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ABSTRACT

Background: Since the onset of the 2019 novel coronavirus disease (COVID-19), many reports have presented the
disease as a respiratory disease, thereby limiting diagnosis to presentations with respiratory symptoms. This review
critically analyzes and consolidates published literature describing extrapulmonary features of COVID-19.

Methods: Recently published full-text literature on the extrapulmonary manifestations of COVID-19 was reviewed.
The studies reviewed focused on the cardiovascular, gastrointestinal, nervous, hematopoietic, genitourinary, and
musculoskeletal systems; and ocular, otorhinolaryngological, and cutaneous symptoms.

Results: A total of 28 original articles were selected and analyzed. The most common extrapulmonary
manifestations were acute cardiac injury (7.2-19.7%), arrhythmia (16.7%), and shock (8.7%) in the cardiovascular
system; anorexia (83.8%), liver abnormality (14.8-37.2%), diarrhea (3.8-29.3%), abdominal pain (0.4-12.0%), nausea
(9.5%), and vomiting (0.8-5.0%) in the gastrointestinal system; acute cerebrovascular disease and loss of
consciousness (36.4%) in the nervous system; lymphopenia (40.0%-64.0), leukocytosis (14.3-23.4%), anemia (15.0%),
thrombocytopenia (7.0%), elevated D-dimer (42.0%), and prolonged prothrombin time (2.1-6.0%) in the
hematopoietic system; and proteinuria (43.9-62.7%), hematuria (26.7%), elevated urea (27.1%) and creatinine (18.6%),
and acute kidney injury (3.6-5.1%) in the urinary system. Others include sore throat (28.6%), erythematous rash
(15.9%), arthralgia /myalgia (14.8%), widespread urticaria (3.4%), and singular reports of acute myopericarditis, acute
lymphocytic myocarditis, meningitis, viral encephalitis, testicular pain, anosmia, and acute conjunctivitis.

Conclusion: COVID-19 affects every organ-system and can cause extrapulmonary symptoms with or without
respiratory symptoms. A high index of suspicion is required to help healthcare providers achieve early diagnosis,

prompt treatment, and reduce the chances of spreading the disease within the community.
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INTRODUCTION

The emergence of the 2019 novel coronavirus disease (COVID-19)
in late 2019 sparked a global public health crisis which countries around
the world have been grappling with. With an incidence of almost two
million cases of the disease within the first four months of the first
reported cases, COVID-19 has established itself as one of the world’s
worst infectious disease outbreaks since the Spanish flu of the 1900s.
The chronology of the disease commences in Wuhan, Hubei Province,
China, where initial reports originated of people admitted to hospitals
with severe pneumonia-like illness caused by the Severe Acute
Respiratory Syndrome Coronavirus 2 (SARS-CoV-2; formerly referred
to as the 2019 novel Coronavirus — 2019-nCoV) [1]. Between
December 18, 2019 and January 30, 2020; the numbers of those affected
had risen to 7734 in China, and 90 novel cases were reported in several

countries including Japan, Cambodia, Malaysia, Thailand, Taiwan,
Republic of Korea, United States, United Arab Emirates, Canada,
France, and Germany [2]. Within the first few months of onset,
millions of cases had been confirmed across 210 countries and
territories worldwide [3]. The disease’s case fatality rate has been
determined to be 3.7% even though this varies from region to region
due to factors such as testing rates, quality of supportive care,
immunogenetics, population demographics, and discrepancies between
actual and official reports of number of mortalities [4,5].

Given the increasing numbers of individuals affected by COVID-19
and its ramifications on public health, researchers have responded with
an increasing amount of published evidence describing the origin,
epidemiology, transmission, clinical features, and treatment options for
COVID-19. Many of the published studies and case reports describe
COVID-19 as a respiratory syndrome ranging from mild upper
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respiratory illness to acute respiratory distress and severe interstitial
pneumonia [4,6,7]. This is further bolstered by evidence indicating
significant similarities between the symptoms of COVID-19 and those
of previous epidemics caused by human coronaviruses (Severe Acute
Respiratory Syndrome and Middle East Respiratory Syndrome) such as
fever, dry cough, dyspnea, sore throat, and the radiological finding of
bilateral ground-glass opacities [2,7,8]. However, new case reports have
begun to emerge indicating that COVID-19 is not a purely pulmonary
disease but one that has extrapulmonary manifestations across all the
major organ systems. Many of these novel publications throw more
light on how SARS-CoV-2 directly affects other organs through its
cytopathic effects and/or indirectly through a multi-organ dysfunction
arising from immune response to the virus. This review critically
analyzes all relevant published literature describing extrapulmonary
features of COVID-19 and consolidates the findings. It is expected that
this report will provide clear guidance to clinicians, epidemiologists,
and other health care professionals involved in rapidly identifying
COVID-19 cases and providing the necessary care.

