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Coronavirus disease 2019 (COVID-19), a fatal virus caused by severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2), has become a pandemic across the world. Despite early concerns, children appear to be less susceptible to acquiring SARS-CoV-2 and manifest minor clinical symptoms compared with adults. However, there still exists a risk of physical and psychological health problems in children and their families. In this review, we summarize the existing information about the mechanism of SARS-CoV-2 infection, the epidemiology of COVID-19, and the clinical manifestations, treatments, and further considerations regarding COVID-19 in children.
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INTRODUCTION

In December 2019, Wuhan received worldwide attention by reporting the first case of COVID-19 in China (1). Although the source of COVID-19 has not yet been clearly defined, the patient's history was linked to a seafood market in Wuhan, China during the early period of the outbreak. Animal to human transmission followed by human to human transmission has been presumed, though not verified (1). The outbreak of COVID-19 spread widely and rapidly and has now affected more than 205 countries. The World Health Organization (WHO) declared COVID-19 as a pandemic on March 11, 2020. Earlier investigations suggested numerous possible COVID-19 transmission routes including respiratory droplets and aerosols, close contact, and surface areas exposed to SARS-CoV-2 (2). In addition, intrauterine and transplacental transmission have been reported (3). Children do not appear to transmit SARS-CoV-2 as readily as adults (4) and usually have milder symptoms (5, 6). This mysterious coronavirus is confusing scientists, public health specialists, and global populations by demonstrating its variable characteristics.

Patients with mild to moderate COVID-19 symptomatology typically demonstrate flu-like symptoms such as fever, cough, dyspnea, and myalgia, most of which are generally not of great severity and self-resolve with time. In contrast, clinical complications such as ARDS, sepsis, multiple organ failure (MODS), and coagulopathy, etc., are found in severe cases and translate to a high mortality and morbidity rate (7).

Clinicians apply many treatment protocols to treat patients infected with SARS-CoV-2 and a series of trials are ongoing. Among treatment protocols, pharmacologic management typically consists of remdesivir (8), lopinavir/ritonavir (9), interferon beta-1α (9), favipiravir (10), corticosteroids (11, 12), and ribavirin (13). Initial results demonstrated that remdesivir (8), and corticosteroids (11, 12) were likely to play a leading role in the treatment of COVID-19. Unfortunately, potential side/adverse effect such as anemia, acute kidney injury, hyperglycemia, nausea, acute respiratory failure, elevated transaminases, jaundice, and constipation have been reported in remdesivir (14). Although the WHO welcomed the clinical use of dexamethasone, there does not appear sufficient safety and efficacy data to support corticosteroid administration in neonates and pregnant women (15). Besides pharmacologic interventions, supplemental and supportive therapies appear to have stronger data supporting use. For example, both plasma therapy and oxygen therapy are helpful in broad patient populations (16). Without specific pharmacologic treatments or a current vaccine, patients of all ages are susceptible to the consequences of this deadly virus. Fortunately, there are now at least five phase III clinical trials for SARS-CoV-2 vaccines (17). However, further study is necessary before widespread vaccine dissemination to global populations is possible.



MECHANISMS OF SARS-CoV-2 INFECTION

SARS-CoV-2, a new member of the Coronaviridae family, is a single stranded positive RNA virus. Up to now, coronavirus strains Human coronavirus-NL63 (HCoV-NL63), HCoV-HKU1, HCoV-229E, and HCoV-OC43 are known to cause the “common cold” in humans (18). SARS-CoV-2 and the severe acute respiratory syndrome coronavirus (SARS-CoV) have similar homologies with ~88% of the genomic materials which cause COVID-19 (19). SARS-CoV and SARS-CoV-2 are similar to most other virus in that the recognition and interaction between host cell membranes and viral surface molecules initiate the viral infection. As shown in Figure 1 and Table 1. SARS-CoV-2 uses a spike S protein which has two subunits, S1 and S2, to identify the angiotensin-converting enzyme 2 (ACE2) and the type 2 transmembrane serine protease (TMPRSS2) receptors (31). Both host cell receptors allow viral penetration in ciliated bronchial cells and facilitate SARS-CoV-2 entrance into the human host cells (31). The spike protein of SARS-CoV-2 found in 2019 shows a 10–20 fold higher receptor-binding affinity than SARS-CoV and MERS-CoV (31).
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FIGURE 1. SARS-CoV-2 infection via the airway. During inhalation, SARS-CoV-2 in the air reaches and colonizes in the bronchioles or alveoli. Spike-like protein S on the surface of the SARS-CoV-2 virus serves as a ligand, which recognizes and binds to its specific receptors (the ACE2 and the TMPRSS2 receptors) on human host cell (ciliated bronchial cell) membranes with a high affinity. This recognition and interaction between host cell membranes and viral surface molecules permit SARS-CoV-2 virus entrance into target cells resulting in intracellular proliferation of viral copies. This pathogenic process of respiratory infection leads to the activation of both extracellular and intracellular cytokines, and the subsequent “inflammatory cascade” and “cytokine storm syndromes” of COVID-19, which finally result in pulmonary or other tissue injury (20), or even a rare but lethal post-COVID-19 complication termed “multisystem inflammatory syndrome in children (MIS-C)” (21).



