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Abstract

:

Previous studies assessing the prevalence of COVID-19 sequelae in children have included either a small number of children or a short follow-up period, or have only focused on hospitalized children. We investigated the prevalence of persistent symptoms amongst children and assessed the risk factors, including the impact of variants. A prospective cohort study included children (≤18 years old) with PCR-confirmed SARS-CoV-2 infection. The participants were assessed via telephone and face-to-face visits at 1–5, 6–9 and 12 or more months post-SARS-CoV-2 diagnosis using the ISARIC COVID-19 follow-up survey. Of the 679 children enrolled, 51% were female; 488 were infected during the wild virus wave, and 29 were infected with the Alpha, 42 with the Delta and 120 with the Omicron variants. Fatigue (19%), headache (12%), insomnia (7.5%), muscle pain (6.9%) and confusion with concentration issues (6.8%) were the most common persistent symptoms. Families reported an overall improvement over time, with 0.7% of parents interviewed at 12 months or more of the follow-up period reporting a poor recovery. Patients that had not recovered by 6–9 months had a lower probability of recovering during the next follow-up period. Children infected with a variant or the wild virus had an overall similar rate of persistent symptoms (although the pattern of reported symptoms differed significantly) and recovery rates. Conclusions: Recovery rates after SARS-CoV-2 infection improved as time passed from the initial infection, ranging from 4% of children having poor recovery at 1–5 months’ follow-up to 1.3% at 6–9 months and 0.7% at 12 months. The patterns of persistence changed according to the variants involved at the time of infection. This study reinforces that a subgroup of children develop long-lasting persistent symptoms and highlights the need for further studies investigating the reasons behind the development of PCC.
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1. Introduction


More than two years after the beginning of the COVID-19 pandemic, there is increasing evidence that some people do not fully recover after an acute SARS-CoV-2 infection. It is now clear that a proportion of people develop Long COVID or the Post-COVID Condition (PCC), which can have severe impacts on daily activities and the quality of life [1]. Thus far, many studies from different regions have documented the burden of PCC in adults for up to one year of follow-up, characterizing the main symptoms and sequelae, identifying the risk factors and exploring the possible pathophysiology [2]. However, the evidence of PCC in children is still limited and controversial. A lack of a pediatric research and clinical case definition and of research investment is adding to the challenge. Initial studies have shown the relatively high rates of children presenting with persistent symptoms, ranging from 2 to 40% [3]. However, many were based on self-completed, uncontrolled online surveys or interviews during the initial pandemic waves, when full or partial lockdowns were still in place, which may have contributed to an overestimation of the PCC risk in children. Subsequently, more rigorous observational studies using standardized protocols and tools identified more conservative prevalence estimates of 1 to 2%, with many children recovering after six to nine months [3]. Considering that it is hard to ascertain and identify children who have never had a SARS-CoV-2 infection, estimating the real burden of PCC in children is becoming more difficult. It is clear from the available data from researchers, pediatricians, children and young people affected, that the Post-COVID Condition (PCC), although affecting children at a lower rate than adults, can have a severe impact on the children affected [4,5]. PCC in children can impact their ability to engage in education and physical and social activities, which may have a long-standing impact on their future [3].



With the growing clinical experience in the field, it is becoming clearer as to what PCC may encompass. Specifically, a recent Delphi process developed by international experts and families led to a definition of PCC as being characterized by persistent symptoms which were: lasting for at least 12 weeks, not present before the COVID-19 infection, unexplained by other known conditions and having a negative impact on daily life [6]. This definition highlights the importance of trained professionals interviewing the children and parents, because a self-completed survey may misconstrue the mild symptoms, not affecting daily life or complained of before the COVID-19 infection, as symptoms of PCC. A similar approach has been used to prospectively investigate the burden of PCC in a relatively large cohort of hospitalized children in Russia up 12 months after initial infection, showing that PCC improves over time, but persists in about 10% of children one year after COVID-19 infection [4]. However, since the large majority of children develop a mild disease not requiring hospitalization, it is important to understand the long-term outcomes of this cohort.



For this reason, we performed this longitudinal observational study of a large cohort of non-hospitalized and hospitalized children with proven SARS-CoV-2 infections to investigate the characteristics of persistent symptoms for up to 12 months after the initial infection and according to the main circulating variants at the time of the initial infection.




2. Materials and Methods


This is a prospective longitudinal cohort study including children diagnosed with SARS-CoV-2. The methods have been described in previous papers [4,5]. The relevant institution is a regional COVID-19 referral center for adults and has a dedicated Pediatric Infectious Disease In-patient Unit and an outpatient Pediatric Post-COVID Unit where the ISARIC survey is used as a screening tool for persistent symptoms. Therefore, both the children hospitalized and the community patients assessed in the outpatient unit were included.



The children (≤18 years old) diagnosed with SARS-CoV-2 infection using the reverse transcriptase polymerase chain reaction (RT-PCR) between 1 April 2020 and 31 April 2022 at the Department of Women and Child Health of the Fondazione Policlinico Universitario A. Gemelli IRCCS of Rome, Italy, were invited to participate. The parents of the children (household index case) were contacted by the pediatric residents between 30 September 2020 and 31 April 2022. The follow-up assessments were conducted via an interview with the parents/caregivers, which was via a phone call, a survey or during a face-to-face outpatient assessment.



The first assessment was made at 1–5 months, followed by a second assessment at 6–9 months of the post-SARS-CoV-2 diagnosis of the index case, and a third assessment at 12 months post-diagnosis. Non-responders were contacted by telephone three times before being excluded.



We used the ISARIC Global COVID-19 follow-up protocol for children and the associated standardized data collection forms. The assessment methodology has been presented in earlier linked studies [4,5,7,8]. Information about the participants’ current health status was assessed using the ISARIC COVID-19 Health and Wellbeing Follow-Up Survey for Children (version 1.0 translated into Italian). The survey assesses the physical and psychosocial health and wellbeing and its impact on daily functioning, behavior, relationships and daily living (available from the coordinator at the available contact, see [6]). The survey documents the data on demographics, pre-existing comorbidities, acute severity and information on the acute phase of the disease (symptoms, comorbidities and clinical outcomes) and its severity (hospital admission, pediatric intensive care (PICU/ICU) and oxygenation). Moreover, data on the parental perception of the changes in their child’s emotional and behavioral status, including the reasons for the observed changes (the direct or indirect impacts of COVID-19 or both), persistent symptoms at the follow-up assessment, the overall health condition compared to prior to the index case SARS-CoV-2 diagnosis and mortality.



Considering that there is not yet a universally agreed definition of the post-COVID condition in children, we decided to describe all the symptoms lasting more than 1 month in children and provide a specific analysis of symptoms persisting >6 months post- SARS-CoV-2 infection, as previous studies have suggested that most children tend to recover within six months from the initial infection [4,5,8].



2.1. Inclusion Criteria


Children aged 0–18 years:




	-

	
The child sought/needed primary or secondary medical care for COVID-19;




	-

	
A laboratory (RT-PCR, COVID-19 antigen tests or SARS-CoV-2 antibody testing) confirmed SARS-CoV-2 infection;




	-

	
A period of at least 30 days from the diagnosis of the COVID-19 infection;




	-

	
The parent’s/caregiver’s/guardian’s consent to participate.









Patients > 18 years old or with severe neurocognitive disability were excluded, because this would not have allowed a proper assessment of signs and symptoms included in the survey. In addition, we excluded children that were vaccinated before the SARS-CoV-2 infection, because addressing the role of vaccination in preventing PCC was outside the scope of this study, and the time frame of this study would not have allowed the role of vaccination in reducing PCC in children younger than 12 years of age to be addressed, as this vaccination was only available at the end of December. Last, we excluded children that had a SARS-CoV-2 re-infection, because this would have created confusion with the interpretation of new symptoms and in the understanding of which infection would have led to the persistent symptoms.