METHODOLOGY

This study is based on a review of published scientific literature
describing pulmonary and extrapulmonary manifestations of COVID-
19. The authors conducted a search on PubMed for COVID-19 related
articles using relevant keywords: COVID-19, manifestation, cardiac,
gastrointestinal, nervous, hematologic, ocular, ear, nose, throat,
genitourinary, musculoskeletal or any combination of these search
terms. Additional relevant articles were identified from the reference
list of already selected papers using a snowballing method. All articles
were screened and included in the review if they were written in
English and full-text original articles in the form of case reports, case
series, and observational studies. Editorials, reports, and other non-
scientific commentaries were excluded from the review. Duplicate
articles were also eliminated. Following careful selection via
independent and joint review of selected papers, 28 scientific papers
were included and analyzed for the purpose of this review. A

description of selected studies is presented in Table 1.

Table 1. Summary of included studies describing extrapulmonary manifestations of COVID-19

System Author [reference] Country Study type Number Features
of cases
Cardiovascular Shi, Qin, & Shen [9] Wuhan, China  Prospective cohort 416 Acute cardiac injury (19.7%)
system study
Inciardi, Lupi, & Zaccone [10]  Italy Case report 1 Acute myopericarditis with systolic dysfunction (100.0%)
Sala, Peretto, & Gramegna [11] Milan, Italy Case report 1 Acute lymphocytic myocarditis (100.0%)
‘Wang, Hu, Hu, et al. [12] Wuhan, China Case series 138 Acute cardiac injury (7.2%), arrhythmia (16.7%), and shock (8.7%)
Gastrointestinal [,[shye, DeBolt, Lindquist, et  United States Case report 1 Nausea, vomiting, diarrhea and abdominal discomfort (100.0%)
system oL [13]
Guan, Ni, Hu, et al. [14] China Retrospective study 1,099 Diarrhea (3.8%) and vomiting (5.0%)
Chen, Chen, Deng, et al. [15] China Retrospective study 42 Diarrhea (16.7%), abdominal pain (12.0%), and nausea (9.5%)
Pan, My, Yang, et al. [16] Hubei, China Cross-sectional study 204 Anorexia (83.8%), vomiting (0.8%), diarrhea (29.3%), and
abdominal pain (0.4%)
Cai, Huang, Ou, et al. [17] Shenzhen, China Retrospective study 298 Liver injury (14.8%)
Fan, Chen, Li, et al. [18] Shanghai, China  Retrospective study 148 Abnormal liver function (37.2%)
Nervous system Mao, Wang, Chen, etal. [19]  Wuhan, China  Retrospective study 214 Acute cerebrovascular disease and loss of consciousness (36.4%)
Li, Huang, & Guo [20] Beijing, China Case report 1 Meningitis (100.0%)
Moriguchi, Harii, Goto, etal. ~ Yamanashi, Japan Case report 1 Viral encephalitis (100.0%)
[21]
Hematopoietic  Chen, Wy, & Guo [22] Tongji, China Retrospective study 21 Leukocytosis (14.3%) and lymphopenia (42.9%)
system Ruan, Yang, Wang, etal. [23]  Wuhan, China  Retrospective study 150 Lymphopenia, leukocytosis, and anemia
Zhou, Yu, & Du [24] Wuhan, China ~ Retrospective cohort 191 Lymphopenia (40.0%), leukocytosis (21.0%), anemia (15.0%),
study thrombocytopenia (7.0%), elevated D-dimer (42.0%), and
prolonged prothrombin time (6.0%)
Wu, Chen, & Cai [25] Wuhan, China ~ Retrospective cohort 201 Lymphocytopenia (64.0%), leukocytosis (23.4%), and prolonged
study prothrombin time (2.1%)
Genitourinary Cheng, Luo, & Wang [26] China Prospective cohort 701 Proteinuria (43.9%), hematuria (26.7%), reduced eGFR< 60
system study ml/min/1.73 m* (13.1%), and acute kidney injury (5.1%)
Li, Wu, Guo, et al. [27] China Retrospective study 59 Proteinuria (62.7%), elevated creatinine (18.6%), and elevated
urea (27.1%)
‘Wang, Li, Chen, et al. [28] Wuhan, China ~ Retrospective study 116 Elevated urea and creatinine (10.8%)
‘Wang, Hu, Hu, et al. [12] Wuhan, China  Case series 138 Acute kidney injury (3.6%)
Kim, Thomsen, Sell, et al. [29]  United States Case report 1 Testicular pain (100.0%)
Musculoskeletal /o1 Health Organization China Retrospective study 55,924 Arthralgia/myalgia (14.8%)
system (30]
Ears, nose, Kim, Chin, & Kang [31] South Korea Prospective cohort 28 Sore throat (28.6%)
and throat
study
Gane, Kelly, & Hopkins [32] United Kingdom Case report 1 Acute loss of smell (100.0%)
Ocular Chen, Liu, & Zhang [33] Shenzhen, China Case report 1 Bilateral acute conjunctivitis (100.0%)
Lu, Liu, & Jia [34] Wuhan, China Case report 1 Left acute conjunctivitis (100.0%)
Cutaneous Recalcati [35] Lombardi, Italy ~ Observational study 88 Cutaneous manifestations (20.5%), erythematous rash (15.9%),
widespread urticaria (3.4%), and chicken pox-like vesicles (1.1%)
Zhang, Dong, Cao, etal. [36] =~ Wuhan, China  Retrospective study 140 Urticaria (1.4%)
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PATHOGENESIS

