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Abstract

Coronavirus disease 2019, the infectious disease caused by severe acute respiratory
syndrome coronavirus-2, has resulted in a global pandemic with unprecedented
health, societal, and economic impact. The disease often manifests with flu-like
symptoms and is dominated by pulmonary complications, but widely diverse clinical
manifestations involving multiple organ systems can result. We posit that viral
tropism and the aberrant host immune response mediate the protean findings and
severity in this disease. In general, extrapulmonary manifestations are a harbinger
of or contemporaneously associate with disease progression, but in the case of some
extrapulmonary findings (gastrointestinal and dermatologic), may track with milder
disease. The precise underlying pathophysiological mechanisms remain incompletely
elucidated, and additional immune phenotyping studies are warranted to reveal

early correlates of disease outcomes and novel therapeutic targets.
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1 | INTRODUCTION: MECHANISTIC
PERSPECTIVES

Although the ongoing coronavirus disease 2019 (COVID-19) pandemic
caused by the severe acute respiratory syndrome coronavirus 2
(SARS-CoV-2) is most commonly dominated by lung involvement, it is a
great imitator, affecting multiple organ systems in a myriad of ways
(Figure 1). These diverse manifestations may be related to viral tropism
and host immune responses although the precise mechanisms have not
been elucidated. The first step in infection requires a virus binding to
a host cell through its target receptor.! SARS-CoV-2 uses the
angiotensin-converting enzyme 2 (ACE2) for entry in concert with the
transmembrane serine protease TMPRSS2 for spike protein priming
(and potentially other coreceptors) that are widely distributed among
many cells and tissues including alveolar epithelial type 2 cells, nasal
goblet secretory cells, esophageal epithelial cells, gastric glandular cells,
enterocytes from ileum and colon, cholangiocytes, macrophages, myo-
cytes, kidney proximal tubules, glomerular parietal cells, vascular en-
dothelial cells, and keratinocytes.> Infection with SARS-CoV-2 triggers
a local immune response, including recruitment of innate immune po-
pulations and the generation of viral-specific adaptive B and T cell re-
sponses, that in most cases, resolve infection with minimal inflammation
and lung damage (Figure 1A)." Within 3 weeks after symptom onset, all
patients test positive for antiviral immunoglobulin-G (IgG); seroconver-
sion for 1gG and 1gM can occur sequentially or simultaneously.* Alter-
natively (Figure 1B), in dysregulated immune responses, the direct
cytopathic effect of SARS-CoV-2 can induce pyroptosis, a highly
inflammatory form of programmed cell death, releasing endogenous
danger signals including pathogen-associated molecular patterns
(PAMPs; eg, viral RNA) and damage-associated molecular patterns
(DAMPS; eg, ATP, nucleic acids and ASC oligomers)1 that are recognized
by epithelial cells, macrophages and endothelial cells both locally and in
distant parts of the body. A cascade of local inflammation ensues
characterized by secretion of pro-inflammatory cytokines and chemo-
kines that attract monocytes, macrophages, and T cells that mediate
extensive pathology, culminating in acute respiratory distress syndrome
(ARDS) *° The “cytokine storm” spills into the circulation, as reflected by
higher serum levels of interleukin (IL)-6, IL-8, IL-17, G-CSF, GM-CSF,
IP10, MCP1, MIP1a, tumor necrosis factor-a and inflammatory che-
mokines (CCL2, CCL3, CXCL10) in patients with severe COVID-19,
which can lead to septic shock and multiorgan failure,®” Macrophages
show the highest number of interactions and potential crosstalk
with ACE2-expressing cells in multiple organs,® and inflammation may
upregulate ACE2 expression on macrophages,” further amplifying viral
sensing and tissue injury. Postmortem analyses of secondary
lymph nodes and spleen implicate CD169" macrophages that contain
viral nucleocapsid protein as mediators of activation-induced cell
death (AICD) of lymphocytes.? T cell exhaustion with higher expression
of PD-1 and Tim-3 has been demonstrated in patients with
advanced COVID-19 disease.’® As reviewed here, the dysregulation of
innate immune and hemostatic mechanisms, two critical emergency

response pathways that maintain homeostasis under controlled

circumstances,” have mechanistic underpinnings for the development of
COVID-19-related complications.

