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COVID-19 infection as a systemic disease
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Abstract

The pandemic caused by COVID-19 infection has had a dramatic impact on Health care systems throughout the World. Several issues concerning this disease are
still unknown,; in particular the involvement of extra-pulmonary tissues and how this might affect prognosis of COVID-19 infected individuals remains still debated.
Further, healthcare workers should be aware of the possible atypical presentations of COVID-19 infection in order to promptly implement the appropriate measures
to contain the transmission of the disease. As a consequence, all the people involved in the management of the pandemic should go beyond simply considering
COVID-19 infection as a lung disease with theoretical involvement of other organs, but they should start considering it a systemic disease with major pulmonary
involvement. This change of perspective would probably allow a better understanding of the clinical, pathophysiological and therapeutic characteristics of COVID-19

infection.

Introduction

The coronavirus SARS-CoV-2 (severe acute respiratory syndrome
coronavirus 2) which is responsible for the disease COVID-19
(coronavirus disease 2019) has infected at the moment over 30 million
people and has caused more than 950000 deaths globally. The infection
developed at first in Wuhan, the capital of Hubei province, China, at the
end of 2019 [1,2] from where it rapidly spread throughout China. From
China, infection rapidly reached Europe, USA and South America,
with the number of new cases currently increasing every day [3-5].
The World Health Organization declared the coronavirus diseases 2019
(COVID-19) as a pandemic due to its widespread infectivity and high
contagion rate [6].

The clinical features of coronavirus infection vary widely, from
asymptomatic infection to severe pneumonia with acute respiratory
failure and even death [2,7]. In particular, most of subjects develop mild
to moderate disease, 10-15% have severe disease and approximately
4-6% have critical disease requiring admission to intensive care unit
[8]. Elderly patients with underlying chronic diseases such as diabetes
or cardiovascular conditions seem to be more vulnerable to severe
diseases and death [9,10]. Most typical symptoms of COVID-19
infection include fever, dry cough, sore throat, fatigue, dyspnea and
myalgia [2]. However, several other features have been reported quite
frequently, such as nausea, anosmia, dysgeusia, vomiting and diarrhea.
These symptoms may occur at the onset of the disease or immediately
thereafter. Clinical experience and the emerging literature suggest that
several organs and systems can all be affected by COVID-19 infection,
with a different degree of severity [11-16]. Its therefore mandatory
for healthcare workers to be aware of the possibility of COVID-19
presenting with non-specific symptoms; this is crucial to ensure early
diagnosis and finally reduce the risk of transmission. The objective of this
review is to describe the most frequent extrapulmonary presentations
of COVID-19 infection, in order to consider this infection as a systemic
disease.

Pathophysiology

The multi-organ involvement often observed in subjects with
COVID-19 infection may be a consequence of either extrapulmonary
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dissemination and replication of SARS-CoV-2, as occurred for other
coronaviruses [17], or of the immune-pathological sequelae of the
disease. In particular, SARS-CoV-2 can bind angiotensin converting
enzymes 2 (ACE2) receptors that are usually expressed in multiple
extrapulmonary tissues [18-20] and this can lead to a direct viral tissue
damage. This hypothesis is supported by the evidence that the viral RNA
of SARS-CoV-2 has been isolated from fecal samples and, even if less
commonly, from urine and blood [21-23]. Different histo-pathological
studies have demonstrated a specific tropism of SARS-CoV-2 for renal,
myocardial, neurological, gastrointestinal and pharyngeal tissues
[22,24-26]. However, it is still to be determined whether the spread
of SARS-CoV-2 infection to extrapulmonary tissues can occur by
haematogenic or by other routes.

Mechanisms at the basis of the multi-organ damage secondary
to SARS-CoV-2 infection may include the endothelial cell damage
secondary to thrombo-inflammation and the dysregulation of the
immune response and of the renin-angiotensin-aldosterone system.
The endothelial damage could be also mediated by the expression of
ACE2 receptors in arterial and venous endothelium of several organs
[27,28]. Endothelial injuries associated with COVID-19 infection can
trigger excessive thrombin production, inhibit fibrinolysis, and finally
activate the complement pathways leading to micro-thrombi deposition
and microvascular abnormalities [28,29].