Origin and Transmission of SARS-CoV-2

The causative agent of COVID-19, SARS-CoV-2, has been
classified as a beta-coronavirus and the seventh member of a family of
human coronaviruses. The name “coronavirus” originated from the
Latin word for crown, corona, as the presentation of the virus under an
electron microscope is crown-like because of the tiny projections on the
viral envelope. SARS-CoV-2 is a spherical, single-stranded, positive
sense, RNA virus with its genome enclosed in a ball of matrix proteins
[37]. Prior to the discovery of SARS-CoV-2, there had previously been
six human-susceptible coronaviruses, four of which cause a mild
respiratory illness often referred to as the common cold (229E and
NL63 which are alpha-coronaviruses and HKU1 and OC43 which are
beta-coronaviruses) [6]. The remaining two have been associated with
more serious respiratory illnesses with high fatality rates — the Severe
Acute Respiratory Syndrome coronavirus (SARS-CoV) and Middle
East Respiratory Syndrome coronavirus (MERS-CoV) which are both
beta-coronaviruses similar to SARS-CoV-2 [38]. The similarities
between the genome sequences of SARS-CoV-2 and SARS-CoV and
MERS-CoV are approximately 80% and 50% respectively suggesting

similar origins of these beta-coronaviruses [39].

Based on the similarities between COVID-19 and SARS, there are
hypotheses that bats are the animal reservoir of SARS-CoV-2 as there
is no direct evidence linking bats with SARS-CoV-2. Analysis of the
SARS-CoV-2 shows that there is a 96.2% similarity to a bat CoV
RaTG13 [6]. While there is a sizable amount of ongoing research to
trace the origin of SARS-CoV-2, there has also been interest in
understanding how human-to-human transmission of the virus occurs.
Nosocomial transmissions have been the basis of the spread of SARS
and MERS. In COVID-19, the majority of the transmission has been
from close contact of family members, friends, and acquaintances with
symptomatic or asymptomatic carriers of the virus [40]. Human-to-
human transmission of the virus occurs primarily through inhalation of
virus-laden droplets released via sneezing or coughing by an infected
individual or direct contact [2]. The degree of reproducibility of
COVID-19 is estimated to be 2.0 to 4.7 suggesting greater pandemic
potential than SARS (1.7 to 1.9) and MERS (<1) [41-43]. Also, the fact
that the disease is contagious even during its latency period contributes
to its ability to spread easily [44]. The disease’s average incubation
period is between 2 to 14 days, with an average of 4.8 + 2.6 days
[6,43,45].

