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Abstract
Introduction: COVID-19 exposes patients to new, recurrent, or ongoing conditions that affect their health. Patients experience dif-

ferent symptoms that can last beyond 12 weeks after first being infected with COVID- 19 (Post Covid-19 syndrome). Even the acutely
asymptomatic patients later developed Post Covid-19 syndrome. These circumstances can present as diverse types or combinations
of health problems for different lengths of time.

Methods: This is a cross-sectional study of 217 SARS‐CoV‐2 laboratory‐positive patients (SARS‐CoV‐2+) between March 2020 and

July 2021. Inclusion criteria: all patients 18 years and older with a previous diagnosis of COVID-19. Charts were reviewed to find
patients with persistent problems after a COVID-19 infection or new diagnosis during the acute infection that persisted or appeared

12 weeks after having a SARS-CoV-2 positive test. Also, we designed a population-based survey to assess the persistence of the symptoms. No protected health information was collected, and verbal consent obtained.

Results: Of 217 patients included in the study, the median age was 68 years old, and the most common long terms effects of COVID-19
were anosmia and ageusia at 15.7% followed by dyspnea with 7.8%. Depression was diagnosed in 6% of patients. Cardiopulmonary,
neurologic, and gastrointestinal symptoms were also found to be present in several patients.

Conclusions: COVID-19 may cause multiorgan system impairment with many survivors experiencing cardiovascular, respiratory,
neurological, psychiatric, and gastrointestinal system compromise.
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Introduction
Coronaviruses are one of the most prevalent human and animal pathogens. At the end of 2019, a novel coronavirus was identified as

the cause of a cluster of pneumonia cases in Wuhan, a city in the Hubei Province of China. As this novel coronavirus spread, it resulted in an
epidemic through China, which led to a rapidly increasing number of cases internationally. The virus that causes COVID-19 is designated

as a severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2); previously, it was referred to as 2019-nCoV [1]. The spectrum of
symptomatic infection ranges from mild to critical, with more infections being mild [2]. While most infections are minor, some require

hospitalization. In a study that included 2741 patients who were hospitalized for COVID-19 in a New York City health care system, 24%,

died or were discharged to hospice. 60% of the patients who received invasive mechanical ventilation died, 13% were still ventilated and
16% were discharged by the end of the study [3].

There is a misconception that patients with COVID-19 recover within a couple of weeks, but this is not always the case. There is no

absolute definition of post-Covid-19 syndrome. It is believed to be an illness among patients who have recovered from Covid-19 but still
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have ongoing symptoms or symptoms lasting longer than normally expected. Long-term consequences of COVID-19 have been determined
by the CDC as they refer to the long-term symptoms people may experience after recovering from the disease. As the world is still fighting
against the COVID-19 pandemic, it is still early to determine the full picture of the long-term complications of this devastating disease [4].

Several symptoms that have been reported which include; fatigue shortness of breath, cough, joint pain, myalgia, brain fog, headache,

anosmia and hypogeusia, dizziness, palpitations, chest pain, depression or anxiety, fever, multiorgan effects like multisystem inflammatory
syndrome (MIS) [4-6].

These long-term complications are sometimes referred to as Long COVID-19 or long-haul COVID-19 [7]. This category of patients

represented about 10% of people according to WHO report and there is a growing concern over it [8]. As some countries recover and

others are still suffering from the devastating COVID pandemic crisis, the COVID consequences might be considered as another public
health crisis [9,10].

The presence of symptoms beyond 3 weeks from the initial onset of symptoms is currently defined as post-acute COVID-19, while

chronic COVID-19 can be defined as extending the symptoms beyond 12 weeks [11]. The post-acute COVID-19 syndrome is observed

among patients who had severe illness, as well as it has been reported by patients who had milder form of the disease [12,13]. Another
notable complication is the community acquired pneumonia which requires multiple outpatient physician visits became more prominent
among COVID-19 long-haul [14]. Because of the wide variety of the post COVID-19 symptoms, the need for an interdisciplinary approach
has been emphasized [15].

