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On January 7, 2020, it was announced to the world that 
the Chinese Government isolated a new variant of Coro-

navirus (SARS CoV-2).[1] As a result of the rapid and uncon-
trolled epidemic, countries' healthcare systems have shown 
different reactions in surveillance, diagnosis, and treatment2. 
Officials reported that populations were not equally affected 
in terms of the number of cases, severe illness, and death.[2] 
Validated, fast, and reliable laboratory testing opportunities 
are crucial for detecting resources as well as epidemiological 
studies.[3] Currently, the diagnosis of the disease (COVID-19) 
constituted by SARS CoV-2 is being conducted on the sus-
pected patients through the application of oropharyngeal 
swab samples and real-time reverse transcription-poly-
merase chain reaction (RT-PCR) techniques for nucleic acid 
(RNA) test or occasional by testing stool samples.[4] Given the 
necessity for rapid recognition of new cases and consider-
ing the potential inadequacy of COVID-19 tests, accession to 
the test relied on the presence of the typical symptoms of 
COVID-19-associated acute respiratory infection (associated 
cough, fever, and shortness of breath).[5,6]

As of 28 December 2020, 81.000.000 cases have been con-
firmed globally, and approximately 1.770.000 total deaths 
have been reported for COVID-19.[7] The pathogenic mecha-
nisms that engender pneumonia caused by SARS-CoV-2 
appear particularly complex. A rapid and well-coordinated 
immunological response against the viral infection is the ini-
tial defense-line. Notwithstanding, the available data in the 
literature indicate that viral infection can produce an exces-
sive immunological reaction in the host. In some instances, 
the immunopathology called "Cytokine Storm" occurs, lead-
ing to dysfunctional coagulation and deep tissue damage 
(Fig 1).[8] The disease can present itself in a wide variety of 
clinical courses, ranging from asymptomatic cases to cases 
with mild or severe pneumonia, some requiring intensive 
care. Even in uncomplicated (mild) illnesses presenting with 
fever, muscle pain, and upper respiratory tract symptoms, 

mild or severe pneumonia may be present.[8] The involve-
ment of organs besides the lungs is a critical aspect of the 
disease. It is being considered that SARS-CoV-2 is using 
angiotensin-converting enzyme 2 (ACE2) as its cell receptor. 
Apart from the lungs, kidneys, gastrointestinal tract, liver, 
endothelial cells, arterial smooth muscle cells, the organs 
and systems with high expression of ACE-2 receptors would 
be predictable targets for SARS-CoV-2 infection (Fig. 2).[9] 
Confirming these findings, an increasing number of articles 
report extrapulmonary involvement and long-term sequel-
ae of COVID-19.

This review article aims to examine current literature re-
garding COVID-19, identify post-illness sequelae, detect 
patients at risk for sequelae, and provide guidance to man-
agement strategies.

Pulmonary Complications
While the COVID-19 pandemic affecting many systems, 
the most affected one is the respiratory system, and the 
cases that we encounter mostly occur with viral pneumo-
nia. World Health Organization (WHO) estimates that 80% 
of the cases are asymptomatic or mild, 20% of them vary 
in severity with clinical conditions such as respiratory fail-
ure, hyperinflammatory response, thromboembolism, and 
acute respiratory distress syndrome (ARDS).[10] Although it 
is still early to determine the long-term effects of COVID-19, 
it is predicted that respiratory systems are more likely to 
get affected, similar to SARS and middle east respiratory 
syndrome (MERS). In a study investigating the effects of 
SARS disease, people who had the disease were examined 
for one year, and it was found that 23% of these patients 
had impaired lung functions and decreased exercise ca-
pacity.[11,12] In another study in which early SARS cases were 
investigated, pulmonary fibrosis findings were detected on 
computed tomography (CT) in 62% of the cases after 37 
days on average.[13] Among these patients, it was observed 
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that patients with a high risk of developing fibrosis were 
older and had a higher probability of intensive care. In a 
study involving 36 patients who had MERS and survived, it 
has been shown that 33% of the patients had radiological 
findings of pulmonary fibrosis.[14]

In the acute phase of COVID-19 pneumonia, lung dam-
age is considered the result of the inflammatory response 
against viral infection and possible bacterial superinfec-
tion. It is also thought that endothelial dysfunction and 
local thromboembolic events further exacerbate the dam-
ages.[15] In histopathological examinations, intra-alveolar 
and interstitial fibrin accumulation and chronic inflamma-
tory infiltrates were detected a few weeks after diagnosis.
[16] Nevertheless, the remodeling mechanism remains un-
certain in the long-term. When the patients' clinical and 
radiological findings are considered, the long-term effects 
will most likely emerge as interstitial lung disease and pul-
monary vascular diseases. Prolonged cough is a clinical 
condition that is often observed after treatment. During a 
study that investigates 90 cases of COVID-19, it has been 
observed that 94% of patients who undertook lung CT 
scans after 24 days of the disease had alterations in their 
lungs in the form of frosted glass.[17] In another study of 55 

patients evaluated three months after discharge, radiologi-
cal abnormalities were detected in 70.9% of the patients 
and lung function abnormalities in 25.4%. Among the de-
tected dysfunctions, decreased lung diffusing capacity for 
carbon monoxide (DLCO) was the most common.[18]

At this stage, the most wondered question is whether 
these patients with lung CT abnormality after the treat-
ment will develop fibrosis in the lungs in the future, as in 
SARS and MERS. It will be convenient to benefit from the 
experiences of previous coronavirus outbreaks in estimat-
ing its frequency. These studies also indicate that COVID-19 
patients who needed intensive care and recovered will face 
pulmonary fibrosis risk in the future. Another uncertain 
situation is whether these patients will develop bronchiec-
tasis after infection. The other most prevalent clinical prob-
lem we encounter during the disease period of COVID-19 
is thromboembolism. COVID-19has a high risk of venous 
thromboembolism mainly due to endothelial damage.[19,20] 
Patients who experienced acute pulmonary embolism dur-
ing their illness should be followed up closely for pulmo-
nary hypertension afterward. Simultaneously, thromboem-
bolism should be considered in stabilized patients after the 
treatment and have sudden clinical deterioration. There are 

Figure 1. The cell types and cytokines contributing to the cytokine storm in SARS-CoV-2 infection.
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opportunistic infections in clinical practice that we can see 
as complications of the immunosuppressive therapies we 
use during covid treatment. It is not a direct effect of the vi-
rus that we can observe after Covid. In a postmortem study 
conducted after the SARS outbreak, invasive aspergillus 
and Cytomegalovirus (CMV) infections were detected with 
a frequency of 15 percent.[21,22] These infections should also 
be kept in mind in the post-COVID period. When the global 
burden of disease is considered, fibrotic lung illnesses can 
become a crucial public health issue. In this respect, pa-
tients should be delicately followed by clinicians after their 
COVID-19 treatment processes.