2.2. Outcomes


The primary aim of this study is to characterize the cluster of persistent symptoms in a cohort of children post-SARS-CoV-2 infection in Rome, Italy. The secondary objectives are:




	-

	
To characterize the features of persistent symptoms according to the main circulating variants in Italy at the time of the initial SARS-CoV-2 infection;




	-

	
To characterize the behavioral and neurocognitive changes after SARS-CoV-2 infection.










2.3. Exposure and Outcome Variables


For the purpose of this study, we defined “persistent symptoms” as symptoms that were present at the time of the follow-up interview and had been present for at least 4 weeks since the diagnosis. These were sub-categorized into respiratory, neurological, sensory, sleep, gastrointestinal, general (including headache, malaise, and fatigue), dermatological, cardiovascular, urogenital and musculoskeletal, as informed by the previously published literature and the ISARIC Global Paediatric COVID-19 follow-up working group consensus discussions [8]. Health status was assessed using the EuroQol overall health status tool [8], where zero is categorized as the worst possible health and 100 the best possible health.



In order to define the impact of the main circulating variants at time of infection and the pattern of persistent symptoms, we collected information on the main variants in Italy from the following source and classified the periods of the main SARS-CoV-2 variants in Italy, as follows: before 22 February 2021—wild; between 22 February 2021 and 28 June 2021—Alpha; between 28 June 2021 and 27 December 2021—Delta; and after 27 December 2021—Omicron [9].




2.4. Statistical Analyses


Descriptive statistics were calculated for the baseline characteristics. The continuous variables were summarized as median (with interquartile range) and the categorical variables as frequency (percentage). Wilcoxon rank sum test, Fisher’s exact test and Pearson’s Chi-squared test were used to check the difference in proportions between different age groups, sexes and periods. Two-sided p-values were reported for all statistical tests; a p-value below 0.05 was considered to be statistically significant. A correlation matrix was used to find associations between the most prevalent persistent symptoms.



We included all participants for whom the variables of interest were available for the final analysis, without including the missing data. The differing denominators used indicate the missing data.



The statistical analysis was performed using the R version 4.0.2. The packages used included dplyr, ggplot2, readxl, gtsummary, skimr, data.table, stringr, janitor, zoo, corrplot, reshape2, tibble, flextable, imputeTS and DescTools.




2.5. Ethical Approval


This study was approved by the Ethics Committee of the Fondazione Policlinico Universitario A. Gemelli IRCCS of Rome, Italy (ID3777). Written informed consent was obtained by each parent/carer/guardian for their children’s participation, and from the child as well when older than 12 years of age. Consent was obtained either during an outpatient visit or by contacting the families via a phone call or an e-mail; the study procedures were explained, followed by a consent form emailed to the participants, and returned to the study’s staff.




2.6. Patient and Public Involvement


The survey was developed by the ISARIC Global Paediatric and Adult COVID-19 follow-up working groups and informed by a wide range of global stakeholders with expertise in infectious diseases, critical care, pediatrics, epidemiology, allergy-immunology, respiratory medicine, psychiatry, psychology and methodology, and by patient–public representatives including people living with Long COVID and members of the Long COVID Support group. The data collection forms were distributed to the members of the patient groups and suggestions from the parents/caregivers were implemented to ensure the key symptoms and sequelae were assessed.





3. Results


3.1. Study Population


Of the 679 children enrolled in the study, 51% were female (344) and 49% were male (330). The children below 10 years old numbered 317, with 50% female (157) and 50% male (158); the children 10 years and older numbered 359, with 52%female (186) and 48% male (170). Eighteen (2.6%) children were hospitalized during acute infection and five (0.7%) required admission in the Pediatric Intensive Care Unit. Four hundred and eighty-eight children were infected during the wild virus waves. Children with the Alpha variant numbered 29 and there were 42 with the Delta and 120 with the Omicron variants.



The follow-up was extended through three main periods: 1–5 months, which involved 157 children, 6–9 months, which involved 157 children, and 12 months and more, which involved 154 children. Of the 679 children’s parents, 279 were interviewed only once, 153 were interviewed twice and 30 were interviewed three times.



Details of demographic data of the study population according to the time of follow-up and the comorbidities are presented in Table 1.




3.2. Persistent Symptoms


The persistent symptoms reported at different follow-up times from acute infection are reported in Table 2, including analyses by sex and age groups, while the number of persistent symptoms according to the same variables are reported in the Supplementary Table S1. Overall, fatigue, nasal congestion and headache were the most commonly reported symptoms at each time point, although these improved over time. Comparing children by sex, the girls suffered mainly from headache (15%), insomnia (10%) and alternated taste (3.2%). On the other hand, the boys suffered mainly from persistent cough (7%), persistent muscle pain (7.6%), confusion (7.6%), poor appetite (7.3%) and diarrhea (6.4%).



Comparing children by age groups, children under 10 years were more affected by nasal congestion and rhinorrhea (20%), constipation (6.9%) and persistent cough (6.6%). Children 10 years and older were more affected by fatigue (25%), headache (18%), insomnia (11%), persistent muscle pain (9.2%), confusion and lack of concentration (8.7%), joint pain and swelling (6.4%), diarrhea (5.6%), chest pain (5.8%), weight loss (5%), feeling nauseous (4.5%), alternated sense of smell (4.5%), alternated taste (4.5%), pain in breathing (3.8%), hypersomnia (3.1%) and loss of taste (2.8%). The burden of persistent symptoms according to age and sex is reported in the Supplementary Figures S1 and S2.



Figure 1 shows the coexistence of at least two symptoms focusing on the ten most common symptoms. Headache and fatigue were the two most-associated symptoms. Fatigue was also reported with insomnia, persistent muscle pain and lack of concentration, but rarely with stomach and abdominal pain. Lack of concentration was associated with fatigue, as mentioned before, headache, insomnia and persistent muscle pain.



We further analyzed the characteristics of persistent symptoms according to the main circulating variants in Italy at the time of initial infection of each patient, and compared children infected during Omicron (n = 120) with those with the wild type (n = 201), at 1–5 months’ follow-up. The main persistent symptoms are reported in Table 3, showing that all subsets of persistent symptoms were more common with the wild variants.




3.3. Recovery Rates over Time


Parents interviewed were asked to report the recovery rate of their children on a sliding scale of 1 (worst) to 10 (full recovery). Overall, 86% of parents reported a full or almost complete recovery (8–10/10 score), 11% reported a partial recovery (5–7/10) and 2.6% reported a poor recovery (1–4/10), while from a sub-analysis according to the timing of follow-up, 0.7% of parents reported a poor recovery at 12 months or more of the follow-up (1–4/10). From a sub-analysis by sex and age, boys and the children aged 10 years or more had a higher probability of reporting a poor recovery. Further details are reported in Table 4 and Table S2.



Table 5 shows the dynamics of recovery in the subgroup of patients that underwent repeated follow-ups during different time points. Comparing the recovery rates of those interviewed both at the 1–5 and 6–9 months’ follow-ups, we found that all children reported recovery when reassessed at the 6–9 months’ follow-up (p > 0.001). Conversely, the recovery rates remained similar in the group of children interviewed at 1–5 and 6–9 months and those interviewed at 6–9 and >12 months (p > 0.05). Recovery rates at the 1-5 months’ follow-up in patients infected with Omicron or the wild type were similar overall (Table S3).




3.4. Neurocognitive Impact, Mental Health and Behavioral Changes


Table S4 shows the distribution of patient subgroups across cognitive characteristics by follow-up period, sex and age. Tiredness was the most commonly reported symptom between both females and males at each follow-up, while other issues, including memory and concentration problems, were reported by 1 to 5% of patients according to the specific task analyzed or the timing of the follow-up.



