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“WHAT’S TAKING SO LONG?”
WHAT WE KNOW ABOUT LONG COVID-19 SO FAR.

Richard II Dela Rosa1

 Abstract

Emerging cases of chronic illness after the acute phase of COVID-19, commonly called “Long COVID,” have shed light on the long-term negative 
consequences of SARS-CoV-2 infections. There is increasing concern that even patients with mild initial symptoms may develop a variety of 
multiorgan symptoms with disabling consequences. Some groups of people appear to be more susceptible to persistent illness with risk 
factors including 1) higher age, 2) asthma, 3) low levels of certain immunoglobulins, and/or 4) multiple symptoms during primary SARS-CoV-2 
infection. Among those affected with Long COVID, symptoms are commonly associated with the brain, lungs, and circulatory system. Due to 
the complex nature of Long COVID, treatment regimens mainly involve symptom management and burden alleviation. Therefore, it is crucial 
to uncover the pathophysiology and epidemiology of Long COVID to improve diagnostics, monitoring, treatment, and public health policies.
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An increasing amount of people experience lingering symptoms 
after recovering from COVID-19, shedding light on the virus’s 
real toll on the human body. Post-acute COVID-19 syndrome, 

commonly referred to as Long COVID, is defined as persistent 
complications beyond 4 weeks from the onset of symptoms [1]. 
Current estimates suggest that 10 to 25% of recovered patients 
with mild or severe COVID-19 symptoms experience some degree of 
chronic illness [2]. Months after recovery, a number of patients have 
not even regained pre-COVID-19 physical and mental capabilities 
due to significant symptom burden [3]. The persistence of long-term 
symptoms, some even debilitating, emphasizes that the negative 
consequences of SARS-CoV-2 infections go beyond acute symptoms, 
hospitalizations, and deaths. 

Why does it happen and who is at risk?
There is insufficient information available to pinpoint the cause and 
pathophysiology of Long COVID. It is uncertain whether the virus 
persists in patients with Long COVID, or whether the long-term 
symptoms are caused by direct virus-induced damage to the organs 
during infection [4].  Some even suggest that Long Covid might be 
caused by indirect immune-related damage [4]. However, one of the 
leading theories is that SARS-CoV-2 infection can cause a hyperactive 
immune response which may trigger autoimmunity and other 
immune disorders [1, 5]. 

While the exact mechanisms of Long COVID are unknown, we do know 
that certain groups of people are more susceptible to these chronic 
symptoms. A 1-year cohort study showed that people with higher 
age, a history of asthma, low levels of certain immunoglobulins, and/
or multiple symptoms during primary infection had an increased 
risk of Long COVID [6]. However, recent evidence indicates that 
vaccinations significantly reduce the risk of Long COVID [7]. A 
study of UK adults obtained self-reported data from previously 
recovered COVID-19 patients who are either fully vaccinated, partially 
vaccinated, or unvaccinated [8]. The findings show that individuals 
with full vaccinations from AstraZeneca, Janssen, Moderna, or 
Pfizer are 50% less likely to have COVID symptoms lasting 28 days 
post-infection compared to unvaccinated people [8]. Although 

breakthrough infections could still lead to Long COVID, it is clear that 
vaccinations are valuable beyond just preventing infections. 

Although COVID-19 has often been described as a respiratory 
disease, Long COVID patients exhibit diverse symptoms affecting 
multiple organ systems [1, 9]. The following sections aim to give an 
overview of some of the most prominent organs affected by COVID-
19 and current strategies employed to treat them. It should be 
pointed out that the following studies were performed in the context 
of different SARS-CoV-2 variant surges, so it remains unclear whether 
Long COVID risk is associated with different variants. 