Table 1. Comparable characteristics between COVID-19/ SARS-CoV-2 infected adults and children.
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SARS-CoV-2 may present super antigenic fragments that could bind to the αβT-cell receptors (αβTCRs) and induce an inflammatory response. Pathogens with amino acid sequences and protein structures similar to SARS-CoV-2 can also activate an αβTCRs-induced inflammatory response (21). A case in point is staphylococcal enterotoxins B (SEB) toxin, which is known to be involved in toxic shock syndrome (TSS) (21). Besides, specific strains of coronavirus have also been associated with Kawasaki disease (KD), and the activation of pro-inflammatory cytokines in MIS-C patients overlapped with laboratory findings in both KD and patients with COVID-19 (32). Moreover, the cytokine storm pattern in MIS-C includes implicated macrophage activating syndrome (MAS), which is also seen in KD (32). Although the actual molecular mechanism of MIS-C, TSS, and KD are still under investigation, such immunological similarities would in part explain the analog manifestations and the inflammatory responses described in these syndromes (21).



INVESTIGATION IN PEDIATRIC EPIDEMIOLOGY

On January 10, 2020 the first pediatric case was reported in Shenzhen, China (33). A report from the Chinese Center for Disease Control and Prevention found that as of mid-February, among the 72,000 Chinese patients infected with SARS-CoV-2, <1% were children under 10 years of age. As of that time, no fatality was reported in children younger than 9 years old (23). In the United States of America (US), the latest data (available as of November 26, 2020) reported a total of 1,337,217 child COVID-19 cases, with children representing 12.0% (1,337,217/11,184,900) of all cases, with an overall rate of 1,777 cases per 100,000 children in the population (24). Of note, a trend of drastically increasing new child COVID-19 cases was reported in the past few weeks (24). In Italy, one of the most affected countries in Europe, 1.2% of children between 0 and 18 years old were infected with SARS-CoV-2 by March 18, 2020 (25). Unfortunately, a multinational study including 409 children from Latin American reported that 23.2% of pediatric COVID-19 patients were diagnosed with MIS-C and 12.7% required admission to a pediatric intensive care unit, indicating a higher incidence of MIS-C and a more serious condition, compared with studies from other areas (34). Therefore, more care for pediatric COVID-19 cases in Latin America or other lower middle income countries (LMICs) are urgently needed. In comparison with the current measures of SARS-CoV-2, the number of pediatric cases was relatively low and no fatality was recorded during the epidemic of SARS and MERS in 2003 (35). What is more, to date, all ages of childhood (ranged from 1 day to 18 years) were reported to be susceptible to SARS-CoV-2 (36).

A recent study published in JAMA Pediatrics revealed that children younger than 5 years with mild to moderate COVID-19 carry higher levels of viral genetic material in the nasopharynx compared to older children and adults (37). These findings suggest that younger children transmit the virus as much as other age groups. The ability of younger children to spread COVID-19 may have been under-recognized given the rapid and sustained closure of schools and daycares during the early stages of the pandemic. Interestingly, these children with higher virus loads are less susceptible to SARS-COV-2 infection and mild symptoms compared to adults. The lower risk of symptomatic infection among children appears to be due to age-dependent expressions of ACE2 which is lower in younger children and increases with age. Lower ACE2 expression in children relative to adults may help explain why COVID-19 is less prevalent in children (38).