Cardiovascular Complications
The primary entrance point of SARS-CoV-2 into the body is 
the ACE 2 receptor. The ACE 2 receptor is found not only in 
respiratory system epithelium cells but also in cardiac myo-
cytes and endothelium cells of the vascular system. There-
fore, it is apparent that the organs of the cardiovascular 

system are also targets of the disease. The direct cytotoxic 
effect of the virus on the respiratory epithelium, myocyte, 
and endothelium cells is the primary mechanism in the de-
velopment of the clinical picture.

Besides that, disruption of the regulatory effect of the ACE 
2 receptor on the renin-angiotensin system, kinin-kallikrein 
system, complement system, and increased inflammation 
and hypoxia are other mechanisms contributing to the 
formation of clinical cascade.[23] Approximately between 
7-20 percent of total Covid-19 cases have cardiovascular in-
volvement during the acute illness period. Cardiovascular 
involvement, which can be seen during the acute disease 
period, can clinically present as myocarditis, pericarditis, ar-
rhythmic events, cardiac insufficiency, venous thromboem-
bolic conditions, coronary ischemia, cerebral ischemia.[24,25] 
The presence of cardiovascular involvement is associated 
with increased mortality rates in the early disease period.

As the COVID-19 disease came into existence recently, the 
effect of the already-existing cardiovascular impairment on 

Figure 2. The systems affected by COVID-19.



10 Sahin et al., Multisystemic Long-Term Sequelae of Covid-19 / doi: 10.14744/ejmo.2021.69960

long-term continuity and mortality rates remains uncertain. 
Notwithstanding, case reports may shed light on the medi-
um and long-term impact. A study conducted by Konar et 
al.[26] revealed that systolic or diastolic dysfunction due to 
cardiac injury continues in the medium term in those who 
survived the acute phase. In a magnetic resonance imaging 
(MRI) study conducted with patients with a history of hos-
pitalization and who went through intensive care due to 
COVID-19, it was observed that inflammatory involvement 
in the myocardium continued on the 70th day.[27] In another 
MRI study, the detection of residual myocardial inflamma-
tion on young athletes with Covid-19 raises concerns about 
the possibility and consequences of long-term permanent 
myocardial dysfunction.[28] Increased inflammation in the 
myocardium can contribute to the development of per-
manent arrhythmias associated with increased mortality 
and morbidity, such as electrical atrial fibrillation and atrial 
remodeling, which can be triggered by hypoxemia and 
myocyte damage.[29] In the acute phase, increased inflam-
mation, endothelium dysfunction, and thrombosis have 
been detected in the pulmonary vascular bed.[30,31] These 
circumstances may cause permanent damage to a certain 
number of patients and trigger pulmonary hypertension 
development. As a result, during the COVID-19 pandemic, 
patients exposed to previous cardiovascular diseases, es-
pecially in the acute disease period of COVID-19, should be 
closely monitored for permanent cardiovascular disorders 
that may develop in the long-term, which is also associated 
with higher mortality and morbidity.

Post Covid-19 Rehabilitation
The long-term sequelae of the critically affected COVID-19 
cases are currently unknown. However, potential sequel-
ae can be envisaged based on a large quantity of litera-
ture similar to post-illness disorders, including ARDS and 
SARS.[32] Rehabilitation strategies should be an integral 
part of COVID-19 management. For COVID-19 patients, 
rehabilitation should be initiated during the early phase 
of the illness and continued with long-term rehabilitation 
programs after discharge.[33] A comprehensive pulmonary 
rehabilitation approach will probably be required due 
to lung complications developing in this patient group. 
Pulmonary rehabilitation programs, including inspiratory 
muscle strengthening, exercise training, drainage meth-
ods, and breathing exercises, will benefit the appropriate 
group of patients.[34] Pulmonary rehabilitation programs 
should be customized by considering advanced age, 
obesity, multiple diseases, and complications.[35] Patients 
should be followed throughout the pulmonary reha-
bilitation process using various technological devices.[36] 
Patients who are hospitalized in the intensive care unit 

mostly remain stationary in a prone position. This situa-
tion may cause muscle atrophies, contractures, impaired 
balance and gait, dysphagia, and consequently, limita-
tions in daily living activities. Patients should be evalu-
ated during hospitalization to prevent these complica-
tions, and appropriate post-discharge rehab strategies 
should be developed.[36] Another aspect that should be 
emphasized in rehabilitation is that this patient group 
may encounter neurological diseases such as critical ill-
ness myopathy, critical illness polyneuropathy, ataxia, and 
cerebrovascular disease.[32,37] Furthermore, the frequency 
of neurological disorders increases in accordance with 
disease severity. This factor should be considered dur-
ing the planning of rehabilitation strategies for patients 
showing neurological effects of COVID-19.[38]

In the forthcoming period, rehabilitation physicians will 
encounter various problems associated with COVID-19 
sequelae and will need to rapidly develop rehabilitation 
strategies. Careful preparation and planning could be sig-
nificant factors to limit the sequelae from Covid-19.

Radiological Findings of Covid-19 Pneumonia Se-
quelae
ITypical thorax computed tomography (CT) scan findings 
of early Covid-19 pneumonia are peripheral patchy and 
nodular ground-glass opacities (GGOs) in both lungs. The 
GGOs may be accompanied by consolidation, interlobular 
and intralobular septal thickenings, pleuroparenchymal 
fibrotic retractions, nodular appearances with reversed 
halo sign. In advanced cases, crazy-paving pattern can be 
observed. Lung involvement predominantly occurs in the 
posterior parts of the lower lobes.[39,40]

Since COVID-19 is a relatively new disease, it has not been 
possible to observe long-term sequelae. In a short-term 
study with 149 patients, it was observed that COVID-19 le-
sions in CT scans completely regressed in 53% of patients 
three weeks after discharge from the hospital. However, it 
was realized that GGOs and fibrous retractions continued 
in 47% of the patients, and the duration for regression of 
the lesions was prolonged in the elderly patients.[41] The 
main limitation of this study is that critically ill patients 
were not included.

In a 2016 study conducted on SARS (severe acute respirato-
ry syndrome) caused by a variant of Coronavirus, Wu et al.[42] 
reported that GGOs and residual lung lesions in the form 
of interlobular and interlobular septal thickening could be 
observed permanently after years from SARS recovery. In 
our clinic, it was observed that during the early four-week 
recovery period of moderate and severe COVID-19 patients 
discharged from the hospital, GGOs turned into thick fi-
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brous retractions and bands (Fig. 3 a, b and Fig. 4 a, b). In 
some of the clinically mild cases, it was noticed that GGOs 
have dulled but not entirely disappeared. Since there is no 
long-term study for COVID-19, it is unclear whether the fi-
brotic sequelae will be fully resorbed and how they will af-
fect the lung functions.

