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Abstract

During the early phase of the coronavirus disease 2019 (COVID-19) pandemic
caused by severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2),
diagnosis was difficult due to the diversity in symptoms and imaging findings
and the variability of disease presentation. Pulmonary manifestations are
reportedly the main clinical presentations of COVID-19 patients. Scientists are
working hard on a myriad of clinical, epidemiological, and biological aspects to
better understand SARS-CoV-2 infection, aiming to mitigate the ongoing disaster.
Many reports have documented the involvement of various body systems and
organs apart from the respiratory tract including the gastrointestinal, liver,
immune system, renal, and neurological systems. Such involvement will result in
diverse presentations related to effects on these systems. Other presentations such
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as coagulation defects and cutaneous manifestation may also occur. Patients with specific
comorbidities including obesity, diabetes, and hypertension have increased morbidity and
mortality risks with COVID-19.

Key Words: COVID-19; Non-pulmonary; Extrapulmonary; Clinical manifestations; Systemic disease
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Core Tip: Pulmonary involvement was taking the upper hand during the early coronavirus disease 2019
pandemic, which was proven to be a rather multisystemic disease. Due to the helpful research efforts that
could help in shifting the developing subject area and proper understanding of the nature of the disease for
early diagnosis and controlling the spread of the infection.
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INTRODUCTION

Since January 30, 2020, the World Health Organization has declared the severe acute respiratory
syndrome coronavirus 2 (SARS-CoV-2) outbreak as a public health emergency of international concern
[1]. This pandemic, which emerged in China, has rapidly spread to affect almost the entire globe within
a few weeks. Currently, researchers are working hard on a myriad of aspects, clinical, epidemiological,
and biological, to better understand SARS-CoV-2 infection aiming at mitigating the ongoing disaster. As
the number of confirmed coronavirus disease 2019 (COVID-19) patients is increasing daily by tens of
thousands, clinicians are struggling to understand the possible damage which can complicate SARS-
CoV-2 infection[2]. During the early phase of the COVID-19 pandemic, the diagnosis was difficult due
to the diversity in symptoms and imaging findings and variability of disease presentation[3,4]. The
Centers for Disease Control and Prevention has identified interim clinical presenting features for
COVID-19 as fever (83%-99%), cough (59%-82%), fatigue (44%-70%), anorexia (40%-84%), shortness of
breath (31%-40%), sputum production (28%-33%) and myalgias (11%-35%)[5]. According to a large
Chinese cohort studying disease patterns in more than 44000 patients, disease severity ranged from
mild constitutional symptoms and/or mild pneumonia in 81% to shortness of breath and hypoxemia,
which complicates about 14% of patients. Acute respiratory distress syndrome (ARDS), respiratory
failure, shock, and multi-organ failure occur in only 5% of the affected population[6]. Chest imaging is
non-specific in many settings. Although COVID-19 patients can be identified through the detection of
bilateral peripheral ground-glass opacities and air-space consolidation, mild or early diseases might lack
radiological chest changes[7,8]. Consequently, The American College of Radiology denied computed
tomography of the chest as the first-line test for SARS-COV-2. Medical practitioners realize that
although the lungs are the most affected organs, the infection can extend to many other organs and
systems, including the heart, blood vessels, kidneys, gut, and brain[2].

In this article, we focused on the non-pulmonary involvement in COVID-19 by reviewing the
available evidence. Figure 1 summarizes the non-pulmonary involvement in COVID-19.

MATERIALS AND METHODS

The main objectives of the study were to stress the involvement of various body systems and organs in
COVID-19 apart from the respiratory tract including the gastrointestinal (GI), liver, immune system,
renal, and neurological systems.

Literature search

The literature search was conducted using the PubMed, Scopus, Web of Science (WOS), EBSCO, and
Wiley databases. The following search items were used: ("non-pulmonary involvement OR "non-
respiratory") AND ("COVID-19 OR "covid 19" OR "covid 19 associated") AND ("a systemic disease
rather than a pure respiratory infection" OR "covid 19 associated multi-system inflammatory syndrome
in adults" OR "covid 19 associated multi-system inflammatory" OR "covid 19 breakthrough infections"
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Figure 1 Summarizes non-pulmonary involvement in coronavirus disease 2019. GI: Gastrointestinal; COVID-19: coronavirus disease 2019.
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OR "covid 19 multi-system"), to retrieve relevant articles regardless the publishing year. For non-English
articles, all relevant data were extracted from the English version of the abstract. The full text of these
papers was translated into English to retrieve all other needed data. Reviews, meta-analyses, and all
other articles containing non-original data were excluded from our review. All retrieved articles were
screened and selected by two independent groups of authors (Mohamed El-Kassas and Mohamed
Alboraie). Relevant data were extracted into a standardized data collection sheet by two independent
authors (Mohamed Elbadry and Mohamed Eltabbakh).