Supplementary Table S5 reports changes in habits, including eating, spending time with friends and school attendance according to the time of follow-up and the sex. In our cohort of female patients affected by Long COVID, 40.9% reported less interest in physical activity at 1–5 months’ follow-up, 25.7% reported less interactions with peers, 29.6% reported less time spent outside, 14.5% reported less school attendance, 22.7% reported changes in their emotions and 12.7% reported modifications in their behavior. The prevalence of all these symptoms is lower at the 6–9 months’ follow-up and at the 12 months’ follow-up, even though 22.5% of females still reported a reduced level of physical activity, 26.7% reported reduced interactions with peers, 17.1% spent less time outside and 12.0% did not attend school. Similar findings, including an improvement over time, were reported by boys.





4. Discussion


In this large observational study of 679 children with mostly mild COVID-19, we found that the persistence of symptoms after infection was relatively common at different follow-up periods independent of sex and age. However, the overall feelings of recovery improved as time passed from the initial infection and only 0.7% of families reported a poor recovery at the 12 months’ follow-up.



In further detail, in agreement with several other adult and pediatric studies [3], fatigue, headache, musculoskeletal and gastrointestinal symptoms as well as neurocognitive problems were the most frequently reported in our large pediatric cohort. Interestingly, fatigue, headache and neurocognitive symptoms coexisted more frequently, suggesting that this might be the commonest phenotype of pediatric Long COVID. This subset of symptoms is similar to other CFS/ME reported historically by patients following other viral infections, suggesting that Long COVID may be a form of CFS/ME following SARS-CoV-2 infection [3]. Although several researchers are investigating the origin of these systemic symptoms in Long COVID, so far no proven theories are available.



Conversely, it is easier to understand the gastro-intestinal symptoms like diarrhea, vomiting, nausea, stomach and abdominal pain, which were particularly common at all different timepoints, especially in males and children over 10 years old. This data was not unexpected, given the growing understanding on the role of the GI tract as a site of latency for the virus, or at least parts of it [1,10,11,12]. Several reports have reported that SARS-CoV-2 can be detected in stools for months after the acute phase of the illness, even when the virus cannot be detected in the respiratory tract anymore. Recent data suggest that viral persistence in the gut can alter the local microbiota and stimulate mucosal inflammation, which can explain the GI symptoms and also the other systemic issues complained of by the patients [1]. Importantly, alterations in intestinal permeability have also been linked to the development of MIS-C [13].



On the other hand, the prevalence of symptoms like chest pain, difficulty in breathing, chest tightness, pain in breathing and alternated taste and sense of smell were quite relevant at the beginning of the follow-up, but significantly improved at the 12 months’ follow-up. This suggest that the most severe spectrum of Long COVID with abnormal lung perfusion and chronic endotheliopathy may be rare [14,15,16].



Studies with adults suggest that the female sex is significantly more associated with Long COVID, while in children the reports change according to the available studies [3,4,5]. In a preliminary smaller study, we did not find significant differences in pediatric Long COVID according to sex [8,17,18,19,20], and neither were these the results of this larger report; apart from headache, insomnia, anxiety and depression, which were more frequently noticed in females, all the other sequels are much more common in the male patients, especially the symptoms related to the gastro-intestinal system. These sex-specific clinical phenotypes of Long COVID require further investigation.



According to previous studies [3,8,17,18,19,20], children older than 10 years were more prone to develop sequelae. One explanation could relate to the age-related variations in the expression of the ACE-2 receptors and the TMPRSS2 expression profile at the epithelial sites of the lung and the skin and alterations of the expression of genes in the PBMCs and T cells [21], but also the different contributions of immunological mechanisms that are related to the disease becoming more severe with increasing of age [22,23]. It is also possible that older children have suffered more from the social restrictions and psychological impact of the pandemic, contributing to the reporting of more subtle symptoms [20]. On the other hand, some symptoms may be more difficult to detect in younger children (e.g., fatigue), and this may also contribute to the different burden of the disease in different age groups.



As with adults, in children there are also some comorbidities associated with a higher risk of developing Long COVID: comorbid allergic diseases (eczema, respiratory diseases, allergic rhinitis, food allergy and asthma), neurological diseases, anxiety, excessive weight and heart diseases. The correlation between allergies and pediatric Long COVID was also found in a Russian cohort [8]. Obesity is highly related to both a more severe course of the acute phase and a higher risk of developing Long COVID, partly due to a systemic inflammatory state, proven by a higher level of pro-inflammatory cytokines, including IL-6 and TNF-a, and partly because of the endothelial dysfunction and the increased expression of ACE2 associated with being overweight [24,25]. There is limited information on the association between allergic illnesses and COVID-19 and its sequels. One of the main theories behind allergies is an imbalance between the Th1 and Th2 lymphocytes, where Th2 becomes predominant with a reduction of the Th1 lymphocytes, which represent our first line of defense against external pathogens. When the Th2 lymphocytes become predominant, they can cause an overreaction resulting in allergies or other autoimmune diseases [26,27]. However, it is important to remember that allergic diseases are common and are found with an increasing prevalence in children [27]; this partially explains why the allergic patients’ samples are so varied. About immunological responses, preliminary reports of imbalanced immune responses in children with Long COVID have noted a wide variation of immune phenotypes and an overlap between children who have recovered from Long COVID [28].



Interestingly, persistent symptoms were reported with each one of the different SARS-CoV-2 variants registered in Italy so far. In our study, we have been able to compare the persistent symptoms at 1–5 months’ follow-up in children infected by the wild type or Omicron variants only, because the other variants (Alpha and Delta) were distributed in small numbers during different timepoints not allowing enough data for the comparisons. Interestingly, while the recovery rates were similar in children infected with the Omicron or wild virus, the pattern of persistent symptoms was different, with a significantly lower rate in children infected with Omicron complaining of fatigue, musculoskeletal symptoms and an altered sense of smell. To our knowledge, no previous studies addressed the changes in symptoms according to the infecting variant.



It is important to note that the reported symptoms do not automatically mean a diagnosis of Long COVID, because according to the latest definition the diagnosis of Long COVID requires the exclusion of other comorbidities and a negative impact on daily life. In fact, when families were requested to provide a recovery rate after initial infection, we found that the children with a poor recovery from infection were progressively fewer, from 4% at 1-5 months’ follow-up to 1.3% at 6–9 months and 0.4% at 12 months, in agreement with previous studies that most, but not all, children recover spontaneously [3,8,17,18,19,20]. Interestingly, we found that there was a significant decline in “poor recovery” from the 1 to 5 months’ follow-up, while those with poor recovery at 6–9 months had a good probability of not recovering at 12 months. This finding may have implications, suggesting that a close follow-up may be enough for the first 5 months after infection, while investigations may be reserved for those with persistent symptoms at 6 months after infection.



We also investigated wellbeing and other behavioral changes of this cohort. Overall, the families reported a higher level of tiredness, lack of energy, lack of physical activity, (43.6% of male patients and 40.9% at the 1–5 months’ follow-up and 22.5% of female patients and 18.8% of patients at the 12 months’ follow-up), spending more time at home, which in turn could lead to isolation, depression, anxiety, a growing sense of fear and anger. Also, children in our cohort, both for study and recreational reasons, spent more time on the computer rather than outside with friends. With reference to this, 10.1% of children at the 1–5 months’ follow-up and 5.3% of children at the 12 months’ follow-up reported that they were willing to interact with peers remotely rather than in person. This is in line with other studies that tracked physical activity during COVID-19, such as research conducted in Germany [29]. These symptoms may have been linked to the social restrictions and psychological impact of the pandemic, rather than the virus itself, as also reported by other studies. The pandemic itself has had a significant impact on the psychosocial well-being of children; school closures, social distancing and home quarantine have caused a prolonged period of isolation. Children could not physically be with peers and build friendships, which is fundamental during the developmental ages. These conditions led to an increase in the number of mental health problems in children and adolescents, which is supported by studies showing that loneliness seems to be the main determinant for future mental health problems up to nine years subsequently [20,30].