Neurological Problems
As we have a better understanding of COVID-19 in the last 
nine months, it has been revealed that a significant group 
of patients was also experiencing neurological symptoms 
in addition to the conditions described above. As expect-
ed, most of these neurological symptoms were identified 
in the early period of the infection; thereby, there is not 
enough information in the literature about the long-term 
neurological effects of the disease.

Neurological involvement in COVID-19 patients can occur 
solely or couple with respiratory system involvement.[43] It is 
estimated that at least 30% of these patients accompanied 
by neurological symptoms and findings.[44] 25% of these 
are assumed to be associated with the central nervous sys-
tem (CNS).[45] The most common symptoms are headache, 
nausea, and vomiting. Moreover, vertigo, sleep disorders, 
myalgia, seizures, and changes in consciousness have also 
been reported. The earliest neurological findings are smell 
and taste disorders.[46,47] While the majority (85-88%) of 
the mild and moderately affected COVID-19 patients were 
accompanied by smell and taste disturbance, this rate 
decreased to 5-6% in moderately to severely affected pa-
tients.[45] The neurological complications of COVID-19 infec-
tion can be categorized into CNS and peripheral nervous 
system complications. While viral meningitis/encephalitis, 
acute disseminated encephalopathy, cerebrovascular dis-
ease, epilepsy, and spinal cord damage are related to CNS 
problems; hyposmia (disturbance of smelling sense), hypo-
geusia (disturbance of tasting sense), Guillain-Barré Syn-
drome and its variants are the complications are related 
to the peripheral nervous system (PSS). Studies have put 
forth various potential pathophysiological mechanisms re-
lated to how COVID-19 infection affects CNS and PSS. It is 
assumed that viral meningitis develops by direct invasion 
of the CNS, hyposmia, and hypogeusia by direct invasion 
of the PSS. It has been reported that encephalopathy and 
cerebrovascular diseases occur as a result of systemic re-
sponses such as hypoxia, coagulopathy, and inflammatory 
response. Acute disseminated encephalomyelitis, acute 
necrotizing encephalopathy, acute necrotizing myelitis, 
and Guillain-Barré Syndrome are thought to occur as post-
infectious as a result of immune dysfunction.[45,46]

As a result of these mechanisms, the existing neurological 
disease probably will exacerbate, or a new neurological 

picture will emerge in COVID-19 survivors. This risk may ap-
pear as long-term neurological involvement in COVID-19 
patients. For example, it was detected that one-third of 
the COVID-19 patients who were discharged had cognitive 
impairment and motor deficits.[48] There is strong evidence 
showing a high risk of neurological diseases such as Al-

Figure 3. During hospital admission (a). 25th day of discharge (b).

a

b
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zheimer's Disease (AD) after COVID-19. The most prominent 
evidence is that NLRP3 inflammasome associated inflam-
mation impairs the beneficial immune function in the brain, 
causing accumulation of neurodegenerative peptides such 
as fibrillary amyloid-beta.[49] Under these circumstances, it 
is thought that ADs will result in functional deterioration or 
disease progression. COVID-19 can disrupt the blood-brain 
barrier (BBB), leading to many small punctate ischemias. Pa-
tients may show signs of impaired memory and attention 
after discharge. Therefore, COVID-19 patients, especially 
those with a severe course, should be followed up by per-
forming neurocognitive evaluations at specific periods after 
discharge. Other potential long-term neuropsychiatric and 
neurocognitive findings are depression, obsessive-compul-
sive disorder (OCD), psychosis, and Parkinson's disease.[50] 
In recent publications, evidence has been presented that 
there is a new syndrome called Post COVID-19 Neurological 
Syndrome (PCNS) consisting of patients accompanied by 
prolonged muscle weakness and other forms of myopathy.
[51] COVID-19 can cause ischemic cerebrovascular changes 
even in young patients by leading to endothelium dysfunc-
tion and coagulation disorder (DIC). Ischemic stroke risk in 
advanced cases has been identified as 6%.[44]

This risk applies to both arterial and venous cerebrovascu-
lar events. During the subacute period, cases of Guillain-
Barré syndrome and Miller-Fisher syndrome were reported 
3-10 days after COVID-19 symptoms came into existence.
[45–47] Rhabdomyolysis may develop as a late complication 
in COVID-19 patients. Therefore, renal values and muscle 
enzymes should be carefully monitored during the course 
of COVID-19 infection. Headache can be observed in up 
to 40% of patients, but there is no thorough study of its 
type, frequency, and long-term effects.[52] A comprehen-
sive study from Belgium and the Netherlands examined 
asymptomatic cases or patients with mild symptoms by 
tracking 112 hospitalized and 2001 outpatients and de-
tected that COVID-19 patients have suffered from muscle 
pain, dizziness, headache, fatigue, and anosmia for months.
[51] The fatal and severe sequelae of the COVID-19 disease 
have urged clinicians to laboratory and screening studies 
with the concern of making a rapid diagnosis. Neurological 
evaluation is being neglected in this patient group. As a re-
sult, detection of possible early and long-term neurological 
involvement is being delayed, treatment of urgent neuro-
logical conditions such as GBS is interrupted. Therefore, the 
neurological examination must be added to the evaluation 
algorithms of COVID-19 patients.

Psychiatric Problems
COVID-19 has led to the emergence of a new psychiatric 
diagnosis called "Covid Stress Syndrome". The syndrome Figure 4. During hospital admission (a). 28th day of discharge (b)

a

b
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described by Taylor et al.[53] consists of fear of transmission, 
anxiety regarding the socioeconomic status, fears associ-
ated with dissemination of virus by strangers, traumatic 
stress symptoms (nightmares, COVID-19 related imagina-
tions), compulsive control, and reassurance-seeking be-
haviors. While pre-pandemic contamination fear, social dis-
tance, and attention to hand hygiene were associated with 
an increase in compulsive handwashing behavior, it did not 
predict coronavirus anxiety.[54]

As a consequence of the pandemic, it has been reported 
that psychological well-being decreased. In contrast, an in-
crease of anxiety and depression scores were observed in 
the general population compared to the pre-corona era.[55] 

