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Abstract: The COVID-19 pandemic is a huge public health crisis in the 21Ist century. In addition to the acute symptoms,
a considerable proportion of patients worldwide have suffered from post-COVID-19 syndrome, commonly known as Long COVID.
The impact of Long COVID on individual and public health burden cannot be ignored. According to recent researches, Long COVID
has been affecting multiple organ systems throughout the body, with respiratory, mental, nervous and digestive symptoms often seen in
Chinese population. Clinical studies have proved that symptoms were alleviated by a variety of treatments, such as physical therapy,
rehabilitation training, psychological support, behavioral cognitive therapy, stem cell therapy, etc. Based on the current clinical
evidence, it is recommended to strengthen the scientific research on Long COVID and actively carry out early monitoring and
intervention in the future, so as to effectively prevent the long-term disease burden and economic pressure.
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Background
COVID-19 is the most consequential pandemic of the 21st century.' The first case of COVID-19 infection in China was
reported in December 2019 in Wuhan. Human-to-human transmission occurs through common routes such as direct
transmission, contact transmission and airborne transmissions through aerosols and during medical procedures. Cough,
sneeze, inhalation of droplets, and contact with oral, nasal and eye mucous membranes are the common modes of spread.”

Since the outbreak of COVID-19, a large number of people have been affected worldwide. With the continued
prevalence of COVID-19 and the accumulation of COVID-19 rehabilitators, a considerable proportion of COVID-19
patients suffered long-term effects after their nucleic acid tests have turned negative. This condition is commonly referred
to post COVID-19 syndrome, also named Long COVID. It is estimated that at least 65 million people worldwide have
been affected by Long COVID, with most individuals still not fully recovered one year after the initial infection.’®

On December 8, 2022, China optimized its COVID-19 control policies and downgraded management of COVID-19,
leading to a surge in the number of infections. According to the statistics from the Chinese Center for Disease Control and
Prevention (CCDC),* the number and rate of people testing positive for the nucleic acid of the SARS-CoV-2 have shown an
increasing trend followed by a decreasing trend since December 9, 2022, peaking at of 6.94 million positive cases on
December 22nd, and then fluctuating downwards, with 12,738 positive cases reported on February 23rd (Figure 1A). The
positive rate of nucleic acid testing reached its peak of 29.2% on December 25th, followed by a fluctuation downwards, and
was 1.4% on February 23rd (Figure 1A). The number and positive rate of positive results in COVID-19 antigen tests increased
rapidly since December 9, reaching a peak of 337,000 positive cases (21.3%) on December 22nd, and then fluctuated
downwards, with 337 positive cases reported on February 23 (positivity rate of 0.5%) (Figure 1B).

With the large number of infections in the Chinese population, a significant proportion of them may develop Long
COVID. In February 2023, The Lancet published a letter from several scholars at Hunan University, China, titled “China
needs a scientific Long COVID recovery-support platform”. The letter proposed that post-COVID-19 syndrome, or Long
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Figure | National situation of COVID-I9 infection in China. (A) Trend in the number and positivity rate of nucleic acid tests positive cases for COVID-19 among the
reported population in China. (B) Trend in the number and positivity rate of antigen tests positive cases for COVID-19 among the reported population in China.

COVID, had become a major public health issue in the post-pandemic era, and timely and comprehensive information
guidance and support were key to effectively addressing Long COVID.’

Basic Information About Long COVID

“Long COVID” has been defined by different organizations around the world. The World Health Organization (WHO) defined
it as the continuation or development of new symptoms 3 months after the initial SARS-CoV-2 infection, with these symptoms
lasting for at least 2 months with no other explanation.® The National Institute for Health and Care Excellence (NICE) in the
UK defines Long COVID as signs and symptoms that continue or develop after acute COVID-19, including both ongoing
symptomatic COVID-19 (4~12 weeks) and post-COVID-19 syndrome (>12 weeks).” The US Centers for Disease Control and
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Prevention (CDC) describes it as signs, symptoms, or conditions that continue or develop after initial COVID-19 or SARS-
CoV-2 infection. The signs, symptoms, and conditions are present four weeks or more after the initial phase of infection; may
be multisystemic; and may present with a relapsing-remitting pattern and progression or worsening over time, with the
possibility of severe and life-threatening events even months or years after infection (Post-COVID Conditions).®

