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Objective: The study aims to analyze the clinical characteristics of acute phase of SARS-CoV-2 infection in children aged 0–17 years with the Omicron variant, and summarize the persistent symptoms or new-onset clinical manifestations from 4 to 12 weeks after acute COVID. Explore the association between the vaccination status and SARS-CoV-2 neutralizing antibody levels post infection among preschool-aged children. The comprehensive study systematically describes the clinical characteristics of children infected with SARS-CoV-2, providing a foundation for diagnosis and evaluating long-term COVID in pediatric populations.



Methods: The study enrolled children who were referred to the Children's Hospital, Capital Institute of Pediatrics, (Beijing, China) from January 10, 2023 to March 31, 2023. Participants were classified as infant and toddlers, preschool, school-age, and adolescent groups. Children or their legal guardians completed survey questionnaires to provide information of previous SARS-CoV-2 infection history, as well as clinical presentation during the acute phase and long-term symptoms from 4 to 12 weeks following infection. Furthermore, serum samples were collected from children with confirmed history of SARS-CoV-2 infection for serological testing of neutralizing antibodies.



Results: The study recruited a total of 2,001 children aged 0–17 years who had previously tested positive for SARS-CoV-2 through nucleic acid or antigen testing. Fever emerged as the predominant clinical manifestation in 1,902 (95.1%) individuals with body temperature ranging from 37.3 to 40.0°C. Respiratory symptoms were identified as secondary clinical manifestations, with cough being the most common symptom in 777 (38.8%) children, followed by sore throat (22.1%), nasal congestion (17.8%), and runnning nose (17.2%). Fatigue (21.6%), headache (19.8%) and muscle-joint pain (13.5%) were frequently reported systemic symptoms in children. The proportion of children with symptoms of SARS-CoV-2 infection varied across age groups. 1,100 (55.0%) children experienced persistent symptoms from 4 to 12 weeks post the acute phase of infection. Trouble concentrating (22.1%), cough (22.1%), and fatigue (12.1%) were frequently reported across age groups in the extended period. A limited number of children exhibited cardiovascular symptoms with chest tightness, tachycardia, and chest pain reported by 3.5%, 2.5%, and 1.8% of children, respectively. Among 472 children aged 3–5 years, 208 children had received two doses of SARS-CoV-2 vaccine at least 6 months prior to infection, and no association was found between the incidence of long-term COVID and pre-infection vaccination statuses among the 3–5 years age groups (χ2 = 1.136, P = 0.286).



Conclusions: In children aged 0–17 years infected with SARS-CoV-2 Omicron variant, fever was the primary clinical manifestation in the acute phase, followed by respiratory symptoms, systemic non-specific and digestive presentations. In particular, respiratory and digestive system symptoms were more frequent in children aged above 6 years. Regarding the long-term symptoms from 4 to 12 weeks post-infection, the most common presentations were concentrating difficulty, cough, and fatigue. The incidence of persistent symptoms of SARS-CoV-2 did not exhibit a significant correlation with vaccination status, which was attributed to the waning efficacy of the vaccine-induced humoral immune response after 6 months.
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Introduction

The Omicron variant, designated as B.1.529, emerged in Botswana and South Africa in early November 2021. This variant has elicited significant global public health concern due to its demonstrably heightened transmissibility compared to the Delta variant and has rapidly become the prevailing circulating strain during the ongoing COVID-19 pandemic (1).

Owing to the comprehensive epidemic prevention and control strategies enacted by the Chinese government since 2020, Beijing had successfully averted any large-scale SARS-CoV-2 outbreaks until December 2022. However, following a revision of public health measures on December 7, 2022, mainland China witnessed a notable surge in SARS-CoV-2 infection, with variants BA.5.2 and BF.7 emerging as the predominant strains within the Chinese population (2). The Omicron variant has the capacity to infect most children under 17 years. Children infected SARS-CoV-2 may either remain asymptomatic or exhibit mild upper respiratory symptoms, such as fever, cough, sore throat, nasal congestion, and runny nose. Older children and adolescents might experience systemic symptoms (e.g., fatigue and headaches). Some cases may also involve gastrointestinal symptoms, including loss of taste or smell, as well as nausea and vomiting. Notably, most children with SARS-CoV-2 infection display mild symptoms and a promising prognosis, typically recovering within a span of 1 to 2 weeks (3, 4).

Several investigations have reported clinical manifestations in children infected with Omicron variant, in terms of the number of cases covered and the range of ages were limited (5, 6). Some studies have concentrated on the persistence of COVID-19 symptoms in adults, and it is increasingly evident that children also face the consequences after being infected with SARS-CoV-2 (7). However, research on prolonged symptoms in children remains limited, particularly due to small sample sizes and underrepresentation of infants and toddlers. The National Institute for Health and Care Excellence (NICE) characterizes long-COVID as the persistence or development of signs and symptoms following acute COVID-19 while remaining unattributed to alternative diagnoses, which encompasses symptomatic COVID-19 lasting from 4 to 12 weeks (8). The National Institutes of Health defines long-COVID as persistent symptoms exceeding 4 weeks after SARS-CoV-2 infection (9). This study focuses on prolonged symptoms occurring from 4 to 12 weeks after the onset of the acute phase, scrutinizing the domain of long-term COVID effects in pediatric populations meeting NICE's definition.

In the current research, a cohort of children spanning from 0 to 17 years of age, who sought care at the outpatient department of Children's Hospital, Capital Institute of Pediatrics from January 1, 2023, to March 31, 2023, were involved in the study. These young participants were thoughtfully surveyed through a meticulously designed questionnaire aimed at probing any prior SARS-CoV-2 infection. To bolster the exploration, serum samples from these children were collected for supplementary analyses, with the guardian’s informed consent, for the purpose of detecting SARS-CoV-2 neutralizing antibodies. The overarching objective of this study is to unravel the multifaceted clinical features and enduring symptoms exhibited by children of varying age groups who have been infected with the Omicron variant. Furthermore, it was attempted to explore the interplay between the levels of SARS-CoV-2 neutralizing antibodies and the persistent symptoms characterizing the long COVID. It is essential to underscore that the research was approved by the ethical approval from the Ethics Committee of the Capital Institute of Pediatrics, as authorized by the reference number of SHERLL2023016.