The quarantine method implemented in the control of 
the epidemic brought significant psychosocial problems. 
Significant mental results occur during the quarantine 
period of 1 week or above. The frequency of anxiety and 
depression in individuals in quarantine has been reported 
as 22.4-70.78% and 26.47-30.5.[56,57] In addition, an increase 
in stress-related disorders / post-traumatic stress disorder 
(PTSD), anger, child abuse, and domestic violence has been 
reported.[58] Child maltreatment has been particularly asso-
ciated with parents who lost their job and had depression.
[58] A longer quarantine period was not found to be associ-
ated with depression and PTSD in a local study, while fear 
level and decreased sleep were shown as the most impor-
tant risk factors for psychological distress.[59] In a cohort 
study of 62.354 patients diagnosed with COVID-19, the fre-
quency of any psychiatric disorder was 18.1%. In contrast, 
5.8% had faced a new additional psychiatric issue in the 
evaluation performed 14 to 90 days after COVID-19 diag-
nosis. It is found that those who pulled through COVID-19 
have a higher incidence of psychiatric disorders, dementia, 
and insomnia when compared with other infections.[60] In 
the evaluation of those who had the disease one month 
later, the frequency of obsessive-compulsive symptoms 
was reported as 20% and insomnia as 40%.[60]

In a study carried out by Tomasoni et al.,[61] it was reported 
that approximately one-third of the patients were diag-
nosed with anxiety/depression on average 46 days after 
getting infected by COVID-19. The frequency of PTSD is be-
tween 6.5-31% in patients who have fully recovered via CO-
VID-19 treatment.[62–64] In another study, PTSD is the most 
commonly reported condition among those who had Covid 
19. Gender, stigmatization, and prolonged symptoms (dys-
pnea, chest pain, fatigue) are predictors of PTSD symptom 
severity.[65] Patients who had or having Covid 19 feel iso-
lated more frequently.[66] The disease has been associated 
with loneliness, depression, and suicidal thoughts.[67] It has 
been reported that significant cognitive deficits developed 

in COVID-19 patients who recovered, and these outcomes 
were independent of age, gender, education, ethnicity, 
income, and previous medical illnesses. A 10-year-old re-
gression in global performance and 8.5 points decrease 
in intelligence coefficient were reported in the ventilator-
dependent subgroup.[68] Besides, it has been reported that 
COVID-19 patients experience delirium, agitation, changes 
in consciousness, manic symptoms, and decreased memo-
ry capabilities.[69] Cases of psychotic episodes and catatonia 
associated with COVID-19 have been reported.[70–72]

Psychiatric sequelae that occur in COVID-19 patients are a 
significant cause of disability. The isolation and job losses 
that are the main consequences of the pandemic can affect 
the frequency and severity of mental disorders due to vari-
ous psychosocial factors. We contemplate that the estab-
lishment of post-covid mental support units and fast and 
early treatments can reduce psychiatric sequelae.

Endocrinological Problems
Although there are morbidities affecting many systems in 
COVID-19, the endocrine system is one of the frequently af-
fected systems. The thyroid gland is often affected by other 
diseases. Thyroid functions are affected in many hospital-
ized patients. Especially in critically ill patients, a condition 
that we call euthyroid syndrome occurs due to some rea-
sons such as inhibition of 5'mono-deiodinase, increased 
cortisol levels in response to the disease, and escalation of 
some cytokines as a result of inflammation. In the euthy-
roid syndrome, defects in function tests such as decreased 
serum T3 levels, increased or decreased serum T4 values, 
and decreased TSH values can be observed. In a study con-
ducted on Covid patients, it was shown that approximately 
27.5% of the patients had euthyroid syndrome. It was not-
ed that the syndrome is particularly correlated with the se-
verity of the COVID disease.[73]

One of the most frequently reported situations pertinent to 
Covid is subacute thyroiditis cases. Conditions accounted 
for subacute thyroiditis include viral infections or postviral 
inflammatory processes. Often there are signs of a viral in-
fection beforehand.

Some patients with COVID-19 may suffer subacute thyroid-
itis as an initial symptom, or it can be observed as early as 
one week after the onset of symptoms or in the late pe-
riod after infection.[74–76] In some case reports, it has been 
reported that COVID-19 infection may trigger underlying 
thyroid diseases and cause thyrotoxic attack in the patient 
who is followed up due to remission of Graves, or in pa-
tients who do not have a previous history of thyroid can 
be diagnosed with Graves disease.[77,78] The detection of the 
ACE-2 receptor used by Covid to infiltrate into the cell dur-
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ing the thyroid tissue samples in the pathological examina-
tion of thyroidectomy may explain why the thyroid gland 
is so activated in COVID-19 disease.[79] In the post- COVID 
period, a case of postpartum thyroiditis has been reported 
in a pregnant woman other than subacute thyroiditis. This 
issue should be kept in mind in the post-pregnancy period, 
especially in pregnant women who had COVID-19.[80]

We know that COVID-19 infection is more severe in some 
chronic diseases and leads to a higher mortality rate. Diabe-
tes mellitus is one of those diseases. In a recent comprehen-
sive meta-analysis, it was observed that the mortality due 
to COVID-19 in diabetic patients was two times higher and 
that serious covid infection was observed more frequently 
in these patients.[81] It has been reported that COVID-19 
infection precipitates the acute complications of diabetes 
in diabetic patients, and it has been reported that patients 
apply to healthcare institutions due to diabetic ketoacido-
sis and diabetic hyperosmolar coma. These conditions are 
believed to contribute to the mortality of diabetic patients.
[82,83] In addition to the fact that diabetes patients are more 
vulnerable to covid, the disease has effects on diabetes.

The ACE-2 receptor to which the Coronavirus is being at-
tached is found in structures such as pancreatic beta cells, 
adipose tissue, and kidney. These interactions play a crucial 
role in the pathogenesis of diabetes. One of the pieces of 
evidence supporting this finding is that new-onset diabe-
tes more common among COVID-19 patients. Thereby, in 
the future, we can observe an increase in the risk of diabe-
tes in patients who had COVID-19.[84] Another case report 
supporting this situation is the development of insulin-de-
pendent diabetes in a young patient with covid. Although 
the patient had only a mild risk of type-1 DM due to his HLA 
antigens, diabetes still advanced, and antibody positivity 
was not observed.[85]

In some autopsy studies conducted on COVID-19 patients, 
it has been shown that other endocrine organs might get 
affected. In a study in which the autopsy of 28 patients with 
Covid was evaluated, it was reported that adrenals were af-
fected in 46% of the patients, necrosis in 7 cases, cortical lip-
id degeneration in 4 cases, hemorrhage in 2 cases, and focal 
adrenalitis in 1 case.[86] Primary adrenal insufficiency was re-
ported in a patient with a diagnosis of C OVID-19, and it was 
assumed that this situation might be a result of the thrombo-
inflammatory effects of COVID-19.[87] Another example of ad-
renal involvement is the adrenal hemorrhage cases reported 
in covid patients. In another case report, adrenal infarction 
due to COVID-19 infection has been reported.[88–91]

Although there is not much publication on hypophysis and 
hypothalamic involvement in COVID-19 patients, the oc-
currence of diabetes insipidus in a patient with COVID-19 

infection and its improvement with vasopressin have 
shown that there is central diabetes insipidus diagnosis.
[92] The authors thought that this involvement developed 
as a result of hypoxic encephalopathy. Therefore, we may 
encounter insufficiencies due to possible hypophysis and 
hypothalamic involvement in these patients in the future.