Statistical analysis
Descriptive statistics were used for data analysis.

OBSERVATIONS AND DISCUSSION

Gl involvement

In one of the first articles describing the clinical presentation of patients infected with SARS-CoV-2 from
Wuhan, diarrhea was one of the clinical presentations[9]. In another study by Gu and his colleague from
Shanghai, they described GI manifestations in the form of diarrhea, vomiting, and abdominal pain in
COVID-19 patients[10]. With further studies, SARS-CoV-2 RNA was identified in the anal/rectal swabs
and stool specimens of COVID-19 patients, even after virus clearance from the upper respiratory tract
[11-13]. Genome sequences for SARS-CoV-2 showed that it has about 79.6% similarity to SARS-CoV,
encoding and expressing the spike (S) glycoproteins, which help the virus enter human cells through
binding to the angiotensin-converting enzyme 2 (ACE2) receptors[14]. ACE2 is highly expressed in type
IT alveolar cells (AT2) in the lungs and the GI tract, especially the small and large intestines[15]. Previous
experience with the severe acute respiratory syndrome (SARS) epidemic in 2003 indicated that
coronavirus has tropism in the GI tract. Electron microscopic examination of biopsies and autopsies
revealed a rapid increase in the virus in the small intestine and the colon[16,17]. Likewise, Middle
Eastern Respiratory Syndrome (MERS in 2013) caused by MERS-CoV can lead to intestinal infection
since the human intestinal cells are strongly liable for and support this viral replication[18]. The high
susceptibility of the GI tract (GIT) to coronavirus can explain the presence of diarrhea in a proportion of
patients infected with COVID-19, despite being less frequent than in SARS. The viral nucleocapsid
protein could be stained and identified inside the cytoplasm of epithelial cells of the stomach,
duodenum, and rectum[19]. The initial autopsy belonged to an 85-year-old male with COVID-19
revealed areas of dilatation and narrowing of the small bowel[20]. One of the largest and most compre-
hensive studies evaluating GIT manifestations in COVID-19 patients from Wuhan, with 1141 cases
admitted in a single hospital over 7 wk, showed that about 16% of patients presented with GI symptoms
only. The most common symptoms were loss of appetite, nausea, and vomiting, which occurred in
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about 67% of the patients, diarrhea in 37%, and abdominal pain in 25%[21]. Another study from China
stated that 48.5% of patients had GIT symptoms and the most common symptoms were as follows:
anorexia (83.8%), diarrhea (29.3%), vomiting (8.1%), and abdominal pain (4.0%), with some patients
having multiple symptoms. In this study, 7 patients had only GIT symptoms with no pulmonary
symptoms, and those patients needed a longer hospital stay[22]. The same was reported by An et al[23],
who described 9 adults with COVID-19 who initially presented with only GI manifestations. Five
patients became febrile 2-4 d from the onset during their hospital admission, whereas the rest did not
show any other symptoms. This should raise awareness about the possibility of SARS-CoV-2 infection in
patients presenting with GIT manifestations during the pandemic, which may lead to the spread of
infection if not detected early. The last point was specifically mentioned in a separate report describing a
patient who suffered abdominal symptoms and was admitted to a surgical department, leading to the
infection of more than 10 healthcare workers and 4 patients admitted in the same area[24]. In one of the
largest review articles, Yuan and his colleagues analyzed data from 2023 patients, stating whether GI
manifestations were present. The incidence of GIT manifestation was between 3% and 79% including
anorexia (39.9%-50.2%), diarrhea (2%-49.5%), vomiting (3.6%-66.7%), nausea (1%-29.4%), abdominal
pain (2.2%-6.0%), and GI bleeding (4%-13.7%). Both adults and children could present with GI manifest-
ations without pulmonary symptoms. Fecal testing for viral ribonucleic acid (RNA) was as reliable as
sputum in detecting SARS-CoV-2. In (36%-53%), fecal polymerase chain reaction (PCR) became positive
2-5 d following positive respiratory specimens. Fecal excretion continued after sputum excretion in
(23%-82%) of patients for 1-11 d[25]. Another multicenter study that assessed patients with GIT
manifestations in China reported that COVID-19 patients who suffered digestive symptoms had a
longer time from symptom onset to admission and evidence of more laboratory derangements,
including prolonged coagulation and higher liver enzymes, compared to those without GIT symptoms
[22]. In another interesting case report, a 71-year-old woman developed abdominal pain and non-bloody
diarrhea, followed by bloody diarrhea, nausea, vomiting, anorexia, and diffuse abdominal pain.
Computed tomography showed severe colonic inflammation that was more in the ascending,
transverse, and descending colon and had mild right pleural effusion. The patient underwent all invest-
igations as infective diarrhea, which turned negative, and her sigmoidoscopy revealed mild mucosal
inflammation. On the 4™ day of hospital admission, the patient developed cough, and nasopharyngeal
swabs turned positive for SARS-CoV-2[26]. The GI presentation of this case differed from all previously
reported cases, thus highlighting the importance of taking all precautions when dealing with patients
presenting with any GIT complaints during this pandemic.