We present a cross-sectional study on the prevalence of the long-term complications of COVID 19 from 217 patients that were

seropositive for COVID 19.
Manifestations

The results of an 8-month follow-up study showed that 26% seropositive vs 9% seronegative reported at least 1 moderate to severe

symptom lasting for at least 2 months (RR, 2.9 [95% CI, 2.2 - 3.8]) and 15% vs 3% reported at least 1 moderate to severe symptom lasting
for at least 8 months (RR, 4.4 [95% CI, 2.9 - 6.7]). In the seropositive group, the most common moderate to severe symptoms (for at

least 2 months) were anosmia, fatigue, ageusia, and dyspnea. 2-15% of the participants of the study reported their long-term symptoms
moderately to markedly disrupted their work, social, and home life [16].

Another 2 months follow up study showed that only 12.6% were completely free of any COVID-19-related symptoms, while 32%

had 1 or 2 symptoms and 55% had 3 or more. None of the patients had fever or any signs or symptoms of acute illness during follow

up. Worsened quality of life was observed among 44.1% of patients. The commonly reported symptoms were fatigue (53.1%), dyspnea
(43.4%), joint pain, (27.3%) and chest pain (21.7%) [5].

Cardiovascular [Chest pain, shortness of breath, Palpitations, fatigue]
A cardiovascular magnetic resonance imaging follow-up for patients recently recovered from COVID-19 revealed that the most

prevalent abnormality was myocardial inflammation (defined as abnormal native T1 and T2 measures) [6,17]. A notable change has been

detected in (60%) of patients recently recovered from COVID-19, followed by regional scar and pericardial enhancement. “Viral Sepsis”
believed to be the factor behind the observed changes, which was associated with significant rise of troponin T levels and diffuse cardiac

inflammation [18,19]. Cardiac viral sepsis might be the underlying cause of the long-term consequences of COVID-19 [6,20], including
significantly reduced ejection fraction, dyspnea, and chest pain [5,21].
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Completely recovered COVID-19 patients have been followed-up for 3 months after discharge has shown that (64%) had persistent

symptoms and (71%) had radiologic abnormalities consistent with pulmonary dysfunction [13]. Pulmonary fibrosis and evidence of
interstitial thickening were the prominent findings [22].

In (75%) of the recovered patients after 3 months, pulmonary function tests changes have been observed. These changes included:

decline in FEV1/FVC ratio, decreased diffusion capacity for carbon monoxide (DLCO) [15.5 - 43.6% of patients], reduced lung volumes
(TLC, RV and VC), diminished respiratory muscle strength [50% of patients] and a shorter 6-minute walking distance (6MWD) test. Global
concerns are raised regarding the assessment of lung injury for discharged COVID-19 patients [23].

Neurologic, Cognitive and Psychiatric [brain fog, headache, Anosmia, Hypogeusia, dizziness, hearing loss, bell’s palsy, depression,
or anxiety]
The most reported long-term neurologic symptoms after COVID-19 are headache, vertigo, and chemosensory dysfunction as anosmia

and ageusia [13]. It is believed that the viremia associated with COVID-19 has a penetrating capacity to the brain tissue, leading to
endothelial dysfunction. Also, it might be due to direct invasion of the olfactory nerve through trans synaptic spread [24,25].

Although grave consequences such as stroke, encephalitis, seizures, and other conditions such as major mood swings and “brain fog”

have been reported up to 2 to 3 months after initial illness onset, all have been reported as uncommon [24,26].

Headaches can affect up to one-third of diagnosed patients, but prevalence varies in different reports. It was found in 21 clinical studies

and 8 meta-analyses that the frequency of headache associated with COVID-19 was 5.6% to 70.3% of cases [24,27].

Anosmia and Ageusia (chemosensory dysfunction) are also reported among the COVID-19 patients with a prevalence of 5.6%

hypogeusia, 5.1% hyposmia [28], and 19.4% - 88.0% reported another chemosensory dysfunction [24,29,30].