CLINICAL MANIFESTATIONS

Due to its latent period of ~2–14 days and vague symptoms, COVID-19 can be misdiagnosed as other more benign viral processes, especially in the early phase of infection (39). Clinical manifestations of COVID-19 in adults and children are similar and include asymptomatic fever, cough, and shortness of breath. Other symptoms include headache, myalgia, sore throat, or digestive symptoms such as vomiting, nausea, and diarrhea (26). Compared with fever or respiratory symptoms, vomiting and diarrhea were not so common in children (27) and there were no severe clinical gastrointestinal (GI) symptoms in children with COVID-19 infection (40). However, more frequent GI symptoms, as well as high fever, chest tightness, ARDS, or MODS have been found in severe COVID-19 cases (7, 21).

Most studies have focused on COVID-19 in adults, as early data suggested that symptoms tend to be milder in the pediatric population (4). However, since May 2020, there has been a rise in the number of critically ill COVID-19 patients presenting a co-incidence of post infectious MIS-C (32) or common features of KD, especially in Europe and the US (30, 41). Cases of MIS-C and/or Kawasaki-like disease in the setting of COVID-19 infection were usually reported to exhibit clinical symptoms including fever, lymph node enlargement, limbic sparing conjunctivitis, prominent tongue papilla, polymorphous, maculopapular rash, extremity edema, multisystem inflammation or MODS, ARDS, TSS or KD shock syndrome, abdominal pain, and severe cardiac involvement (21, 30, 42). Although the overall post-COVID-19 MIS-C presentation appears to overlap with KD as mentioned above, MIS-C children present with noticeable differences compared to KD, including: older age of presentation, a more profound form of inflammation, more GI manifestation, different laboratory findings such as lymphopenia, thrombocytopenia, elevated troponin, elevated NT-proBNP, elevated D-Dimer, and elevated ferritin, and have a higher propensity toward LV dysfunction and shock (32).

The overlapping clinic features of MIS-C, TSS, and KD may be attributed to their immunological similarities as discussed above: MIS-C, TSS, and KD are all post-infectious immune-mediated diseases and share similar post-infectious systemic immune responses (21). Interestingly, unlike KD, MIS-C seem to have less propensity toward East Asian children, the observation of MIS-C was mostly reported in Europe, the US, and Latin American, suggesting an involvement of specific HLA types in COVID susceptibility.



TRANSMISSION OF COVID-19: MOTHER TO NEONATES

Available studies have identified rare transmission from mother to fetus via vertical or intrauterine transmission (43). In one of study from China, 19 neonates were born from SARS-CoV-2 positive mothers but none developed SARS-CoV-2 (44). Mothers' breast milk and amniotic fluid were also tested negative for SARS-CoV-2 (44). All neonates were separated from their mothers after birth and were in observation for 14 continuous days (44). No respiratory distress, clinical, radiologic, or hematologic signs related to SARS-CoV-2 were seen during these 14 days of observation (44). These findings provide insufficient evidence of vertical transmission and prenatal complications in mothers infected with SARS-CoV-2. Another study from the US described 29 neonates from SARS-CoV-2 positive mothers and none of the neonates were found to be SARS-CoV-2 positive or had associated symptoms (45). Similarly, nine children born via cesarean section were negative for SARS-CoV-2 and did not develop associated symptoms (43). Although earlier studies suggested a low risk for vertical transmission, a recent study by Vivanti et al. provided confirmatory evidence of transplacental transmission from mother to fetus (3). Zeng et al. described three of 33 neonates from Wuhan Children's Hospital, who had positive results for SARS-CoV-2 following their operative delivery by mothers with confirmed COVID-19 (46).

A synthesis and systematic review of 176 published cases reported recently that 70 and 30% of infections were due to environmental and vertical transmission, respectively, and suggested that a lack of mother-neonate separation from birth was associated with late SARS-CoV-2 infection, while breastfeeding was not (47). However, a population-based prospective national cohort study in the UK supported guidance to avoid the routine separation of mother and baby because neonatal SARS-CoV-2 infection was uncommon and most babies were only mildly affected (48). Moreover, it should be noticed that an excretion of SARS-CoV-2 has been found in COVID-19-infected mothers' breast milk (49), yet breastfeeding does not seem to significantly increase the risk of maternal-fetal transmission. The existence of protective anti-SARS-CoV-2 immunoglobulins in COVID-19-infected mothers' milk is likely to be a major contributor to the lower risk of viral transmission through milk (50). Nevertheless, horizontal transmission from a positive SARS-CoV-2 infected mother to her baby may take place through respiratory droplets or close contact during breastfeeding. Since these newly described studies have yielded conflicting results, larger studies are necessary for verification as well as quantification of the risk to mothers and infants. Currently, a rinse with room temperature water immediately after vaginal delivery and breastfeeding with hygiene precautions are generally recommend for newborns following birth to a mother with perinatal SARS-CoV-2 infection.