Methods


Study design and participants’ enrollment

The study was a single-center, observational real-world study conducted at the Children’s Hospital, Capital Institute of Pediatrics, which receives approximately 2.5 million annual visits. The survey questionnaires were self-reported by children (aged 8–17 years) or their legal guardians (aged 0–7 years), encompassing inquiries regarding participants’ history of SARS-CoV-2 infection and vaccination records. Confirmation of previous infections relied on positive results obtained from SARS-CoV-2 nucleic acid or antigen tests. The clinical presentation section of the questionnaire covered various aspects, including the severity of fever, respiratory symptoms (e.g., cough, sore throat, hoarseness, nasal congestion, and running nose), gastrointestinal symptoms (e.g., loss of appetite, diarrhea, vomiting, and changes in smell or taste), cardiovascular symptoms (e.g., chest tightness, chest pain, and palpitations), non-specific systemic symptoms (e.g., fatigue, headache, and muscle joint pain), as well as severe manifestations (e.g., convulsions, somnolence, and dyspnea). Furthermore, a comprehensive evaluation was conducted to identify any persistent lingering symptoms occurring from 4 to 12 weeks following SARS-CoV-2 infection. The investigation into vaccination status targeted multiple aspects, encompassing the count of vaccine doses administered, the specific vaccine's manufacturer, and the duration between the administration of the last vaccine dose and the onset of infection.



Laboratory assays


Sample collection

To enhance the scientific reliability of the investigation, approximately 3 ml of blood was collected from eligible participants via venipuncture. Subsequently, serum samples were isolated by centrifugation at a speed of 3,000 rpm for a duration of 10 min and then stored at an ultra-low temperature of −80°C.



Quantification of SARS-CoV-2 neutralizing antibodies

The Maccura i1000 automatic chemiluminescence analyzer, manufactured by Maccura Biotechnology Co., Ltd., situated in Chengdu, China, was utilized for the assessment of SARS-CoV-2 neutralizing antibodies using a compatible reagent. The analytical procedure was designed to identify neutralizing antibodies that inhibit the interaction between the RBD domain of SARS-CoV-2 and the human ACE2 receptor. Initially, the specimen was incubated with pre-coated magnetic particles to allow the neutralizing antibodies within the specimen to bind to the RBD domain on these particles. Subsequently, a labeled form of hACE2 containing acridinium ester was introduced into the mixture, facilitating specific binding with the pre-coated magnetic particles at unoccupied RBD binding sites due to neutralizing antibody presence. The assay results were quantitatively expressed and recorded as AU/ml. A level below 6.00 AU/ml indicated a negative result, while a level equal to or higher than 6.00 AU/ml signified a positive result. This range, spanning from 3.00 to 120.00 AU/ml, was determined based on the lower limit of detection and the maximum point of the standard curve utilized in the analysis.




Statistical analysis

The symptoms of the acute phase and long-term period were assessed as categorical variables, presented as counts and percentages, with differences among various age groups analyzed using the χ2 test. Comparison of neutralizing antibody levels between vaccinated and unvaccinated prior infection groups was conducted using the Mann–Whitney U test. Statistical significance was determined with a two-tailed P-value threshold of less than 0.05. Statistical analysis was performed via SPSS 25.0 software, which was developed by IBM Corporation. Graphical representations were meticulously crafted using GraphPad Prism 8.0 software, a distinguished product of GraphPad Software Inc., which headquartered in San Diego, CA, USA.




Results


Participant’s characteristics

During the period from January 10 to March 31, 2023, a total of 2,372 pediatric patients completed questionnaires pertaining to their SARS-CoV-2 infection history at the clinic department of Children's Hospital, Capital Institute of Pediatrics. During the survey filling process, a professional is responsible for answering questions encountered by the child or parent during the questionnaire filling process to ensure the authenticity and reliability of the questionnaire. The study's eligibility criteria excluded cases who reported no history of SARS-CoV-2-infection and didn't exhibit symptoms associated with SARS-CoV-2 infection. (n = 371). As a result, a final cohort consisting of 2,001 symptomatic children confirmed previously infected with SARS-CoV-2, comprising 937 boys and 1,064 girls. These participants were classified into four distinct groups based on ages: infants and toddlers (0–2 years), preschool-age (3–5 years), school-age (6–11 years), and adolescents (12–17 years) (10) (Figure 1). This study meticulously analyzed the clinical manifestations observed during the acute phase of infection and the persistence of symptoms experienced from 4 to 12 weeks post infection. It is noteworthy that most prior SARS-CoV-2 infections in children transpired in December 2022, with infection rates during early, mid, and late December being 29.7% (594/2001), 45.0% (901/2001), and 18.9% (379/2001), respectively. Furthermore, a relatively small proportion (6.4%, 127/2001) of infections occurred in early January 2023.
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FIGURE 1
Participants’ recruitment.




Clinical manifestations in children at acute phase of SARS-CoV-2 infection

In the 2,001 children with confirmed previous SARS-CoV-2-infection, an overwhelming 95.1% of them reported experiencing fever during the acute phase. Within this group, moderate fever, characterized by a temperature range of 38.1–39.0°C, was noted in 45.6% of cases, while high fever (39.1–40.0°C) and low fever (37.3–38.0°C) were identified in 37.3% and 11.7% of instances, respectively. Only a small proportion of cases (0.4%) exhibited hyperpyrexia, with body temperature exceeding 40°C. Notably, there were no significant variations in the degree of fever across different age groups. Apart from fever, respiratory symptoms emerged as the predominant clinical manifestations in children infected with SARS-CoV-2. In the overall cohort, cough was identified as the most frequent symptom (38.8%), followed by sore throat (22.1%), nasal congestion (17.8%), running nose (17.2%), and expectoration (10.2%). The incidence rates of these respiratory symptoms exhibited an age-dependent progression, with the highest levels observed in children over the age of 12 years. The incidence of additional respiratory symptoms, such as hoarseness (4.2%), chest distress (2.0%), and shortness of breath (1.9%), remained relatively low during the acute infectious phase. In contrast, the proportion of digestive symptoms was notably lower vs. respiratory manifestations. Loss of appetite was the most prevalent among digestive symptoms, accounting for 12.8%, followed by vomiting (6.5%), smell or taste change (3.8%), and diarrhea (3.2%). Regarding non-specific clinical manifestations during the acute phase of SARS-CoV-2 infection, 21.6% of children reported experiencing fatigue, while 19.8% reported having headaches, and 13.5% mentioned muscle and joint pain. Notably, these symptoms exhibited a higher prevalence among children aged over 6 years vs. younger age groups. Additionally, somnolence was reported in 5.1% of children during the acute phase. A small number of recipients exhibited rare symptoms associated with the cardiovascular or nervous systems. Palpitations were noted in 2.0% of children, with the highest rate (6.2%) found in children older than 12 years. Convulsive symptoms were self-reported by 21 children during the acute phase, with aged under 2 years old accounting for 50% of these cases. Concerning the treatment of convulsions linked to SARS-CoV-2 infection, 4 cases admitted hospitalization, and 7 cases were referred to the emergency department, while the remaining 12 cases received care at home (Table 1).