2 | CO-INFECTIOUS COMPLICATIONS

The decreased effector function and frequency of cells involved in
pathogen clearance coupled with prolonged hospitalization of many
patients with COVID-19 potentially impact the risk of coinfection
with other viruses, bacteria, and fungus. Procalcitonin, advocated as
a marker for severe bacterial infections,'? is not elevated in patients
with noncomplicated COVID-19 at admission but its progressive
increase is associated with a nearly 5-fold higher risk of evolution
towards a more severe course of the disease.® Although it is known
that rates of secondary infection are significantly increased in pa-
tients with severe COVID-19, for example, half of the nonsurvivors
experienced a secondary infection in a series from Wuhan, China,**
the overall rate of bacterial or fungal co-infection in total COVID-19
cases is estimated to be 8%.° Despite this, more than 70% of
patients with COVID-19 received empiric antimicrobial therapy,
frequently broad-spectrum and in noncritical care settings.’”
Remarkably, in one report from Wuhan, among patients in the
intensive care unit (ICU) who died, >55% of COVID-19 patients were
coinfected with carbapenem-resistant Acinetobacter baumanni,
although the 17% rate of infection in the recovering COVID-19 ICU
to-ward transfer patient group is also very high.'® In a series from
New York City,’” bacteremia was noted in almost 12% of patients on
invasive mechanical ventilation versus less than 2% in those not
ventilated. These studies likely underestimate the actual rate of co-
infection in this population since the diagnosis of the hospital- or
ventilator-associated pneumonia may depend on invasive procedures
such as endotracheal aspirate or bronchoalveolar lavage, which may
not be performed due to the risk of exposure of healthcare provi-
ders. Approximately 21% of patients with SARS-CoV-2 will test
positive for another respiratory pathogen, including rhinovirus/en-
terovirus and respiratory syncytial virus, which is comparable to the
rate observed in symptomatic patients (cough, fever, dyspnea) who
are negative for SARS-CoV-2.'8

3 | HEMATOLOGIC FINDINGS

Numerous hematologic findings and complications of SARS-CoV-2
infection have been identified. Lymphopenia, which may result from
tissue recruitment of lymphocyte apoptosis (more pronounced for
CD8" T cells)” following viral-receptor binding or indirectly through
cytokine activation, is a cardinal laboratory finding that occurs in
>80% of patients, and lower lymphocyte count is associated with the
risk of ARDS.Y"1%?° Coagulation disorders are also frequently en-
countered, particularly among those with severe disease.'***?* In a
multicenter retrospective study of 560 patients during the first 2

months of the pandemic in China, 260 (46.4%) had elevated p-dimers
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(>0.5 mg/L).?? Elevated p-dimers (fibrin degradation products) cor-
relate with mortality, and non-survivors had a significant rise in serial
values over the course of their hospitalization while survivors'
p-dimers remained relatively low.'* In one series,”*> more than 70%
of patients who died of COVID-19 complications fulfilled the clinical
criteria (elevated p-dimer, fibrinogen, prolonged PT, and thrombo-
cytopenia)?* for disseminated intravascular coagulation (DIC), with a
median time from admission to DIC manifestation of 4 days. As
COVID-19 spread to Europe and the United States, mounting data
indicated another concerning clinical problem: increased venous
thromboembolism (VTE) rates in patients with COVID requiring ICU
care despite appropriate pharmacologic prophylaxis. In the first
cohort of ICU patients with COVID-19 reported from the
Netherlands (n = 184), where low molecular heparin prophylaxis was
given to all patients, the cumulative incidence of VTE was 27%, and
an additional 4% of patients developed an arterial event.?” In a
follow-up to that report, the cumulative incidence at 14 days of the
combined endpoint increased to 49%, with 65 (35%) patients diag-
nosed with pulmonary embolism (PE),%® the majority involving seg-
mental or more proximal arteries. Importantly, diagnostic testing for
VTE was only performed in patients with suggestive symptomatol-
ogy, so the actual rate of deep venous thrombosis (DVT) may have
been underestimated. Another Dutch study evaluated the cumula-
tive incidence of symptomatic and asymptomatic patients in the ICU
and the general wards?” with the majority of patients receiving
standard pharmacologic prophylaxis. Among patients in the ICU, 47%
developed VTE (28% symptomatic) with a cumulative incidence of
59% (34% symptomatic) at 21 days. Of note, none of the 19 patients
who presented and remained on full-dose anticoagulation developed
VTE; only 3% of patients on the regular wards developed VTE with a

