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ABSTRACT

Review Article

Long COVID-19 Syndrome and its Effects
on Various Systems: A Narrative Review

Since December 2019, the Coronavirus Disease-2019 (COVID-19) outbreak has led to a pandemic, causing suffering worldwide.
Among the survivors of COVID-19, a second type of pandemic is observed in individuals experiencing long-term effects, known
as long COVID-19 or post COVID-19 syndrome. This condition occurs when people who have recovered from COVID-19 continue
to experience symptoms or develop new ones after a month or more. The exacerbation of symptoms can be attributed to various
factors, including psychological, social, or biological causes, all of which contribute to the development of this condition. Although
COVID-19 was first discovered a few years ago, its impact on a large population is still not fully understood. As the disease affects
multiple organ systems, its effects persist even after the virus is cleared from the body, resulting in a significant number of individuals
who continue to suffer from it. Therefore, this review focuses on the long-term effects of COVID-19 as post COVID-19 syndrome.
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INTRODUCTION

Long COVID-19 syndrome is a condition characterised by long-
term, multisystem, often severe health problems persisting or
appearing after the typical recovery period of COVID-19 [1]. Long
COVID-19 can include a wide range of symptoms, such as fatigue,
breathlessness, chest pain, cognitive impairment, depression,
anxiety, and Post-Traumatic Stress Disorder (PTSD). Less common
symptoms like pernio, chills, flushing, ear pain, visual impairment
have also been documented. It can affect anyone who has been
infected with the virus that causes COVID-19, regardless of age,
sex, or severity of initial illness [2]. Severe Acute Respiratory
Syndrome Coronavirus 2 (SARS-CoV-2) is responsible for the
severe acute respiratory syndrome observed in this disease, along
with symptoms like fever, fatigue, cold, cough, and in some cases
Gastrointestinal (Gl) symptoms [2].

The prevalence and duration of long COVID-19 are uncertain, but
some studies suggest that up to 30% of people who had COVID-
19 may experience long-term effects for months or years [2,3].
Long COVID-19 poses significant challenges for individuals, health
systems, and society, as it may result in disability, reduced quality
of life, and economic burden [2]. Many people with long COVID-19
show a negative Reverse Transcription Polymerase Chain Reaction
(RT-PCR) test, indicating microbiological recovery; hence, post
COVID-19 syndrome is basically a time lag between microbiological
and clinical recovery.

After further research, it was found that the genetic material of the
coronavirus, Ribonucleic Acid (RNA), can be observed in discharge
from the nose, sputum, nasal swab, oropharyngeal swab, and
blood [4]. This led us to believe that transmission of this disease
could be airborne [5]. The minimum dose of the virus that can cause
an infection is not clear yet, but it has been observed that the virus
load can get as high as 108 viruses/mL of the swab sample [1].
Diagnosis is confirmed in most cases by performing RT-PCR on
the sample taken. It is done to detect the genetic material of the
virus in the sample. Other examinations done include Computed
Tomography (CT) of the chest and/or X-ray of the chest to check the
severity of the disease and also to confirm pneumonia. Various blood
tests are also done to check for the severity of the infection such as
liver function tests, bilirubin, LDH level, complete blood count, and
D-dimer. For treatment and symptomatic relief of COVID-19, the
drugs used are antiviral drugs such as ribavirin, ritonavir, lopinavir,
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remedesivir, and plasma of the patients who have recently recovered
from COVID-19. Antibiotics (azithromycin), antiallergic (montelukast),
and antacids (pantoprozole) are also given [6]. Studies and research
from across the globe reflect that a considerable portion of recovered
COVID-19 cases continues to experience multiple ill-health signs
and symptoms, which are now dubbed as “long COVID-19” or
“post COVID-19” syndrome [7,8], but very limited data is available
regarding its effect on a larger population. Hence, this review was
conducted focusing on the long-term effects of COVID-19 disease
as post COVID-19 syndrome.