TABLE 1 Clinical characteristics of SARS-CoV-2 infected children.
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The investigation further analyzed the number of symptoms manifested by children in the acute phase of SARS-CoV-2 infection. It is noteworthy that fever was the sole symptom in 30.0% of children, encompassing moderate, high, and low fevers, which accounted for 14.7%, 10.4%, and 4.9%, respectively. Additionally, a combination of two clinical manifestations, primarily fever and cough, was observed in 9.24% of children. When exploring the association between age groups and symptomatology, a relatively majority of children aged 0–2 years (82.0%) and 3–5 years (81.3%) displayed no more than three clinical symptoms. In contrast, for children aged 6–11 years, this proportion decreased to 70.3%, whereas it further declined to 43.0% for those older than 12 years. Notably, older children demonstrated a higher burden of symptoms related to SARS-CoV-2 infection compared to their younger counterparts. Specifically, among children aged 12–17 years, a diverse range of clinical manifestations associated with SARS-CoV-2 infection was observed, with 33.3% presenting with four to six clinical symptoms and 23.7% displaying more than seven presentations. The findings underscored significant variations in the distribution of clinical symptoms across different age groups (χ2 = 154.5, P < 0.001) (Figure 2).
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FIGURE 2
Number of symptoms in the acute phase of SARS-CoV-2 infection across age groups.




Long-term COVID from 4 to 12 weeks post SARS-CoV-2 infection

The primary objective of the study was to assess the clinical status of pediatric cases from 4 to 12 weeks post SARS-CoV-2 infection. Among a total of 2,001 individuals, complete recovery was observed in 45.0% (901 children), with the highest recovery rate found in the age group of 0–2 years (50.4%), followed by 3–5 years (48.9%) and 6–11 years (44.1%). The lowest rate of recovery was recorded at 35.8% for children aged 12–17 years. Conversely, 55.0% (1,101 participants) reported persistent symptoms or newly developed clinical manifestations. Difficulties in concentration were consistently mentioned across various age groups and affected 22.1% (442 children). Cough persisted in approximately the same proportion for 22.1% (442 children), while fatigue was present during an extended period for 12.1% (242 children). Regarding cardiovascular symptoms, proportions of 3.5%, 2.5%, and 1.8% experienced chest tightness, tachycardia, and chest pain respectively among children included in this study. A smaller proportion experienced insomnia (2.7%), headache (2.5%), as well as muscle and joint pain (1.6%) (Figure 3; Table 2).
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FIGURE 3
Long-term COVID from 4 to 12 weeks post SRAS-CoV-2 infection.



TABLE 2 Long-term symptoms at 4–12 weeks following SARS-CoV-2 infection in different ages.
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Regarding diverse age groups, the most prevalent persistent symptoms among children aged 0–2 years were cough and trouble concentrating, accounting for 24.8% and 17.7%, respectively. Among children aged 3–5 and 6–11 years, trouble concentrating, cough, and fatigue were predominant, with rates ranging from 10.4% to 23.1%. In adolescents aged 12–17 years, there was a higher prevalence of cough (30.5%), difficulty in concentration (22.6%), and fatigue (20.6%) compared to younger age groups.



Relationship between SARS-CoV-2 neutralizing antibodies and long-term COVID in preschool-aged children

In the present study, a total of 1,747 children aged 3–17 years met the age criteria for receiving inactivated SARS-CoV-2 vaccine in China. The majority of children in the age groups 6–11 and 12–17 had been immunized prior to infection, with vaccination rates of 88.8% and 90.1%, respectively. Among the preschool-aged group (3–5 years) consisting of 472 children, there were 218 individuals who remained unvaccinated, while 254 had received at least one dose of the vaccine prior to infection. Within the vaccinated group of preschool-aged children, a subset of 208 individuals had received primary immunization of two doses vaccine, with the last dose administered more than six months prior to SARS-CoV-2 infection. An analysis was conducted to explore the association between pre-infection SARS-CoV-2 vaccination status and the presence of long-term symptoms in infected children aged 3–5 years. Among those who had received two vaccine doses prior to infection (n = 208), complete recovery was achieved by 118 individuals; similarly, in the unvaccinated group (n = 218), recovery was observed in 112 children as well. No significant differences were found in the incidence of long-term COVID among preschool-aged children with different vaccination statuses (χ2 = 1.136, P = 0.286).

Moreover, a further analysis scrutinized the post-infection levels of SARS-CoV-2 neutralizing antibodies and their correlation with persistent symptoms. Among children aged 3–5 years, vaccinated individuals consistently exhibited elevated levels of SARS-CoV-2 neutralizing antibodies, regardless of whether they experienced persistent symptoms. The measurements of SARS-CoV-2 neutralizing antibodies showed values of 114.70 AU/ml (95% CI, 101.20–117.90) for fully recovered children and 113.20 AU/ml (95% CI, 96.49–114.90) for children with prolonged COVID-19 symptoms. Notably, no significant difference was achieved in SARS-CoV-2 antibody levels between fully recovered children and those with persistent symptoms in the vaccinated group (P = 0.707). For non-vaccinated children prior to infection, both fully recovered individuals and those with prolonged symptoms had relatively low levels of SARS-CoV-2 neutralizing antibodies at 5.73 AU/ml (95% CI: 5.17–6.28) and 6.51 AU/ml (95% CI: 5.55–7.47), respectively. Moreover, no statistically significant difference was observed in SARS-CoV-2 neutralizing antibody levels between fully recovered individuals and those with persistent symptoms within the unvaccinated group (P = 0.619). (Figures 4A,B).
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FIGURE 4
SARS-CoV-2 neutralizing antibodies in 3-5 years old children post infection. (A) Relationship between the occurrence of long-term symptoms of SARS-CoV-2 infection and the levels of neutralizing antibodies in children aged 3–5 years who received two doses of vaccination prior to infection. Among 118 children who were fully recovered, the mean neutralizing antibody titer was 114.70 AU/ml (95% Cl 101.20–117.90), whereas among 136 children with long-term symptoms, it was [113.20 AU/ml (95% Cl 96.49–114.90)]. No significant difference in neutralizing antibody level was noted in different clinical outcomes (P = 0.707). (B) Association between the occurrence of prolonged symptoms following SARS-CoV-2 infection and the levels of neutralizing antibodies in unvaccinated children aged 3-5 years. 112 children achieved complete recovery, with a mean neutralizing antibody level of 5.73 AU/ml (95% CI, 5.17–6.28). Among 106 children experiencing persistent symptoms, the mean neutralizing antibody level was 6.51 AU/ml (95% CI, 5.55–7.47). No significant difference was identified in neutralizing antibody level of different clinical outcomes (P = 0.619).