Hematological Problems
Hematological issues are quite common among the pa-
tients with COVID-19 infection. During the admissions to 
the health institution, the patients infected with COVID-19 
usually have leucopenia, lymphopenia, or elevated pe-
ripheric neutrophil levels.[93] Despite venous thrombo-
embolism (VTE) is occasionally mortal, it is a curable syn-
drome. Deep vein thrombosis (DVT) that develops in the 
deep veins of the lower extremities can lead to pulmonary 
embolism. Nowadays, DVT and pulmonary embolism are 
being referred to by the common name VTE. Recently, it 
has been recognized that inflammation plays a significant 
role in the development of VTE. COVID-19's course, accom-
panied by excessive inflammation, platelet activation, en-
dothelial dysfunction, and stasis leads to an important pre-
diction for VTE development. Interestingly, VTE has been 
reported to occur even in COVID-19 cases under therapeu-
tic anticoagulation. These findings show the thrombogenic 
character of COVID-19. The risk of developing VTE during 
COVID-19 ranges from 19% to 25%.[94] A study conducted in 
China reported that 40% of COVID-19 patients are at high 
risk for VTE.[95] During a study performed in Spain where pro-
phylactic heparin was applied to 156 COVID-19 patients, 23 
people (14.7%) had asymptomatic DVT. Furthermore, only 
one of the patients with DVT had a proximal variant, where-
as others were distal DVT, and bilateral DVT was detected 
in seven (4.5%) cases.[96] The existing data that we have re-
veals the close association of COVID-19 with susceptibility 
to hypercoagulability. A retrospective analysis of 21 death 
cases in COVID‐19 patients shows that 71% of patients who 
lost their lives due to disease have also developed DIC. DIC 
emerged four days after the hospitalization on average. 
Patients that survived COVID-19 had DIC incidence of 0.6 
percent.[97] The evidence suggests that acute coagulation 
disorders and DIC are common in severe SARS-CoV-2 in-
fection cases, and acute coagulation disorders and DIC are 
significant risk factors for increased in-hospital mortality.

Therefore, particular attention should be given to the early 
diagnosis and treatment of these acute hematologic condi-
tions to improve patient survival rates.[98,99]

Gastroenterological Problems
At present, there is very limited data on the impact of 
COVID-19 infection on gastrointestinal (GI) functions.
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In a retrospective study conducted in Wuhan, China, it has 
been shown that GI symptoms were not common among 
investigated 1099 patients; only 5% of the patients expe-
rienced nausea and vomiting, while 3.8% of patients had 
diarrhea.[93] (1). With that said, a significant proportion of 
COVID-19 patients who had atypical clinical pictures who 
applied to the hospital had GI symptoms.[100] In a separate 
study, it was shown that test results for circulating levels 
of liver function such as serum transaminases, bilirubin, 
LDH, and prothrombin time (PT) were significantly higher 
in COVID-19 patients admitted to the intensive care unit 
compared to patients followed in the service section.[101] 
Similar results were confirmed by Wang et al.[102] In a study 
of 138 COVID-19 patients without chronic liver disease ad-
mitted to the intensive care unit. The COVID-19 pandemic 
also causes significant problems in the management of pa-
tients with a liver transplant. Transplant recipients are more 
susceptible to SARS-CoV2 infection, and the course of the 
disease is more severe in that particular patient group.[103] 
In a case report, it has been reported that multiple noso-
comial infections have been developed rapidly during a 
short hospital stay in a transplant recipient with COVID-19.
[104] Studies have shown that SARS-CoV-2 infects the GI 
tract through angiotensin-converting enzyme II, which is 
expressed in the ileum and colon enterocytes. Viral RNA 
was also isolated from stool samples of COVID-19 patients, 
which increased the anxiety of transmission through a fe-
cal-oral route, in addition to droplet transmission.[105] A sys-
tematic meta-analysis showed that 10% of the patients ap-
plied with sole GI system symptoms without any respiratory 
symptoms. Moreover, patients who applied with GI system 
involvement have received delayed diagnosis alongside 
having a tendency to have a worse disease process.[106] As 
a result, an increase in morbidity and mortality can be ob-
served in the GI system due to COVID-19 infection. Among 
these patients in which GI symptoms and liver damages are 
not rare, cases with COVID-19 with existing GI system dis-
ease should be examined and followed delicately.

Nephrologic Problems
Kidneys are among the most susceptible extrapulmonary 
organs to COVID-19, especially in severe patients.[107] Retro-
spective studies of patients affected by the SARS outbreak 
that erupted in 2013 have shown that kidney damage is 
mainly characterized by tubular damage, increased se-
rum creatinine, and urea nitrogen concentrations. A recent 
study of 59 COVID-19 patients (approximately 50% had se-
vere sickness) showed that mild proteinuria was the most 
common kidney abnormality in these patients.[108] In addi-
tion, approximately 30% of these patients also had high 
urea nitrogen levels, and almost 20% had elevated serum 

creatinine levels.[109] Acute kidney injury (AKI) development 
among COVID-19 patients has been reported at substan-
tially varying rates ranging from 0.1% to 29% in different 
studies, and there is no consistency between studies. This 
variability may be attributed to the fact that the AKI mecha-
nism engendered by COVID-19 is not yet understood suffi-
ciently.[93,110,111] It is considered that the virus binding to the 
ACE-2 receptor, which is highly expressed in renal tubules, 
causes glomerulopathy, acute tubular necrosis, and pro-
tein leakage in the Bowman Capsule. AKI may also be con-
sidered as a result of both hypoxia caused by respiratory 
distress syndrome (RDS) and septic shock caused by SARS-
CoV-2.[112] Autopsy researches has shown that renal endo-
thelium is affected and may be accounted for proteinuria.
[113] SARS-CoV-2 particles in renal endothelial cells may also 
suggest viremia as a possible inducer of renal endothelial 
damage resulting in AKI.[114] Since COVID-19 is a relatively 
new disease, we continue to observe long-term sequelae. 
In a recent large meta-analysis, the prevalence of pre-exist-
ing chronic kidney disease (CKD) in COVID-19 patients was 
5.2%. The most common renal complication was electro-
lyte disturbances (in particular hyperkalemia) with an inci-
dence of 12.5% followed by AKI with an incidence of 11.0%; 
groups with a higher prevalence of CKD had a higher inci-
dence of AKI, and 6% received renal replacement therapy.
[114] Those with nephrological damage such as COVID-19-re-
lated AKI, especially during the acute illness period, have a 
higher risk of developing progressive CKD subsequent to 
resolution of the viral infection. These patients should be 
regularly monitored for permanent nephrological diseases 
that may develop in the long-term and are associated with 
increased mortality and morbidity.