Viral Structure and Proteins

Genomic analysis of the SARS-CoV-2 has shown that the virus has
as many as 29.9 kb base pairs which makes it one of the largest among
all known RNA viruses [37,46]. Like other members of the coronavirus
family, there are 14 open reading frames (ORFs) in the genome of
SARS-CoV-2 encoding for 27 proteins: 15 of which are non-structural
proteins necessary for successful replication of the virus and 12
structural proteins: spike (S), envelope (E), membrane (M), and
nucleocapsid (N) proteins, as well as eight accessory proteins that alter
the host’s immune response [7,47,48]. Since the first discovery of the
virus in late 2019, multiple strains of the virus have emerged as a result
of mutations in the viral genome. Zhang et al identified multiple
genotypes of SARS-CoV-2 among COVID-19 patients from different
provinces in China [49]. It is not yet clear how many genotypes of the
virus exists among populations. Researchers have made attempts at

classifying existing SARS-CoV-2 genotypes into two categories: the L
type which is found in approximately 70% of COVID-19 patients and
the S-type found in the remaining 30% [50]. Preliminary evidence
indicates that the L-type SARS-CoV-2 which is more prevalent and
derived from the S-type tends to be more contagious and aggressive,
implying the need for the consideration of viral genotypes in designing

interventions to prevent and control the disease [6].

Viral Entry and Replication in Cells

Among all the proteins produced by SARS-CoV-2, the spike (S)
glycoprotein plays a significant role as it facilitates entry of the virus
into target cells. The virus enters the cell by binding to cell receptors
using its S glycoprotein which consists of two subunits — S1, which
mediates cellular tropism, and S2, which facilitates fusion between the
virus and the host’s cell membrane [6]. The presence of the angiotensin-
converting enzyme 2 (ACE2) receptor on the surfaces of cells in the
lower respiratory tract is another critical factor necessary for viral entry.
The exact process of cell membrane invagination and endocytosis
following the binding of the virus’ S glycoprotein to ACE2 receptor is
not clear. Guo et al suggest that the S2 subunit of the S glycoprotein
mediates fusion between the virus and the cell membrane which is
followed by the release of the viral genome RNA into the cytoplasm of
the host cell [6]. Upon entry, the uncoated RNA undergoes translation
into two polyproteins (ppla and pplab) and form a replication-
transcription complex (RTC) within its own tiny vesicle [51,52]. The
RTC begins to replicate and synthesize additional sub-genomic RNAs
that encode structural and accessory proteins that support the process
of replication. Newly formed genomic RNAs with the help of mediating
Golgi bodies, endoplasmic reticulum, E and N glycoproteins form
multiple virion-loaded buds which merge with the plasma membrane
to undergo exocytosis.

The interplay between the S glycoprotein and ACE2 receptor has
been the subject of intense study due to its significance in enabling viral
entry. Compared with the 2003 strain of the SARS-CoV, the S
glycoprotein of SARS-CoV-2 binds 10 to 20 times more efficiently,
although not as efficiently as the more pathogenic 2002 strain of SARS-
CoV [6,7]. This binding efficiency has been attributed to six mutations
that occurred on the RBD region of the S glycoprotein that interacts
with ACE2 receptor [48]. At present, the 2002 strain of SARS-CoV is
more pathogenic than SARS-CoV-2 as evidenced by the higher severity
of illness caused by SARS relative to COVID-19. The fatality rate in
SARS (9.5%) is also higher than the current estimates of that of COVID-
19 (3.7%) [4,53]. However, it has been predicted that should an
additional single nucleotide mutation occur on the RBD of SARS-CoV-
2, viral-ACE2 receptor binding efficiency will increase leading to
increased pathogenicity of SARS-CoV-2 and worsened prognosis of
individuals with COVID-19 [54].