Discussion

The emergence of the Omicron variant, characterized by its heightened transmissibility compared to the Delta variant, has led to a substantial surge in SARS-CoV-2 infection within the pediatric population (11–13). Since December 2022, the SARS-CoV-2 Omicron variant, characterized prominently by the BA.5.2 and BF.7 strains, has been circulating in China. Notably, children spanning various age groups have exhibited a heightened susceptibility to the Omicron variants. This study emphasized fever as the primary clinical manifestation of SARS-CoV-2 Omicron variant infections in children across all ages, with approximately half of them presenting body temperatures ranging from 38.1 to 39.0°C. Respiratory symptoms emerged as the second most frequent category, with cough being the predominant clinical feature in over one-third of the cases. Supplementary respiratory symptoms, comprising conditions (e.g., sore throat, nasal congestion, and runny nose), were manifested with varying incidence rates falling within the range of 17.2%–22.1%. Notably, these respiratory symptoms were more prevalent in children aged 6 years and older. The study also revealed a noteworthy age-related increase in the prevalence of sore throats, with approximately half of children aged 12 years and above reporting the symptom during the acute phase. Regarding gastrointestinal symptoms, loss of appetite emerged as the most reported manifestation. Systemic clinical presentations, such as fatigue, headache, and muscle and joint pain, were frequently observed among children older than 6 years. Tachycardia was identified in a limited number of older children. Most participants experienced a mild course of illness and did not seek medical attention at a hospital emergency department during the acute phase of infection. However, convulsive symptoms were reported by 21 children, all of whom presented with a high fever ranging from 39.1 to 40.0°C. In terms of treatment, hospitalization was required for 4 children during the acute phase of infection.

Several studies have described the clinical presentation during the acute phase of SARS-CoV-2 infection in pediatric populations. A Canadian study investigated 1,440 SARS-CoV-2-infected children across different COVID-19 variants uncovered that fever and cough were more prevalent in cases associated with Omicron variants in comparison to both the original virus and the alpha variant. These symptoms affected 81% and 58.8% of the 468 children with the Omicron variant, respectively (14). As the highly contagious Omicron variant continues to spread, there has been a continuous rise in pediatric SARS-CoV-2 infections. Another study conducted in South Africa revealed that the number of pediatric hospitalizations among those aged 19 years or younger exceeded previous SARS-CoV-2 pandemic waves. Among these instances, fever was the predominant symptom in 61% of cases, followed closely by cough, which presented in 57% of cases. Additionally, symptoms (e.g., shortness of breath, seizures, vomiting, and diarrhea) were noted (5, 15). In our study, it revealed a progressive increase in the number of symptoms during the acute phase of COVID-19 infection with advancing age among children. Some studies compared the symptoms burden in the Omicron-dominant period, which unveiled children in the 0–4 age group exhibited fewer symptoms vs. those aged 5–17 years at the acute phase (16). The adolescent (aged 12–17 years) demonstrated a higher number of symptoms than children (aged 0–11 years) (17). In terms of specific clinical symptoms, children between the ages of 5–17 years had higher rates of headache, muscle pain, fatigue, sore throat, and alterations in taste or smell vs. children who were aged 0–4 years (15, 18). These findings align with results of the current investigation. The current study has revealed a significant decrease in the occurrence of cough, sore throat, and expectoration among younger children with respiratory symptoms during the acute phase of SARS-CoV-2 infection compared to their older counterparts, potentially attributed to the underlying factor. The production of type I IFNs by respiratory epithelial cells is essential for host defense against SARS-CoV-2, which depends on the age. The mucous membranes of young children exhibit a propensity for type 1 interferon responses, which play a crucial role in facilitating local defenses against SARS-CoV-2 infection (19, 20).

An analysis of clinical symptoms in adult patients with mild Omicron variant infection in China revealed that throat symptoms were the most common (49.12%), followed by nasal symptoms (20.08%). Additionally, 55.26% of adults with mild Omicron variant infections experienced general systemic symptoms (21). In the context of this ongoing investigation, it is notable that the occurrence of upper respiratory symptoms, encompassing several manifestations (e.g., sore throat, nasal congestion, and runny nose), in children aged 12 years and above who have contracted the Omicron variant was strikingly analogous to that in adults. Furthermore, the prevalence of non-specific symptoms (e.g., headache and fatigue) among older children bears a strong resemblance to the patterns seen in adults.

Currently, a substantial segment of the pediatric population is confronted with the potential of enduring prolonged consequences following their exposure to SARS-CoV-2 infection. The World Health Organization (WHO) has operationalized the definition of “long COVID” as the persistence of symptoms for a minimum duration of 2 months, occurring three months after the onset of COVID-19, significantly impairing an individual's daily life and can't be explained by other alternative diagnosis (22). However, another guideline suggests that symptoms lasting for 3 months or longer post-infection (23).

A recent study demonstrated that vaccinated children who had previously experienced Omicron infection exhibited a 94.3% protection rate against re-infection within three months, and a 79.4% protection rate within four months post-vaccination (24). According to the observations in this study, reinfection has already occurred in a portion of the population by April 2023 (i.e., four months after initial infection). Additionally, in the Beijing area, the influenza A virus has been circulating during spring 2023, and children with influenza also showed symptoms similar to those of Omicron infection. To ensure a clear background of a single viral infection, accurately assess the persistent symptoms of initial infection with Omicron, and avoid the impact of additional viral infections on the evaluation of clinical symptoms, this study analyzed the clinical symptoms of children who had been previously infected with Omicron variant infection from 4 to 12 weeks after initial exposure.