Brain
It has been reported that COVID-19 may affect both the brain’s 
function and structure. Cognitive dysfunction occurs in an estimated 
70% of people with Long COVID across multiple studies – making 
it one of the most common symptoms [2]. These cognitive issues 
manifest themselves through brain fog, reduced concentration, and/
or memory loss [1]. It is important to note that most Long COVID 
studies only include self-reported results on cognitive issues, which 
may be susceptible to bias [2]. Thus, more research on quantifying 
cognition after the acute phase of COVID-19 is needed to provide 
more robust insights into Long COVID and its effects on cognition [2]. 
Moreover, the distinct loss of smell and taste symptoms in infected 
individuals can persist. Multiple studies observed that ~10% of 
hospitalized patients had impaired taste and smell six months after 
discharge [1]. This was similarly observed in home-isolated young 
adults aged 16-30 years in Norway, where 28% (17/61 individuals) 
had impaired loss of taste and smell after six months [10].

Interestingly, a recent longitudinal study involving UK Biobank 
participants (aged 51-81) sheds light on the possibility that COVID-
19 influences brain structure [11]. Imaging analyses were conducted 
on 401 participants who had mild COVID-19 and they found that 
the overall brain size had decreased,  ranging from 0.2% to 2.0% 
in participants [11]. Notably, affected parts of the brain included 
the grey matter in olfactory- and memory-associated regions and 
markers of tissue damage were found in regions connected to the 
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primary olfactory cortex [11]. Since this was only an observational 
study, a causal relationship between the structural changes and 
cognitive dysfunction remains to be elucidated [12]. 

Lungs 
SARS-CoV-2 infects cells along the respiratory system in the early 
stages of infection, while using them to replicate itself and spread 
quickly to other cells [13]. Shortness of breath, an initial symptom 
affecting the lungs, has been reported to linger even after testing 
virus negative in both hospitalized and non-hospitalized people [14]. 
However, health providers and researchers are puzzled to find that 
some Long COVID individuals who experience breathlessness test 
normally in routine tests such as computed tomography (CT) scans 
and lung function tests [15]. 

An initial small-scale study by Fergus Gleeson, a radiology professor 
at the University of Oxford, employed an uncommon method to 
check for lung abnormalities that are otherwise undetectable in 
Long COVID patients who had mild and severe symptoms [16]. 
Instead of using CT scans, a patient inhales a non-toxic gas called 
xenon, followed by a magnetic resonance imaging (MRI) scan 
[16]. This visualizes signs of lung damage by highlighting regions 
where gas exchange is inefficient [16]. Indeed, the detailed scans 
found that those who experienced breathlessness as a Long COVID 
symptom had impaired oxygen uptake compared to healthy controls 
[16]. Gleeson mentions that the degree of lung damage he saw in 
Long COVID patients was larger than anticipated [16, 17]. Moving 
forward, a larger study is being prepared to validate the findings and 
determine if the lung damage is irreversible or resolves over time 
[17]. 

For some people, however, lung problems post-COVID-19 manifest 
themselves only during strenuous activities, such as exercise. Among 
those who have persistent exercise intolerance after COVID-19, a 
study found that there was a significant reduction in peak oxygen 
consumption and also a hyper ventilatory response during exercise 
compared to healthy individuals [18]. 

Overall, it can be observed that insufficient oxygen consumption is a 
trend among individuals with Long COVID. As such, studies exploring 
exact mechanisms on how COVID-19 alters lung function are crucial 
to developing effective interventions.

Heart and circulatory system
Symptoms with cardiac origins have also been observed in Long 
COVID patients. In an international online survey of 3,762 patients 
who still had symptoms seven months after infection, ~86% of the 
respondents reported experiencing chest pains, palpitations, and/or 
fainting [19]. The high prevalence of cardiac symptoms in Long COVID 
patients led researchers to investigate underlying abnormalities in 
the heart and blood vessels. Although further research is needed, 
initial studies show that circulatory-related symptoms may be due 
to chronic inflammation, which damages nerve fibres that normally 
help control circulation or microscopic blood clots [9, 20]. Both these 
mechanisms reduce oxygen delivery to various tissues in the body, 
thus limiting aerobic capacity and causing severe fatigue [21].