This study is not without limitations. First, the study is based on self-reported symptoms and mainly on parents reported symptoms. This is because children, especially toddlers, are not able to describe their health conditions properly, it is difficult for them to compare their pre and post-COVID-19 conditions and, as frequently happens in pediatric clinical practice, parents are the best option to gain information about clinical history, and the signs and symptoms and impacts on daily activities. Secondly, this study did not include further clinical, laboratory and radiological investigations for all children interviewed, due to the pandemic conditions and resource limitations. Such further investigations are fundamental for children with multiple symptoms, especially if these symptoms last for more than three months. However, as all the interviews were conducted by trained doctors, we focused on the persistence of symptoms that had not been described before contracting COVID-19. Third, not all children were interviewed at the same time points. Fourth, as we excluded the vaccinated or re-infected children, we could not establish the impact of these two variables on changing the probability of developing persistent symptoms after COVID-19. Last, the rates of persistent symptoms and the recovery rates described in this paper may not strictly reflect the real probability of developing Long COVID in children, because the number of recognized pediatric infections is expected to be underestimated as the majority of children develop asymptomatic or mild infections and are not diagnosed, and therefore the real burden on the children that did not recover at the one year follow-up is probably much lower. Also, we did not include a control group of children that had never had COVID-19. However, it is important to highlight that it is challenging to find an appropriate control group, as most children have had COVID-19 or have been vaccinated. In addition, not all children develop IgG after natural infection or the antibody titer might decay over time, alternatively, the anti N-IgG has lower sensitivity and may not perfectly work in children that have been vaccinated previously.




5. Conclusions


In conclusion, in this study which enrolled a large number of children who were followed-up for up to one year, we found that the recovery rates improved as time passed from initial infection. These ranged from 4% of children having poor recovery at the 1–5 months’ follow-up to 1.3% at 6–9 months and 0.7% at 12 months, although if translated into the larger overall numbers of infected children, these may indicate a significant long-term impact of Long COVID in children. The patterns of persistence changed according to the involved variants at the time of infection. This study reinforced that a subgroup of children developed long-lasting persistent symptoms and highlights the need for further studies investigating the reasons behind the development of PCC.








Supplementary Materials


The following supporting information can be downloaded at: https://www.mdpi.com/article/10.3390/jcm11226772/s1, Table S1: Number of persistent symptoms according to time of follow-up, gender and age. Table S2: Details of recovery rates according to age and sex and follow-up. Table S3: Recovery rates comparing Omicron and the wild virus. Table S4: Neurocognitive issues reported. Table S5: Wellbeing reported. Figure S1: The pattern of persistent symptoms is more common in girls than boys. Figure S2: The pattern of persistent symptoms is more common in children younger or older than 10 years of age. Supplementary Methods: the CRF.





Author Contributions


Conceptualization, D.B., D.M. and L.S.; Data curation, D.B., E.P., C.G., R.M., M.Z., A.D.M., F.D., R.L., T.R., P.d.B., M.T.F., M.V. and C.D.R.; Investigation, D.B.; Methodology, D.B.; Project administration, D.B.; Supervision, D.B., L.V. and P.V.; Writing—original draft, D.B. and L.S.; Writing—review & editing, D.B., D.M. and L.S. All authors have read and agreed to the published version of the manuscript.




Funding


This research received no external funding.




Institutional Review Board Statement


The study was conducted in accordance with the Declaration of Helsinki and approved by the Institutional Review Board (or Ethics Committee) of NAME OF INSTITUTE (protocol code ID3777, 5 March 2021) for studies involving humans.




Informed Consent Statement


Written informed consent has been obtained from the patient(s) to publish this paper.




Data Availability Statement


The dataset is available upon request from the corresponding author.




Conflicts of Interest


D.B. received a grant to study Long COVID in children from Pfizer and Roche Italia.




References


	



Couzin-Frankel, J. Long Covid clues emerge from patient’ blood. Science 2022, 377, 803. [Google Scholar] [CrossRef] [PubMed]

	



Subramanian, A.; Nirantharakumar, K.; Hughes, S.; Myles, P.; Williams, T.; Gokhale, K.M.; Taverner, T.; Chandan, J.S.; Brown, K.; Simms-Williams, N.; et al. Symptoms and risk factors for long COVID in non-hospitalized adults. Nat. Med. 2022, 28, 1706–1714. [Google Scholar] [CrossRef] [PubMed]

	



Buonsenso, D.; Di Gennaro, L.; De Rose, C.; Morello, R.; D’Ilario, F.; Zampino, G.; Piazza, M.; Boner, A.L.; Iraci, C.; O’Connell, S.; et al. Long-term outcomes of pediatric infections: From traditional infectious diseases to long Covid. Futur. Microbiol. 2022, 17, 551–571. [Google Scholar] [CrossRef] [PubMed]

	



Pazukhina, E.; Andreeva, M.; Spiridonova, E.; Bobkova, P.; Shikhaleva, A.; El-Taravi, Y.; Rumyantsev, M.; Gamirova, A.; Bairashevskaia, A.; Petrova, P.; et al. Prevalence and risk factors of post-COVID-19 condition in adults and children at 6 and 12 months after hospital discharge: A prospective, cohort study in Moscow (StopCOVID). BMC Med. 2022, 20, 244. [Google Scholar] [CrossRef]

	



Buonsenso, D.; Munblit, D.; Pazukhina, E.; Ricchiuto, A.; Sinatti, D.; Zona, M.; De Matteis, A.; D’Ilario, F.; Gentili, C.; Lanni, R.; et al. Post-COVID Condition in Adults and Children Living in the Same Household in Italy: A Prospective Cohort Study Using the ISARIC Global Follow-Up Protocol. Front. Pediatr. 2022, 10, 834875. [Google Scholar] [CrossRef]

	



Stephenson, T.; Allin, B.; Nugawela, M.D.; Rojas, N.; Dalrymple, E.; Pereira, S.P.; Soni, M.; Knight, M.; Cheung, E.Y.; Heyman, I.; et al. Long COVID (post-COVID-19 condition) in children: A modified Delphi process. Arch. Dis. Child. 2022, 107, 674–680. [Google Scholar] [CrossRef]

	



ISARIC. ISARIC. 2021. Available online: https://isaric.org/research/covid-19-clinical-research-resources/paediatric-follow-up/ (accessed on 1 July 2021).

	



Osmanov, I.M.; Spiridonova, E.; Bobkova, P.; Gamirova, A.; Shikhaleva, A.; Andreeva, M.; Blyuss, O.; El-Taravi, Y.; DunnGalvin, A.; Comberiati, P.; et al. Risk factors for post-COVID-19 condition in previously hospitalised children using the ISARIC Global follow-up protocol: A prospective cohort study. Eur. Respir. J. 2021, 59, 2101341. [Google Scholar] [CrossRef]

	



Prevalenza e Distribuzione Delle Varianti di SARS-CoV-2 di Interesse Per la Sanità Pubblica in Italia. Available online: https://www.epicentro.iss.it/coronavirus/pdf/sars-cov-2-monitoraggio-varianti-rapporti-periodici-27-maggio-2022.pdf (accessed on 1 August 2022).