Overall, recovery was observed in 45.0% of participants, with the highest rates observed among children aged 0–2 years. The prevalence of long COVID demonstrates a positive correlation with the age of children, peaking among adolescent individuals. A prospective study investigating risk factors for long COVID in children revealed that those aged 11 years and above were associated with the development of post-COVID-19 symptoms starting from three months after infection (25). Trouble concentrating, cough, and fatigue were identified as the three predominant persistent symptoms following Omicron infection. Furthermore, the prevalence of long-term symptoms varied across different age groups and was more common in children over 6 years old. In addition, a limited number of children experienced cardiovascular discomfort, reporting symptoms, such as chest tightness, tachycardia, and chest pain. Recent studies have indicated that approximately 60% of cases with COVID-19 experience long-term symptoms within the first year after the acute phase of the disease. A review summarized a long-term follow-up of adults after coronavirus infection, regardless of the specific virus variant. Fatigue was the most prevalent long-term COVID-19 symptom, followed by pain and cough (26). An additional meta-analysis unveiled that within the demographic of cases with symptoms that endure beyond a span of 4 weeks post-SARS-CoV-2 infection, the prevalence of long COVID in children and adolescents amounted to approximately 25.24%. The most recurrently reported manifestations encompassed mood-related symptoms, persistent fatigue, sleep disturbances, recurring headaches (7). A recent study investigated long-term COVID symptoms over 2 months in children aged 0–14 years with a confirmed history of SARS-CoV-2 infection compared to matched controls. The findings demonstrated that 26.5%–32.3% of children infected with SARS-CoV-2 developed long-term COVID-19, with mood swings, coughing, and rashes common in younger children, while trouble concentrating and fatigue were common in school-aged participants. A number of investigators have documented elevated rates of persistent symptoms, notably mood fluctuations, among cases who were not infected with SARS-CoV-2 vs. children who were afflicted, indicating the potential influence of the pandemic period’s social restrictions and resultant psychological ramifications (27, 28).

In the present investigation, approximately half of the preschool-aged children had received two doses of the SARS-CoV-2 vaccine, with the majority receiving the second dose at least six months prior to infection. As vaccination time passed by, the humoral immune response-induced antibody production declined to levels similar to baseline at the time of infection (29, 30). The current study revealed no discernible association between vaccination status and the incidence of persistent symptoms in children. However, a correlation was observed between pre-infection vaccination status and levels of SARS-CoV-2 neutralizing antibodies in children. Those who were vaccinated exhibited higher levels of neutralizing antibodies irrespective of experiencing persistent symptoms. In contrast, both fully recovered children and those with persistent symptoms in the unvaccinated group demonstrated relatively low or even negative antibody levels.

The benefits of SARS-CoV-2 vaccine have been approved. A study conducted during the Omicron period in Chile estimated the effectiveness of the CoronaVac vaccine in children aged 3–5 years. The results demonstrated its efficacy in preventing symptomatic infection, hospitalization, and ICU admission at a rate of 38.2%, 64.6% and 69.0% respectively (31). While vaccination reduced the risk of severe COVID-19 infection, ongoing researches are currently investigating the impact of pre-infection vaccination on the development of long COVID in both adult and pediatric populations. It is crucial to emphasize that the effect of vaccination on long COVID may vary across studies and can be influenced by factors such as timing of vaccination and study methodology. A study indicated that prior vaccination did not provide protection against several long COVID symptoms in adults (32). Nonetheless, specific studies have suggested a reduced risk of experiencing protracted long COVID symptoms in adults who have undergone vaccinations (33). In term of pediatric long COVID research, a study found no significant difference in persistent symptoms occurrence three months post delta variant infection between vaccinated adolescents and their unvaccinated counterparts (34). Nevertheless, a recent analysis examined the prevalence of persistent symptoms among different age groups of children based on the pre-infection vaccination status. Although vaccinated individuals had a small decreased risk of post-COVID-condition, no statistical significance was observed between primary vaccinated and unvaccinated children (25). In this study, most preschool children who received vaccinations completed their primary immunization at least 6 months prior to contracting COVID-19. It was observed that the efficacy of the vaccine-induced humoral immune response waned after a period of 4–6 months. Consequently, upon exposure to SARS-CoV-2, protection levels gradually decline towards their pre-vaccination status.

The study delved into the clinical manifestations in children across a wide age spectrum, encompassing ages 0–17, with a specific focus on the age groups of 0–2 years and 3–5 years. Additionally, it analyzed the long-term symptoms associated with SARS-CoV-2 during the 4–12 weeks post-infection period in children spanning all age groups. In addition, within the cohort of children aged 3–5 years, the study investigated the impact of pre-vaccination on the risk of infection and the incidence of long-term symptoms. It also compared the levels of neutralizing antibodies in children who had fully recovered from COVID-19 and those who continued to experience persistent symptoms in pre-vaccinated and unvaccinated pediatric population. Several limitations should be acknowledged in this study. First, most symptoms of SARS-CoV-2 infection were reported by the children themselves or their guardians, expect clinical manifestations of cardiovascular system assessed by medical professionals. Second, the study did not include a control group of children, consisting of both unvaccinated and vaccinated uninfected individuals, which would have provided a more precise analysis of the long-term symptoms that occur during the 4–12 weeks following SARS-CoV-2 infection. Third, the survey questionnaire did not comprehensively cover the more prevalent emotional changes in the long-term course of COVID-19. In addition, the limited duration of follow-up hinders effective summarization of trends in long-term COVID-19 symptoms. Although the study investigated 371 children who self-reported no prior history of SARS-CoV-2 infection, it is likely that these represented asymptomatic cases when the co-occupant was a confirmed case, and they may not be suitable as a control group for further analysis.



Conclusion

The study revealed that fever was the predominant clinical manifestation in children spanning age of 0–17 years infected with the Omicron variant. Respiratory symptoms followed, with approximately one-third of the children experiencing cough, followed by other symptoms (e.g., sore throat, nasal congestion, and runny nose). Systemic symptoms, such as fatigue, headache, and muscle-joint pain were frequently found. The proportion of SARS-CoV-2 infection symptoms displayed variations across diverse age groups. Around half of children continued to experience persistent symptoms in the 4–12 weeks following the acute phase of SARS-CoV-2 infection Trouble concentrating, cough, and fatigue were among the frequently reported symptoms, particularly in the older age groups of 6–17 years. Within the cohort of children aged 3–5 years, nearly half had received the SARS-CoV-2 vaccine at least 6 months prior to their infection. The study findings suggest that there is no apparent link between vaccination status and the incidence of persistent symptoms associated with COVID-19, which may attribute to protection provided by vaccine vaned over time. The study provided outstanding insights for diagnosing and assessing the long-term symptoms of SARS-CoV-2 in pediatric populations.



Data availability statement

The raw data supporting the conclusions of this article will be made available by the authors, without undue reservation.