WARNING AND CAUTION FOR PARENTS

Children, especially infants and young children, may have difficulties in understanding how to keep healthy during the COVID-19 pandemic. Parents have an obligation to explain disease prevention measures to their children and help prevent children acquiring and spreading infectious diseases. For all parents, better knowledge and awareness of COVID-19 and a positive attitude toward the prevention and control of COVID-19 are of great importance for improving their management of physical and psychological health. Parental considerations are briefly summarized below:

1. Large public gatherings are dangerous since it is difficult to socially distance from those nearby. Parents should be particularly cautious in a hospital environment since there may be asymptomatic carriers and patient populations close by that are particularly vulnerable to developing the life threatening consequences of COVID-19.

2. Since SARS-CoV-2 is highly contagious, behavioral precautions, including hand hygiene and mask-wearing, must be repeatedly emphasized. Adhering to self-quarantine and practicing necessary hygienic habits will effectively curtail viral spread.

3. Sometimes it is difficult to distinguish between common cold and COVID-19 symptoms, especially at the early stages of the infection. If there has been a possible recent exposure alongside symptoms like fever, cough, muscle pain, headache, both the children and other family members should go to hospital for a laboratory test of SARS-CoV-2 infection as soon as possible.

4. Be aware of COVID-19 children with a confirmed or suspected co-incidence of other severe clinical conditions such as MIS-C or KD, timely hospitalization and intensive care are necessary, and IVIG is recommended as early as possible, with the aim of preventing MIS-related complications and KD-induced coronary artery aneurysms.

5. Vaccinations would be the easiest, most effective, and fastest preventive strategy available to reduce pediatric communicable diseases and consequently reduce the overflow of children to pediatric services. Therefore, the highest immunization levels, including vaccinations against diphtheria, tetanus, pertussis, hepatitis B, measles, mumps, rubella, meningococcal and pneumococcal vaccination, and especially influenza, are of pivotal importance during the COVID-19 pandemic. Vaccine education is necessary for parents to attain knowledge of each recommended vaccine, and their awareness that vaccination services should focus on not only the pediatric population, but also all the family members (51).

6. Mothers developing COVID-19 during pregnancy can deliver prematurely and may have complicated outcomes (52). Thus, adequate pre-natal care for a pregnant mother during these times is important. If an infant is born to a parent with COVID-19, mask wearing and careful hand hygiene are required when caring for the baby. Guidelines in different countries for managing neonates are conflicting. In China, infants born to mothers with COVID-19 were separated for a minimum of 14 days and until the mother's COVID-19 tests turned negative. Children were not allowed to breast feed if born to a COVID-19 positive mother (52). There was no reliable evidence to support vertical transmission in the beginning stages of the COVID-19 outbreak, yet recently data suggest the potential of transplacental transmission from mother to fetus. Therefore, although there still exists controversy about this type of transmission, it is a viable guideline for effectively protecting vulnerable neonates and their parents from virus transmission.

7. Outbreaks of emerging infectious diseases and consequential quarantine in homes and institutions may impose great psychological burdens to families, and lead to negative social phenomena. School closure, lack of outdoor activity, and aberrant dietary and sleeping habits are likely to disrupt a child's usual lifestyle and can potentially promote distress, anxiety, annoyance, and varied neuropsychiatric manifestations (53). Children fearing stigmatization may deny early clinical symptoms, delay seeking care, and remain in the community undetected, which may aggravate the spread of the infection (54). Parents should exert effort to mitigate the psychosocial ill-effects of COVID-19 on children.