Host Immune/inflammatory Response to SARS-CoV-2

There is a dearth of evidence on the host’s immune response to the
presence of SARS-CoV-2 in the body. A number of researchers have
described the role of pathogen-associated molecular patterns (PAMPs),
pattern recognition receptors (PRRs) and toll-like receptors (TLRs) in
mediating the immune response to coronaviruses. According to
Frieman et al. [55], the activation of the immune system in response to
invading viruses occurs via two major pathways: (i) detection of viruses
in endosomal cell compartments by TLRs (especially TLR3, TLR?7,
TLRS8, and TLRY), and (ii) detection of viral RNA in the cytoplasm by
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cytoplasmic caspase activation and recruitment domains (CARD)
which comprises RNA helicases, retinoic-acid inducible gene I (RIG-I),
and melanoma differentiation-associated gene 5 (MDA5). Either of
these pathways can be triggered by interactions of each pathway’s
components with PAMPs which in the case of SARS-CoV-2 is the RNA
of the virus as it invaginates into the cytoplasm. This results in the
initiation of multiple downstream cascades leading to the activation of
interferon regulatory factor 3 (IRF3) and transcription nuclear factor-
KB (NF-kB) as well as the production of interferons and a wide variety

of other proinflammatory cytokines [56].

Studies on COVID-19 patients have reported the upregulation of
cytokines such as interleukin-1 (IL-1), IL-2, IL-4, IL-7, IL-10, IL-12, IL-
13, IL-17, granulocyte colony-stimulating factor (GCSF), hepatocyte
growth factor (HGF), macrophage colony stimulating factor (MCSF),
IFN-y, and IFN-a [6,8,57]. In essence, viral entry triggers a broad
immune reaction which if not controlled can lead to immunopathology
and undesirable outcomes. Liu et al described an inflammatory response
in the lower respiratory tract as a result of immune response to COVID-
19, leading to significant lung injury [58]. Researchers have
documented the major clinical features of COVID-19, with the most
common being fever, dry cough, dyspnea, sore throat, and muscular
soreness [59]. Also, many other studies have referred to COVID-19 as
an “acute respiratory infectious disease” [4,6,43]. What is not yet clear
is how the virus causes these symptoms — whether through a direct
viremic effect or the effect of the myriad of cytokines released — and
whether the effects are limited to just the respiratory system or extend
to several other organ systems. This obscurity is due in part to
confounding caused by the fact that a significant proportion of COVID-
19 patients have other comorbidities which influence the clinical
characteristics they present with [12,13,59-61]. A more critical review
of emerging evidence of extrapulmonary symptoms related to COVID-
19 may yield a lot more answers and throw more light on how the
human body responds to SARS-CoV-2 and what the outcomes are.

EXTRAPULMONARY MANIFESTATIONS OF
COVID-19

Cardiovascular System Involvement

Cardiac affectation alone or in addition to respiratory failure is
responsible for up to 40% of death in SARS-CoV-2 infection [23].
Cardiac manifestations can occur in the absence of pulmonary
manifestations [10]. Myocardial injury has been reported in COVID-19
with manifestations of acute myocarditis, pericarditis, heart failure,
shock and arrhythmia [10-12,62]. A report on 153 COVID-19 patients
found acute cardiac injury, arrhythmia, and shock in 7.2%, 16.7%, and
8.7% of cases respectively, and noted that myocardial injury increased
the risk of mortality (Table 1) [9].

Different underlying mechanisms for cardiac injury have been
These cytokine
hyperinflammation, hypoxemia induced cardiac injury and direct viral-

proposed. include storm  resulting from
mediated myocardial damage [63-65]. Elevated inflammatory markers
such as IL-2, IL-6, IL-7, interferon-gamma, tumor necrosis factor,
ferritin, C-reactive protein and procalcitonin in COVID-19 support the
presence of hyperinflammation [66,67]. Sala et al reported a case of
acute myocardial inflammation with T-lymphocytic infiltration of the
myocardium in the absence of SARS-CoV-2 genome, suggesting other

mechanisms may contribute to myocardial injury in COVID-19 [11].

Additional supportive evidence for myocardial injury include elevated
cardiac troponin I and T, NT-proBNP, creatinine kinase-MB and
myoglobulin [10,62,68]. The presence of elevated myocardial injury
biomarkers correlate with increased ICU admission, need for ventilator
[9,12].
antivirals, and heart failure medications have been used in the

support and death Dobutamine, steroids, chloroquine,

treatment of acute myocarditis-related heart failure [10,63].