	



Arostegui, D.; Castro, K.; Schwarz, S.; Vaidy, K.; Rabinowitz, S.; Wallach, T. Persistent SARS-CoV-2 Nucleocapsid Protein Presence in the Intestinal Epithelium of a Pediatric Patient 3 Months After Acute Infection. JPGN Rep. 2021, 3, e152. [Google Scholar] [CrossRef]

	



Taweevisit, M.; Chindamporn, A.; Sujjavorakul, K.; Samransamruajkit, R.; Thorner, P.S. Multisystem inflammatory syndrome in children (MIS-C) showing disseminated aspergillosis, cytomegalovirus reactivation and persistent SARS-COV-2: Case report with autopsy review. Pathol.-Res. Pract. 2022, 238, 154106. [Google Scholar] [CrossRef]

	



Morello, R.; De Rose, C.; Cardinali, S.; Valentini, P.; Buonsenso, D. Lactoferrin as Possible Treatment for Chronic Gastrointestinal Symptoms in Children with Long COVID: Case Series and Literature Review. Children 2022, 9, 1446. [Google Scholar] [CrossRef]

	



Yonker, L.M.; Gilboa, T.; Ogata, A.F.; Senussi, Y.; Lazarovits, R.; Boribong, B.P.; Bartsch, Y.C.; Loiselle, M.; Rivas, M.N.; Porritt, R.A.; et al. Multisystem inflammatory syndrome in children is driven by zonulin-dependent loss of gut mucosal barrier. J. Clin. Investig. 2021, 131, e149663. [Google Scholar] [CrossRef] [PubMed]

	



Buonsenso, D.; Di Giuda, D.; Sigfrid, L.; Pizzuto, D.A.; Di Sante, G.; De Rose, C.; Lazzareschi, I.; Sali, M.; Baldi, F.; Chieffo, D.P.R.; et al. Evidence of lung perfusion defects and ongoing inflammation in an adolescent with post-acute sequelae of SARS-CoV-2 infection. Lancet Child Adolesc. Health 2021, 5, 677–680. [Google Scholar] [CrossRef]

	



Cocciolillo, F.; Di Giuda, D.; Morello, R.; De Rose, C.; Valentini, P.; Buonsenso, D. Orbito-Frontal Cortex Hypometabolism in Children with Post-COVID Condition (Long COVID): A Preliminary Experience. Pediatr. Infect. Dis. J. 2022, 41, 663–665. [Google Scholar] [CrossRef] [PubMed]

	



Di Gennaro, L.; Valentini, P.; Sorrentino, S.; Ferretti, M.A.; De Candia, E.; Basso, M.; Lancellotti, S.; De Cristofaro, R.; De Rose, C.; Mariani, F.; et al. Extended coagulation profile of children with Long Covid: A prospective study. Sci. Rep. 2022, 12, 18392. [Google Scholar] [CrossRef] [PubMed]

	



Ortona, E.; The Long Covid Kids Study Group; Buonsenso, D.; Carfi, A.; Malorni, W. Long COVID: An estrogen-associated autoimmune disease? Cell Death Discov. 2021, 7, 77. [Google Scholar] [CrossRef]

	



Buonsenso, D.; Munblit, D.; De Rose, C.; Sinatti, D.; Ricchiuto, A.; Carfi, A.; Valentini, P. Preliminary evidence on long COVID in children. Acta Paediatr. 2021, 110, 2208–2211. [Google Scholar] [CrossRef] [PubMed]

	



Buonsenso, D.; Pujol, F.E.; Munblit, D.; Pata, D.; McFarland, S.; Simpson, F.K. Clinical characteristics, activity levels and mental health problems in children with long coronavirus disease: A survey of 510 children. Futur. Microbiol. 2022, 17, 577–588. [Google Scholar] [CrossRef]

	



Stephenson, T.; Pereira, S.M.P.; Shafran, R.; de Stavola, B.L.; Rojas, N.; McOwat, K.; Simmons, R.; Zavala, M.; O’Mahoney, L.; Chalder, T.; et al. Physical and mental health 3 months after SARS-CoV-2 infection (long COVID) among adolescents in England (CLoCk): A national matched cohort study. Lancet Child Adolesc. Health 2022, 6, 230–239, Erratum in Lancet Child Adolesc. Health 2022, 6, e21. [Google Scholar] [CrossRef]

	



Radzikowska, U.; Ding, M.; Tan, G.; Zhakparov, D.; Peng, Y.; Wawrzyniak, P.; Wang, M.; Li, S.; Morita, H.; Altunbulakli, C.; et al. Distribution of ACE2, CD147, CD26, and other SARS-CoV-2 associated molecules in tissues and immune cells in health and in asthma, COPD, obesity, hypertension, and COVID-19 risk factors. Allergy 2020, 75, 2829–2845. [Google Scholar] [CrossRef]

	



Valentini, P.; Sodero, G.; Buonsenso, D. The Relationship between COVID-19 and Innate Immunity in Children: A Review. Children 2021, 8, 266. [Google Scholar] [CrossRef]

	



Brodin, P. SARS-CoV-2 infections in children: Understanding diverse outcomes. Immunity 2022, 55, 201–209. [Google Scholar] [CrossRef] [PubMed]

	



Florencio, L.L.; Fernández-De-Las-Peñas, C. Long COVID: Systemic inflammation and obesity as therapeutic targets. Lancet Respir. Med. 2022, 10, 726–727. [Google Scholar] [CrossRef]

	



Ritter, A.; Kreis, N.-N.; Louwen, F.; Yuan, J. Obesity and COVID-19: Molecular Mechanisms Linking both Pandemics. Int. J. Mol. Sci. 2020, 21, 5793. [Google Scholar] [CrossRef] [PubMed]

	



Du, H.; Dong, X.; Zhang, J.J.; Cao, Y.Y.; Akdis, M.; Huang, P.Q.; Chen, H.W.; Li, Y.; Liu, G.H.; Akdis, C.A.; et al. Clinical characteristics of 182 pediatric COVID-19 patients with different severities and allergic status. Allergy 2021, 76, 510–532. [Google Scholar] [CrossRef]

	



Warner, J.O.; Warner, J.A.; Munblit, D. Hypotheses to explain the associations between asthma and the consequences of COVID-19 infection. Clin. Exp. Allergy 2022, 52, 7–9. [Google Scholar] [CrossRef]

	



Buonsenso, D.; Valentini, P.; De Rose, C.; Tredicine, M.; Boza, M.D.C.P.; Camponeschi, C.; Morello, R.; Zampino, G.; Brooks, A.E.S.; Rende, M.; et al. Recovering or Persisting: The Immunopathological Features of SARS-CoV-2 Infection in Children. J. Clin. Med. 2022, 11, 4363. [Google Scholar] [CrossRef]

	



Schmidt, S.C.E.; Anedda, B.; Burchartz, A.; Eichsteller, A.; Kolb, S.; Nigg, C.; Niessner, C.; Oriwol, D.; Worth, A.; Woll, A. Physical activity and screen time of children and adolescents before and during the COVID-19 lockdown in Germany: A natural experiment. Sci. Rep. 2020, 10, 21780, Erratum in Sci. Rep. 2021, 11, 24329. [Google Scholar] [CrossRef]

	



Loades, M.E.; Chatburn, E.; Higson-Sweeney, N.; Reynolds, S.; Shafran, R.; Brigden, A.; Linney, C.; McManus, M.N.; Borwick, C.; Crawley, E. Rapid Systematic Review: The Impact of Social Isolation and Loneliness on the Mental Health of Children and Adolescents in the Context of COVID-19. J. Am. Acad. Child Adolesc. Psychiatry 2020, 59, 1218–1239.e3. [Google Scholar] [CrossRef]








[image: Jcm 11 06772 g001 550] 





Figure 1. The coexistence of the ten most commonly reported symptoms. 
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Table 1. Distribution of the cohort by period, by sex and by age.
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Characteristic