Pneumothorax
COVID-19 mainly affects the lungs and causes typical 
symptoms such as fever, cough, and shortness of breath. 
Pneumothorax (PNX) is a rare condition in computed to-
mography captured during the initial evaluation.[115–117] In 
COVID-19, PNX mostly emerges due to pre-existing lung 
disease such as pneumonia, but severe strain during per-
sistent cough can also cause Pneumothorax.[118] The stud-
ies on COVID-19 patients show that only 1% of the patients 
have Pneumothorax during the application for hospitaliza-
tion. It can emerge in 2% percent of patients that require 
hospitalization, and the rate of PNX was reported to be 
15% in patients ventilated due to barotrauma.[119] Dyspnea 
is a common symptom of severe COVID-19 pneumonia and 
pneumothorax. It should be kept in mind that acute dete-
rioration with rapid oxygen desaturation in a COVID-19 pa-
tient may indicate pneumothorax. Clinically, in cases where 
pneumothorax is suspected, the exact diagnosis is made 
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through posteroanterior chest radiography. The develop-
ment of pneumothorax is a severe prognostic indicator 
during coronavirus infection.[119–122]

Tube thoracostomy should be performed effectively and 
rapidly in patients diagnosed with pneumothorax. Recent-
ly, SARS-CoV-2 viral RNA has been detected in pleural fluid 
during autopsies.[123,124] Therefore, protective equipment 
should be provided to clinicians for aerosol-generating 
procedures during chest drain insertion. As new generation 
digital drainage systems can be used, it is recommended 
to connect the drainage circuit to the wall extraction unit 
after tube thoracostomy and use filters to curb viral spread 
to reduce the risk of contamination.[125,126] In spontaneous 
pneumothorax, the recurrence rate after tube drainage in 
the first episode is 10-21%, after the second episode is 50%, 
and after the third episode, it reaches 80%. A rise in the fre-
quency of PNXis was also predicted in patients who under-
went oxygen therapy and/or tube thoracostomy during 
Covid 19 disease. Therefore, cases developing PNX during 
COVID-19 should be followed closely and delicately.

Ophtalmology and COVID-19
It is known that Coronaviruses cause a wide range of ocu-
lar complications, from anterior segment pathologies such 
as conjunctivitis and anterior uveitis to vision-threatening 
conditions such as retinitis, optic neuritis, choroiditis, and 
retinal vasculitis.[127] ACE2, the binding receptor for SARS 
CoV-2 (COVID-19) to enter host cells, is located in the con-
junctiva and makes the eye a desirable entry site for Covid.
[128] So far, ocular involvement of SARS CoV-2 has been re-
ported as an early indicator of the infection in many cas-
es.[129,130] It is also considered to be an indicator of severe 
COVID-19.[131] Clinical findings of ocular COVID-19 is com-
patible with acute follicular conjunctivitis alongside con-
junctival hyperemia, chemosis, follicular reaction under the 
lid.[132,133] In a study, 12 of 38 clinically confirmed COVID-19 
cases (31.6%) reported acute conjunctivitis symptoms, yet 
only two patients were positive after collection of con-
junctival samples and nasopharyngeal swabs.[131] Posterior 
segment ocular involvement has not yet been reported 
in COVID-19, but retinal abnormalities such as retinal vas-
culitis, retinal degeneration, and blood-retinal barrier dis-
ruption have been reported in previous CoV infections.[134] 
Marinho et al.[135] reported that there were hyperreflective 
lesions compatible with the ganglion cell layer and inner 
plexiform layer at retinal nerve layer infarction in optical 
coherence tomography (OCT) taken ensuing the symp-
toms of 12 adult COVID-19 patients disappeared. Howev-
er, the results of this study were later examined by other 
researchers and reported that the OCT findings belong to 
normal healthy vascular structures.[136] In a study with op-

tical coherence tomography angiography (OCTA) on 80 
COVID-19 patients and 30 control group members, Savas-
tano et al.[137] identified a reduced perfusion density of the 
radial peripapillary capillary plexus in COVID-19 patients in 
comparison to age-based controls. In the OCTA study con-
ducted by Abrishami et al.[138] on COVID-19 patients, a de-
crease in blood flow in superficial and deep capillary plexus 
was reported.

COVID-19 has been associated with an increased incidence 
of systemic diseases such as Diabetes Mellitus and Kawasa-
ki disease, which are particularly relevant to ophthalmolo-
gists due to potentially severe ocular symptoms.[139,140] Due 
to risk factors such as intensive care unit patients, invasive 
mechanical ventilation, prone position, and exposure to re-
sistant bacteria, covid patients may experience ocular sur-
face disorders and secondary infections.[141] The use of hy-
droxychloroquine and chloroquine has raised concerns due 
to their retinal toxic effects. With that said, the risk of retinal 
toxicity from short-term use of high dose antimalarial is still 
unknown. Ocular side effects have also been reported with 
other investigational drugs such as lopinavir-ritonavir, in-
terferons, interleukin-1, and interleukin-6 inhibitors.[142]

To conclude, the possible ocular complications and effects 
of SARS CoV-2 are uncertain, and more comprehensive large 
case series studies are required to understand further details.

Otorhinolaryngology and COVID-19
It is a known fact that coronaviruses have neurotrophic 
and neuroinvasive features. We encounter smell and taste 
disorders, dizziness, tinnitus, and hearing loss in otorhino-
laryngology due to these qualities. Smell disorder, which 
has been shown to affect the life quality and cause an in-
crease in the incidence of depression, has been detected 
in 30-70% of SARS COV-2 positive patients.[143–147] While 
the less frequent but prolonged smell and taste dysfunc-
tion were seen in SARS disease in 2004-2005, the majority 
of COVID-19 patients' (%90>) smell and taste dysfunction 
are improved in 2 weeks after the onset of dysfunctions.
[148,149] A study showed that 98% of the patients with the 
complaint of smell disorder resolved within 28 days, and no 
signs of permanent smell and taste disorders were found.
[150] The presence of smell disorder symptom, which is more 
common among hospitalized patients, especially in wom-
en and young patients, is an indicator of a good prognosis 
for the disease.[150,151]