Severe COVID-19 disease is usually associated with an altered
immune response with secondary cytokine-release syndrome due to
a hyper-activation of innate immunity [30]; rapid viral replication,
antagonism of interferon signaling and activation of neutrophils and
monocyte-macrophages as mediators of inflammation have been
proposed as mechanism at the basis of this phenomenon [31,32].
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According to these observations, the elevation of serum inflammatory
markers (such as C-reactive protein, D-dimer, lactate dehydrogenase,
procalcitonin) has been associated with an unfavorable outcome
[9,33,34], as were high levels of the cytokine IL-6 in the serum [35].

At the moment, no definitive data are available on the relative
importance of these mechanism as part of the pathophysiology of
COVID-19 infection; in particular, although tissue damage and the
alterations of the renin-angiotensin-aldosterone system could be
exclusive of SARS-CoV-2, the dysregulation of immune response
and the damages to microcirculation are often observed also as a
consequence of the systemic release of cytokine in patients with
bacterial sepsis [36].

Cardiovascular manifestations

A large amount of reports described cardiovascular symptoms and
diseases in patients with COVID-19 infection, including myocardial
infarction, acute coronary syndrome, cardiomyopathy, arrhythmias
and cardiogenic shock [37,38]. Myocardial injury occurred in more
than 20% of hospitalized patients with COVID-19, especially in those
with pre-existing cardiovascular diseases; the level of increase in
troponin values has been correlated with an unfavorable outcome [39].
A case series including 18 patients presented with ST segment elevation
on ECG showed that 6 patients had coronary obstruction leading to
myocardial infarction, 2 were diagnosed with myocardial infarction
through discover of wall abnormalities on echocardiogram and 10 had
non-coronary myocardial injury; in these cohort, D-dimer levels were
higher in subjects diagnosed with myocardial infarction compared to
others, underlying the prognostic value of this parameter [40]. Cardiac
arrhythmias, mainly new-onset atrial fibrillation but also heart block
and ventricular arrhythmias, have been frequently reported during
COVID-19 disease; ranging from 17% among hospitalized patients and
44% among those admitted in intensive care units (2). Another report
demonstrated that atrial arrhythmias were more common in patients
underwent to mechanical ventilation [41]. Inflammation of the cardiac
wall leading to myocarditis, pericarditis and pericardial effusion
is often observed during the course of viral infections, such as flu.
Some case reports described the occurrence of myocarditis as the first
manifestation of COVID-19 infection, highlighting the importance of
recognize cardiac symptoms as possible presentation of the COVID-19
disease even in absence of respiratory symptoms or radiological features
of interstitial pneumonia [42,43].

Thrombotic manifestations

There are multiple evidences on the hypercoagulable state of
COVID-19 infected subjects; as a consequence, an increased level of
D-dimer, fibrinogen and antiphospolipid antibodies is often observed
in this population [44,45]. Thrombotic complications were initially
reported in up to 30% of patients admitted to intensive care unit [46,47].
Other reports described the development of thrombosis in intravenous
cathetersand extracorporeal circuits, as well as arterial vascular occlusive
events, as stroke and acute limb ischemia, even in patients who received
prophylactic anticoagulation [48-49]; the occurrence of these events
seems more frequent in subjects with severe disease [50-52]. Further,
the rates of pulmonary embolism is significantly higher in COVID-19
infected patients [53,54]; in particular, when routinely screened for
thrombotic diseases, COVID-19 infected individuals had a high rates
of thrombotic complications, despite the use of thromboprophylaxis
[55,56]. The differences observed in the published studies are probably
due to heterogeneity of the screening and to the thromboprophylaxis
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schedules used. As a consequence, it is very important for health care
workers to be aware of the possible association between COVID-19
infection and thrombotic events, especially in those patients admitted
to the hospital for thrombotic events without known risk factors for
thromboembolism.