Gastrointestinal System Involvement

Human coronaviruses are known to affect the liver and
gastrointestinal (GI) system [69,70]. The incidence of liver injury in
COVID-19 ranges from 14.8% to 78% in the literature [17,18]. This is
largely characterized by deranged levels of liver aminotransferases,
bilirubin, and gamma-glutamyl transferase. Studies show that severe
COVID-19 cases are more likely to develop liver injury and the extent
of damage is also higher in cases with severe illness [70,71]. Although
unclear, it is thought that the cytopathic effects of the virus in
cholangiocytes, which have ACE2 receptors, indirectly leads to liver
damage [70,72]. It is also suggested that the liver is affected by
inflammatory cytokine storms associated with SARS-CoV-2 and drug-
induced injury [72]. There is need for further research to understand
the pathogenesis of liver damage in COVID-19. In addition, clinicians
must closely monitor liver function in COVID-19 patients and
minimize exposure to potentially toxic drugs. There is insufficient
evidence to demonstrate the relationship between COVID-19 and pre-
existing liver disease [70]. As such, there is need for more studies on
this.

Similar to SARS and MERS that cause diarrhea in 20-25% of
patients [73], COVID-19 cases demonstrate GI affectation. Observed
symptoms include anorexia, diarrhea, vomiting and abdominal pain.
The incidence range is estimated at 1.3 - 29.3% [16]. A cohort study of
1,099 patients in China put the prevalence of diarrhea and vomiting at
3.8% and 5.0% respectively, in addition to pulmonary symptoms [14].
Among 42 cases, 16.7% had diarrhea, 12.0% had abdominal pain, 9.5%
had nausea and 7.1% presented with vomiting [15]. The first case in the
United States presented with GI symptoms [13]. While many COVID-
19 patients have accompanying GI symptoms, studies show that some
patients have these symptoms first, and subsequently develop
respiratory symptoms, while a smaller proportion of patients have only
GI complaints. Among 204 Covid-19 cases in Hubei, China, 48.5% of
them presented primarily with GI complaints while 3.4% of the cases
had no respiratory symptoms [74]. The actual prevalence of GI
manifestations may be underestimated. Data culled from the Chinese
national reporting system as at 20 February 2020 had no record of GI
symptoms [75]. Notably, affected patients had more severe illness
compared to those without, which could be related to delayed
recognition and admission [72]. Clinicians need a higher index of

suspicion when managing patients with GI complaints.

Gastrointestinal manifestations are often linked to the interaction
between SARS-CoV-2 and ACE2, inflammation which may occur
indirectly or as a result of antibiotic use, and gut flora affecting the
respiratory tract through immune regulation [72]. SARs-CoV-2 has
been detected in stool samples [13,15,74]. Across studies, cases with
positive stool tests range from 29% to 67%. In some patients, stool
samples remained positive longer than respiratory samples [74]. SARS-
CoV-2 may remain detectable in stool samples for 1-12 days [74] and
6-10 days after negative respiratory samples [15]. The presence of the
virus in stool samples is not directly related to the presence of GI
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symptoms [15,76] or severity of illness. This raises concerns about
possible faeco-oral transmission from asymptomatic carriers. Current
guidance recommends discharge after at least two consecutive negative
respiratory samples collected one or more days apart [72,77]. However,
this does not factor in continued viral shedding in stool samples
observed in a significant proportion of cases. Currently, treatment is
largely focused on symptomatic support [78]. Patients with liver injury
are more likely to require ICU support [74].

Nervous System Involvement

Like SARS and MERS, nervous system affectation has been
reported in COVID-19 patients. Among 214 COVID-19 cases studied
36.4% of

manifestations such as acute cerebrovascular disease and loss of

retrospectively, them developed nervous system
consciousness, which were more prominent among those with severe
disease [19]. However, there is insufficient evidence to specifically
attribute these symptoms to SARS-CoV-2. Two definitive cases of
meningitis [21] and viral encephalitis associated with SARS-CoV-2
have been reported in Japan and Beijing respectively [20]. It is thought
that SARS-CoV-2 may gain access to the brain through direct spread
across the cribriform plate or hematogenous spread. As the capillary
endothelium expresses ACE2 inhibitors, viral particles in the blood may
interact with the endothelial cells and breach the blood brain barrier.
Rupture of the endothelium could lead to acute cerebrovascular events
which can be fatal. The virus also replicates and causes damage to
neuronal cells [79]. Authors have postulated that the severe
inflammatory response and hypoxia associated with SARS-CoV-2 can
cause damage to the brain [80,81]. It is not yet known if pre-existing
increase the risk of COVID-19 nervous

conditions system

manifestations.

