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Abstract: Early intervention is necessary to enhance patient outcomes for long-term
COVID, which is defined by symptoms that linger after an acute COVID-19 infection.
Research highlights the importance of early monitoring and rehabilitation to mitigate
long-term effects and enhance functional recovery (McGroder et al.,, 2021).
Patient-centered approaches, such as the development of a monitoring app in collaboration
with advocacy groups (Fischer et al., 2024), demonstrate the value of early symptom
tracking. Structured physical and respiratory rehabilitation, including personalized aerobic
exercises, has been shown to improve cardiopulmonary function and reduce fatigue
(Cerfoglio et al., 2024). Additionally, tele-rehabilitation and technological aids support
muscle recovery and accessibility for patients with mobility limitations. Immune profiling
(e.g., TCR/BCR repertoire analysis) offers insights into Long COVID’s mechanisms,
potentially guiding targeted therapies (Feng et al., 2023). While full recovery remains
challenging, early multidisciplinary care-combining physical therapy, psychological
support, and technological innovations-can significantly enhance patients' quality of life.
Future research should focus on optimizing rehabilitation protocols and exploring precision
medicine approaches for symptom management.

1. Introduction

With the continuous growth of the number of people infected with COVID-19, the multiple
impacts brought by the sequelae of COVID have become the focus of social concern, which has had
a certain impact on the living standards of the public. At the initial stage of these sequelae, due to
the lack of understanding of the mechanism of the sequelae of Long COVID, many people suffered
from different kinds of diseases in the later rehabilitation process, resulting in serious psychological
resistance and poor physical conditions. The public desires to alleviate these impacts through
various means. According to research, the incidence of long-term COVID varies between 10 and 30
percent for non-hospitalized individuals and between 50 and 70 percent for severe cases. A
prevalence of 50.9% of patients with prolonged COVID who still had acute phase symptoms was
documented in the research conducted by Moreno-P~ erez et al.(2021)[2]. Over 17 million
individuals in Europe are said to have suffered from this illness.In August 2021, a worldwide
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assessment found that 203 long-COVID symptoms were present in 10 organ systems. After
analyzing survey data from over 4,000 individuals, researchers found that weariness, post-exercise
malaise, and cognitive impairment were the top three symptoms six months later. But symptoms
might appear elsewhere and in different combinations.(Esposito, 2022)[1]. Hassanien et al.
(2022)[3] demonstrated the use of machine learning to better understand and forecast how patients
would respond to their illness and their chances of recovering. According to the survey, after six
months, 21% of patients were still having severe symptoms. Two-thirds needed to work fewer hours
or stopped working because they were sick(Wise, 2021)[4]. According to meta-analytic studies, the
incidence of long-term COVID is between 10% and 30% among those who get the virus, and
between 50 and 70% among those who are hospitalised, even though the majority of COVID-19
instances are linked to an asymptomatic presentation or a short illness. Long COVID, which was
initially discovered by patients, has a wide range of symptoms, from headaches, exhaustion, mental
fog, muscular soreness, and cognitive impairments to heart problems and mental health disorders.
Women, members of racialised minorities, those with a more severe COVID-19 infection, smokers,
those in poverty, and those with obesity or other physical or mental health comorbidities are among
the populations most at risk of having long-term COVID (Nguyen et al., 2025)[5]. For COVID-19
patients who report with respiratory failure, rehabilitation is advised to maximise health outcomes
during the acute phase of therapy. There are a number of clinical symptoms, nevertheless, that can
call for rehabilitation in addition to acute treatment. People who have the disorder prefer the name
"long COVID," which refers to the long-lasting impacts of coronavirus disease(DeMars, 2022 )[7].
According to Celayne et al. (2024)[6], the phrase "long COVID," often referred to as "post-COVID
syndrome," refers to a variety of symptoms that continue to exist weeks or months after contracting
SARS-CoV-2. The impact of long COVID on patients’ health is substantial. This article will focus
on the solutions in the rehabilitation of long COVID patients and provide some assessment of
possible rehabilitation strategies and auxiliary methods. Firstly, it will discuss the early monitoring
and physical treatment which has been used. Secondly, it examines the function of the relevant
rehabilitation exercises. Last but not least, the impact of technological rehabilitation devices is
highlighted.