cumulative incidence of 9.2% at 21 days. Moreover, microthrombi

have been identified in the brain, heart, liver, and kidneys of patients
with COVID-19.° The pathophysiologic basis likely includes
cytokine-, PAMP-, and DAMP-mediated activation of endothelium,
platelets, monocytes, and possibly complement.”? Activated en-
dothelial cells recruit neutrophils that can form neutrophil extra-
cellular traps (NETSs), scaffolds comprised of nuclear DNA studded
with histones and granule proteins representing in many cases a
process of cell death,'* that induce the coagulation contact pathway
and amplify platelet-mediated clotting.” Tissue factor (CD142 or
coagulation factor Ill pathway) is expressed on monocytes in re-
sponse to pro-inflammatory cytokines as well as on endothelial cells,
promoting the transformation of prothrombin into thrombin, con-
verting circulating fibrinogen into fibrin and resulting in tissue da-

mage and microangiopathic pathology”? (Figure 1C).

4 | CARDIAC MANIFESTATIONS

Cardiac complications are common in SARS-CoV-2 infection
(~20-25%)'*?% and the prevalence and risk of death of severe
COVID-19 is higher in older patients with chronic comorbidities (eg,
arterial hypertension, diabetes, cardiac, and cerebrovascular dis-
orders).?’ Patients presenting with evidence of cardiac injury are more
prone to have coagulation disorders (7.3%) as compared to those
without cardiac signs (1.8%).° Between 7% and 28% of SARS-CoV-2
infected patients have elevated troponin levels>*?%3%3! that may be
the result of direct myocarditis through viral infection, cytokine
storm, and coronary microvascular ischemia (endothelium with viral
inclusion bodies, inflammation and resultant dysfunction, including

31,32)

vasoconstriction . Troponin levels have prognostic implications:

those with elevated levels at baseline have a greater risk of severe

FIGURE 1 Clinical manifestations and possible mechanisms of severe acute respiratory syndrome coronavirus-2 (SARS-CoV-2) infection.The first
step in infection requires virus binding and entry to a host cell through angiotensin-converting enzyme 2 (ACE2)/transmembrane serine

protease (TMPRSS2), expressed widely throughout the body. > The median incubation period is approximately 4-5 days before symptom onset,
with fever and dry cough as the typical presenting symptoms; other symptoms include difficulty breathing, muscle and/or joint pain, headache/
dizziness, and diarrhea.® Within 6 days of symptom onset, SARS-CoV-2 viral load reaches its peak. In the majority of patients, a healthy immune
response (inset A) results in neutralizing antibodies that bind and inactivate SARS-CoV-2 and alveolar macrophages phagocytose neutralized viral
particles and apoptotic cells, followed by generation of viral-specific T cell responses, eliminating infected cells and preventing cell-to-cell viral spread
with minimal inflammation and lung damage. However, when the cytopathic effect of SARS-CoV-2 overwhelms the first line of innate immune
response (inset B), a form of programmed cell death known as pyroptosis leads to release of damage-associated molecular patterns (DAMPs) and
pathogen-associated molecular patterns (PAMPs) that are recognized both locally and distally in the body. Inflammation characterized by
chemo-attraction to lung tissue and activation of immune cells leads to a “cytokine storm” that is reflected by high circulating levels (interleukin [IL-6],
IFN-y, MCP1, MIP1q, and IP-10) and can result in septic physiology. Further, non-neutralizing antibodies produced by B cells may worsen organ
damage through antibody-dependent enhancement (ADE) and increase hyperinflammatory responses™ (adapted from 2). In addition to the
well-characterized pulmonary manifestations, SARS-CoV-2 induces protean clinical findings that include neurologic, ocular, cardiac, gastrointestinal/
hepatic, renal, dermatologic (Pernio/Chilblains-like acral eruption on hand and foot are shown), and hematologic abnormalities. The increased