Although SARS patients have shown viral nucleic acid in
cerebrospinal fluid (CSF), more conclusively, SARS-CoV-2 was
detected in the CSF of the meningitis and encephalitis cases [20,82].
There are concerns that SARS-CoV-2 could remain latent in the
nervous system and like Herpes Simplex virus, become reactivated in
the future [83]. Details on when and how it might reappear are still
unclear. Although the impact of SARS-CoV-2 on the nervous system is
not fully understood, there is a need for prompt assessment of COVID-
19 patients with nervous system symptoms and a look out for cases that
could, although rarely, show up with nervous system manifestations as

the chief complaint.

Hematopoietic System Involvement

Leukocytosis and lymphopenia are common findings in COVID-
19. The spectrum of white blood cell count range from normal to
leukocytosis in moderate to severe disease and this increase has been
attributed to an elevated neutrophil count [22]. Lymphopenia due to
low T-lymphocyte (CD4+ and CD8+) cells has been reported in all
stages of the disease and has been linked with increased disease severity
as well as mortality [23]. Possible mechanisms underlying lymphopenia
include; direct viral-mediated destruction due to the presence of ACE2
on these cells, viral-induced lymphoid organs dysfunction and pro-
inflammatory cytokine-induced lymphocytic apoptosis [84-86].

Mild anemia has been reported in COVID-19 [10] and 21 out of 28
patients with COVID-19 in a cohort study had anemia [87]. Although
the exact mechanism of anemia is not clear, it may be due to the effect
of pro-inflammatory cytokines in shortening the lifespan of red cells,

and blunting the response of erythroid cells to erythropoietin [88].

Elevated D-dimer, thrombocytopenia, prolonged prothrombin and
activated partial thromboplastin time suggestive of coagulopathy have
been reported to correlate with a high risk of acute respiratory distress

syndrome, multiple organ dysfunction, and death [24,25,89].

Genitourinary System Involvement

Acute kidney injury has been reported in COVID-19 and its
occurrence has been associated with increased mortality [26,90]. A
prospective cohort study involving 701 COVID-19 patients show
43.9%, 26.7% and 13.1% had proteinuria, hematuria and estimated
glomerular filtration rate under 60 ml/min/1.73 m?, respectively [26].
Furthermore, acute kidney injury was reported in 5.1% of the cases.
Similar report by Li et al found proteinuria, hematuria, elevated urea
and creatinine in 59%, 44%, 14%, and 10% of admitted patients
respectively [27]. Also, 10% of patients in another study had elevated
serum creatinine or blood urea nitrogen [28]. Renal CT scan studies in
patients with COVID-19 revealed hypodensities suggesting renal
parenchyma inflammation and edema [26]. The proposed mechanisms
of renal affectation in COVID-19 are a combination of direct virus-

mediated and cytokine-induced renal injury [90].

In addition to renal symptoms, Kim et al reported a case of testicular
pain as a presenting symptom of COVID-19 [29]. Similar to renal
tubular cells, ACE2 expression is found in the testis and may be
responsible for testicular involvement [91]. A post-mortem study on
SARS cases suggest that the disease led to orchitis with spermatogenetic
dysfunction [92].

Musculoskeletal System Involvement

A report of 55,924 confirmed cases of COVID-19 by the World
Health Organization show that 14.8% had arthralgia or myalgia [30].
This is similar to SARS in which 26.7% of cases reported joint pain [93].
Arthralgia is a common feature of viral infections and has been reported
as an initial presentation of COVID-19 [30,94]. Joint manifestations are
usually not associated with abnormal findings on magnetic resonance
imaging [95]. It is possible that the arthralgia and myalgia in COVID-
19 are related to the wide circulation of pro-inflammatory cytokines,
and the sensitization of nociceptors in muscles and joints by

inflammatory mediators [96].