8. Both parents and their children (especially teenagers aged 13–18) have been more exposed to social media and other types of communication technologies since the beginning of social distancing. As social media use is widespread, there is potential for the rapid dissemination of false information which can lead to poor behaviors and/or undue stress and anxiety. Utilization of social media should be limited in children in early development and those with psychological vulnerabilities (55). Communication technologies can also help to support parents and children. Electronic medical consultation (“telemedicine”) could also be utilized for medical evaluations and many age-appropriate educational programs can be found online (51). A case of benefit from communication technologies during the COVID-19 pandemic was summarized by two Bangladeshi intern doctors and their teachers, who instructed them thousands of miles away by web-based communication.

9. Parents are attempting to work remotely, though may be unable to work due to family needs or may find themselves unemployed with uncertainty about how long the pandemic will last. The economic crisis and need for home childcare increases parenting stress, abuse, and violence against children. For those living in low-income and crowded households, these challenges are exacerbated (56).



CONCLUSION

In response to the increasing seriousness of COVID-19 as a threat to human health, researchers continue to pursue effective strategies to mitigate the physical and psychological damage due to SARS-CoV-2 infection in children and families. If children or their parents become sick with COVID-19, following guidance from local agencies and the WHO can reduce viral spread and foster a healthy environment for families.

In addition, there are so many overlapping features of KD and pediatric COVID-19 or MIS-C, including epidemiological characteristics, pathogenesis mechanisms, clinical manifestations, and therapeutic strategies. First, KD and COVID-19 are epidemiologically similar: KD is primarily distributed in East Asia, followed by Western Europe, North America, and other LMICs such as Latin America, while COVID-19 was first reported in China and then spread all over the world, of which Western Europe and North America are the worst-hit areas nowadays. Besides, the peak of KD usually occurs in the winter or spring (from January to March) while COVID-19 has been emerging in China since December 2019 and then spread to other countries and regions around the world since February 2020, suggesting a winter-spring seasonality of both KD and COVID-19. Second, as previously discussed, pathogenesis mechanisms involved in KD and MIS-C post-COVID-19 infection are similar: both of them are the result of an excessive immune response to an infectious trigger, which could stimulate the immune system with a strong systemic inflammatory response finally leading to organ damage (42). Third, as described above, KD and MIS-C exhibit similar clinical symptoms. And last, most of the immunomodulatory therapeutic strategies used for KD have been shown to be effective for MIS-C, including IVIG and steroids (21). All of this evidence suggests a connection between pediatric COVID-19/MIS-C and KD. It is necessary that physicians, institutions, policy makers, and families all prepare themselves with enough time to face the difficulties of the increasing cases of these pediatric COVID-19 associated severe diseases in the coming winter.



AUTHOR CONTRIBUTIONS

BT, DA, and MR searched the literature and wrote the manuscript. BT designed the figure and table. BT and ML contributed to the critical revision of the article, suggested additional references, and wrote the manuscript. All authors read and approved the final manuscript.



FUNDING

The Open Fund of the Key Laboratory of Birth Defects and Related Diseases of Women and Children, Ministry of Education, West China Second University Hospital, Sichuan University. Grant Number 2020KF04 and The Medical Research Project Plan of Sichuan Province. Grant Number S18015.



ACKNOWLEDGMENTS

The authors wish to thank Professor Dezhi Mu from the Key Laboratory of Birth Defects and Related Diseases of Women and Children, Ministry of Education, Sichuan University for his theoretical assistance. The authors wish to also thank Dr. Thomas W. Conlon from The Children's Hospital of Philadelphia for revisions to the manuscript to improve readability.



REFERENCES

 1. Li Q, Guan X, Wu P, Wang X, Zhou L, Tong Y, et al. Early transmission dynamics in Wuhan, China, of novel coronavirus-infected pneumonia. N Engl J Med. (2020) 382:1199–207. doi: 10.1056/NEJMoa2001316 

 2. Chen N, Zhou M, Dong X, Qu J, Gong F, Han Y, et al. Epidemiological and clinical characteristics of 99 cases of 2019 novel coronavirus pneumonia in Wuhan, China: a descriptive study. Lancet. (2020) 395:507–13. doi: 10.1016/S0140-6736(20)30211-7

 3. Vivanti AJ, Vauloup-Fellous C, Prevot S, Zupan V, Suffee C, Do Cao J, et al. Transplacental transmission of SARS-CoV-2 infection. Nat Commun. (2020) 11:3572. doi: 10.1038/s41467-020-17436-6 