POST COVID-19/LONG COVID-19 SYNDROME
Patients who continue to experience symptoms of COVID-19 or
develop new symptoms within a month after clinical and virological
recovery are said to have long COVID-19 or post-COVID-19
syndrome [2]. Some individuals with long COVID-19 may report an
exacerbation of symptoms, experiencing more severe or frequent
symptoms than expected during the acute phase of COVID-19 [2].
For instance, psychological factors like stress, anxiety, depression,
and PTSD can worsen the perception and expression of symptoms,
as well as affect the coping and recovery process. Social factors
such as isolation, stigma, discrimination, and lack of support can
also worsen symptoms and impair the quality of life for people with
long COVID-19 [9].
Biological factors, including high viral load, pre-existing conditions,
immune dysregulation, autoimmunity, and organ damage, may
contribute to the pathophysiology and severity of long COVID-19
syndrome [2,4]. Therefore, it is important to consider the complex
interplay of these variables when assessing and managing long
COVID-19, as depicted in [Table/Fig-1]. Depending on the duration
of symptoms, this condition can be classified into the following
phases [3]:
A. Transition phase: Characterised by symptoms experienced
during the initial infection of COVID-19, usually lasting up to the
41h-5" week.

B. First phase: Encompassing acute symptoms of post-COVID-
19, observed from the 5"-121 week.

C. Second phase: Involving symptoms of the long post-COVID-
19 syndrome, occurring from the 12-24™" week.

D. Third phase: Consisting of persistent symptoms of the long
post-COVID-19 syndrome, lasting for more than 24 weeks.
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ACUTE SYMPTOMS OF POST COVID
(5 week to 12 week)

\

LONG POST COVID SYNDROME
| (12 week to 24 week)

<

\ PERSISTANT POST COVID
SYNDROME
(more than 24 weeks)

[Table/Fig-1]: A Flowchart to demonstrate the phases seen in patients suffering
from long/post COVID-19 syndrome [3].

Clinical Manifestation of Long COVID-19 Syndrome
Symptoms observed in patients suffering from long COVID-19 are
diverse and can include fever, sore throat, difficulty breathing, cough,
palpitations, muscular pain, chest pain, rashes, diarrhea, neurological
symptoms, and even consistently reduced oxygen saturation [Table/
Fig-2] [10]. Common pulmonary symptoms after COVID-19 include
decreased exercise capacity, hypoxia, and dyspnea. Pulmonary
physiology in these patients is limited by reduced lung diffusion
capacities. CT scans of such patients have revealed fibrotic changes
in the lungs. Other tests used to assess post COVID-19 pulmonary
function include pulmonary function tests (PFTs), high-resolution CT
scans, and pulmonary angiograms [11]. Long COVID-19 can also
lead to various cardiovascular manifestations such as palpitations,
dyspnea, chest pain, tachycardia, and arrhythmia. Echocardiograms
and electrocardiograms are performed for clinical examination of
these patients. Hematologic manifestations in post COVID-19
syndrome include several thromboembolic events. This is due to the
prolonged hyperinflammatory state and is observed in patients with
a history of coronavirus infection [11]. Common neuropsychiatric
symptoms in long COVID-19 include anxiety, depression, sleep
disturbances, headaches, myalgia, and PTSD [12]. Hair loss is
a prominent dermatologic symptom observed in over 20% of
COVID-19 survivors. Endocrine symptoms include worsening of
pre-existing diabetes mellitus, thyroiditis, and bone mineral issues
[11]. Gastrointestinal symptoms mainly involve gastritis and other
types of stomach infections. These occur due to the depletion of
beneficial gut commensals in COVID-19 survivors [11].

Systems Clinical symptoms

Respiratory Dyspnoea, oxygen dependence

Central nervous Brain fog, fatigue

Psychiatric PTSD, dysautonomia, cognitive defects

Gastrointestinal Diarrhoea, abdominal pain

Cardiometabolic demand increased

Cardiovasoular system Diastolic or systolic dysfunction

Haematological

. : Deep vein thrombosis, ischaemic stroke
manifestation

[Table/Fig-2]: Clinical manifestations in patients of post COVID-19 [10].

PATHOPHYSIOLOGY OF LONG COVID-19
SYNDROME

COVID-19 is a disease that affects multiple organ systems, involving
their infection [13]. The exact pathophysiology of long COVID-19 is
still unknown, but one theory suggests that long-term inflammation
may be responsible for the symptoms observed in long COVID-
19 syndrome [14]. Inflammation resulting from a coronavirus
infection can cause changes in Gamma-aminobutyric Acid (GABA)
neurotransmitters, which can lead to neuromotor or cognitive
impairments in these patients [15]. Additionally, the alteration
of neuronal function due to the increased levels of circulating
cytokines, particularly Interleukin-6, can penetrate the blood-brain
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barrier and result in central nervous system complications. On the
other hand, the thrombus inflammatory pathway may contribute to
the higher incidence of stroke observed in COVID-19 cases [16].
According to some theories, other factors that contribute to post
COVID-19 syndrome include dysfunction of peripheral organs, viral
encephalitis, and systemic inflammation [17].