Nose, Throat, and Ear Involvement

The nose is a common route of SARS-CoV-2 entry into the body,
and it is therefore a site of upper respiratory manifestations. Symptoms
include sneezing, runny nose, nasal congestion, post nasal drip and
acute loss of smell [97]. The loss of smell is a subtle symptom which
could manifest early in the disease and could be the only symptom in
seemingly asymptomatic individuals [32]. More so, acute loss of smell
is a common feature of upper respiratory tract infections. The
underlying mechanisms are mucosal inflammation and edema resulting
in blockage of olfactory clefts, and virus-mediated olfactory epithelial
destruction [98]. While the former typically improves within weeks,
the latter could persist for years [99]. Pharmacotherapy involving the
use of topical and oral steroids in addition to olfactory training has been
dubbed the mainstay of treatment [98]. Sore throat due to viral
pharyngitis is another common manifestation reported in up to 28.6%
of COVID-19 cases [31]. It manifests with soreness, scratchiness, or
irritation. Viral pharyngitis is associated with pharyngeal edema,
redness and mild exudates [100]. Anecdotal reports from COVID-19
survivors suggest ear pain as a presentation of the disease. Ear pain is a
common association of pharyngitis and can be caused by direct spread
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of infection from the pharynx to the middle ear through the
pharyngotympanic tube [101].

Eye Manifestations

Chen et al reported bilateral conjunctivitis in a patient 13 days after
the onset of systemic symptoms with a positive viral RNA in
conjunctival swab [33]. An infectious disease expert developed
conjunctivitis after visiting Wuhan several days before the onset of
respiratory symptoms [34]. This raises the possibility of ocular
involvement in COVID-19 as studies have shown that the presence of
ACE2 may facilitate viral entry in the retina, retinal pigment epithelium
[102], and conjunctival epithelia [103]. Features of viral conjunctivitis

include red eye, tearing, discharge, itchiness, and crusting of eyelashes.
Cutaneous Manifestations
In a study of 88 patients in Italy, Recalcati reported 18 developed

trunk, with

erythematous rash, widespread urticarial and chickenpox-like vesicles

cutaneous manifestations affecting mainly the
occurring in fourteen, three, and one patient respectively [35]. Other
authors have also reported skin rash with petechiae in a patient and
suggested that skin lesions could manifest early in the disease [104].
Urticaria was reported in 1.4% of patients in a report on 140 cases of
COVID-19 [36]. Although there is limited report on the cutaneous
features of COVID-19, it is safe to assume that akin to other viral

infections, skin manifestation is not uncommon.

MANAGEMENT OF THE EXTRAPULMONARY
MANIFESTATIONS OF COVID-19

Extrapulmonary manifestations can occur in the absence of typical
disease symptoms, as a result, a high index of suspicion is required for
diagnosis. Making a diagnosis involve taking history as well as
performing physical examination. History of contact should be sought
in all suspected cases. Reverse transcriptase-polymerase chain reaction
is required for the confirmation of COVID-19. Other laboratory
investigations such as complete blood count, comprehensive metabolic
panel, coagulation studies, imaging as well as other specialized tests

could suggest the extent of the disease.

Treatment is aimed at the primary inciting agent as well as other
underlying mechanisms of disease manifestation. Suggested potential
therapies against the virus include antiviral agents such as viral RNA
polymerase inhibitor (remdesivir) [105] and, protease inhibitors [106]
Cytokine

hyperinflammation has been implicated in many extrapulmonary

(lopinavir,  ritonavir). storm  resulting  from
manifestation of the disease. Potential therapies directed at limiting the
inflammatory response include the use of corticosteroids, chloroquine,
hydroxychloroquine, as well as immunomodulatory agents like
tocilizumab (IL-6 blocker) and anakinra (IL-1 blocker) [105,107].

Specialized care should be directed at specific organ dysfunctions.

CONCLUSION

This study has been able to establish that COVID-19 affects every
organ-system in the human body and cause extrapulmonary symptoms
with or without respiratory symptoms. While the disease continues to
spread around the world at a fast pace, it is important for healthcare

providers, epidemiologists, and other personnel involved in managing

COVID-19 cases and/or controlling disease spread to have a high index
of suspicion. The understanding that COVID-19 often presents more
“atypically” than is assumed will encourage more patients to present
early and help healthcare providers achieve early diagnosis, prompt
treatment, and reduced chances of spreading the disease within the

community.
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