There have only been a few cases reported of sudden onset sensorineural hearing loss in patients with no previous otologic problems

and their only current medical condition at the time of sudden hearing loss was the diagnosis of Sars-Cov-2. In all cases there was no clear

etiology, but it is significant to consider COVID-19 as the possible causative agent as it binds to the ACE-2 receptor found in the auditory
canal [31-33]. In patients with sudden onset sensorineural hearing loss, cell injury is induced by the release of cytokines and increase
inflammation processes. Histopathology of the disease presents with loss of hairy cells without infiltration suggesting the pathology to be
related with a stress process [34].

Facial nerve palsy, also known as Bell’s palsy, is the most common facial nerve paralysis around the world, and it is also idiopathic in

most cases [35]. China reported the first cases of Bell’s palsy in patients with Covid-19 [36], and after that; around the world, more cases
had been reported and an association between SARS-CoV2 and Bell’s palsy has been suggested. At least 24% of patients who present to

the ER with facial nerve paralysis were currently infected or recently infected with SARS-CoV2 [37,38]. The emotional, behavioral, and

mental health consequences associated with COVID-19 might be due to the stress and social distancing resulting from the pandemic
[13,40]. A list of COVID-19 related cognitive consequences may range from feelings of isolation and loneliness to depression, anxiety,

posttraumatic stress disorder (PTSD), and substance use disorder [13]. A 4-month study revealed that symptoms of anxiety were found in

31% of patients and symptoms of depression in 21% [41]. An overall survey revealed cognitive and neurologic symptoms in 16% to 23%
of the participated COVID-19 recovered patients [42]. The prevalence of neuropsychiatric symptoms is not yet determined and needs
further studies.
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COVID-19 causes upregulation of inflammatory mediators such as cytokines and serotonin which affects the Gut-Brain Axis [43]. The

dysfunction of the Gut-Brain Axis could play a role in the irritable bowel and the functional dyspepsia following recovery from COVID-19
infection [44]

Recovered COVID-19 patients suffering from COVID-19 related GI complications account for a large subset of COVID-19 recovered

patients according to a study of national healthcare databases from the US Department of Veterans Affairs, looked at over 73,000 patients.

The study identified a significant increase in GI related diagnoses as esophageal diseases, abdominal pain, diarrhea, and irritable bowel
syndrome, as well as increased use of laxatives, histamine receptor antagonists, and acid-suppressive medicines [45].

The GI symptoms have been reported among COVID-19 cases and they had significantly higher rates of other associated symptoms

such as fever >38.5°C (39.19%), fatigue (31.08%), shortness of breath (10.81%) and headache (21.62%) (46). Diarrhea was the most
notable GI symptom, but other symptoms such as nausea, vomiting, and abdominal pain sometimes preceded the respiratory symptoms,
and sometimes as the only symptoms related to the course of COVID-19 [47]. Although the COVID-19 is well known as a respiratory virus,

its fecal-oral transmission could be a turning point in its management [48], because the angiotensin-converting enzyme 2 receptor site is
present both in the respiratory tract and in the enterocytes of the GI tract [49,50].

Alongside the above-mentioned symptoms, various degrees of liver injury have been reported in COVID-19 patients [51,52]. Despite

the liver chemistry abnormalities and Cholangiopathy seen in COVID-19 patients, they are usually transient and resolve with disease
resolution [53].

Methods

This is a cross - sectional study of 217 SARS‐CoV‐2 laboratory‐positive patients (SARS‐CoV‐2+) between March 2020 and July 2021.

We are interested to know the long-term effects of Covid defined as the persistence of Covid-19 related symptoms beyond 12 weeks [54].

Charts were reviewed to find patients with persistent problems after a COVID-19 infection or new diagnosis during the acute infection

that persisted or appeared 12 weeks after having a SARS-CoV-2 positive test. Also, we designed a population-based survey to assess the
persistence of the symptoms. No protected health information was collected, and verbal consent obtained.
Subject selection

Inclusion criteria
To be included in the study population, patients will have to be 18 years of age or older and be diagnosed with SARS‐CoV‐2+ confirmed

by SARS-CoV-2 PCR in swab or sputum.
Exclusion criteria

Patients were excluded if they were younger than 18 years old, or if they never had a diagnosis of SARS‐CoV‐2.