Liver effects on patients with COVID-19

There are insufficient data for direct viral-related liver injury in COVID-19 cases. Data from one of the
biggest centers in China showed that 2%-11% of COVID-19 cases had liver problems, and 14%-53% had
abnormal levels of alanine aminotransferase and aspartate aminotransferase during the disease. Patients
with severe COVID-19 had higher values of liver enzymes than mild cases with the disease[27]. Some
patients from China have undergone autopsies or post-mortem tissue biopsies to identify the nature of
liver injury. The first report was for a 50-year-old man who died from severe COVID-19, and the
autopsy specimen showed moderate microvascular steatosis with a mild portal and lobular activity in
the liver[28]. Other autopsies revealed hepatomegaly with dark and red hepatocyte degeneration and
focal necrosis areas. Also, there was neutrophilic and lymphocytic infiltration in the portal area with
congested hepatic sinuses and micro thrombosis. No pathological features of liver failure or injury of
bile ducts could be detected in these cases[29].

The liver is considered a target for direct infection, as ACE2 is expressed abundantly in cholan-
giocytes, which leads to direct cytotoxicity[30]. COVID-19 may cause a severe inflammatory response,
which leads to the immune-mediated damage of many organs, including the liver, which is evident by
increased peripheral blood levels of many inflammatory markers such as ferritin and many cytokines
such as interleukin 2 (IL-2) and IL-6. Also, sepsis is a common complication in severe COVID-19 cases,
which may lead to hypoxic and ischemic liver injury, cholestasis, and hepatocellular injury due to
severe inflammation. Drug-induced liver injury may be a common cause of liver involvement in
COVID-19. Many national recommendations are using multiple antiviral drugs such as oseltamivir,
umifenovir, chloroquine, tocilizumab, and lopinavir/ritonavir, which can induce liver injury. Most
antipyretic drugs contain paracetamol, which is considered a known cause of hepatotoxicity in high
doses[31]. Patients with pre-existing chronic liver disease may be more susceptible to liver damage
during COVID-19 infection and its sequelae of immune-mediated damage with severe inflammation[32,
33]. It seems that liver enzyme elevations are usually transient, and severe liver injury is rare with
COVID-19. To the best of our knowledge, there are no documented deaths due to hepatic
decompensation in cases without pre-existing liver disease. However, regular monitoring of the liver
profile is warranted, especially in patients with severe COVID-19 infection[34].

Hematological effect of COVID-19

Hematological effects from SARS-CoV-2 are not a recent finding. Cells with ACE2 receptors might be
infected first by the virus, including immune cells. Immune cells produce antibodies that can generate
immune hemolysis when they contact red blood cells. Hemoglobin is then infected and attacked. The
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viral open reading frame 8 (ORF8) and surface glycoprotein can bind to porphyrin. Simultaneously,
ORFlab, ORF10, and ORF3a proteins can coordinate the attack of the beta chain of hemoglobin, leading
to the dissociation of iron and the formation of porphyrin. This attack would cause a loss of hemoglobin,
which is essential for carrying oxygen and carbon dioxide. The inability to frequently exchange carbon
dioxide and oxygen has a too-intense poisoning and inflammatory effect on the lung cells, eventually
resulting in characteristic ground glass-like lung images. The virus can also inhibit normal human heme
anabolism[9,35].