2. Methods

Early monitoring and physical treatment are conducive to the rehabilitation of the Long COVID.
According to McGroder, early rehabilitation should begin as soon as feasible since it has been
shown in several studies to be crucial for reducing the likelihood of long-term symptoms and
boosting patients' functional restoration. The partnership with Apresj20 COVID association patient
partners Since Long France 35 had already been developed in earlier studies, they could participate
right away. They initiated the creation of the app by expressing their need for a monitoring tool.
Therefore, this software was created by and for those with Long COVID.(Fischer et al., 2024)[9].
Thus, early monitoring and treatment are the best way to alleviate symptoms. Since a number of
variables may contribute to chronic symptoms following a COVID infection, diagnoses such as
direct organ damage, post-ICU syndrome, and metabolic or endocrine abnormalities should be
recognised and treated appropriately. (Chuang, Lin, Hsiao et al., 2024)[10]. If detected and treated
promptly and early, there will be a good prognosis. Rehabilitation professionals should screen for
physical, cognitive, social, and emotional triggers. Beyond standardized tools, clinicians should
conduct a thorough assessment through history taking and reporting of symptom experiences and
patterns(DeMars, 2022)[11]. Through Omni-directional monitoring and real-time tracking of
patients with the symptoms of long and new crowns, most of the various sequelae will be found and
treated in a timely manner, thus improving the prognosis and the quality of life of patients. Early

920



timely monitoring and physical treatment delayed the process of physical dysfunction in a timely
manner, and greatly alleviated the long-term adverse physiological impact of the patients’ social life
caused by the symptoms of growing new crowns[14-15].

Relavant exercise makes contribution to Long COVID rehabilitation. According to Cerfoglio, for
respiratory rehabilitation, patients engaged in individualised breathing exercises up to five times per
week. On the other hand, motor therapy mostly involved three to five times a week of basic free
body movements that targeted the trunk, upper, and lower limbs.It can be seen that it can help
patients exercise related respiratory muscles, improve cardiopulmonary vitality, so that patients who
are suffering from Long COVID can greatly recover to the respiratory level and cardiopulmonary
vitality before COVID-19 infection. A research by Silvia (2022)[17] found that all LCS patients had
significant symptoms at baseline and had significant deficits in psychological, QoL, and physical
performance. During the exercise training sessions, no negative effects or dropouts were noted.
According to the research, people who do not exercise frequently are more likely to develop
long-term COVID. For instance, in addition to reducing anxiety and sadness, aerobic exercise can
increase aerobic capacity, which improves short-term immunity by raising immunoglobulin levels,
immune cell activity, and respiratory function in COVID-19 patients (Diabetes, 2021)[8]. Zheng et
al. (2024)[12] conducted a comprehensive review and meta-analysis to evaluate the evidence of
PASC symptoms associated to physical activity in COVID-19 survivors at least three months after
infection. According to our findings, PASC symptoms are underreported. Using exercise testing, it
was shown that many physical activity-related metrics of aerobic and anaerobic capacity, including
6MWT, VO2max, and AT, were impaired in COVID-19 survivors; however, these were equivalent
between COVID-19 survivors and non-COVID-19 controls at rest.

That is to say, compared with anaerobic exercise, which has more strict requirements on human
condition, aerobic exercise has more relaxed requirements on human function and less load on
human body during exercise, which can better help COVID-19 patients recover human function,
alleviate residual symptoms, promote the recovery process and shorten the recovery time. Three
sessions per day of a rehabilitation program included a 30-minute group breathing exercise session
led by a professional physiotherapist (controlled breathing technique, chest mobility-enhancing and
muscle strengthening exercises with own body weights and dumbbells as well). Additionally, two
sessions per day of 30-minute individualised low-intensity continuous individual exercise training
(arm ergometer, stationary bicycle, treadmill, or rowing machine) were conducted, taking into
account the severity of symptoms, age, comorbidities, and current conditions. Although it is a
million to one that patients with only Long COVID symptoms can fully recover to the original
through daily exercise and rehabilitation, this method has greatly improved the physiological and
psychological status of patients.