It has been shown in previous studies that viral infections 
have an important role in the etiology of sudden senso-
rineural hearing loss.[152] The initial article that mentions 
sensorineural hearing loss in SARS CoV-2 was published by 
Sriwijitalai. A patient with an improved clinical condition 
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resulting from treatment is presented, yet no signs of im-
provement in the hearing loss were indicated.[153] Rhman 
et al.[154] achieved a partial recovery with intratympanic 
steroid in an asymptomatic COVID-19 patient with senso-
rineural hearing loss. During a study performed in Turkey, 
five patients with a symptom of sudden hearing loss have 
undertaken PCR tests, and one patient is diagnosed with 
SARS-COV-2.[155] In another study, when pure tone audiom-
etry and transient evoked otoacoustic emission (TEOAE) 
results of 20 asymptomatic CoV-PCR positive patients were 
compared with the control group; higher hearing thresh-
olds and lower TEOAE amplitudes were detected at higher 
frequencies in COVID-19 patients.[156] In the case present-
ed by Degen, he detected a bilateral sensorineural hearing 
loss in a COVID-19 patient treated in the intensive care unit, 
and he provided hearing rehabilitation with a cochlear im-
plant in the patient who could not recover with intratym-
panic steroid therapy.[157]

Koumpa et al.[158] used oral and intratympanic steroids to 
tackle sensorineural hearing loss in a COVID-19 patient, 
yet they could not achieve a noteworthy hearing gain. On 
the other hand, Cui C. et al.,[159] presented a case of a pa-
tient with dizziness and instability. They reported that they 
added betahistine to their treatment to resolve dizziness in 
this patient who has been previously treated for respiratory 
system symptoms. Garcia-Romo et al.[160] presented young 
male patients who applied due to dizziness that started one 
week after the onset of Covid symptoms and horizontal nys-
tagmus accompanied by intermittent rotator component. 
Chirakkal et al.[161] reported a case of a young female patient 
who applied with tinnitus and had completed the COVID-19 
treatment and revealed that COVID-19 infection has harmful 
effects on the outer hair cells in the cochlea.

What is more important than all these ailments and can 
lead to mortality is that patients with head and neck cancer 
cannot reach diagnosis and treatment due to COVID-19. In 
head and neck cancers, as the time between diagnosis and 
treatment prolongs, chances of disease-free survival de-
creases. For this reason, in head and neck surgeries, the pe-
riod between the patient's application to the clinic and her/
his treatment should not exceed one month.[162] Despite all 
the efforts of otorhinolaryngologists, it will be challenging 
to understand whether this condition is fulfilled during this 
pandemic process, where almost all hospitals work above 
their capacities, and doctors work outside their field of 
expertise, and patients cannot apply to the relevant com-
plaint departments.

Urology and COVID-19
It is known that male genital organs are affected by viral 
infections such as mumps, hepatitis, zika, and human im-

munodeficiency virus (HIV). Various complications disrupt-
ing the blood-testis barrier (BTB) have been reported in the 
viremic period.[163–165] Disruption of the BTB results in the 
development of autoimmune disorders, leading to defec-
tive spermatogenesis and infertility.[166] It has been shown 
that ACE2 is highly expressed in seminiferous tubule cells, 
spermatogonia, and Leydig and Sertoli cells of the testis by 
single-cell RNA sequence analysis.[167] SARS-CoV-2 infection 
can affect several mechanisms of male genital organs. 

1. The virus binds directly to the ACE2 receptor, causing 
epididymoorchitis and impairing testicular function.

2. Similar to other viral orchitis, SARS-CoV-2 can pass 
through the BTB, causing autoimmune orchitis with im-
mune response.[168]

3. High fever entailed by the disease may cause apoptosis 
of meiotic germ cells by raising the temperature of the 
testicles.[169]

4. In addition, segmental vascularization in the testicles of 
COVID-19 patients associated with coagulation abnor-
mality may be responsible for the orchitis-like picture.[170]

Li et al.[171] detected SARS-CoV-2 positivity by RT-PCR in se-
men samples of 6 of 38 COVID-19 patients in the acute and 
early recovery stages of the disease. In a separate study, 
none of the 34 patients that recovered from the disease in 
one month after the diagnosis of COVID-19 had SARS CoV-2 
in their semen, yet six patients had a scrotal condition sup-
porting viral orchitis in the acute phase.[172] Furthermore, in 
the research conducted by Holtmann et al.,[173] SARS-CoV-2 
RNA was not detected in semen of healed and acute Covid 
19 (+) men. However, they observed that semen parame-
ters were impaired in patients with moderate infection, 
while they concluded that it was not possible to affect tes-
ticular and epididymis function in mild infection. On the 
other hand, in the autopsy of 6 men who died from SARS 
infection, symptoms of orchitis such as widespread germ 
cell destruction with little or no sperm in the seminiferous 
tubules, thickened testicular basement membrane and 
lymphocyte infiltration in the interstitial tissue, peritubular 
fibrosis, and vascular congestion were detected.[174] Simi-
lar findings such as severe seminiferous tubular damage, 
reduced Leydig cells, and mild lymphocytic inflammation 
were also observed in postmortem examinations of men 
with COVID-19.[175]

The effects of COVID-19 on male genital organs and fer-
tility are controversial; there is a need for methodologi-
cally well-planned controlled studies in which a sufficient 
number of patients are evaluated, semen samples are ex-
amined in different stages of the disease, and hormonal 
functions are analyzed.
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Dermatology and COVID-19
Skin lesions can be observed in COVID-19 disease.[176] The 
estimated prevalence of skin findings in COVID-19 is 5.69%. 
Symptoms include viral exanthema-like rash, maculopap-
ular rash, vesiculobullous lesions, urticarial lesions, chil-
blain-pernio-like lesions, livedo reticularis, finger-toe gan-
grene.[177] Vesicular rashes may indicate the early diagnosis 
of COVID-19, acral lesions can be used epidemiologically, 
vasculitis-like rashes can be used as prognostic factors.[178]

Apart from the symptoms observed in the course of the 
disease, side effects of drugs given during the treatment 
can be seen on the skin.

The use of hydroxychloroquine in COVID-19 patients may 
cause induction, deterioration, or relapse of psoraisis.[179] 
Discontinuation of immuno-suppressive therapy in psori-
asis patients diagnosed with COVID-19 can also cause ex-
acerbation of psoriasis.[180] This situation causes increases 
in morbidity. Systemic drugs such as methotrexate, cyclo-
sporine, anti-TNF, and other biological smart drugs used 
in severe cases in psoriasis patients may have to be dis-
continued due to COVID-19 infection.[181] The cessation of 
treatment may cause very severe psoriasis attacks and joint 
involvement after COVID-19 infection.