Neurological manifestations

Multiple neurological manifestations have been described in subjects
with COVID-19 infection. Also, several non-specific neurological
symptoms have been frequently reported in this population such as
dizziness, headache, myalgia/fatigue and anorexia [2,7]. An analysis
on 214 patients with severe COVID-19 infection showed that 36% of
these subjects had neurological symptoms [57]. Further, some patients
presented with acute stroke or impaired consciousness and altered
mental status [49,57] especially in the first 14 days following intensive
care unit, confirming the need of thromboprohylaxis in all COVID-19
infected patients with severe disease. In addition, cases of Guillain-Barre
syndrome, meningoencephalitis, hemorrhagic posterior reversible
encephalopathy syndrome and acute necrotizing encephalopathy have
been reported [48,58-61]. The guidelines drawn up during COVID-19
pandemic underlying the need for maintaining an adequate adherence
to established guidelines for the management of acute stroke, including
the early access to thrombolysis and thrombectomy; nevertheless, the
post-acute care management should be modified according to the
pandemic constraints [62,63].

Olfactory, taste and ophthalmological manifestations

Both olfactory and taste abnormalities have been reported as
presenting symptoms of COVID-19 infection. These symptoms
may precede or may be associated with other typical symptoms of
COVID-19 or, sometimes, may also occur in isolation. A large study
on 417 patients with mild to moderate COVID-19 infection reported
that 85% of patients had smell or taste abnormalities; in particular in a
fair number of subjects smell dysfunctions preceded the onset of typical
symptoms of COVID-19 infection [64]. In another survey on a large
population, anosmia was the only symptom reported in 17% of patients
diagnosed with SARS-CoV-2 [65]. As a consequence, the development
of anosmia might be used as a screening tool to identify and isolate the
asymptomatic carriers, drastically reducing the risk of transmission of
the infection. According to this, during the pandemic period all the
patients with new onset of anosmia or smell abnormalities should be
tested for SARS-CoV-2.

The main reported ocular manifestation in patients with COVID-19
is conjunctivitis. Usually, this symptom occurs in association with other
features of COVID-19 infection but only rarely is the initial symptom;
however, more than 30% of patients with COVID-19 infection have
clinical signs of conjunctivitis, especially those with more severe disease
[66]. Finally, the presence of SARS-CoV-2 in tears and conjunctival
secretions may raise questions about the possible transmission of
COVID-19 infection by tears and underline the importance of using
eye protection by healthcare workers.

Gastrointestinal manifestations

Anorexia, diarrhea, nausea, vomiting and abdominal pain are the
most frequently reported gastrointestinal manifestations in patients
with COVID-19 infection, with their specific prevalence ranging widely
across the studies [67-70]. Gastrointestinal symptoms may be associated
with a longer duration of disease and with a delayed admission to the
hospital but have not been associated with increased mortality [67,70].
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Therefore, COVID-19 infection should be considered as a differential
diagnosis even in absence of respiratory symptoms, and patients
presenting with diarrhea or nausea or vomiting should be rapidly tested
for SARS-CoV-2 to make early diagnosis feasible.

Hepatobiliary manifestations

Signs of hepatobiliary damage are often observed in subjects
with COVID-19 infection, with range 14-53% in different case
studies, especially in patients with severe disease [11,12,71,72].
Aminotransferases are typically elevated, but usually remain less than
5 times the upper limit of normal; cases of self-limited acute hepatitis
have been occasionally reported [73,74]. In a recent meta-analysis,
the pooled prevalence of liver function abnormalities was 19% [70]
and these findings correlated with disease severity. In particular,
it has been demonstrated that SARS-CoV-2 infection in the liver
directly contributes to hepatic impairment in patients with COVID-19
pneumonia. Also bilirubin elevation has been associated with disease
severity and bilirubin level has been also included in a validated clinical
risk score to predict disease progression [75,76]. Liver test abnormalities
in COVID-19 infected individuals may be due to several factors, such
as myositis, cardiac injuries (if compatible symptoms), ischemia,
cytokine-release syndrome and co-infection with other hepatotropic
viruses as well as a direct role of SARS-CoV-2 itself [77]. Prospective
monitoring of liver enzyme is therefore recommended, particularly
in those patients who received investigational drugs as remdesevir,
tocilizumab or other antivirals.