	
All Observations

	
by Period

	
by Sex




	
N = 679 1

	
1–5 Months,

N = 355 1

	
6–9 Months,

N = 157 1

	
≥12 Months,

N = 154 1

	
p-Value 2

	
Female, N = 344 3

	
Male, N = 330 3

	
p-Value 4






	
age

	
10.0 (6.0, 13.0)/676

	
9.0 (5.0, 12.0)/353

	
11.0 (6.0, 13.2)/156

	
11.0 (6.2, 13.8)/154

	
0.003

	
10.0 (6.0, 13.0)/343

	
10.0 (6.0, 13.0)/328

	
0.8




	
Sex

	

	

	

	

	
0.7

	

	

	




	
female

	
344 (51%)

	
181 (51%)

	
76 (49%)

	
81 (54%)

	

	

	

	




	
male

	
330 (49%)

	
174 (49%)

	
79 (51%)

	
70 (46%)

	

	

	

	




	
PICU

	
4/666 (0.6%)

	
0/344 (0%)

	
3/157 (1.9%)

	
1/152 (0.7%)

	
0.031

	
2/338 (0.6%)

	
2/323 (0.6%)

	
>0.9




	
Atopic dermatitis eczema

	
52/678 (7.7%)

	
31/355 (8.7%)

	
8/156 (5.1%)

	
13/154 (8.4%)

	
0.4

	
24/343 (7.0%)

	
28/330 (8.5%)

	
0.5




	
Respiratory diseases

	
48/678 (7.1%)

	
29/355 (8.2%)

	
12/156 (7.7%)

	
7/154 (4.5%)

	
0.3

	
22/343 (6.4%)

	
26/330 (7.9%)

	
0.5




	
Neurological

	
41/678 (6.0%)

	
19/355 (5.4%)

	
10/156 (6.4%)

	
12/154 (7.8%)

	
0.6

	
22/343 (6.4%)

	
17/330 (5.2%)

	
0.5




	
Allergic rhinitis hay fever

	
25/676 (3.7%)

	
17/354 (4.8%)

	
5/155 (3.2%)

	
1/154 (0.6%)

	
0.062

	
8/341 (2.3%)

	
17/330 (5.2%)

	
0.055




	
Anxiety

	
18/509 (3.5%)

	
12/257 (4.7%)

	
3/100 (3.0%)

	
3/141 (2.1%)

	
0.4

	
10/263 (3.8%)

	
8/243 (3.3%)

	
0.8




	
Food allergy

	
23/678 (3.4%)

	
13/355 (3.7%)

	
5/156 (3.2%)

	
5/154 (3.2%)

	
>0.9

	
11/343 (3.2%)

	
12/330 (3.6%)

	
0.8




	
Asthma

	
21/678 (3.1%)

	
12/355 (3.4%)

	
3/156 (1.9%)

	
6/154 (3.9%)

	
0.6

	
8/343 (2.3%)

	
13/330 (3.9%)

	
0.2




	
Gut problems

	
21/678 (3.1%)

	
12/355 (3.4%)

	
5/156 (3.2%)

	
4/154 (2.6%)

	
>0.9

	
11/343 (3.2%)

	
10/330 (3.0%)

	
0.9




	
Excessive weight and obesity

	
18/678 (2.7%)

	
11/355 (3.1%)

	
4/156 (2.6%)

	
3/154 (1.9%)

	
0.9

	
9/343 (2.6%)

	
9/330 (2.7%)

	
>0.9




	
Neurodisability

	
16/678 (2.4%)

	
10/355 (2.8%)

	
1/156 (0.6%)

	
4/154 (2.6%)

	
0.3

	
8/343 (2.3%)

	
8/330 (2.4%)

	
>0.9




	
Skin problems

	
13/667 (1.9%)

	
6/351 (1.7%)

	
3/156 (1.9%)

	
4/147 (2.7%)

	
0.7

	
9/339 (2.7%)

	
4/323 (1.2%)

	
0.2




	
Heart diseases

	
10/678 (1.5%)

	
6/355 (1.7%)

	
2/156 (1.3%)

	
2/154 (1.3%)

	
>0.9

	
5/343 (1.5%)

	
5/330 (1.5%)

	
>0.9




	
Rheumatology

	
8/677 (1.2%)

	
3/355 (0.8%)

	
2/156 (1.3%)

	
3/154 (1.9%)

	
0.4

	
4/342 (1.2%)

	
4/330 (1.2%)

	
>0.9




	
Hematology

	
8/678 (1.2%)

	
5/355 (1.4%)

	
1/156 (0.6%)

	
2/154 (1.3%)

	
0.8

	
7/343 (2.0%)

	
1/330 (0.3%)

	
0.069




	
Immune system diseases

	
8/678 (1.2%)

	
5/355 (1.4%)

	
0/156 (0%)

	
3/154 (1.9%)

	
0.3

	
5/343 (1.5%)

	
3/330 (0.9%)

	
0.7




	
Other

	
4/656 (0.6%)

	
3/346 (0.9%)

	
1/152 (0.7%)

	
0/146 (0%)

	
0.8

	
2/330 (0.6%)

	
2/321 (0.6%)

	
>0.9




	
Genetic conditions

	
4/678 (0.6%)

	
2/355 (0.6%)

	
0/156 (0%)

	
2/154 (1.3%)

	
0.4

	
3/343 (0.9%)

	
1/330 (0.3%)

	
0.6




	
Renal Kidney problems

	
3/678 (0.4%)

	
2/355 (0.6%)

	
0/156 (0%)

	
1/154 (0.6%)

	
0.8

	
0/343 (0%)

	
3/330 (0.9%)

	
0.12




	
Malnutrition

	
1/675 (0.1%)

	
1/355 (0.3%)

	
0/154 (0%)

	
0/154 (0%)

	
>0.9

	
0/341 (0%)

	
1/329 (0.3%)

	
0.5




	
Diabetes

	
1/677 (0.1%)

	
0/355 (0%)

	
1/156 (0.6%)

	
0/154 (0%)

	
0.5

	
0/342 (0%)

	
1/330 (0.3%)

	
0.5




	
Oncology

	
0/678 (0%)

	
0/355 (0%)

	
0/156 (0%)

	
0/154 (0%)

	

	
0/343 (0%)

	
0/330 (0%)

	




	
Endocrine

	
0/676 (0%)

	
0/354 (0%)

	
0/155 (0%)

	
0/154 (0%)

	

	
0/343 (0%)

	
0/328 (0%)

	




	
Sickle cell disease

	
0/287 (0%)

	
0/160 (0%)

	
0/24 (0%)

	
0/92 (0%)

	

	
0/142 (0%)

	
0/145 (0%)

	




	
Depression

	
0/509 (0%)

	
0/257 (0%)

	
0/100 (0%)

	
0/141 (0%)

	

	
0/263 (0%)

	
0/243 (0%)

	




	
HIV

	
0/504 (0%)

	
0/254 (0%)

	
0/97 (0%)

	
0/142 (0%)

	

	
0/262 (0%)

	
0/239 (0%)

	




	
TB

	
0/289 (0%)

	
0/159 (0%)

	
0/22 (0%)

	
0/97 (0%)

	

	
0/142 (0%)

	
0/147 (0%)

	








1 Median (IQR)/N; n (%); n/N (%). 2 Kruskal–Wallis rank sum test; Pearson’s Chi-squared test; Fisher’s exact test. 3 Median (IQR)/N; n/N (%). 4 Wilcoxon rank sum test; Fisher’s exact test; Pearson’s Chi-squared test. PICU: pediatric intensive care unit; HIV: human immunedeficiency virus; TB: tuberculosis
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Table 2. Details of persistent symptoms according to the timing of follow-up, sex and age.
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Symptom

	
All Observations

	
by Period

	
by Sex

	
by Age Group




	
N = 679 1

	
1–5 Months,

N = 355 1

	
6–9 Months,

N = 157 1

	
≥12 Months,

N = 154 1

	
p-Value 2

	
Female,

N = 344 1

	
Male,

N = 330 1

	
p-Value 2

	
below 10 Years,

N = 317 1

	
≥10 Years,

N = 359 1

	
p-Value 2






	
Fatigue

	
128/679 (19%)