risk of thrombotic phenomenon, including microthrombi within many organs, is possibly related to direct viral infection of endothelium and indirect
inflammatory-mediated mechanisms, including neutrophil extracellular traps (NETs) which have the potential to initiate and propagate
inflammation and thrombosis (inset C). >'° Circulating cytokines, DAMPs, and PAMPs trigger activation of blood monocytes to induce tissue factor
(TF) membrane expression. Endothelial cells take up viral particles and produce chemo-attractants that recruit monocytes and upregulate
adhesion molecules. Tissue factor activates the extrinsic coagulation pathway that leads to fibrin deposition and blood clotting. Neutrophils are
recruited by activated endothelial cells and can release neutrophil extracellular traps (NETs), scaffolds comprised of nuclear DNA studded with
histones and granule proteins representing in many cases a process of cell death,'* that induce the coagulation contact pathway and amplify platelet-
mediated clotting (adapted from Merad and Martin®)
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disease, increased intensive care unit admissions, and significantly
higher mortality.?”?%2° In a cohort study, the presence of elevated
troponin levels was associated with mortality (hazard ratio 4.26; 95%
Cl 1.92-9.49). In a single-center retrospective study of 187 COVID-19
patients, the risk of death increased linearly stratified by the presence
of elevated troponin-T and/or presence of prior cardiovascular disease
(7.62% [no cardiovascular disease history]; 13% [cardiovascular dis-
ease history]; 37.5% [elevated troponin only]; 69% [elevated troponin
and cardiovascular disease history]).?® Therefore, troponin elevation
may even carry prognostic significance in the absence of cardiovas-
cular disease; nonsurvivors showed a trend of progressive increase in
troponin levels, suggesting that elevation may reflect the progression
of COVID-19 disease to a severe stage.*® Cardiac arrhythmias are also
frequent, occurring in ~17% of patients.?’ Common electro-
cardiogram findings included atrial premature contractions (~8%),
abnormal intraventricular conduction (~12%), left ventricular hyper-
trophy (15.5%), and repolarization abnormalities (40%). Multivariable
logistic regression analysis that included age, electrocardiographic and
clinical characteristics identified characteristics associated with in-
creased odds of death: atrial premature contractions (odds ratio [OR],
2.57), right bundle branch or intraventricular block (OR, 2.61), is-
chemic T-wave inversion (OR, 3.49), and nonspecific repolarization
(OR, 2.31).>* Echocardiographic assessment in 100 consecutively ad-
mitted COVID-19 also revealed a high prevalence of abnormalities
(68%) with right ventricular dilatation and dysfunction (39%) being the
most common, followed in frequency by left ventricular diastolic (16%)

and systolic (10%) dysfunction.>

5 | GASTROINTESTINAL AND HEPATIC
FINDINGS

Patients with COVID-19 can present with gastrointestinal (Gl)
symptoms which may precede respiratory manifestations of disease
by 1-2 days.?* A recent meta-analysis reported the overall pooled
prevalence for abdominal pain (3.6%), diarrhea (7.7%), and nausea or
vomiting (7.8%)°¢. Gl symptoms, without any respiratory involve-
ment is rare, and seen in only about 3% of patients.>”-*€ Patients with
Gl symptoms are more likely to have a longer disease duration
(21 week) compared to those without (33% vs. 22%), although they
may be less likely to require ICU admission.®” In particular, diarrhea
has been associated with a slightly longer interval between the
symptom onset and hospital admission, possibly reflecting a delayed
recognition of Gl symptoms as being COVID-19 related.®” Diarrhea
lasts an average duration of 5.4 days (with a frequency of 4.3+2.2
bowel movements per day) and is usually self-limited.’® Patients with
Gl symptoms are more likely to have positive viral RNA stool tests
compared to those without Gl symptoms (73% vs. 14%, p = .033).%°
Nevertheless, there are conflicting data on whether detection of viral
RNA confers infectivity, as this may be indicative of live virus or
inactivated viral particles.*®***?> However, considering that more
than 20% of patients with SARS-COV-2 demonstrate positive viral
RNA in feces after respiratory tract tests have converted to negative,

e Tmoroa WILEY— 2
the fecal-oral transmission could be an additional route for viral
spread,”®> warranting enhanced control measures to prevent
spread.** Liver biochemistry test abnormalities are also frequently
noted in patients with COVID-19: elevated aspartate amino-
transferase or alanine aminotransferase in 15% and hyperbilir-
ubinemia in ~17%.%¢ Patients with abnormal liver enzymes were
more likely to have higher inflammatory indices such as C-reactive
protein and procalcitonin and fevers, and a higher proportion were
receiving treatment with lopinavir/ritonavir compared to those with
normal LFTs.*> Abnormal liver tests at presentation are prog-
nostically significant, associated with a greater than 2-fold risk of

developing severe disease or requiring ICU admission.*>*¢4”