The global prevalence of Long COVID was estimated to be 43%, with 51% in Asia, 44% in Europe, and 31% in North
America.’ The estimated global prevalence at 30, 60, 90, and 120 days after infection is 37%, 25%, 32%, and 49%,
respectively. The main risk factors for Long COVID include health status, age, gender, abnormal lab results, and potential
complications.'®'? The incidence rate in females is twice that in males,'® and the risk of Long COVID increases by 8% for
each 10-years increase in age.'* The presence of comorbidities also increases the risk, and individuals who exhibit more than
five symptoms during the acute phase of the disease are more likely to develop Long COVID." Table 1 summarizes the
disease characteristics of Long COVID.*!%16-19

With the recurrence and prolongation of the COVID-19 pandemic, the negative impact on individual patients, their families
and society is becoming increasingly severe. Long COVID is a poor health condition that usually requires long-term treatment
and poses clear long-term risks to the patient’s physical, psychological, and social activities. One survey found that 44% of people
with Long COVID were out of the labor force and 51% worked fewer hours.”® The decrease in the quality of life and work
capacity of patients with Long COVID will have a profound impact on social employment and economic development.?'

Based on the definition of Long COVID by international authoritative health organizations and the existing researches
in China, the characteristics and prevention strategies of Long COVID in the Chinese population were discussed.

Common Clinical Symptoms of Chinese Patients with Long COVID

Long COVID can affect various systems and organs throughout the body, such as the respiratory system, nervous system,
digestive system, and mental health. The clinical symptoms are complex and diverse. According to a recent epidemio-
logical survey in China,'” the most common symptoms are fatigue (33.7%), cough (31.9%), sore throat (31.0%), lack of
concentration (30.5%), anxiety (30.2%), muscle pain (29.9%), and joint pain (29.9%). In addition to the above
symptoms, other studies’>*® have also reported phlegm, diarrhea, dyspnea, palpitations, fever, sweating and other

symptoms. Severe patients tend to have more symptoms after infection.”*

Table 1 Characteristics of Long COVID

Characteristic Description Evidences

Wide range of affected Long COVID can occur in COVID- |® 20.8% of young to middle-aged adults (18—64 years old) and 26.9% of

population

19 patients of all ages and severity

levels.

elderly people (265 years old) experienced sequelae associated with
COVID-19 infection.'®

Various symptoms

Involvement and impairment in the
structure and function of multiple

organs.

® COVID-19 is a multi-system disease, affecting multiple organ systems

and presenting with more than 200 symptoms.?

® The most common symptoms of COVID-19 survivors include fatigue,

dyspnea, musculoskeletal pain, anosmia, movement disorders, cogni-

tive impairment or brain fog, sleep disorders, cough, and chest pain.|7

Prolonged Duration

Symptoms persist for a long time
and recovery is slow.

® Over 55% of COVID-19 patients in Wuhan, China, still had symptoms

after 2 years of infection.'*

® The majority (>91%) of Long COVID patients had symptom recovery

times exceeding 35 weeks and had long-term multisystem

symptoms.'®

Breakthrough infection(BTI)
patients can also develop Long
COVID

It is also possible to develop Long
COVID-19 even if vaccinated.

® BTI patients had a higher risk of sequelae than those with seasonal

influenza, with symptoms involving cardiovascular, gastrointestinal,

pulmonary, nervous system diseases and mental health, etc.”?
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Respiratory System Symptoms/Clinical Manifestations — Cough, Impaired Lung

Function, Pulmonary Fibrosis

Before and after the COVID-19 pandemic, there was a high rate of under-reporting of pertussis in Jiangsu province and
a large number of reproductive-age adults who were susceptible to pertussis.** Six to nine months after discharge, 25% of
recovered COVID-19 patients in Beijing showed pulmonary ventilation dysfunction, and 35.9% showed diffusion
dysfunction; 56.5% of severe cases had reduced lung diffusion capacity. Chest CT results showed nodules in 55.36%
of cases, strip-like changes in 44.64% of cases, ground-glass opacity in 37.5% of cases, and grid shadow in 5.36% of
cases, with statistically significant differences between severe and non-severe groups.”> COVID-19 recovered patients
should undergo regular pulmonary function tests, especially those who were severe cases.