 4. Zimmermann P, Curtis N. Coronavirus infections in children including COVID-19: an overview of the epidemiology, clinical features, diagnosis, treatment and prevention options in children. Pediatr Infect Dis J. (2020) 39:355–68. doi: 10.1097/INF.0000000000002660

 5. Parri N, Lenge M, Cantoni B, Arrighini A, Romanengo M, Urbino A, et al. COVID-19 in 17 Italian pediatric emergency departments. Pediatrics. (2020) 146:e20201235. doi: 10.1542/peds.2020-1235

 6. Götzinger F, Santiago-García B, Noguera-Julián A, Lanaspa M, Lancella L, Calò Carducci FI, et al. COVID-19 in children and adolescents in Europe: a multinational, multicentre cohort study. Lancet Child Adolesc Health. (2020) 4:653–61. doi: 10.1016/S2352-4642(20)30177-2

 7. Cascella M, Rajnik M, Cuomo A, Dulebohn SC, Di Napoli R. Features, evaluation and treatment coronavirus (COVID-19). In: StatPearls. Treasure Island, FL: StatPearls Publishing (2020). Available online at: https://www.ncbi.nlm.nih.gov/books/NBK554776/

 8. Yin W, Mao C, Luan X, Shen DD, Shen Q, Su H, et al. Structural basis for inhibition of the RNA-dependent RNA polymerase from SARS-CoV-2 by remdesivir. Science. (2020) 368:1499–504. doi: 10.1126/science.abc1560

 9. Sheahan TP, Sims AC, Leist SR, Schäfer A, Won J, Brown AJ, et al. Comparative therapeutic efficacy of remdesivir and combination lopinavir, ritonavir, and interferon beta against MERS-CoV. Nat Commun. (2020) 11:222. doi: 10.1038/s41467-019-13940-6

 10. Khambholja K, Asudani D. Potential repurposing of favipiravir in COVID-19 outbreak based on current evidence. Travel Med Infect Dis. (2020) 35:101710. doi: 10.1016/j.tmaid.2020.101710

 11. Shang L, Zhao J, Hu Y, Du R, Cao B. On the use of corticosteroids for 2019-nCoV pneumonia. Lancet. (2020) 395:683–4. doi: 10.1016/S0140-6736(20)30361-5

 12. Ledford H. Coronavirus breakthrough: dexamethasone is first drug shown to save lives. Nature. (2020) 582:469. doi: 10.1038/d41586-020-01824-5

 13. Arabi YM, Shalhoub S, Mandourah Y, Al-Hameed F, Al-Omari A, Al Qasim E, et al. Ribavirin and interferon therapy for critically Ill patients with middle east respiratory syndrome: a multicenter observational study. Clin Infect Dis. (2020) 70:1837–44. doi: 10.1093/cid/ciz544

 14. Beigel JH, Tomashek KM, Dodd LE, Mehta AK, Zingman BS, Kalil AC, et al. Remdesivir for the treatment of COVID-19 - final report. N Engl J Med. (2020) 383:1813–26. doi: 10.1056/NEJMoa2007764

 15. Sichitiu J, Fakhouri F, Desseauve D. Antenatal corticosteroid therapy and COVID-19: Pathophysiological considerations. Acta Obstet Gynecol Scand. (2020) 99:952. doi: 10.1111/aogs.13887

 16. Rojas M, Rodríguez Y, Monsalve DM, Acosta-Ampudia Y, Camacho B, Gallo JE, et al. Convalescent plasma in COVID-19: Possible mechanisms of action. Autoimmun Rev. (2020) 19:102554. doi: 10.1016/j.autrev.2020.102554

 17. Craven J. COVID-19 Vaccine Tracker. Regulatory Affairs Professionals Society. (2020). Available online at: https://www.raps.org/news-and-articles/news-articles/2020/3/COVID-19-vaccine-tracker (accessed July 30, 2020).