The technological devices accelerates the rehabilitation process of patients with Long COVID.

Following release, patients received a customised three-week motor and respiratory
telerehabilitation program based on their specific evaluations and hospital rehabilitation course, as
well as appropriate, user-friendly technology for remote rehabilitation (Cerfoglio 2024)[13]. The
telerehabilitation program helped patients to relieve the symptoms. The muscle power of patients
can be relieved buy the telerehabilitation. According to Cerfoglio(2024)[16], furthermore, since
patients with long COVID are often characterized by compromised muscle strength, also affecting
upper limbs and grip abilities, upper limb strength and function were evaluated by measuring the
maximum isometric force exerted during handgrip for both the dominant (D) and non-dominant
(ND) upper limb using a hand-held dynamometer. The technological devices play an important role
in relieving the loss of the muscle power. The application of TCR/BCR immune helps to find out
how Long COVID came into being more detailedly. The growth and evolution of SARS-CoV-2
infection on the adaptive immune system is described by Feng (2023)[18]. The first time
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seven-chain immune repertoire profiling was used in a longitudinal holistic for COVID-19 infection,
it showed dynamic alterations over the first month of infection. TCR/BCR immune makes
contributions to the demonstration of principles of Long COVID and provide these patients with
more targeted rehabilitation treatment. In general, the production and application of various types
and aspects of scientific and technological devices have enabled relevant researchers to have a
further understanding of the mechanism and principle of the symptoms of Long COVID. In the
future, it may be possible to provide the accessible rehabilitation therapy for alleviate the symptoms
of Long COVID through targeted treatment to reduce side effects on the human body.

3. Conclusion

Providing amounts of rehabilitation strategies and auxiliary methods for patients who have not
recovered from Long COVID is confronted by many challenges. Therefore, the essay has
demonstrated some accessible solutions. Firstly, with the consent of the patients, the relevant
medical rehabilitation workers can monitor and track the COVID-19 rehabilitation patients
discharged from the hospital for a long time, and detect their physical conditions in real time, so as
to facilitate the timely treatment and relief of COVID-19's sequelae. Secondly, the relevant
rehabilitation exercises also play an important role in the rehabilitation process, such as respiratory
exercises and aerobic exercises, which will help the untreated patients of Long COVID obtain a
better prognosis, improve the endurance and vitality of the heart and lungs, and greatly recover to
the state before the onset of symptoms. Specifically, aerobic exercise showed large effect sizes on
long COVID anxiety and depression. According to Cheng et al.(2024)[19], this change has
traditionally been ascribed to endorphins (Heijnen et al., 2015)[20]. Taichi, a form of gigong, had a
similar ES on long COVID fatigue, the most common long COVID symptom (O'Mahoney et al.,
2023)[21], to multimodal exercise. Thirdly, the rational and extensive use of scientific and
technological tools (such as TCR/BCR immune technology) also promotes rehabilitation related
Researchers can even predict the development trend of the symptoms of the new crown. In this way,
we can develop targeted rehabilitation strategies for COVID-19 patients. The essay outlined a
progression from early monitoring of drug administration to cardiopulmonary rehabilitation therapy
to exploring the Cause of Formation of New Long Crown by TCR/BCR Immune science Method.
However, such experiments still have shortcomings and deficiencies. It is still necessary to expand
the number of experimental samples, explore more symptoms of the Long COVID and give them
particular rehabilitation strategies. Future research should focus more on the exploration and
monitoring of many patients with Long COVID, and provide more practical, efficient and
economical rehabilitation therapy for various patients with Long COVID through comparative
experiments and scientific judgments. Future research should focus more on the research and
exploration of specific rehabilitation methods for various Long COVID symptoms, not only limited
to the current treatments, but also should greatly innovate and simplify them to make them more
suitable for public life. Such research would not only realize the organic combination of new
scientific and technological methods with traditional sports therapy, but also combine rehabilitation
with multiple disciplines, so as to achieve multidisciplinary consultation and complementary
advantages.
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