ore, rhinorrhoea, postnasal drip, sore throat and ear pain were

ossible COVID-19-related otolaryngological symptoms reported in 

.1–7.9% of patients [40] . In China, Chen et al. reported that 4 (4%)

f 99 patients with COVID-19-related pneumonia had rhinorrhoea

24] . Guan et al reported a prevalence of nasal obstruction of 5%

n a cohort study of 1099 patients with COVID-19 [25] . These find-

ngs indicate that olfactory and gustatory dysfunction are common

anifestations of SARS-CoV-2 infection; occasionally, these disor-

ers may even be the initial presentation of COVID-19. The results

urther suggest that screening for SARS-CoV-2 in patients with ol-

actory and taste manifestations should be considered during the

andemic. 

. Ocular manifestations 

Although ACE2 receptors have been detected in ocular or-

ans, including in the retina, choroid and conjunctival epithelia

41–43] , ocular involvement associated with SARS-CoV-2 infection

as rarely been reported [44 , 45] . Chen et al. reported a 30-year-

ld man who developed red eyes, tearing and foreign-body sen-

ations (diagnosed as bilateral acute conjunctivitis) 13 days after

he onset of COVID-19 [44] . Slit lamp examination demonstrated

ilateral moderate conjunctival injection, water discharge and infe-

ior palpebral conjunctival follicles. RT-qPCR assay of a conjunctival

wab detected the presence of viral RNA, but routine bacterial and

ungal culture results were negative. In addition to umifenovir and

opinavir/ritonavir, topical ribavirin eye drops were prescribed four

imes daily. On Day 19, the patient’s ocular symptoms resolved

nd a repeated slit lamp examination showed improvements; the

esults of a follow-up conjunctival swab were negative for SARS-

oV-2. Another series showed that 12 (31.6%) of 38 clinically con-

rmed COVID-19 cases demonstrated ocular manifestations, in-

luding conjunctiva hyperaemia, chemosis, epiphora, and increased
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Table 2 

Summary of the main adverse effects of commonly used agents for the treatment of COVID-19. 

Agent Adverse effects (reported prevalence of patients, if any) Reference(s) 

Remdesivir Nausea, vomiting, abnormal hepatic function, skin rash, acute kidney injury and shock [62–64] 

Favipiravir Potentially harmful to the baby during pregnancy (teratogenic and embryotoxic effects reported in animal 

experiments) 

[65] 

Lopinavir/ritonavir Moderate to severe diarrhoea (27%), nausea (16%), vomiting, abdominal pain, asthenia, headache, abnormal hepatic 

function, hyperglycaemia and hyperlipidaemia 

[66] 

Hydroxychloroquine Nausea, diarrhoea, dose-related retinopathy, altered eye pigmentation, acne, anaemia, hepatic dysfunction, loss of 

hair, muscle atrophy, tinnitus, vertigo, hypoglycaemia, (more severe) QTc prolongation on electrocardiograms, and 

life-threatening or fatal cardiomyopathy. Worsening psoriasis and porphyria reported in cases with these diseases 

[67] 

Teicoplanin Rash, drug-related fever, pruritus, diarrhoea, nausea and vomiting, altered liver function, leukopenia, 

thrombocytopenia and impaired renal function (upon prolonged use) 

[68] 

Tocilizumab Nasopharyngitis (10%), headache, hypertension (5%), asymptomatic alanine transaminase elevation (5%), 

hypercholesteremia, mouth ulcer, strong immunosuppression and (rare but severe) anaphylaxis (0.2%) 

[69] 

Ivermectin Depression, consequent ataxia due to potentiation of inhibitory GABAergic synapses, (rare but severe) psychosis, 

and seizure 

[70 , 71] 
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secretions that were indicative of acute conjunctivitis [45] . How-

ever, conjunctival specimens and nasopharyngeal swabs for only

two patients tested positive for SARS-CoV-2 [45] . Moreover, four,

two and six cases were classified as moderate, severe and criti-

cal novel coronavirus pneumonias, respectively. These preliminary

data should remind clinicians of the potential for a rare ocu-

lar complication (acute conjunctivitis) in patients with COVID-19.

The data also suggest that precautionary eye protection measures

should be adopted when in contact with SARS-CoV-2-infected pa-

tients to prevent the spread of COVID-19 via an ocular route [46] . 

9. Cutaneous manifestations 

Although many viral infections can be associated with skin

manifestations [47–50] , cutaneous symptoms have rarely been re-

ported in association with COVID-19 [51] . In China, 0.2–1.2% of

1099 COVID-19 patients had a rash [25] . In a series of 88 patients

infected with SARS-CoV-2 in Italy, Recalcati showed that 18 pa-

tients (20.5%) developed cutaneous lesions, including 8 who de-

veloped lesions at disease onset [51] . Furthermore, erythematous

rashes were the most common manifestation ( n = 14), followed

by hives rash ( n = 3) and chickenpox-like vesicles ( n = 1). In addi-

tion, acro-ischaemia presented with finger/toe cyanosis, skin bullae

and dry gangrene in seven critically ill patients with COVID-19 in

China and in a child in Brazil [52 , 53] . Transient unilateral livedo

reticularis was observed in two non-severe COVID-19 cases in the

USA [54] . However, these data are limited and further study is war-

ranted to investigate the cutaneous manifestations of COVID-19. 