	
79/355 (22%)

	
23/157 (15%)

	
24/154 (16%)

	
0.062

	
67/344 (19%)

	
60/330 (18%)

	
0.7

	
37/317 (12%)

	
89/359 (25%)

	
<0.001




	
Headache

	
82/679 (12%)

	
49/355 (14%)

	
14/157 (8.9%)

	
17/154 (11%)

	
0.3

	
53/344 (15%)

	
29/330 (8.8%)

	
0.009

	
17/317 (5.4%)

	
65/359 (18%)

	
<0.001




	
Insomnia

	
51/679 (7.5%)

	
33/355 (9.3%)

	
9/157 (5.7%)

	
8/154 (5.2%)

	
0.2

	
35/344 (10%)

	
16/330 (4.8%)

	
0.009

	
12/317 (3.8%)

	
39/359 (11%)

	
<0.001




	
Persistent muscle pain

	
47/679 (6.9%)

	
36/355 (10%)

	
5/157 (3.2%)

	
5/154 (3.2%)

	
0.002

	
22/344 (6.4%)

	
25/330 (7.6%)

	
0.5

	
14/317 (4.4%)

	
33/359 (9.2%)

	
0.015




	
Confusion lack of concentration

	
46/678 (6.8%)

	
30/355 (8.5%)

	
9/157 (5.7%)

	
7/153 (4.6%)

	
0.2

	
21/343 (6.1%)

	
25/330 (7.6%)

	
0.5

	
14/317 (4.4%)

	
31/358 (8.7%)

	
0.027




	
Stomach abdominal pain

	
45/678 (6.6%)

	
29/355 (8.2%)

	
6/157 (3.8%)

	
7/154 (4.5%)

	
0.10

	
23/344 (6.7%)

	
22/329 (6.7%)

	
>0.9

	
18/317 (5.7%)

	
27/358 (7.5%)

	
0.3




	
Poor appetite

	
43/679 (6.3%)

	
22/355 (6.2%)

	
14/157 (8.9%)

	
7/154 (4.5%)

	
0.3

	
19/344 (5.5%)

	
24/330 (7.3%)

	
0.4

	
19/317 (6.0%)

	
24/359 (6.7%)

	
0.7




	
Skin rash

	
33/678 (4.9%)

	
16/355 (4.5%)

	
12/156 (7.7%)

	
4/154 (2.6%)

	
0.10

	
17/344 (4.9%)

	
16/329 (4.9%)

	
>0.9

	
13/316 (4.1%)

	
20/359 (5.6%)

	
0.4




	
Persistent cough

	
31/679 (4.6%)

	
20/355 (5.6%)

	
5/157 (3.2%)

	
5/154 (3.2%)

	
0.3

	
8/344 (2.3%)

	
23/330 (7.0%)

	
0.004

	
21/317 (6.6%)

	
10/359 (2.8%)

	
0.017




	
Joint pain or swelling

	
30/679 (4.4%)

	
20/355 (5.6%)

	
4/157 (2.5%)

	
4/154 (2.6%)

	
0.15

	
16/344 (4.7%)

	
14/330 (4.2%)

	
0.8

	
7/317 (2.2%)

	
23/359 (6.4%)

	
0.008




	
Diarrhea

	
30/679 (4.4%)

	
16/355 (4.5%)

	
4/157 (2.5%)

	
8/154 (5.2%)

	
0.5

	
9/344 (2.6%)

	
21/330 (6.4%)

	
0.018

	
10/317 (3.2%)

	
20/359 (5.6%)

	
0.13




	
Constipation

	
30/679 (4.4%)

	
17/355 (4.8%)

	
8/157 (5.1%)

	
5/154 (3.2%)

	
0.7

	
14/344 (4.1%)

	
14/330 (4.2%)

	
>0.9

	
22/317 (6.9%)

	
8/359 (2.2%)

	
0.003




	
Chest pain

	
26/679 (3.8%)

	
12/355 (3.4%)

	
10/157 (6.4%)

	
0/154 (0%)

	
0.007

	
14/344 (4.1%)

	
12/330 (3.6%)

	
0.8

	
5/317 (1.6%)

	
21/359 (5.8%)

	
0.004




	
Weight loss

	
16/436 (3.7%)

	
9/213 (4.2%)

	
5/141 (3.5%)

	
2/77 (2.6%)

	
>0.9

	
8/223 (3.6%)

	
8/208 (3.8%)

	
0.9

	
3/175 (1.7%)

	
13/261 (5.0%)

	
0.075




	
Difficulty breathing chest tightness

	
20/679 (2.9%)

	
14/355 (3.9%)

	
3/157 (1.9%)

	
0/154 (0%)

	
0.017

	
8/344 (2.3%)

	
12/330 (3.6%)

	
0.3

	
7/317 (2.2%)

	
13/359 (3.6%)

	
0.3




	
Feeling nauseous

	
19/679 (2.8%)

	
14/355 (3.9%)

	
3/157 (1.9%)

	
1/154 (0.6%)

	
0.086

	
10/344 (2.9%)

	
9/330 (2.7%)

	
0.9

	
3/317 (0.9%)

	
16/359 (4.5%)

	
0.006




	
Alternated sense of smell

	
17/679 (2.5%)

	
8/355 (2.3%)

	
5/157 (3.2%)

	
3/154 (1.9%)

	
0.8

	
9/344 (2.6%)

	
8/330 (2.4%)

	
0.9

	
1/317 (0.3%)

	
16/359 (4.5%)

	
<0.001




	
Alternated taste

	
17/679 (2.5%)

	
11/355 (3.1%)

	
4/157 (2.5%)

	
2/154 (1.3%)

	
0.6

	
11/344 (3.2%)

	
6/330 (1.8%)

	
0.3

	
1/317 (0.3%)

	
16/359 (4.5%)

	
<0.001




	
Pain on breathing

	
15/604 (2.5%)

	
8/326 (2.5%)

	
4/151 (2.6%)

	
0/116 (0%)

	
0.2

	
8/302 (2.6%)

	
7/297 (2.4%)

	
0.8

	
3/281 (1.1%)

	
12/320 (3.8%)

	
0.035




	
Hypersomnia

	
15/679 (2.2%)

	
11/355 (3.1%)

	
1/157 (0.6%)

	
3/154 (1.9%)

	
0.2

	
8/344 (2.3%)

	
7/330 (2.1%)

	
0.9

	
4/317 (1.3%)

	
11/359 (3.1%)

	
0.11




	
Loss of smell

	
11/679 (1.6%)

	
5/355 (1.4%)

	
2/157 (1.3%)

	
3/154 (1.9%)

	
0.8

	
6/344 (1.7%)

	
5/330 (1.5%)

	
0.8

	
1/317 (0.3%)

	
10/359 (2.8%)

	
0.011




	
Loss of taste

	
11/679 (1.6%)

	
7/355 (2.0%)

	
1/157 (0.6%)

	
3/154 (1.9%)

	
0.6

	
5/344 (1.5%)

	
6/330 (1.8%)

	
0.7

	
3/317 (0.9%)

	
8/359 (2.2%)

	
0.2




	
Feeling sick vomiting

	
8/679 (1.2%)

	
5/355 (1.4%)

	
1/157 (0.6%)

	
1/154 (0.6%)

	
0.8

	
3/344 (0.9%)

	
5/330 (1.5%)

	
0.5

	
4/317 (1.3%)

	
4/359 (1.1%)

	
>0.9




	
Problems speaking or communicating

	
3/443 (0.7%)

	
2/211 (0.9%)

	
0/142 (0%)