That is why recent clinical studies believe that viral damage to the human body is systemic, not
confined to the respiratory system. Additionally, overt disseminated intravascular coagulopathy (DIC)
was found in 71.4% of non-survivors and 0.6% of survivors upon applying the validated International
Society on Thrombosis and Hemostasis DIC score from a single center (the median time to DIC
detection was 4 d). Based on these preliminary results, it was assumed that DIC can complicate COVID-
19 pneumonia and be associated with mortality. Evidence of DIC, especially elevated D-dimer levels,
may also be used to guide therapeutic interventions[36]. It was noticed that older patients with
lymphopenia and high lactate dehydrogenase (LDH) levels on admission were associated with severe
manifestations and required intensive care unit (ICU) admissions. Also, those patients who required
ICU stay had a deeper nadir absolute lymphocytic count, nadir absolute monocyte count and nadir
hemoglobin, and higher peak absolute neutrophil count and peak LDH levels compared to patients who
did not require ICU[37]. Four possible mechanisms can explain why COVID-19 reduces blood
lymphocyte levels: The virus might infect lymphocytes directly, resulting in death. The ACE2
coronavirus receptor is expressed on lymphocytes and may be directly targeted by the viruses[38]. The
novel coronavirus virus might directly destroy lymphatic organs such as the thymus and spleen, and
this hypothesis needs to be confirmed by pathological dissection in the future. Enhanced lymphocyte
apoptosis due to inflammatory cytokines release (e.g., tumor necrosis factor alpha, IL-6, and other pro-
inflammatory cytokines) could induce lymphocyte deficiency and lymphocyte inhibitions by metabolic
molecules such as hyperlactic acidemia produced by metabolic disorders. In severe forms of COVID-19,
patients had elevated blood levels of lactic acid, which might suppress lymphocyte proliferation[39].
The mechanisms mentioned above or beyond might work together or separately to cause lymphopenia,
so further research is recommended. That is why lymphopenia is considered an effective and reliable
indicator of disease severity and an indication for hospitalization in patients with COVID-19[40].

Renal manifestations of COVID 19

Renal involvement in COVID-19 (coronavirus-nephropathy) has a complex etiology. However, some
studies suggest that acute kidney injury (AKI) does not complicate COVID-19, but when it occurs in
COVID-19 patients, it is associated with higher morbidity and mortality and is a strong indicator of
survival[41]. Renal affection is mutual in COVID-19 patients and manifests mainly with proteinuria in
about 44% to 63% of patients, hematuria in 26.9% of patients, elevated serum creatinine (SCr) in 15.5% to
19%, and urea blood nitrogen (BUN) in 14.1% to 27% of the patients. AKI was also reported in 3.2% of
infected individuals. Computed tomography (CT) scan of the kidneys illustrated that the renal
parenchyma's inflammation and edema were evident in all patients. Renal failure in COVID-19 patients
had a greater risk of in-hospital mortality. AKI, proteinuria, hematuria, raised plasma creatinine, and
urea nitrogen were evident predictors of in-hospital patients” mortality as well[42,43]. Many me-
chanisms have been suggested to explain how SARS-CoV-2 impacts renal functions, one of which is
attributed to dehydration, which may result from fever; and decreased fluid intake, which leads to a
reduction of glomerular filtration rate and causes AKI. This can be reversible in early stages by fluid
therapy. However, if dehydration leads to hypoperfusion and ischemia, as in cases of cytokine storm,
sepsis and shock, acute tubular necrosis might supervene[44,45]. Rhabdomyolysis and hypoxia are other
possibilities, as well as direct virus invasion to the renal tubular cells, interstitium, or glomeruli with
direct cytopathic effect. Coronaviruses have a three-dimensional spike protein structure, which is
closely bound to human cell receptor 2, where it enters into the cells via ACE2 receptors, which are
vastly expressed in the renal cells. This explains how the renal cells are targeted and infected by SARS-
CoV-2. Although the virus-induced glomerulopathy in the coronaviruses family was low, immune
complexes deposition of viral particles or virus-induced specific immunological abnormalities is still
possible[46,47]. However, another opinion was that COVID-19 does not induce AKI or deterioration of
the renal condition in patients with chronic kidney disease (CKD). In a study including 116 cases
confirmed with COVID-19, only 10.8% of patients without CKD showed a mild increase in BUN or SCr,
and these elevations were all less than 26 pmol/L within 48 h, which does not match with the AKI
standard definition. Only 7.2% of the patients without CKD showed mild albuminuria and gradually
returned to normal without needing specific treatment[41].