Ethics statement

The studies involving humans were approved by Ethics Committee of Capital Institute of Pediatrics. The studies were conducted in accordance with the local legislation and institutional requirements. Written informed consent for participation in this study was provided by the participants’ legal guardians/next of kin. Written informed consent was obtained from the minor(s)' legal guardian/next of kin for the publication of any potentially identifiable images or data included in this article.



Author contributions

JingL: Conceptualization, Data curation, Formal Analysis, Investigation, Methodology, Resources, Validation, Writing – original draft, Writing – review & editing. JingjL: Data curation, Investigation, Methodology, Writing – original draft. LC: Data curation, Investigation, Writing – original draft. LW: Data curation, Investigation, Writing – original draft. XC: Data curation, Investigation, Writing – original draft. WN: Methodology, Writing – original draft. LD: Data curation, Investigation, Writing – original draft. SD: Data curation, Investigation, Writing – original draft. YW: Data curation, Investigation, Writing – original draft. MG: Data curation, Investigation, Writing – original draft. WL: Data curation, Investigation, Writing – original draft. QS: Data curation, Investigation, Writing – original draft. WX: Data curation, Investigation, Writing – original draft. LM: Conceptualization, Data curation, Funding acquisition, Investigation, Validation, Writing – original draft, Writing – review & editing.



Funding

The author(s) declare financial support was received for the research, authorship, and/or publication of this article.

This study was supported by Research Foundation of Capital Institute of Pediatrics (Grant No. JHYJ-2023-04).



Conflict of interest

The authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.



Publisher's note

All claims expressed in this article are solely those of the authors and do not necessarily represent those of their affiliated organizations, or those of the publisher, the editors and the reviewers. Any product that may be evaluated in this article, or claim that may be made by its manufacturer, is not guaranteed or endorsed by the publisher.



References

1. Hoffmann M, Krüger N, Schulz S, Cossmann A, Rocha C, Kempf A, et al. The omicron variant is highly resistant against antibody-mediated neutralization: implications for control of the COVID-19 pandemic. Cell. (2022) 185(3):447–456.e11. doi: 10.1016/j.cell.2021.12.032

2. Sun Y, Wang M, Lin W, Dong W, Xu J. Evolutionary analysis of omicron variant BF.7 and BA.5.2 pandemic in China. J Biosaf Biosecur. (2023) 5(1):14–20. doi: 10.1016/j.jobb.2023.01.002

3. Li YC, Ma Z, Zhong HY, You HL. Clinical characteristics of children with omicron SARS-CoV-2 infection in Changchun, China from march to April 2022: a retrospective study. Front Pediatr. (2022) 10:990944. doi: 10.3389/fped.2022.990944

4. Mansourian M, Ghandi Y, Habibi D, Mehrabi S. COVID-19 infection in children: a systematic review and meta-analysis of clinical features and laboratory findings. Arch Pediatr. (2021) 28(3):242–8. doi: 10.1016/j.arcped.2020.12.008

5. Cloete J, Kruger A, Masha M, du Plessis NM, Mawela D, Tshukudu M, et al. Paediatric hospitalisations due to COVID-19 during the first SARS-CoV-2 omicron (B.1.1.529) variant wave in South Africa: a multicentre observational study. Lancet Child Adolesc Health. (2022) 6(5):294–302. doi: 10.1016/S2352-4642(22)00027-X

6. Butt AA, Dargham SR, Loka S, Shaik RM, Chemaitelly H, Tang P, et al. Coronavirus disease 2019 disease severity in children infected with the omicron variant. Clin Infect Dis. (2022) 75(1):e361–7. doi: 10.1093/cid/ciac275

7. Lopez-Leon S, Wegman-Ostrosky T, Ayuzo Del Valle NC, Perelman C, Sepulveda R, Rebolledo PA, et al. Long-COVID in children and adolescents: a systematic review and meta-analyses. Sci Rep. (2022) 12(1):9950. doi: 10.1038/s41598-022-13495-5

8. Clements W, Joseph T, Koukounaras J. UK NICE guidelines for EVAR: cost implications for post-COVID Australian public health. Cardiovasc Intervent Radiol. (2021) 44(8):1286–8. doi: 10.1007/s00270-021-02832-2

9. Montani D, Savale L, Noel N, Meyrignac O, Colle R, Gasnier M, et al. Post-acute COVID-19 syndrome. Eur Respir Rev. (2022) 31(163):210185. doi: 10.1183/16000617.0185-202

10. Orubu ESF, Duncan J, Tuleu C, Turner MA, Nunn A. WHO essential medicines for children 2011–2019: age-appropriateness of enteral formulations. Arch Dis Child. (2022) 107(4):317–22. doi: 10.1136/archdischild-2021-32183

11. Tian D, Sun Y, Xu H, Ye Q. The emergence and epidemic characteristics of the highly mutated SARS-CoV-2 omicron variant. J Med Virol. (2022) 94(6):2376–83. doi: 10.1002/jmv.27643

12. Viana R, Moyo S, Amoako DG, Tegally H, Scheepers C, Althaus CL, et al. Rapid epidemic expansion of the SARS-CoV-2 omicron variant in Southern Africa. Nature. (2022) 603(7902):679–86. doi: 10.1038/s41586-022-04411-y

13. Khemiri H, Ayouni K, Triki H, Scheepers C, Althaus CL, Anyaneji UJ, et al. SARS-CoV-2 infection in pediatric population before and during the Delta (B.1.617.2) and omicron (B.1.1.529) variants era. Virol J. (2022) 19(1):144. doi: 10.1186/s12985-022-01873-4

14. Sumner MW, Xie J, Zemek R, Winston K, Freire G, Burstein B, et al. Pediatric emergency research Canada (PERC) COVID study group. Comparison of symptoms associated with SARS-CoV-2 variants among children in Canada. JAMA Netw Open. (2023) 6(3):e232328. doi: 10.1001/jamanetworkopen.2023.2328

15. Pascarella A, Maglione M, Lenta S, Sciorio E, Mancusi R, Tucci C, et al. Seizures in children with SARS-CoV-2 infection: epidemiological, clinical and neurophysiological characterization. Children (Basel). (2022) 9(12):1923. doi: 10.3390/children9121923

16. Karron RA, Hetrich MK, Na YB, Knoll MD, Schappell E, Meece J, et al. Assessment of clinical and virological characteristics of SARS-CoV-2 infection among children aged 0 to 4 years and their household members. JAMA Netw Open. (2022) 5(8):e2227348. doi: 10.1001/jamanetworkopen.2022.27348