In the period before and after the optimization of COVID control policies, the trend of the number of prescriptions
containing the “cough” field in Zhiyun Health Internet Hospital (Figure 2) is basically consistent with the change of
COVID-19 nucleic acid/antigen positive population size reported by CCDC (Figure 1). The number of prescriptions
began to increase sharply on December 5, 2022, and remained above 60000 from December 9, 2022 to January 6, 2023,
which was almost double or more than the same period of the previous year, and the fluctuation decreased after
January 5, 2023. From February 20 to March 12, 2023 (about 12 weeks after COVID strategies optimization), the
number of cough prescriptions was higher than the number of prescriptions for the same period last year. It is suspected
that in China, many patients who were infected with COVID-19 in early December have exhibited symptoms suggestive
of Long COVID, with cough being the main clinical symptom.

General Manifestations — Fatigue or Weakness

In 2021, the Lancet reported a cohort study®® of 1733 Chinese COVID-19 patients followed for 6 months after discharge,
and the most common symptom was fatigue or weakness (63%). This is similar to the results of another meta-analysis
including multiple countries, where fatigue (58%) was the most reported of more than 50 Long COVID symptoms.?’
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100000 A
90000 1
80000 1
70000 A
60000 -
50000 A
40000 4
30000-,WW
7 v~\—~‘
20000 - /\_—\/\’.‘Mﬁ/
10000 - \/
0
DO NDODTTOLOUNMNOIOOTTOUOUNOOOT-TANTOODONT O©OMON OO OTNHUNIDODTTOULUNOOTNONLOLNTOWONOD «—
LRLAT T LTI T ANAPARNQRIIQLRIT T T T QAAQANNRRIRIQIIIQe v v - T T ANANNRIQQQ
ANANANNNNNNNNNNNNNT S T & T T ™ AN ANNANANNNANNANANNNNOOOOOON
rrrrrrrrrrrrrrr [eoNeNeNoNeNe o NoNe o NeNo oo oo loNo ool oBoloNo o ool o Ne)
From 2021 to 2022 From 2022 to 2023

Figure 2 The number of cough prescriptions issued by Zhiyun Health Internet Hospital.
Notes: The two temporary declines in the number of cough prescriptions around February 01, 2022 and January 22, 2023, respectively, are due to the impact of the
Chinese Spring Festival.
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Psychological Symptoms — Mental Health Problems, Depression, Anxiety, PTSD, Sleep

Disorders, Etc

As COVID-19 infection is a communicable disease, COVID-19 survivors may suffer from discrimination and humiliation,
and are more likely to develop social anxiety.”® Compared to healthy controls, COVID-19 survivors reported more feelings
of shame, financial insecurity, and social isolation.”’ When assessing the psychological status of COVID-19 survivors 6
months after discharge in 5 cities in China, the proportions of patients with depression symptoms <5 and >5 were 76.9% and
23.1%, respectively. The proportions of patients with anxiety symptoms <5 and >5 were 77.4% and 22.6%, respectively.*”
Among 144 COVID-19 discharged patients in Tianjin, 16.0% had post-traumatic stress disorder (PTSD), a severe mental
health condition caused by a terrifying event.>' A cross-sectional survey evaluated the sleep quality of 199 COVID-19
survivors six months after discharge. About 62.8% were dissatisfied with sleep quality, and 33.7% had sleep disorders.
Factors associated with poor sleep quality included witnessing the suffering or death of other COVID-19 patients during
hospitalization, depression, anxiety, PTSD, and social support.*>

Neurological Symptoms — Cognitive and Memory Impairment

Elderly COVID-19 patients were assessed for cognitive decline at 6 months after discharge, with their non-infected spouses
as controls. Higher IQCODE scores indicated more severe cognitive decline. It was found that the IQCODE score of
COVID-19 patients was higher than that of the control group.*® A six-month follow-up study of severe COVID-19 recovery
patients discovered that the incidence of memory loss was higher in critically ill patients than in severe patients (15.1% vs
8.0%, p = 0.041), and critical illness was an independent risk factor for forgetfulness (p = 0.045).%*