Cardiological manifestations of COVID-19

The cardiovascular system is sometimes involved during the COVID-19 course by different proposed
mechanisms, such as direct myocardial injury by binding to ACE2 receptors, which leads to alteration of
signaling pathways that result in acute myocardial injury. Another supposed mechanism is the systemic
inflammatory response and cytokine storm, which ultimately leads to multiple end-organ damage
proven by the high circulatory levels of proinflammatory cytokines in patients with critical COVID-19.
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This may also lead to increased coronary blood flow with increased shear stress that can precipitate
plaque rupture and increase vascular thrombosis leading to acute myocardial infarction[48,49]. The
hypoxia resulting from acute lung injury may cause a significant imbalance of the oxygen demand-
supply ratio to the cardiac muscle and increases cardio-metabolic demand. Electrolyte disturbance,
especially hypokalemia (of particular concern in patients with COVID-19), adversely affects various
therapies, such as antiviral drugs, which affect QT interval prolongation and corticosteroids, and other
therapies can also have deleterious effects on the cardiovascular system[50]. Although cardiovascular
risk factors do not increase the chance of getting SARS-CoV-2 infection, they inversely affect the
prognosis of COVID-19. These risk factors include diabetes, cardio-cerebrovascular disease, and
hypertension, and they were associated with a 2-3 fold greater risk of severe disease, respectively, or
requiring ICU admission[6]. Acute myocardial injury is the most commonly described cardiac
presentation in COVID-19. Different biomarkers cut-offs and/or electrocardiographic abnormalities
have been used to define acute cardiac injury. The most commonly used definition is an elevation of
high-sensitivity cardiac troponin above the 99th percentile upper reference limit. The incidence of acute
myocardial injury is roughly estimated to be 8%-12% among positive cases of SARS-CoV-2 with a robust
unfavorable prognosis of COVID-19. The incidence of ST-segment elevation myocardial infarction in
COVID-19 patients seems to be lower, as well as the incidence of left ventricular systolic dysfunction,
acute left ventricular failure, and cardiogenic shock. Heart failure has been reported in 52% of COVID-
19 patients who subsequently died and 12% of patients discharged from the hospital. Tachy- and
bradyarrhythmias were also reported in the severe and morbid form of the disease requiring ICU
admission, while acute coronary events and left ventricular systolic dysfunction were not reported and
seemed to have very low incidence[51-53]. Interestingly, although myocardial injury is significantly
associated with the fatal outcome of COVID-19, the prognosis of patients with underlying
cardiovascular disease (excluding myocardial) injury is relatively favorable[54].

Endocrinal involvement in COVID-19

Diabetes, hypertension, and metabolic syndrome significantly impact morbidity and mortality in
COVID-19. Hyperglycemia and diabetes are associated with suppression of the immune state and
increase the risk of infectious diseases. About 51% of COVID-19 patients reportedly have hyper-
glycemia, similar to what has been observed with other viral infections such as SARS and MERS. The
transient pancreatic cell function impairment can explain the mechanism of hyperglycemia in this
situation by the virus itself or by modulation in glucose metabolism. The impact of hyperglycemia in
SARS-CoV-2 infection cannot be underestimated due to its effect on the immune status and its further
complications[55]. About 50%-60% of impaired glucose tolerance and diabetic patients have a higher
incidence of pulmonary infections. Diabetic patients carry a high risk of getting SARS-CoV-2 infection.
A study from Wuhan concluded that other diseases accompanied 32% of the infected cases; the highest
was for diabetes in 20% of cases, followed by hypertension in 15% and cardiovascular disease in 15% of
cases[9]. Another study retrospectively analyzed data from 138 COVID-19 patients and found that
46.4% had one or more underlying diseases, of which diabetes was represented in 10% of cases and
22.2% of ICU cases[24]. Unsurprising that patients with diabetes have a high rate of mortality among
SARS-CoV-2 infected patients, it reached 77.7% of critically ill COVID-19 patients[56]. Also, of the 72,314
reported cases of COVID-19 in the Chinese Center for Disease Control and Prevention, diabetic patients
had a high mortality rate (7.3% in diabetes mellitus vs 2.3% overall)[6].