Beyond chronic symptoms from COVID-19, a study involving a 
cohort of 153,760 individuals showed that individuals 30 days 
post-infection were at an increased risk of cardiovascular disease 
[22]. Compared to healthy controls, recently recovered individuals 
had higher incidence ratios of cardiovascular outcomes such as 
cerebrovascular disorders, dysrhythmias, pericarditis, myocarditis, 
heart failure, and thromboembolic disease [22]. Increased risks and 
burdens were apparent in both hospitalized and non-hospitalized 
individuals, although at different levels [22]. However, a concerning 
fact is that the risk was elevated even for those who are below 65 
years and lacked risk factors such as obesity and diabetes [22, 23]. 
The findings of this large study can help healthcare providers in 
forming new protocols for COVID-19 aftercare, such as cardiovascular 
monitoring [22].

Treatments and interventions
Chronic illnesses after a viral infection are not unique to SARS-CoV-2, 
therefore Long COVID is not completely surprising. Better-known 
post-viral syndromes include Guillain-Barré syndrome and Myalgic 
Encephalomyelitis/Chronic Fatigue Syndrome (ME/CFS), both 
associated with various viruses such as the Epstein-Barr virus and 
human immunodeficiency virus (HIV) [4, 24]. However, Long COVID-
19 is unique due to the relatively high number of affected patients 
and its multi-organ involvement [4]. The diversity of symptoms and 
unknown mechanisms of Long COVID has made it difficult to develop 
effective drug treatments and evidence-based interventions [4]. 
At present, there is great emphasis on managing symptoms and 
increasing physical activity in affected individuals [25]. Diverse 
symptoms varying from patient to patient would need multiple 
specialists as well, which can be troublesome for both patients and 
health institutions. To address this problem, some have adopted an 
integrated approach to ensure more refined logistics and patient 
care through setting up centres for treatments that specialize in 
Long COVID [4]. In Radboudumc, for example, a COVID-19 aftercare 
outpatient clinic has been established to aggregate clinicians 
with different specialties [26]. This allows them to deploy tailor-
made interventions to Long COVID patients and monitor for other 
symptoms as well [26].

Conclusion
As we enter the third year of the pandemic, we are beginning to 
witness the long-term effects of chronic illnesses associated with 
COVID-19. This article only tackled some of the most common organs 
that are affected in individuals with Long COVID. However, chronic 
symptoms have also been found to affect the gastrointestinal system, 
pancreas, and other organs [27, 28]. Aside from displaying immediate 
and noticeable symptoms, there is accumulating evidence that 
COVID-19 increases the risk for an array of conditions such as 
diabetes and ischemic attacks [22, 28].

Figure 1: Common Long COVID symptoms associated with the brain, lungs, and 
heart.
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Due to the complexity and multisystem involvement of Long COVID, 
we are left with more questions than answers regarding the nature 
of this condition. The rapid evolution of the virus and absent 
sequencing data from routine diagnostics make it difficult to study 
whether different variants are associated with different risks to 
develop Long COVID. Moreover, multiethnic and age representation 
need to be considered for future studies to reach more accurate and 
representative conclusions [29].

 The emergence of Long COVID challenges the thought that this virus 
is just your common cold. Vaccines curb severe impacts of SARS-
CoV-2 infection, but cases of Long COVID in breakthrough infections 
suggest that the effects of this pandemic are far from over. Albeit 
at different probabilities, it is still possible to develop Long COVID 
for both vaccinated and unvaccinated people. The sheer number 
of Long COVID cases and an increased risk for multiple diseases 
may aggravate the problems of already overstretched public health 
systems. It is therefore imperative to gain further understanding of 
the epidemiology of Long COVID and chronic health effects of SARS-
CoV-2 infection. This may serve to improve health policies and adapt 
healthcare towards diagnosing and treating long-term patients 
effectively [4].
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