Digestive Symptoms — Loss of Appetite, Diarrhea, Nausea/Vomiting, Abdominal Pain
A total of 117 patients with COVID-19 were followed up for 3 months after discharge from 12 hospitals in Hubei and
Guangdong Province. The gastrointestinal sequelae reported included loss of appetite, nausea, acid reflux, diarrhea,

abdominal distension, belching, vomiting, and abdominal pain.>

Strategies and Methods for Prevention and Treatment of Long COVID
Vaccination and adopting a healthy lifestyle can reduce the risk of developing Long COVID. The treatment strategies for
Long COVID mainly focused on symptom relief. As early as 2020, the National Health Commission of China issued
“Rehabilitation Program for Discharged COVID-19 Patients”,*® which recommended a series of rehabilitation treatment
methods for respiratory dysfunction (such as coughing, sputum production, and breathing difficulties), physical dysfunc-
tion (such as fatigue, weakness, and muscle soreness), and psychological dysfunction (such as fear, anger, anxiety, and
depression) that may occur in patients discharged from COVID-19, including respiratory function training, physical
function exercise, psychological rehabilitation intervention and daily life ability practice.

Early Monitoring and Diagnosis

Early monitoring and diagnosis are essential for effective treatment and improved prognosis. Recently, South Korea published
its first preliminary management guidelines for Long COVID,?” which suggested that the possibility of Long COVID should
be assessed in patients with symptoms lasting more than 12 weeks after COVID-19 diagnosis. Other underlying diseases,
complications, or diseases with similar symptoms should be excluded, and suspected diseases should be tested. NICE
guidelines recommend a complete evaluation, including a full blood count, kidney and liver function tests, C-reactive protein,
B-type natriuretic peptide (BNP), ferritin and thyroid function tests.” Systemic inflammatory markers, such as d-dimer,
C-reactive protein, interleukin-6, procalcitonin, and neutrophil counts are associated with persistent symptoms.**™* In

addition, having received 2 or more doses of COVID-19 vaccine in the past was a protective factor.'”

Vaccination Against COVID-19

The best way to prevent Long COVID is to avoid infection with the virus, and vaccination remains the most effective way to
protect against the virus. The virus infectivity within the population can be retarded by adequate vaccination coverage.**
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Interestingly, vaccination was found to be consistently associated with lower odds and rates of Long COVID clinical
diagnosis.*> A large meta-analysis showed that the vaccinated group had a total of 29% lower risk of developing Long
COVID compared with the unvaccinated group, including cognitive dysfunction/symptoms, kidney disease/problems,
myalgia, and sleep disorders/problems.*® China has been implementing a policy of COVID-19 vaccination since mid-
December 2020. To September 18, 2021, a total of 1100.8442 million people have been vaccinated in China, accounting
for 78% of the country’s total population.*’ The vaccination coverage was much higher than the world average of 12.7%.*% In
fact, vaccination rates remain low in many parts of the world, and vaccine hesitancy is emerging as a major barrier to tackling
the recurrent pandemic. Effectively tackling poor compliance to COVID-19 prevention measures and vaccine hesitancy is of
paramount importance in the battle against the urgent management of the pandemic.*

Healthy Lifestyle

Women with five to six healthy lifestyles were reported to have a 49% lower risk of developing post-COVID conditions,
including healthy weight, never smoking, at least 150 minutes of moderate to vigorous exercise per week, a high-quality diet,
moderate alcohol intake and adequate sleep, with BMI and sleep independently associated with risk of Long COVID.>

Respiratory Training

Medical experts recommended appropriate treatment based on clinical symptoms. Chest imaging, electrocardiogram, and
pulmonary function tests should be considered for patients presenting with cardiopulmonary symptoms. Patients with
respiratory distress and during pulmonary rehabilitation usually require supplemental oxygen. Adequate patient support
and building a good relationship are essential for recovery.'' For critically ill COVID-19 patients in the ICU or patients
over 65 years old with prolonged COVID-19 symptoms, consultation with rehabilitation experts for appropriate and
specific respiratory rehabilitation therapy is recommended.’”

Physical Function Training

An unsupervised home exercise program (TERECO) that includes respiratory control and chest expansion, aerobic
exercise, and lower limb muscle strength (LMS) training was implemented through a smartphone app and remote heart
rate telemetry monitoring for COVID-19 survivors with persistent dyspnea symptoms. Patients who received TERECO
intervention showed improvements in exercise capacity, lower limb muscle strength (LMS), and health-related quality of
life (HRQOL) compared with the control group.’