Generally, there are a lack of data about the effect of obesity on COVID-19 patients. However, some
hospitals in Spain showed that obese patients infected with SARS-CoV-2 were more susceptible to
severe ARDS, respiratory failure, and even death; this can be explained by sleep apnea syndrome and
surfactant dysfunction that occur with severe obesity[57]. Undernourished patients are more susceptible
to infection with SARS-CoV-2. Also, COVID-19 itself can lead to malnutrition, which affects outcome
and prognosis; therefore, COVID-19 outcome could be improved with improved nutritional status[58].

Unfortunately, there are no currently available data about the outcome of COVID-19 patients with
adrenal insufficiency; however, it is expected they may have a high risk for acquiring SARS-CoV-2
infection and high incidence of mortality due to defects in their natural immunity, neutrophils, and
natural killer cell action[59]. Similarly, few published data are available about the effect of SARS-CoV
infection on male gonads and the risk of infertility. Germ cell destruction, few or no spermatozoon in
the seminiferous tubules, a thickened basement membrane, and leukocyte infiltration were found in
some SARS-COV-infected patients. This may be explained by sharing the same ACE2 receptor to enter
the host cells for reproduction and transmission[60]. Whether a similar effect can occur in SARS-CoV-2
infected patients; needs more research to explore.

Immune involvement in COVID-19

Both innate and adaptive immunity are involved in SARA-CoV-2 infection, with lymphopenia being
dominant; however, the severely uncontrollable inflammatory response with markedly elevated levels
of proinflammatory cytokines such as IL-6 and IL-1p, as well as IL-2, IL-8, and IL-17, known as cytokine
storm, has been seen in severely infected COVID-19 patients. This cytokine storm leads to multiple
unwanted harmful effects that can be manifested with severe tissue damage, extensive pulmonary
destruction, respiratory failure, multi-organ failure, and even death. In addition to elevated levels of
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proinflammatory cytokines, complement activation has also been seen to add another immune-based
pathology associated with COVID-19; this may contribute to further hope for using complement
inhibitors to decrease inflammatory damage[61].

SARS-CoV-2-specific immunoglobulin G (IgG) and IgM antibodies have been detected in high titer
upon analysis of 222 and 173 COVID-19-infected patients; this may be explained by an antibody-
mediated immune mechanism that has also been observed with many other viral infections. Hopefully,
this can be helpful for antibody-based therapies and vaccine development[62].

Cutaneous manifestation in COVID-19 patients

Available data about the skin manifestations of COVID-19 are scarce. COVID-19 patients may initially
present with a skin rash, which may be misdiagnosed as other common skin diseases[9]. A study
conducted in Italy collected data from 88 COVID-19 patients; 20.4% developed cutaneous manifest-
ations. Eight patients developed skin manifestations at the onset and ten patients after hospitalization.
The developed cutaneous manifestations were variable and included: erythematous rash, widespread
urticaria, and chickenpox-like vesicles. Lesions were more evident on the trunk. Most of the lesions
were itchy and usually healed in a few days. No correlation was observed between disease severity and
cutaneous symptoms. This study reported that skin manifestations recorded in COVID-19 patients are
similar to those in common viral infections[63]. A case report from Thailand presented a patient with a
petechial skin rash that was first diagnosed as dengue fever because of the endemicity of Dengue in
Thailand and the presence of thrombocytopenia, later on, the patient developed respiratory symptoms
and all viral causes that might be associated with fever, rash, and the respiratory problem was excluded
by laboratory investigation. The final diagnosis of the SARS-COV-2 infection was made using real-time
PCR[64]. Urticaria also was reported as a common skin manifestation associated with COVID-19 in
Chinese patients[65,66].