17. Westerhof I, de Hoog M, Ieven M, Lammens C, van Beek J, Rozhnova G, et al. The impact of variant and vaccination on SARS-CoV-2 symptomatology; three prospective household cohorts. Int J Infect Dis. (2023) 128:140–7. doi: 10.1016/j.ijid.2022.12.018

18. Chung E, Chow EJ, Wilcox NC, Burstein R, Brandstetter E, Han PD, et al. Comparison of symptoms and RNA levels in children and adults with SARS-CoV-2 infection in the community setting. JAMA Pediatr. (2021) 175(10):e212025. doi: 10.1001/jamapediatrics.2021.2025

19. Yoshida M, Worlock KB, Huang N, Lindeboom RGH, Butler CR, Kumasaka N, et al. Local and systemic responses to SARS-CoV-2 infection in children and adults. Nature. (2022) 602(7896):321–7. doi: 10.1038/s41586-021-04345-x

20. Loske J, Röhmel J, Lukassen S, Stricker S, Magalhães VG, Liebig J, et al. Pre-activated antiviral innate immunity in the upper airways controls early SARS-CoV-2 infection in children. Nat Biotechnol. (2022) 40(3):319–24. doi: 10.1038/s41587-021-01037-9

21. Sha J, Meng C, Sun J, Sun L, Gu R, Liu J, et al. Clinical and upper airway characteristics of 3715 patients with the omicron variant of SARS-cov-2 in Changchun, China. J Infect Public Health. (2023) 16(3):422–9. doi: 10.1016/j.jiph.2023.01.013

22. Soriano JB, Murthy S, Marshall JC, Relan P, Diaz JV. WHO clinical case definition working group on post-COVID-19 condition. A clinical case definition of post-COVID-19 condition by a delphi consensus. Lancet Infect Dis. (2022) 22(4):e102–7. doi: 10.1016/S1473-3099(21)00703-9

23. Shah W, Hillman T, Playford ED, Hishmeh L. Managing the long term effects of covid-19: summary of NICE, SIGN, and RCGP rapid guideline. BMJ. (2021) 372:n136. doi: 10.1136/bmj.n136

24. Tan SHX, Cook AR, Heng D, Ong B, Lye DC, Tan KB. Effectiveness of BNT162b2 vaccine against omicron in children 5 to 11 years of age. N Engl J Med. (2022) 387(6):525–32. doi: 10.1056/NEJMoa2203209

25. Morello R, Mariani F, Mastrantoni L, De Rose C, Zampino G, Munblit D, et al. Risk factors for post-COVID-19 condition (long COVID) in children: a prospective cohort study. EClinicalMedicine. (2023) 59:101961. doi: 10.1016/j.eclinm.2023.101961

26. Fernández-de-Las-Peñas C, Notarte KI, Peligro PJ, Velasco JV, Ocampo MJ, Henry BM, et al. Long-COVID symptoms in individuals infected with different SARS-CoV-2 variants of concern: a systematic review of the literature. Viruses. (2022) 14(12):2629. doi: 10.3390/v14122629

27. Berg S K, Palm P, Nygaard U, Bundgaard H, Petersen MNS, Rosenkilde S, et al. Long COVID symptoms in SARS-CoV-2-positive children aged 0–14 years and matched controls in Denmark (LongCOVIDKidsDK): a national, cross-sectional study. Lancet Child Adolesc Health. (2022) 6(9):614–23. doi: 10.1016/S2352-4642(22)00154-7

28. Borch L, Holm M, Knudsen M, Ellermann-Eriksen S, Hagstroem S. Long COVID symptoms and duration in SARS-CoV-2 positive children-a nationwide cohort study. Eur J Pediatr. (2022) 181(4):1597–607. doi: 10.1007/s00431-021-04345-z

29. Li J, Ge M, Dai S, Song Q, Liu W, Wang Y, et al. Post-vaccination SARS-CoV-2 seroprevalence in children aged 3–11 years and the positivity in unvaccinated children: a retrospective, single-center study. Front Immunol. (2022) 13:1030238. doi: 10.3389/fimmu.2022.1030238

30. Altarawneh HN, Chemaitelly H, Ayoub HH, Tang P, Hasan MR, Yassine HM, et al. Effects of previous infection and vaccination on symptomatic omicron infections. N Engl J Med. (2022) 387(1):21–34. doi: 10.1056/NEJMoa2203965

31. Jara A, Undurraga EA, Zubizarreta JR, González C, Acevedo J, Pizarro A, et al. Effectiveness of CoronaVac in children 3–5 years of age during the SARS-CoV-2 omicron outbreak in Chile. Nat Med. (2022) 28(7):1377–80. doi: 10.1038/s41591-022-01874-4

32. Taquet M, Dercon Q, Harrison PJ. Six-month sequelae of post-vaccination SARS-CoV-2 infection: a retrospective cohort study of 10,024 breakthrough infections. Brain Behav Immun. (2022) 103:154–62. doi: 10.1016/j.bbi.2022.04.013

33. Notarte KI, Catahay JA, Velasco JV, Pastrana A, Ver AT, Pangilinan FC, et al. Impact of COVID-19 vaccination on the risk of developing long-COVID and on existing long-COVID symptoms: a systematic review. EClinicalMedicine. (2022) 53:101624. doi: 10.1016/j.eclinm.2022.101624

34. Ertesvåg NU, Iversen A, Blomberg B, Özgümüş T, Rijal P, Fjelltveit EB, et al. Post COVID-19 condition after delta infection and omicron reinfection in children and adolescents. EBioMedicine. (2023) 92:104599. doi: 10.1016/j.ebiom.2023.104599



OPS/images/fped-12-1332020-t002.jpg
Characteristic, (N

Recovery

Total

(n =2,001)
901 (45.0)

0 years-2 years

(n=254)

3 years-5 years

(n=472)

6 years-11 years

(n=1,032)
455 (44.1)

12 years-17 years

(n=243)

p value

Concentration difficulty

442 (22.1)

233 (226)

Cough

441 (22.1)

220 (21.3)

Fatigue

242 (12.1)

126 (122)

Chest distress

70 (3.5)

44 (43)

Insomnia

54 (2.7)

19 (1.8)

Headache

51 (2.5)

39 (36)

Tachycardia

49 (25)

34 (33)

Chest pain

35 (1.8)

21 20)

Muscle and joint pain

32 (1.6)

16 (1.6)






OPS/images/fped-12-1332020-t001.jpg
Characteristic Total 0 years-2 years | 3 years-5 years | 6 years-11 years | 12 years-17 years 2 | p value