What Would be the Criteria Defined for Post COVID-19?
Another criterion includes individuals who have been unwell for
several weeks or months after experiencing symptoms suggestive
of COVID-19, regardless of whether they have tested positive or
not. The National Institute of Health and Care Excellence (NICE), the
Scottish Intercollegiate Guidelines Network, and the Royal College
of Practitioners define COVID-19 as “signs and symptoms that
occurred during COVID-19 and have persisted for more than four
weeks, with no alternative diagnosis other than COVID-19” [18].
Hence, the first question in this discussion is whether a positive
test or antibodies against SARS or COVID-19 are essential for
diagnosis. Raveendran AV et al., discussed this topic and proposed
three categories for long COVID-19 [19]:

1. Confirmed: Individuals who have tested positive for COVID-19
using RT-PCR.

2.  Probable: Individuals who have symptoms of COVID-19 but
test negative on RT-PCR, with or without radiological findings,
and have had confirmed contact with a RT-PCR positive patient
or individual within two weeks before symptom onset.

3. Possible: Individuals who have symptoms of COVID-19 but
test negative on RT-PCR and have no contact with confirmed
COVID-19 positive or suspected patients within two weeks
before symptom onset.

Therefore, we propose that determining the link between post

COVID-19 symptoms and the infection is based on two main

conditions [11]:

1. There should be a connection or relationship between the
symptoms and the COVID-19 infection.

2. The COVID-19 infection should precede the onset of
symptoms. (It is not necessary for post COVID-19 symptoms
to be present.)

These symptoms can be useful for future reference as they
may persist for a long time and affect some people who have
recovered from COVID-19. Hence, doctors and scientists should
verify whether the symptoms are related to COVID-19 or not. It is
important to perform tests that can accurately diagnose COVID-19,
such as RT-PCR, CT scans, and COVID-19 antibody testing. CT
scans can detect COVID-19 more easily than RT-PCR, but they are
less specific. Antibody testing is not very useful in the first week of
infection as they have low sensitivity in the early stage [9].

SYSTEMIC CLINICAL MANIFESTATIONS

Dyspnea and fatigue are the most commonly reported problems
by the population with COVID-19. Chest pain and joint pain are
other common symptoms. Additionally, patients have reported
common symptoms of multiorgan dysfunction, specifically affecting
the heart, lungs, and brain [11]. From a pathological perspective,
these complications can be a consequence of direct tissue invasion
by the COVID-19 virus (possibly due to the presence of the
angiotensin-converting enzyme 2 receptor), chronic inflammation
and cytokine release, decreased immune system response, and the
hypercoagulable state associated with COVID-19 [16].

Cardiovascular

Raised Troponin | levels, along with thromboembolic disease, have
been associated with myocardial damage in chronically affected
COVID-19 patients. Myocardial damage and myocarditis with
cardiac arrhythmias have also been reported following COVID-19
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infection [16]. A study by South K et al., conducted on COVID-19
patients after a median of 75 days, suggested cardiac involvement
in 78% of patients and myocardial infection in 60% of patients
[5]. This chronic condition, its duration, and its severity are not
necessarily related to the acute COVID-19 infection. The increased
incidence of patients with cardiac abnormalities as a sequel of
COVID-19 is concerning. It poses a potential threat to the general
population, including adults with comorbidities, as well as young
and healthy patients [17].

Pulmonary

In their study, Gupta A et al., found that three months after discharge,
COVID-19-affected patients still had persistent symptoms and CT
scan findings indicating deranged pulmonary function, including
interstitial thickening and fibrosis of the alveolar tissue. There was
also a decrease in the lung’s diffusion capacity for carbon monoxide,
as well as reduced strength of respiratory muscles. Pre-existing
COVID-19 infection can increase the risk of cardiac and pulmonary
problems [15].

Neurological

The COVID-19 virus can reach brain tissue by crossing the blood-
brain barrier and invading the olfactory nerve, leading to anosmia
[19]. Vertigo, headache, anosmia, and ageusia are the most
common long-term neurological side effects of COVID-19. Stroke
is a rare but serious complication of COVID-19. After 2-3 months
of illness, encephalitis, seizures, and mood swings have also been
observed. It has also been observed that recovered patients may
experience neuropsychiatric impairments that can affect cognitive
function, well-being, and day-to-day functioning [15].