6 | ENDOCRINOLOGIC MANIFESTATIONS

Endocrinologic manifestations are frequent in patients presenting with
SARS-CoV-2 infection. The prevalence of diabetes mellitus (DM) amongst
COVID-19 studies varies substantially (~5%-44%) and may reflect esti-
mated prevalence in the respective population*®*° Hyperglycemia and
DM are positively associated with COVID-19 disease severity and risk of
death. In 1099 patients from China, 26.9% of patients with DM had ICU
admission, mechanical ventilation, or death compared to 6.1% of non-DM
patients.?? Early data from the United States (US) showed that 24%-35%
of hospitalized patients had DM.*?°%>* Meta-analyses have found DM to
be consistently associated with risk of severe disease or mortality
(OR, 1.90-3.21)°"?? and a large whole-population study confirmed
DM as a risk factor for in-hospital COVID-19-related death after
adjustment for demographics and comorbidities.”” Acute hyperglycemia
itself is a manifestation of COVID-19 with negative prognostic
significance.>>°>>* Hyperglycemia without pre-existing DM occurred in
14.3% of hospitalized patients in a US series, and in-hospital mortality
was 41.7% in this group.”® Ketoacidosis also may complicate COVID-19
in patients with DM, noted in more than 10% of hospitalized cases.”®
The underlying mechanisms include the low-grade inflammation that
characterizes obesity that is further exacerbated by the cytokine storm
induced by SARS-CoV-2 infection. Moreover, there is an expression

of ACE2 in pancreatic islets®®>”

which is enhanced in patients with
DM/hyperglycemia compared to controls without DM,*’ raising the
possibility that direct damage to pancreatic islets through SARS-CoV-2 -
ACE2 binding may contribute to hyperglycemia.

Thyroid dysfunction may accompany SARS-CoV2 infection,
either as biochemical thyrotoxicosis (20%-56%) and hypothyr-
oidism (5%).°7°%°? Lower TSH and triiodothyronine (T3) levels
are associated with severity of illness and mortality from
COVID-19.7°7°85% However, pre-existing hypothyroidism was
not associated with an increased risk of hospitalization, me-
chanical ventilation, or death,®® suggesting risk may not be due to
underlying thyroid disease per se. Subacute thyroiditis (SAT) has
been reported in patients (particularly women) with classic neck
pain and thyrotoxicosis, fever, cardiovascular manifestations, and
elevated inflammatory markers several weeks after resolution

SARS-CoV-2 infection.®®¢1%? Because the initial symptoms of
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COVID-19 may have been mild in patients presenting with SAT,
assessment for preceding SARS-CoV-2 exposure may be

warranted in such patients.

7 | RENAL COMPLICATIONS

Acute kidney injury (AKI) in patients with COVID-19 is a frequent
complication that may be caused by direct infection of the kidney by
SARS-COV-2 with tubular injury, pigment casts due to rhabdomyo-

6364 cytokine storm,

lysis, endothelial damage, glomerular thrombi,
and/or hemodynamic changes due to severe sepsis and multiorgan
failure.” In the largest series published in the US (n = 5449), the in-
cidence of AKI was 36.6% of which 14.3% required renal replace-
ment therapy (RRT) with a mortality rate of 35% in those who
developed AKIL.°® Older age, black race, diabetes mellitus, cardio-
vascular disease, hypertension, and need for ventilation and vaso-
pressor medications were associated with a higher risk for
developing AKI and associated with higher mortality. AKI has been
reported to occur from 24h to 15 days after admission.**¢%%¢
Additionally, a high frequency of other renal abnormalities have been
demonstrated in a few studies, with 40-65% presenting with pro-
teinuria, 27-46% with hematuria, and 44% with both.>> ¢’ Presence
of AKI, proteinuria, or hematuria, have been independently asso-
ciated with a higher risk of mortality.”*#°%%” Currently the only
treatment for COVID-19 with AKI is supportive management and
RRT, with the delivery of the latter potentially being compromised by
the higher risk of thrombosis of central lines and dialysis access
related to SARS-CoV-2 infection-related hypercoagulability. Before
seeking medical care, patients may be experiencing fever and Gl
symptoms including nausea, vomiting, and diarrhea making them
prone to intravascular volume depletion and pre-renal AKI. In these
patients, early aggressive volume resuscitation with balanced solu-
tions may prevent the development of acute tubular injury due to
prolonged severe renal hypoperfusion. However, caution should be
taken when administering fluids as too little may promote hyper-
coagulation and worsen AKI, while a positive fluid balance may
worsen gas exchange and is an independent predictor of worse
outcomes in critically ill patients. Similar to all AKI, the best timing of
RRT remains controversial.®®””* In the absence of an urgent indica-
tion, a delayed approach to RRT initiation may be considered during
the COVID pandemic when RRT resources are stretched thin,”?
should be individualized and considered in patients in whom meta-