	
1/87 (1.1%)

	
0.4

	
1/230 (0.4%)

	
2/208 (1.0%)

	
0.6

	
2/174 (1.1%)

	
1/268 (0.4%)

	
0.6




	
Fainting blackouts

	
4/679 (0.6%)

	
1/355 (0.3%)

	
1/157 (0.6%)

	
1/154 (0.6%)

	
0.6

	
4/344 (1.2%)

	
0/330 (0%)

	
0.12

	
1/317 (0.3%)

	
3/359 (0.8%)

	
0.6




	
Tremor shakiness

	
2/490 (0.4%)

	
2/257 (0.8%)

	
0/139 (0%)

	
0/86 (0%)

	
0.7

	
1/253 (0.4%)

	
1/232 (0.4%)

	
>0.9

	
1/204 (0.5%)

	
1/286 (0.3%)

	
>0.9




	
Tingling feeling pins and needles

	
2/679 (0.3%)

	
1/355 (0.3%)

	
1/157 (0.6%)

	
0/154 (0%)

	
0.7

	
2/344 (0.6%)

	
0/330 (0%)

	
0.5

	
1/317 (0.3%)

	
1/359 (0.3%)

	
>0.9




	
Cannot fully move or control movements

	
1/412 (0.2%)

	
1/201 (0.5%)

	
0/137 (0%)

	
0/71 (0%)

	
>0.9

	
0/217 (0%)

	
1/190 (0.5%)

	
0.5

	
0/161 (0%)

	
1/251 (0.4%)

	
>0.9




	
Bilateral conjunctivitis

	
1/415 (0.2%)

	
0/207 (0%)

	
1/136 (0.7%)

	
0/71 (0%)

	
0.5

	
1/217 (0.5%)

	
0/193 (0%)

	
>0.9

	
1/163 (0.6%)

	
0/252 (0%)

	
0.4




	
Seizures fits

	
1/432 (0.2%)

	
1/212 (0.5%)

	
0/137 (0%)

	
0/81 (0%)

	
>0.9

	
1/225 (0.4%)

	
0/202 (0%)

	
>0.9

	
1/173 (0.6%)

	
0/259 (0%)

	
0.4




	
Problems with balance

	
1/679 (0.1%)

	
0/355 (0%)

	
0/157 (0%)

	
0/154 (0%)

	

	
1/344 (0.3%)

	
0/330 (0%)

	
>0.9

	
0/317 (0%)

	
1/359 (0.3%)

	
>0.9




	
Dizziness light headedness

	
1/679 (0.1%)

	
1/355 (0.3%)

	
0/157 (0%)

	
0/154 (0%)

	
>0.9

	
0/344 (0%)

	
1/330 (0.3%)

	
0.5

	
0/317 (0%)

	
1/359 (0.3%)

	
>0.9




	
Double vision blurred vision

	
0/679 (0%)

	
0/355 (0%)

	
0/157 (0%)

	
0/154 (0%)

	

	
0/344 (0%)

	
0/330 (0%)

	

	
0/317 (0%)

	
0/359 (0%)

	




	
Problems swallowing or chewing

	
0/411 (0%)

	
0/196 (0%)

	
0/137 (0%)

	
0/76 (0%)

	

	
0/212 (0%)

	
0/194 (0%)

	

	
0/159 (0%)

	
0/252 (0%)

	




	
purulent non purulent

	
0/148 (0%)

	
0/69 (0%)

	
0/61 (0%)

	
0/17 (0%)

	

	
0/75 (0%)

	
0/72 (0%)

	

	
0/61 (0%)

	
0/87 (0%)

	




	
Lumps or rashes on toes

	
0/394 (0%)

	
0/196 (0%)

	
0/135 (0%)

	
0/62 (0%)

	

	
0/206 (0%)

	
0/183 (0%)

	

	
0/156 (0%)

	
0/238 (0%)

	








1 evaluated at that follow-up time; 2 Pearson’s Chi-squared test; Fisher’s exact test.













[image: Table] 





Table 3. Persistent symptoms comparing Omicron and original variants at 1-5 months’ follow-up. Only the children followed up within the same time period were included.
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	Characteristic
	Omicron, N = 120 1
	Wild Type, N = 201 1
	p-Value 2





	Fatigue
	16/120 (13%)
	50/201 (25%)
	0.013



	Headache
	11/120 (9.2%)
	31/201 (15%)
	0.11



	Insomnia
	6/120 (5.0%)
	27/201 (13%)
	0.016



	Persistent muscle pain
	4/120 (3.3%)
	27/201 (13%)
	0.003



	Confusion lack of concentration
	10/120 (8.3%)
	18/201 (9.0%)
	0.8



	Stomach abdominal pain
	6/120 (5.0%)
	17/201 (8.5%)
	0.2



	Poor appetite
	4/120 (3.3%)
	17/201 (8.5%)
	0.072



	Skin rash
	3/120 (2.5%)
	11/201 (5.5%)
	0.2



	Persistent cough
	11/120 (9.2%)
	6/201 (3.0%)
	0.017



	Joint pain or swelling
	0/120 (0%)
	17/201 (8.5%)
	0.001



	Diarrhea
	4/120 (3.3%)
	10/201 (5.0%)
	0.5



	Constipation
	3/120 (2.5%)
	14/201 (7.0%)
	0.084



	Chest pain
	2/120 (1.7%)
	9/201 (4.5%)
	0.2



	Weight loss
	0/10 (0%)
	9/196 (4.6%)
	>0.9



	Difficulty breathing chest tightness
	2/120 (1.7%)
	9/201 (4.5%)
	0.2



	Feeling nauseous
	3/120 (2.5%)
	10/201 (5.0%)
	0.4



	Alternated sense of smell
	0/120 (0%)
	6/201 (3.0%)
	0.088



	Alternated taste
	0/120 (0%)
	8/201 (4.0%)
	0.027



	Pain on breathing
	0/99 (0%)
	7/200 (3.5%)
	0.10







1 n/N (%). 2 Pearson’s Chi-squared test; Fisher’s exact test.
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Table 4. Self-reported recovery rates according to time of follow-up, sex and age.
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All Observations

	
by Period

	
by Sex

	
by Age Group




	
Characteristic

	
N = 679 1

	
1–5 Months, N = 355 1

	
6–9 Months, N = 157 1

	
12 Months and More, N = 154 1

	
p-Value 2

	
Female, N = 344 1

	
Male, N = 330 1

	
p-Value 3

	
below 10 Years, N = 317 1

	
10 Years and above, N = 359 1

	
p-Value 3






	
Fully recovered

	

	

	

	

	
0.003

	

	

	
0.014

	

	

	
0.047




	
1–4

	
17 (2.6%)

	
14 (4.0%)

	
2 (1.3%)

	
1 (0.7%)

	

	
3 (0.9%)

	
14 (4.4%)

	

	
3 (1.0%)

	
13 (3.7%)

	




	
5–7

	
73 (11%)

	
46 (13%)

	
7 (4.6%)

	
15 (9.9%)

	

	
35 (10%)

	
38 (12%)

	

	
31 (9.9%)

	
41 (12%)

	




	
8–10

	
576 (86%)

	
288 (83%)

	
144 (94%)

	
136 (89%)

	

	
302 (89%)

	
269 (84%)

	

	
279 (89%)

	
296 (85%)

	








1 n (%). 2 Fisher’s exact test. 3 Pearson’s Chi-squared test.
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Table 5. Recovery dynamics for patients with repeated follow-ups.
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	fup_Period_1
	fup_Period_2
	Values_1
	Values_2
	p-Value





	1–5
	6–9
	14/143
	0/143
	0.000



	1–5
	≥12 m
	14/142
	7/142
	0.174



	6–9
	≥12 m
	2/121
	3/121
	1.000
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