(n=2,001) (n=254) (n=472) (n=1,032)
Sex, no. (%)
Male ‘ 937 (46.8) ‘ 105 (41.3) 197 (41.7) 526 (50.9) 109 (44.8)
Female | 1064 (532) | 149 (58.7) 275 (583) 506 (49.1) 134 (552)
Vaccination dose before infection®, no. (%)
0 611 (3035) 254 (100.0) 218 (462) 115 (11.1) 24 (99)
1 dose 84 (42) 000) 46 (9.7) 3261 624)
2 doses 1,306 (65.3) 0.(00) 208 (44.1) 885 (85.8) 213 (87.7)
Last dose prior to infection months interval®, no. (%)
0 month 611 (305) 254 (100.0) 218 (462) 115 (111) 24 99)
3-6 months 84 37) 000) 46 (9.7) 3261 64)
>6 months 1,294 (64.7) 0.(00) 208 (44.1) 885 (85.8) 213 (87.7)
Fever, no. (%)
Low fever (37.3-38.0°C) 235 (11.7) 22 (8.8) 58 (12.3) 135 (13.1) 20 (8.2)
Moderate fever(38.1-39.0°C) | 913 (45.6) 120 (47.2) 213 (45.1) 473 (458) 107 (44.0)
High fever (39.1-40.0°C) 746 (37.3) 103406 | 176(373) 35y 104 (428)
Superhigh fever (>40.0°C) 8 (04) 104) 306) 4(04) 0(00)
Respiratory tract, no. (%)
Cough 777 (38.8) 72 (283) 160 (33.9) 408 (39.5) 137 (56.4)
Sore throat 442 (22.1) 13 (5.1) 57 (12.1) 252 (24.4) 120 (49.4)
Nasal congestion 357 (17.8) 34 (13.4) 64 (13.6) 184 (17.8) 75 (30.9)
Running nose 34 (17.2) 39 (154) | 82 (17.4) 164 (159) 59 (243)
Expectoration 205 (10.2) 18 (7.1) 34(7.2) 99 96) 54 (222)
Hoarseness 84 (42) 14 (55) | 408 45 (44) 21 (86)
Chest distress 40 (2.0) 0 (0.0) | 6(1.3) 19 (1.8) 15 (6.2)
Shortness of breath 38 (19) 8(3.1) 8(17) 13 (13) 9(37)
Gastrointestinal tract, no. (%)
Loss of appetite 257 (128) 24 94) | 48 (102) 138 (134) 47 (193)
Vomit 130 (6.5) 11 43) 24 (5.1) 79(77) 16 (6.6)
“Taste or smell change 76 (38) 0(00) 000 42 (41) 34 (14.0)
Diarrhea 65 (3.2) 11 (4.3) 6(1.3) 33 (32) 15 (6.2)
Other tract, no. (%)
C 40 20) 0.09) | 6(13) 19.(18) 15 (62)
Rash 27 (1.3) 6 (24) 7 (1.5) 13 (1.3) 1(0.4)
Convulsion 2111 10 (39) 5011 6(06) 0(00)
Systemic, no. (%)
Fatigue 433 216) 32 (126) 61 (129) 236 (228) 104 (42.8) 9847 | <0001
Headache 396 (19.8) 302 28 (59) 256 (2438) 109 (44.9) 251 | <0001
Muscle joint pain 270 (135) 520) | 31 (66) 158 (153) 76 (31.3) 17 | <0001
Somnolence 102 (5.1) 18 (7.1) 7 (1.5) 57 (5.5) 10 (4.1) 16.17 ‘ 0.001

*Prior to infection, 0 dose indicate unvaccinated; 1 dose indicate received 1 dose vaccine; 2 doses indicate received 2 doses vaccine.
bMonthe interval between the last dose received and the onset of infection





OPS/images/fped-12-1332020-g004.jpg
A Neutralizing antibody in 2 doses i B izing antibody in

140+ p=0.707 & p=0619
|
120 ? — 40 A
B 235
£ 100 ill £
< . 230
§ o0 A 5
g 60| . % 20 " a
2 a0 . 9 15 -
z "7 . 2
< Z 10
[ L] n
20 M A 5
. ]
T T T T
Recovery Long-term Recovery Long-term
(n=118) (n=90) (n=112) (n=106)

4-12 weeks post infection 4-12 weeks post infection





OPS/xhtml/Nav.xhtml




Contents





		Cover



		Clinical manifestations and long-term symptoms associated with SARS-CoV-2 omicron infection in children aged 0–17 years in Beijing: a single-center study

		Introduction



		Methods



		Study design and participants’ enrollment



		Laboratory assays



		Sample collection



		Quantification of SARS-CoV-2 neutralizing antibodies











		Statistical analysis











		Results



		Participant’s characteristics



		Clinical manifestations in children at acute phase of SARS-CoV-2 infection



		Long-term COVID from 4 to 12 weeks post SARS-CoV-2 infection



		Relationship between SARS-CoV-2 neutralizing antibodies and long-term COVID in preschool-aged children











		Discussion



		Conclusion



		Data availability statement



		Ethics statement



		Author contributions



		Funding



		Conflict of interest



		Publisher's note



		References



















OPS/images/cover.jpg
?frontiers ‘ Frontiers in Pediatrics

Clinical manifestations and longterm
symptoms associated with SARS-CoV-2
omicron infection in children aged
0-17 years in Beijir(lig: a
single-center study





OPS/images/fped-12-1332020-g003.jpg
Muscle and joint pain-

H Chest pai
S

oé Tachycardi;
> Headach
£ Insomni
2 Chest distres:
g Fatigu
} Coug

Concentration difficulty-

0

8

10 12 14 16

18

ge of different sy

20 22

24%





OPS/images/fped-12-1332020-g002.jpg
82.0%

Number of symptoms
== <3
= 46

- >7






OPS/images/fped-12-1332020-g001.jpg
previous infection survey questionnaires

2,372 aged 0 year to 17 years filed out SARS-CoV-2 ‘

|— | 371 self-reported no SARS.
CoV-2 infection history

2,001 confirmed previous SARS-CoV-2 infection with clinical symptoms ‘

Age groups

1,032 aged 5y-11y
243 aged 12y-17y

Clinical manifestations at the acute
phase of SARS-CoV-2 infection

Long-term symptoms from 4 to 12
weeks post SARS-CoV-2 infection










OPS/images/crossmark.jpg
(®) Check for updates.





OPS/images/logo.jpg
& frontiers | Frontiers in Pediatrics