Neuropsychiatric Effects

As the COVID-19 pandemic rapidly evolves, it has had a profound
impact on the minds of people who have suffered from the
coronavirus infection, as well as those who have lost their loved ones
to it [16]. Neuropsychiatric symptoms are commonly observed in
severely ill patients and may manifest as mood changes, obsessive-
compulsive disorder, fatigue, depression, delirium, anxiety disorders,
and cognitive impairment [16]. Post-traumatic stress disorder (PTSD)
is seen in COVID-19 survivors, particularly in younger patients or
those with a history of diabetes mellitus, autoimmune disorders,
cardiovascular disorders, and obesity. It is more prevalent in female
patients [17]. High rates of psychosis have also been observed in
COVID-19 survivors, presenting as delusions or paranoia. This may
be attributed to the stress related to the pandemic, as it has affected
people on various levels [19]. Psychological effects may also stem
from the side effects of treatments given during COVID-19 infection.
Certain drugs, such as antiviral drugs or steroids, may increase the
risk of psychosis [20]. Substance use has also increased during the
COVID-19 pandemic. Many individuals have become addicted to
opioids during this challenging time, and in some countries, there
have been numerous deaths due to overdose [21]. Patients who
use substances are now at an increased risk of COVID-19 infection.
Furthermore, it has been observed that these individuals are more
likely to require hospitalisation during COVID-19 infection and are
more susceptible to adverse outcomes [22].

RISK FACTORS FOR LONG COVID-19
SYNDROME

Risk factors for post-COVID-19 syndrome include age, particularly
those over the age of 50, obesity, patients with bronchial asthma,
HIV (human immunodeficiency virus), tuberculosis, lung cancer,
patients who were on steroids, and patients reporting five or more
symptoms during the initial week of their illness [23]. A cohort study
found that patients presenting with five or more symptoms during
the initial stage of the disease may require hospitalisation and are
more prone to experiencing post-COVID-19 syndrome [24]. The
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presence of comorbid conditions such as asthma, ischemic heart
disease, hypertension, thyroid disorders, and diabetes mellitus
also increases the likelihood of post-COVID-19 syndrome [22].
Patients who were hospitalised during their initial infection, required
support from the ICU during their initial infection, or experienced any
complications during their infection are also at a higher risk for long
COVID-19 syndrome [23].

How to Approach Patients Suffering from Post COVID-19
To diagnose a patient with long COVID-19, a thorough history taking
and clinical examination are essential, especially in those who do not
have a history of coronavirus infection but present with symptoms
of long COVID-19 [19]. This process will also help categorise the
patient as a confirmed case, a possible case of post-COVID-19,
or a doubtful case of post/long COVID-19 syndrome [25-32]. The
evaluation requires recording any pre-existing diseases and noting
any alleviation or worsening of symptoms, as described briefly in
[Table/Fig-3] [25-32].

[ SYMPTOMS OF COVID-19 |

I
SHORT COVID-19

OLD SYMPTOMS

LONG COVID-19

NEW SYMPTOMS

NOT IMPROVING
e Infections-
IMPROVING viral,bacterial,fungal

o Sequizeotiliness & On going inflamation
e Sequlae of .

inflamation

*  Complications of covid

e Complications related to

comorbidities

Comorbidities related to

treatment

*  Non specific effect of
hospitalization

*  Psychological issues

[Table/Fig-3]: Given figure gives us an idea of how to approach a patient who is

suffering from post COVID-19.