Neurological and musculoskeletal systems are affected in COVID-19

Due to the similarities in structure and modes of transmission with SARS-CoV and MERS-CoV, SARS-
CoV-2 showed growing evidence of affinity affecting the central nervous system and causing other
neurological manifestations. Many early reported data described symptoms of neurological affection,
commonly headache, which was severe and intolerable in many cases, dizziness, and unsteadiness of
gait[67]. In the first retrospective observational study about the neurological involvement among 214
hospitalized patients in Wuhan, headache was the most common neurologic symptom, affecting 25% of
the patients, followed by dizziness in 17%, then a disturbance in their level of consciousness in 8% of
cases and acute cerebrovascular events in 3%. Less commonly, ataxia and convulsions occurred in 0.5%
of each[68]. In another single-center retrospective observational study, including 221 patients, acute
ischemic strokes were found in 5% of patients, with cerebral venous sinus thrombosis in 0.5% and
cerebral hemorrhage in 0.5% of cases without the mention of other neurologic deficits. It is worth
considering that almost all of these patients were old with accompanying risk factors like hypertension
and diabetes mellitus[69]. It was suggested that metabolic and electrolyte imbalances, along with the
accompanying hypoxia and/or multiple organ failure in critically ill patients, might represent a
plausible explanation for altering mental status[70]. The presence of seizures ranging from subtle
subclinical forms to clinically overt seizures and status epilepticus in many patients points to the
possibility of having non-convulsive status epilepticus as an explanation, and hence the importance of
electroencephalogram monitoring of such patients and the application of Salzburg Consensus Criteria
for Non-Convulsive Status Epilecticus[71].

Moreover, some reports have linked Guillain-Barré syndrome and post-infectious acute myelitis to
COVID-19. A similar para-infectious association with the Zika virus encouraged the suggestion of a
phenomenon with COVID-19 instead of the classic post-infectious form[72,73]. The current piling data
and reports of COVID-19 render the pandemic's central nervous system and other neurological
manifestations more than just an epiphenomenon as concrete evidence is accumulated. The first reports
of substantial evidence include a case of a 24-years-old man who presented with fever and fatigue.
COVID-19 RNA was not detected in his nasopharyngeal swab until the 9" day when he was found
unconscious and soaking in his vomit with evident neck stiffness and was diagnosed with meningeo-
encephalitis. Despite the negative nasopharyngeal swab, COVID-19 RNA was found in his CSF fluid,
while his serum varicella-zoster IgM and anti-herpes simplex virus type 1 were negative. Furthermore,
magnetic resonance imaging showed hyperintensity signals in the right lateral ventricle, hippocampus,
and right mesial temporal lobe, linking SARS-CoV-2 with his illness[74].

Psychiatric manifestations

During the COVID-19 pandemic, additional anxiety results from fear of acquiring infection, especially
in the presence of uncertainty, whether other modes of transmission than droplet infection exist. The
uncertain incubation period of the virus and its possible asymptomatic transmission can also cause
additional stress. The obligation to social distancing in many countries worldwide resulted in changes
in national behavioral patterns and the shutdown of the usual day-to-day functioning[75]. Additionally,
reports of shortages in medical protective equipment, medical staff, and hospital beds have raised major
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worries worldwide. Lastly, a unique “infodemic” due to a plethora of information from unofficial and
unreliable sources poses a significant risk to public mental health during this crisis[76].

The spectrum of psychological distresses can be classified into immediate and long-term effects.
Immediate stress during an infectious disease outbreak can include fear and worriedness about a
person’s health and the health of his family; changes in sleep or eating patterns; difficulty sleeping or
concentrating; worsening of chronic health problems; worsening of mental health conditions; and
increased use of alcohol, tobacco, or illicit drugs[77]. Panic disorders (resulting from fear of the
unknown and the unpredicted) and infomania (the obsessive demand to frequently check media) can
also be among the immediate effects. Stigma, xenophobia, and racism related to COVID-19 may also
occur. Increased fear and suspicion towards people from China and other countries in which SARS-
CoV-2 had widely spread led to social stigmatization and refusal to house, employ, or provide health
care for certain races. Theories of conspiracy (mistrust, the detection of real and hidden designs, and the
meaning behind the apparent causes) are also present. They have widely spread during the COVID-19
pandemic as different accusations of the virus as a biological war or designed to create an economic
crisis are widespread[78]. Studies assessing mental health during the SARS outbreak in 2003 found that
the main psychiatric problems were adjustment reactions with increased anxiety levels. Studies have
also shown that 10%-35% of SARS survivors reported having features of anxiety, depression, or both
during the early recovery phase[79].