bolic and fluid demand surpasses the capacity of the kidney.”*

8 | DERMATOLOGIC FINDINGS

The cutaneous manifestations of SARS-CoV-2 infection occur fre-
quently (>20%), are quite varied, and can be grouped into five main
distinctive morphologic categories: morbilliform (maculopapular), ur-
ticarial, vesicular, pernio/chilblains-like, and necrotic/livedoid.”* Other
less common cutaneous findings include a papulosquamous, pityriasis

rosea-like eruption, a perifollicular papular eruption, erythema
multiforme-like lesions, axillary erythema or purpura, a Dengue fever-
like petechial eruption, an enanthem, and edematous papules of the
dorsal hands or other extensor surfaces. The majority of dermatologic
findings occur either concurrently (56%) or after (37%) other mani-
festations of COVID-19.”* Morbilliform eruptions are the most com-
mon reported cutaneous finding in COVID-19 patients, representing
47% of all cutaneous eruptions in the Spanish cohort’* and 16% of all
patients in the Italian study.”®> The morphology was not uniform with
some patients showing the additional findings of purpura, petechiae,
pityriasis rosea-like scale, or edema leading to a pseudovesicular
pattern (mainly on the dorsal hands) (Figure 1). These patterns can be
common to other viral exanthems and are not considered specific for
COVID-19. Pernio/Chilblains-like eruptions are characterized by acral
erythema and sometimes vesicles, pustules, or purpura on the hands
and feet; the toes are the most frequently involved sites (Figure 1).
This pattern occurred in 19% of the Spanish COVID-19 cases with
cutaneous findings.”* Of note, this pattern is described mostly in the
young, portends a good prognosis, and may show a delayed onset. Pain
or pruritus may be present, but patients may lack other characteristic
signs and symptoms of COVID-19. If more typical COVID-19 symp-
toms are present, they are typically mild. Furthermore, patients may
test negative for COVID-19 at the time of this eruption; it has been
suggested that a robust Type | interferon response (which is deficient
in patients who develop severe COVID-19 disease’®) may limit viral
replication but induce this late auto-inflammatory manifestation.”” In
contrast, livedoid/necrotic lesions, seen in 6% of the Spanish cohort,”*
particularly in elderly individuals, were associated with coagulopathies
and a 10% mortality.

9 | NEUROLOGIC COMPLICATIONS

Neurological manifestations of SARS-CoV-2 infection are common,
being reported in about 36% of hospitalized patients’® including
central and peripheral nervous system findings. Although similar
neurological manifestations have been reported in general viral and
specific SARS infection, SARS-CoV-2 seems to have a greater pro-
pensity to affect parts of the nervous system involved with sensory
processes. Impairments of taste, smell (anosmia, ageusia),’’ and
vision occur at much higher rates than in other viral infection, an
observation that may be tied to unique tropism to neuronal cells.2°
In general, neurological manifestations are more common with severe
infection compared to non-severe as it relates to stroke (5.7% vs.
0.8%), impaired consciousness (14.8% vs. 2.4%), and skeletal muscle
injury (19.3% vs. 4.8%).”¢ However, patients without typical symptoms
(fever, cough, anorexia, and diarrhea) of COVID-19 may have neuro-
logic findings as their presenting symptoms, and most neurologic
manifestations occur early in the illness (with the median time to
hospital admission of 1-2 days). The combination of anorexia and
diarrhea coupled with a loss of smell, taste, and fever is 99% specific
for SARS-CoV-2 infection.?* Most patients presenting with stroke in
the setting of SARS-CoV-2 infection will be older with the usual stroke
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risk factors including hypertension, diabetes, and dyslipidemia,
although case series have reported increasing rates of young patients
with ischemic stroke, particularly large vessel occlusion.?? In addition,
about one-third of patients have ocular findings (eg, conjunctival
hyperemia, chemosis, epiphora, or increased secretions) particularly in
patients with more severe disease.®*

In summary, it is important for the clinician to consider and identify
the broad range of manifestations related to SARS-CoV-2 infection which
can precede or be neglected due to respiratory impairment. Early con-
sideration is paramount to avoid delayed diagnosis/misdiagnosis or
missing the opportunity to treat and prevent further transmission. In
general, extrapulmonary manifestations are a harbinger of or con-
temporaneously associate with disease progression, but in the case of
some Gl and dermatologic findings, may track with milder disease. The
precise underlying pathophysiological mechanisms remain incompletely
elucidated, and additional immune phenotyping studies are warranted to
reveal early correlates of disease outcomes and novel therapeutic
targets.
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