MANAGEMENT OF LONG COVID-19
SYNDROME

The treatment of patients suffering from post-COVID-19 requires
a comprehensive approach, including evaluating the disease,
providing symptomatic treatment, addressing underlying conditions,
and utilising psychological approaches [33-35]. The World Health
Organisation (WHQO) suggests that appropriate profiling of long/post-
COVID-19 patients can facilitate the treatment process and ensure
adherence to appropriate treatment protocols. Determining the
patient’s subgroup helps guide their treatment plan [36]. The WHO
and Centres for Disease Control and Prevention (CDC) have also
updated and released guidelines for the treatment of patients with
long COVID-19 [36]. For the management of pulmonary symptoms,
chest X-rays should be performed three months after the initial
infection to monitor progress. Breathing exercises should be advised
for symptom management that does not require pharmacological
intervention. Antifibrotics are prescribed for patients with pulmonary
fibrosis [37,38]. Beta blockers and anticoagulants have proven useful
for the treatment and prevention of cardiac symptoms [39]. The use
of antidepressants is not only helpful for individuals experiencing
post-COVID-19 depression but has also shown improvement in
the effects of post-COVID-19 syndrome by reducing inflammatory
markers [40]. Numerous clinical trials are underway to explore ways
to reduce inflammation in patients with post-COVID-19 syndrome
[41]. Some clinical trials are investigating the use of monoclonal
antibodies such as leronlimab and tocilizumab to suppress the
inflammatory process observed in patients with long COVID-19
syndrome [42]. As COVID-19 infection can disrupt the normal gut
microbial flora, leading to opportunistic infections, restoration of the
gut microbiota with new probiotic medications is important [43]. A
study by Mulangu S et al., demonstrated that antihistamines have
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helped treat the pathology behind long COVID-19, and histamine
antagonists have been used in clinical trials for its treatment [44].
Vitamin C supplements are also beneficial for treating long COVID-
19 symptoms [45].

Specific Treatment and Treatment Protocol

The best way to treat COVID-19 is to use antiviral drugs that
specifically target the virus. Some of these drugs have shown
effectiveness in treating COVID-19.

Chloroquine and hydroxychloroquine: These drugs have
been tested against the coronavirus in laboratory settings and
in China during the early stages of the pandemic. The results
showed that chloroquine can combat the virus and improve
outcomes for COVID-19 patients. It can also reduce the length
of hospital stays and the severity of symptoms [46].

Lopinavir: It is a combination of boosted protease inhibitors
that were previously used in the treatment of HIV infection.
It was also used during the SARS COVID-19 outbreak in
2003 and showed in-vitro activity against that virus. The
recommended dose is 400 mg of lopinavir with 100 mg of
ritonavir, twice daily for 14 days [43].

Remdesivir: It is an adenosine and RNA polymerase inhibitor
and a novel drug used for the treatment of Ebola virus
infection. A randomised controlled trial of remdesivir in COVID-
19 did not show significant improvement [47].

Favipiravir: It is an RNA polymerase inhibitor that has shown
activity against the COVID-19 virus and significant cytopathy in
vero culture studies.

Convalescent plasma from COVID-19 survivors: It has been
shown to decrease patient hospital stay and mortality [48].

Nasal cannula with humidified oxygen: This is a beneficial
treatment for non-critical pneumonia. Dry Venturi masks
without humidified air are used to avoid aerosolisation risks.
High Flow Nasal Cannula (HFNC) and Non-invasive Positive
Pressure Ventilation (NPPV) should not be given to patients
affected by COVID-19 [49]. Findings from previous studies are
summarised in [Table/Fig-4] [5,15,50-54].

Authors name | Place and year of | Sample
(Ref no.) the study size Findings
GuptaAetal, New York, 2020 - Deranged pulmonary function
i H H 0
South K etal., | United Kingdom, Cardiac involvement in 78%
2020 - of patients and myocardial
infection in 60% of patients
Dennis A Unltled Kingdom, 536 lSmngf and multiorgan .
etal., [50] April 2020 to individuals impairment were present in
v August 2021 69% and 23% of individuals
45.9% symptoms of
Hu Y etal., Wuhan, China, 85 depression (45.9%) were
from March 2020 patients | present, 38.8% had anxiety,
and 54.1% had insomnia
i i H 0,
Perlis RH Columbia, February 16091 thgue in (62.2%), reported
etal., [52] 2021, and July patients either poor memory or brain
v 2022 fog
Cardiopulmonary (88.8%),
Ziauddeen N United Kingdom, 2550 cognitive symptoms and
etal, [63] 2020 patients | exhaustion, (11.2%) exhibiting
more multisystem symptoms
" 0
Bull-Otterson March 2020 to 353,164 Survivors (45'4 %) aggd
} >B5 years increased risk for
L etal., [54] November 2021 patients . o
neurologic conditions

[Table/Fig-4]: Showing similar findings of previous studies.

CONCLUSION(S)
Long-term COVID-19 is a common, serious, and occasionally
incapacitating condition. It poses a significant health concern as
patients who have recovered from COVID-19 continue to experience
various symptoms. This could be attributed to mechanisms such
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as permanent organ damage and post-viral fatigue syndrome.
Therefore, it is crucial to educate the public about the risk factors
associated with long-term COVID-19 and implement management
strategies.
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