10. Haematological manifestations 

As for other viral infections, lymphopenia is common in pa-

tients with COVID-19. One meta-analysis of 24 studies comprising

2507 patients showed the prevalence of lymphopenia to be 56.5%

(95% CI 46.5–66.4%) [55] . In addition, decreased platelet counts

were observed in 32.3% and 16.4% of critically and non-critically ill

COVID-19 patients, respectively [56] . Coagulation disorders are an-

other common complication. Chen et al. showed that patients with

COVID-19 pneumonia have increased d -dimer levels (36% of pa-

tients), activated partial thromboplastin times (6%) and prothrom-

bin times (5%) [24] . Thrombotic complications have been observed

in patients with COVID-19, especially in those who are critically ill

[57 , 58] . The incidence of thrombotic complications among 148 pa-

tients with COVID-19 in an ICU was 31% (95% CI 20–41%), includ-

ing a venous thromboembolism incidence of 27% (95% CI 17–37%)

and an arterial thrombotic event incidence of 3.7% (95% CI 0–8.2%)

[59] . Rarely, the presence of antiphospholipid antibodies was ob-

served in COVID-19 patients with critical illness [60] . Most impor-
antly, coagulation disorders and thrombotic complications may be

ssociated with poor outcomes for patients with COVID-19 [61] . 

1. Treatment considerations 

Some potentially effective drugs against SARS-CoV-2 have

dverse effects that are difficult to differentiate from extra-

espiratory manifestations of COVID-19. Table 2 lists the com-

on adverse effects of commonly used agents for the treatment

f COVID-19. Among them, an abnormality of hepatic function

23%) has been reported mostly for remdesivir, whereas no ma-

or adverse effects have been reported for favipiravir (both are

NA-dependent RNA polymerase inhibitors) [62–65] . In contrast,

he protease inhibitor lopinavir/ritonavir exerts adverse effects on

he gastrointestinal tract, such as diarrhoea, nausea, vomiting and

bdominal pain, as well as leading to asthenia, abnormal hep-

tic function, hyperglycaemia and hyperlipidaemia [66] . The po-

ential for inducing ventricular dysrhythmia after QTc prolonga-

ion should be cautiously monitored for hydroxychloroquine, which

lkalises the pH in the early endosomal pathway of SARS-CoV-

 entry [67] . Teicoplanin, which inhibits cathepsin L/B enzymes

n the late endosomal pathway of SARS-CoV-2 entry, is actually

n antibiotic agent active against methicillin-resistant Staphylococ-

us aureus (MRSA) [62] . Its dosage should be prescribed accord-

ng to body weight and creatinine clearance rate [68] . In addition,

ocilizumab, an anti-interleukin-6 monoclonal antibody originally

rescribed in the treatment of acute exacerbation of rheumatoid

rthritis and systemic lupus erythematosus, has been suggested to

e used in the treatment of acute respiratory distress syndrome

nd the cytokine storm stage of COVID-19 [62 , 69] . However, this

rug likely induces strong immunosuppression. Finally, depression,

taxia, psychosis and seizures induced by ivermectin, a broad-

pectrum antiparasitic drug potentially effective against SARS-CoV-

, need to be monitored [70 , 71] . 

2. Challenges 

In addition to the characteristic manifestations of fever and res-

iratory tract symptoms/signs, SARS-CoV-2 infection can demon-

trate many extra-respiratory symptoms including cardiac, gas-

rointestinal, renal, hepatic, neurological, olfactory, gustatory, ocu-

ar, cutaneous and haematological manifestations. Sometimes these

xtra-respiratory manifestations may be the initial or only symp-

om of COVID-19, prior to fever or respiratory manifestations.

any examinations can help clinicians in identifying the extra-

espiratory manifestations. Tests for troponin, electrocardiogram

nd echocardiogram may help in identifying cardiac involvement

n COVID-19 patients. Blood tests can help in the detection of

bnormal liver function. To identify neurological involvement in



C.-C. Lai, W.-C. Ko and P.-I. Lee et al. / International Journal of Antimicrobial Agents 56 (2020) 106024 5 

C  

a  

o  

s  

u  

t  

S  

d

F

C

E

R

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

[  

 

 

 

[  

 

 

[  

 

 

 

[  

 

 

[  

 

 

 

 

 

[  

 

 

[  

 

 

[  

 

 

 

[  

 

 

 

[  

 

 

 

[  

 

 

 

 

[  

 

 

 

[  

 

[  

 

 

 

 

[  

 

 

[  

 

 

OVID-19, brain imaging, analysis of CSF, nerve conduction studies

nd electromyography could be useful. Moreover, the development

f acute cardiac injury, AKI and coagulation disorder can be as-

ociated with severe COVID-19 [61 , 72] . None the less, appropriate

se of anticoagulant agents can help in managing these complica-

ions [73] . Overall, clinicians should be alert for these symptoms of

ARS-CoV-2 infection and should consider COVID-19 as one of the

ifferential diagnoses for patients with these symptoms. 
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