Mental Health Interventions

Cognitive behavioral therapy (CBT) is recommended as a first-line psychological treatment for clinical therapy.’* Studies
have shown that the mean decreases in depression, anxiety, stress, and total DASS-21 scores were greater in the CBT
intervention group than in the control group, highlighting the effectiveness of CBT in improving the psychological health
of COVID-19 patients.” XiaoE, a CBT-based mental health chatbot, is a viable and engaging digital therapy that can
provide accessible and self-guided mental health assistance for young people with depressive symptoms.>* Compared
with the treatment as usual (TAU) group, the computerized CBT (cCBT) + TAU group showed significantly reduced
scores on the Hamilton Depression Rating Scale (HAMD17), Hamilton Anxiety Scale (HAMA), Self-Rating Depression
Scale (SDS), Self-Rating Anxiety Scale (SAS), and Athens Insomnia Scale (AIS) after intervention (all P < 0.001).2
These studies demonstrate the importance of CBT in alleviating psychological distress among COVID-19 patients. In
addition, promoting social support and social inclusion may be effective strategies to improve the psychological health of
COVID-19 survivors.*®

Other Strategies and Methods for Managing Long COVID That Can Be Learned

In a study published in “Preprints with The Lancet” in March 2023, metformin was used to treat COVID-19 patients with
a 300-days followed up. Compared with placebo, metformin reduced the risk of COVID-19 sequelae by 42%, and up to
63% when administered within 4 days of symptom onset.”
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In 2020, Japan approved for the first time the use of autologous adipose mesenchymal stem cells to treat the sequelae
of COVID-19. Patients received three intravenous injections of 200 million stem cells every 2—4 weeks, and symptoms
such as lung function, oxygenation index, inflammation level, and pain degree were relieved.’® In 2022, a prospective
study in China used human umbilical cord mesenchymal stem cells (UC-MSCs) to treat severe COVID-19 patients and
followed up for one year and found that stem cells had long-term benefits on the recovery of lung disease and symptom
relief, with good tolerance.’’

Besides, hyperbaric oxygen therapy can induce neuroplasticity and improve cognitive, mental, fatigue, sleep, and pain
symptoms in Long COVID patients diagnosed with infection for at least three months.”® Aromatherapy blend of thyme,
orange, clove bud, and frankincense can boost energy levels in post-COVID-19 female patients.” Treatment combining
olfactory rehabilitation with oral supplementation with Palmitoylethanolamide and Luteolin was associated with improved
recovery of olfactory function, most marked in patients with longstanding olfactory dysfunction.®® Histamine receptor
antagonists can be used to alleviate allergic reactions caused by COVID-19, but care should be taken to avoid drug
abuse.®"*%? Supplementation with various vitamins can improve the clinical symptoms of Long COVID patients.®

In order to tackle Long COVID efficiently, people should keep up with current developments and take proactive
action. A balanced diet, regular physical exercise, appropriate personal protective equipment and vaccination are
protective measures for preventing SARS-CoV-2 infection and the development of Long COVID. Early viral clearance
during acute phase of COVID-19 may mitigate viral infection and prevent poor clinical outcomes. For individuals with
Long COVID, targeted treatment should be provided based on evaluation and a comprehensive management plan should
be offered.’ In addition, appropriate use of protective drugs is recommended for patients with high risk of COVID-19.
A multicenter cohort study demonstrated that statins significantly reduced mortality in hospitalized COVID-19 patients,

with favorable laboratory findings and clinical outcomes.®*

Conclusion and Prospects

Studies of Long COVID in Chinese population have found that the most common symptom is fatigue, followed by cough, sore
throat, attention disorder, anxiety, muscle or joint pain. To date, treatment strategies for Long COVID mainly focused on
symptom relief. Clinical practices have proved that physical therapy, rehabilitation training, psychological support, behavioral
cognitive therapy, stem cell therapy and other therapies are beneficial to control the development of Long COVID, which is
likely to be a challenge to global healthcare systems and economies for some time. Future researches on Long COVID should
be actively carried out, focusing on several directions: 1. Have infected people been vaccinated against COVID-19? 2. Which
viral variant is most likely to infect? Are there differences in persistent symptoms among variant infections? 3. What are the
long-term organ function changes of the patient? 4. How is the patient’s long-term recovery? 5. Are there any specific organ or
tissue injuries? What are the possible pathogenic mechanisms? For the management of Long COVID, a combination of early
prevention and active treatment should be adopted to reduce the risk of disease, alleviate clinical symptoms, and improve the
quality of life for the potential large population of patients with Long COVID.
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