Long-term psychiatric consequences of SARS-CoV-2 are still unknown; guided by the last SARS
epidemic in 2003, a significant impact on mental health can be expected. In 2003, posttraumatic stress
disorder was the most typical psychiatric condition as its cumulative incidence rate of 30 mo after SARS
was (47.8%) and then depressive disorders were the second most common impact[80]. Healthcare
workers (HCWs) carrying the responsibility to provide care to infected patients and to search for the
best therapies for unknown dangerous pathogens are put under significant stress in addition to being
exposed to infection. Exposure to infected patients necessitates the social isolation of HCWs with its
added psychiatric consequences. When HCWs become infected and turn out to be patients, this change
in their role leads to behavior adjustment challenges, frustration, and feeling of helplessness[81].

Special senses

Anosmia and ageusia (loss of smell and taste, respectively) were reported as frequent symptoms in
patients with COVID-19[82]. In Italy, of 59 patients with COVID-19, 34% self-reported either smell or
taste alteration, and 19% reported both[83]. The same finding was reported by a European multicenter
cross-sectional study that showed that out of 417 mild-to-moderate COVID-19 patients, 85.6% reported
smell dysfunction, and 88% reported taste dysfunction[82]. An American study on 237 COVID-19
patients showed that anosmia was experienced in 73% of subjects before COVID-19 diagnosis, and it
was the initial symptom in about 27% of them[84]. Quantitative smell testing of confirmed 60 COVID-19
patients showed that 98% have some smell dysfunction but not always anosmia[85]. Considering these
symptoms as characteristic early diagnostic features of COVID-19 is controversial as the earlier data
from china did not stress olfactory or taste disorders in COVID-19 patients. The increasing evidence on
the importance of olfactory and gustatory symptoms as a precedent event to the full-blown clinical
disease suggests its use as a clinical screening tool to determine the need for early testing, treatment, or
quarantine of asymptomatic individuals.

Ophthalmic manifestations

COVID-19 transmission through the ocular route remains uncertain[86]. Animal studies showed that
coronaviruses, including SARS-CoV-2, can produce a broad spectrum of ocular manifestations from
diseases that involve the anterior segment, like conjunctivitis and anterior uveitis, to posterior segment
conditions like retinitis and optic neuritis[87]. The human eye has its intraocular renin-angiotensin
system, as ACE2 was detected in the aqueous humor[88]. However, the expression of ACE2 in the
conjunctiva or cornea is not well documented. So, ocular infection through ACE2 should be further
investigated. A Chinese case series showed that about one-third of patients with COVID-19 had ocular
abnormalities. Their ocular manifestations varied between epiphora, conjunctival congestion, or
chemosis and were encountered in patients with advanced systemic manifestations[89]. Few case
reports have described acute conjunctivitis as a presenting symptom of COVID-19 patients[90,91].

Audio vestibular manifestations

Viral infections are well known for causing sensorineural hearing loss. The evidence of inner ear
involvement in COVID-19 patients is scarce and needs further studies. In a recent pilot study that
explored the audiological profile of asymptomatic COVID-19 PCR-positive cases, the authors reported a
significant worsening of the high-frequency pure-tone thresholds, as well as the transient, evoked
otoacoustic emissions amplitudes. This indicates suspected deleterious effects of COVID-19 on the hair
cells in the cochlea, but larger studies and follow-ups of these patients after recovery are pivotal to
determining the exact mechanism and fate of these effects[92]. Furthermore, Fidan and his colleagues
reported a 35-year-old female patient with otalgia and tinnitus. None of the classic COVID-19 symptoms
with no comorbidities upon investigation proved to have acute otitis media, bilateral lung involvement
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in chest X-ray, and positive RT-PCR result for SARS-CoV-2[93].

CONCLUSION

In this review article, we highlighted multisystemic involvement of COVID-19 infection. Involvement of
various body systems and organs apart from the respiratory tract, including the GI, liver, immune
system, renal, and neurological systems have been reported with COVID-19 infection.
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