Renal manifestations

A significant amount of COVID-19 infected individuals develop
a severe kidney damage during the acute phase of disease, leading to
an increased risk of mortality [78,79]. Usually, renal failure occurs
rapidly after admission and involves more than 30% of COVID-19
infected patients, with 14% of them requiring dialysis treatment [80];
the rate of acute kidney damage is strictly associated with disease
severity, occurring up to 90% of critically ill patients [81]. Further,
both hematuria and proteinuria have been reported in patients with
severe COVID-19 infection, as were hyperkalemia and acidosis (35,80).
Kidney function should be carefully tested at admission in patients with
COVID-19 infection, because this could help in early stratifying the
risk of disease progression [79,82]. Additionally, the Surviving Sepsis
guidelines on coronavirus recommend a conservative fluid resuscitation
strategy in COVID-19 infected individuals to avoid hypervolemia
which could worsen respiratory compensation [83]. In this specific
setting, a dramatic increase in the need for renal replacement therapy
should be expected. Further, the prothrombotic action of SARS-CoV-2
may represent a risk for circuit clotting in this patients; therefore, in
the absence of contraindication, an anticoagulation strategy should be
considered [84].

Dermatologic manifestations

Cutaneous features have been occasionally described in patients
with COVID-19 infection. An observational study found a frequency
of 20% of dermatologic manifestations in patients hospitalized for
COVID-19 infection, without correlation with disease severity [85].
The cutaneous findings more often observed are erythematous rash,
urticarial and chickenpox-like vesicles. A systematic review found that
acro-cutaneous lesions are the most common reported skin findings
[86]. Another cross-sectional study found that chilblain-like lesions
were associated with less severe disease compared to livedoid or necrotic
lesions [16]. Finally, several report assessed a significant rate of alopecia
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in COVID-19 infected individuals, likely androgen-mediated [87].
Most of cutaneous manifestations of COVID-19 infection are usually
self-resolving; however, it is still debated if patients with underlying
dermatologic diseases and COVID-19 infection have an augmented
risk of cutaneous complications.

Reproductive system

There is a growing concern regarding the impact of COVID-19
infection on male reproductive function. SARS-CoV-2 may cause direct
testicular damage through binding with testicular ACE2 receptors
which are highly expressed in the tests; further, the testicular damage
may be secondary to induction of testicular inflammation and immune
response [88,89]. A study demonstrated that male patients affected
by COVID-19 infection have low testosterone level, high luteinizing
hormone (LH) and low testosterone/LH ratio, indicating a possible
damage of Leydig cells function [90]. At the moment, it is not clear
whether fertility dysfunction is permanent or not; it has been reported
that low sperm concentration with low motility is present up to three
months after SARS-CoV-2 infection [91], but, at the moment, a longer
follow-up is not available.

Psychiatric manifestations

Mental health issues in COVID-19 infected subjects have been
evaluated in different case series. Levels of post-traumatic stress
symptoms were significantly higher among patients hospitalized for
COVID-19 infection (96.2%) compared to the general population (7%),
as was the risk for depression [92-94]. It’s well known that infections
are associated with a higher risk of mood disorders; in the past, patients
affected by SARS-CoV-1 developed depressive symptoms during the
epidemic [95]. The similar findings observed also for SARS-CoV-2
could be due to a direct action of coronavirus on the brain or also to
an indirect action induced by a massive cytokine response that involves
the brain [96]. At the moment, very scarce data are available on the
COVID-19 infection impact on patients with pre-existing psychiatric
disorders, but it seems likely a worsening of the underlined symptoms
also in this population [97]. Despite an increase of psychiatric disorders
in patients hospitalized for COVID-19 infection during the acute phase
of disease, the long-term probability of persistence of these disorders
remains unknown.

Conclusion

An increasing number of reports have shown the systemic and
multi-organ localization of COVID-19 infection. These findings
allow us to hypothesize that COVID-19 infection is a systemic disease
without prejudice to the well-known, life-threatening pulmonary
complications. Therefore, it seem imperative a comprehensive
understanding of the common and organ-specific manifestations of
this systemic disease in order to test and eventually isolate the patients
as soon as possible, avoiding the widespread transmission of the disease
secondary to a delayed diagnosis. Further, several aspects of this disease
are still unexplained. Why do some patients develop some symptoms
and other patients don’t? Why are some disease localization associated
with a better prognosis than others? At the moment, there are no
definite answers for both of these questions. Probably, if we begin to
consider COVID-19 infection as a systemic disease, we will be able to
understand it better.
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