Nonmelanoma skin cancers are the most common cancer 
among humans, and the primary tumor's surgical excision 
is the best treatment. Malignant melanoma is a more ag-
gressive variant of cancer, and surgical excision is important 
before metastasis develops. Delay in diagnosis leads to a 
missed treatment opportunity.[181] The intensity experienced 
due to COVID-19 makes it difficult for patients to reach a 
specialist, and the diagnosis is delayed in patients who do 
not apply to the hospital with the concern of infection.

These conditions may cause an increase in morbidity and 
mortality in patients. Additional dermatological lesions 
may be seen after COVID-19 infection, and additional 
treatment is required for patients. Acral ischemia and gan-
grene may emerge in patients that are under scrutiny in 
COVID-19 intensive care units.[181] This situation may cause 
post-Covid permanent limb loss. In some of the post-Covid 
patients, pre-existing atopic dermatitis, psoriasis, and rosa-
cea illnesses have aggravated.[181,182] Therefore, an increase 
in dermatological morbidity and mortality can be seen due 
to COVID-19 infection. COVID-19 patients with existing skin 
illness should be followed carefully.

Gynecology and COVID-19
ACE-2 mRNA transcripts were detected in ovaries, especial-
ly in women of reproductive age and the menopausal pe-
riod. It was found that ACE-2 receptors are high in ovaries. 
Hence, ovaries and oocytes could be the potential target of 

Covid-19.[183,184] ACE-2 induces steroid synthesis and facili-
tates follicle development, contributes to oocyte matura-
tion and follicular atresia, affects ovulation, and maintains 
the continuity of the corpus luteum.[185] In females, a severe 
acute illness may alter the hypothalamic-pituitary-gonad-
al (HPG) axis function, and reduce the endogenous pro-
duction of Estrogen and Progesterone. Until now, there 
are no published studies available examining the effect of 
COVID-19 on female patients' hormone levels. To investi-
gate the effect mentioned, there is a necessity for the ex-
amination of long-term data of infected women, as well as 
additional studies must be conducted.

Covid 19 may also have a negative effect on reproduction 
by affecting the thyroid function and causing cycle irregu-
larities in the acute and chronic periods on ovulation and 
reproductive system.[186]

According to Genecards data, ACE 2 was also detected 
in the breast tissue. Covid test was found positive in the 
breast milk of all 3 Covid-positive mothers. These findings 
show us that transmission of the virus is possible through 
breast-feeding[187] and the transmission of the virus is within 
the bounds of possibility through breastfeeding. Covid-19 
also raises infection risks in pregnant women and fetuses, 
premature birth, fetal distress, premature rupture of mem-
branes, and cesarean. Considering that the virus affects 
the ACE-2 receptors in pregnant women with COVID-19 
disease, it is considered that preeclampsia eclampsia, in-
trauterine growth restriction, and fetal distress may devel-
op in pregnant women. When it is taken into account that 
vasculitis is one of the long-term complications, it is also 
assumed that recurrent pregnancy loss, development of in-
trauterine growth restriction, pregestational or gestational 
hypertension may also occur in later pregnancies.

Epigenetics and COVID-19
Epigenetic modifications (e.g., histone acetylation, DNA / 
RNA methylation, non-coding RNAs mediated regulation) 
that responsible for the regulation of gene expression play 
an important role in elucidating the existential threat en-
gendered by the SARS CoV-2 pandemic and its major com-
plications in humans.[188] The patient's age, gender, current 
health status, as well as genomic and epigenomic data are 
effective on the severity of the Covid 19 disease, the course 
of the disease, and the long-term sequelae that emerge af-
ter the disease.[189,190] As discussed many times in the article, 
differences in DNA methylation motifs on the ACE-2 gene, 
which is the receptor of SARS-CoV-2, and post-translational 
changes in histone proteins are associated with the devel-
opment of different pathophysiological processes in each 
SARS CoV-2 patient.[191,192]
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Although there is not much data on the long-term effects 
of Covid 19, the symptoms that occur after the healing 
process are not directly caused by the virus, but are a re-
flection of the inflammatory response and coagulopathies 
of the body to heal during the disease process. In cases 
of COVID-19 induced coagulopathies, uncontrolled NET 
(neutrophil extracellular trap) formation causes respirato-
ry failure, thrombosis, sepsis, acute cardiac injuries, and 
heart failure.[193] NET irregularity is considered to engen-
der symptoms after the disease. In many diseases, imbal-
ances have also been reported in the genetic and epigen-
etic factors that govern NETosis that neutralize pathogen 
infestation.[193,194] Post-translational modifications, includ-
ing histone citrulation and histone deacetylation in neu-
trophils, have been reported to affect neutrophil apopto-
sis.[195,196] With regards to understanding the pathologies 
that develop after Covid 19 mediated by NETs, it may be 
important to comprehend the molecular mechanism of 
NETosis associated with the disease. Defining the epigen-
etic regulation after Covid 19 infection will shed light on 
the complexity caused by the disease.

Global Burden and Future Prospects
The COVID-19 pandemic dominates the global agenda, 
and given its abruptness, it has deeply affected the health, 
economy, and education infrastructures of countries. In 
this study, our foremost ambition was to draw attention 
to the significant increase in morbidity after COVID-19 dis-
ease. Vaccination studies are ongoing to end the epidemic, 
and approved vaccines are put into practice. With that said, 
the vaccines developed for COVID-19 will have a consider-
able cost to countries. Moreover, the exact duration of im-
munity ensured by these vaccines is currently ambiguous. 
Hence, even if all societies are vaccinated, there might be a 
necessity for re-vaccination in the future. It should be antic-
ipated that the additional costs based on this assumption 
would create an excessive burden on the economies of low 
and middle-income countries, thus causing problems in 
the accession to the vaccine of citizens of these countries.

COVID-19 is not a simple upper respiratory tract infec-
tion. As stated in our study, COVID-19 is a multisystemic 
disease that affects many organs and systems, especially 
the respiratory and circulatory systems, and can leave per-
manent sequelae in these organs and systems. In patients 
discharged from the hospital after COVID-19 treatment, 
problems that require rehabilitation such as breathing 
problems, weakness, speech, swallowing, nutrition disor-
ders, post-traumatic stress disorder, and memory prob-
lems are still being observed.[197]

It is obvious that these problems will create a serious bur-
den on individuals and the health systems. This burden 

will be felt even heavier by disadvantaged individuals, es-
pecially those with low income, the elderly, the disabled, 
who do not have health insurance and have limited ac-
cess to the health system.[198] Moreover, it is recognized 
that the COVID-19 pandemic has negative social and 
negative consequences in all countries. Within the pan-
demic context, different measures implemented such as 
curfews, travel bans, closure of various shops (e.g., bars, 
restaurants, cinemas), and restrictions on tourism activi-
ties almost completely halted economic activities.[199] It 
is vital to conduct comprehensive planning to prevent 
problems that may develop after COVID-19 and manage 
public health consequences.
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