Results

The population described in this study consisted of 217 patients above the age of 18 years old with a median age of 68. The results of

the study are presented in figure 1. Almost half of the patients were presented with a long-term effect from COVID 19. The most common

presentation of long term COVID was anosmia and agnosia at 15.7% of the cases followed by dyspnea with 7.8%. New onset Major
Depressive Disorder was diagnosed in 6% of patients with PHQ-9.
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Figure 1: New or persistent diagnosis in non-hospitalized patients post COVID-19 infection. 2020-2021.

The cardiopulmonary manifestations reported were chest pain, persistent cough, dyspnea on exertion, and pulmonary fibrosis at 3.2%

each. One of the cases was a report of cardiac viral sepsis. Decline in FEV/VC ratio, diffusion capacity of CO, decrease in lung volumes and
respiratory muscle strength was noted in some patients that presented comparative pulmonary function tests from prior studies.

The neurologic manifestations found were the chemosensory dysfunction already described. A total of 16 patients were presented with

polyneuropathy or mononeuropathy. Two patients developed vertigo and persistent headaches were reported in another two patients.
There were also two cases of sensorineural hearing loss reported and a particular case of Guillain-Barre Syndrome.

Cognitive function was affected in 1.4% of patients and the psychiatric affections most reported were depression in 6% and anxiety

in 5% of cases.

The most common gastrointestinal manifestations reported were irritable bowel disease and abdominal pain with five patients each.

There were three patients with Gastrointestinal bleeding and cholangiopathy was found in one of the cases reported.

Other systemic manifestations found in the study were arthritic exacerbations in 2.3% of patients. Fatigue was reported in 4.1% of cases.
There were single cases of; atelectasis, decrease in ejection fraction, dizziness, erectile dysfunction, hair loss, insomnia, Left Bundle

Branch Block, restless leg syndrome, pleural effusion, and transient ischemic attack.
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The novel SARS-CoV-2 leading to COVID-19 has affected billions of individuals and caused over 30 million deaths worldwide [55].

COVID-19 is known for its effects on the respiratory system but reports of lasting symptoms in other organ systems are rising.

Clinicians should be aware that over the next upcoming months to years, there will be a rise in post-COVID-19 functional disorders,

involving different systems and it should be included in the list of differential diagnosis. Patients to be considered at elevated risk of

Post Covid-19 symptoms should not only include those who had proven COVID-19 by diagnostic testing, but those who also may have
had COVID-19-related symptoms but never underwent diagnostic testing due to only experiencing vague symptoms not typical to the
presentation of this infection.

COVID-19 can affect multiple systems including; cardiovascular, respiratory, neurologic, psychiatric, and gastrointestinal organs. At

this moment of research, it is imperative to continue adequate patient follow-up, to allow for future longitudinal observational studies that
will allow us to early aim at potential future treatment to help prevent the long-term effects of Covid.

The complete evidence of the involvement of SARS-CoV2 in the neurologic system and the recent neurotropic enrolment of the virus

described in its genome [56,57], suggest the need of attention of these manifestations as they can also be one of the primary cause of
deaths and complicate late manifestations in different organs of the body.

Covid-19 vaccines are considered the first line of defense to reduce the cases of the ongoing pandemic [39]. The late manifestations

of COVID-19 should be followed up in all patients exposed to the virus (symptomatic and asymptomatic) and, the entire population who
have received the vaccine.

One thing remains true and is that the fight against this virus is not over, and the ongoing battle requires us to use what we have

available -the vaccine- and continue to carefully review the risk-benefit of lifting restrictions to prevent careless transmission. We will
have to rely on the data available thus far and will require more research to understand why some of these stubborn symptoms persist

like described in our study. We hope this study can enlighten the path to further studies and future meta-analysis which seem premature
at this time.
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