 18. Kin N, Miszczak F, Lin W, Gouilh MA, Vabret A, EPICOREM Consortium. Genomic analysis of 15 human coronaviruses OC43 (HCoV-OC43s) circulating in France from 2001 to 2013 reveals a high intra-specific diversity with new recombinant genotypes. Viruses. (2015) 7:2358–77. doi: 10.3390/v7052358

 19. Coronaviridae Study Group of the International Committee on Taxonomy of Viruses. The species severe acute respiratory syndrome-related coronavirus: classifying 2019-nCoV and naming it SARS-CoV-2. Nat Microbiol. (2020) 5:536–44. doi: 10.1038/s41564-020-0695-z

 20. Mehta P, McAuley DF, Brown M, Sanchez E, Tattersall RS, Manson JJ, et al. COVID-19: consider cytokine storm syndromes and immunosuppression. Lancet. (2020) 395:1033–4. doi: 10.1016/S0140-6736(20)30628-0

 21. Buonsenso D, Riitano F, Valentini P. Pediatric inflammatory multisystem syndrome temporally related with SARS-CoV-2: immunological similarities with acute rheumatic fever and toxic shock syndrome. Front Pediatr. (2020) 8:574. doi: 10.3389/fped.2020.00574

 22. World Health Organization. WHO Coronavirus Disease (COVID-19) Dashboard. (2020). Available online at: https://covid19.who.int/ (accessed December 07, 2020).

 23. Wu Z, McGoogan JM. Characteristics of and important lessons from the coronavirus disease 2019 (COVID-19) outbreak in China: summary of a report of 72 314 cases from the Chinese center for disease control and prevention. JAMA. (2020) 323:1239–42. doi: 10.1001/jama.2020.2648

 24. American Academy of Pediatrics. Children and COVID-19: State-Level Data Report. (2020). Available online at: https://services.aap.org/en/pages/2019-novel-coronavirus-covid-19-infections/children-and-covid-19-state-level-data-report/ (accessed December 07, 2020).

 25. Livingston E, Bucher K. Coronavirus disease 2019 (COVID-19) in Italy. JAMA. (2020) 323:1335. doi: 10.1001/jama.2020.4344

 26. Ludvigsson JF. Systematic review of COVID-19 in children shows milder cases and a better prognosis than adults. Acta Paediatr. (2020) 109:1088–95. doi: 10.1111/apa.15270

 27. Wang Z, Zhou Q, Wang C, Shi Q, Lu S, Ma Y, et al. Clinical characteristics of children with COVID-19: a rapid review and meta-analysis. Ann Transl Med. (2020) 8:620. doi: 10.21037/atm-20-3302

 28. Zhang T, Cui X, Zhao X, Wang J, Zheng J, Zheng G, et al. Detectable SARS-CoV-2 viral RNA in feces of three children during recovery period of COVID-19 pneumonia. J Med Virol. (2020) 92:909–14. doi: 10.1002/jmv.25795

 29. Chen D, Yang H, Cao Y, Cheng W, Duan T, Fan C, et al. Expert consensus for managing pregnant women and neonates born to mothers with suspected or confirmed novel coronavirus (COVID-19) infection. Int J Gynaecol Obstet. (2020) 149:130–6. doi: 10.1002/ijgo.13146

 30. Jones VG, Mills M, Suarez D, Hogan CA, Yeh D, Segal JB, et al. COVID-19 and kawasaki disease: novel virus and novel case. Hosp Pediatr. (2020) 10:537–540. doi: 10.1542/hpeds.2020-0123

 31. Hoffmann M, Kleine-Weber H, Schroeder S, Krüger N, Herrler T, Erichsen S, et al. SARS-CoV-2 cell entry depends on ACE2 and TMPRSS2 and is blocked by a clinically proven protease inhibitor. Cell. (2020) 181:271–80.e8. doi: 10.1016/j.cell.2020.02.052

 32. Loke YH, Berul CI, Harahsheh AS. Multisystem inflammatory syndrome in children: Is there a linkage to Kawasaki disease? Trends Cardiovasc Med. (2020) 30:389–96. doi: 10.1016/j.tcm.2020.07.004

 33. Chen ZM, Fu JF, Shu Q, Chen YH, Hua CZ, Li FB, et al. Diagnosis and treatment recommendations for pediatric respiratory infection caused by the 2019 novel coronavirus. World J Pediatr. (2020) 16:240–6. doi: 10.1007/s12519-020-00345-5

 34. Antúnez-Montes OY, Escamilla MI, Figueroa-Uribe AF, Arteaga-Menchaca E, Lavariega-Saráchaga M, Salcedo-Lozada P, et al. COVID-19 and multisystem inflammatory syndrome in Latin American children: a multinational. Pediatr Infect Dis J. (2020) 40:e1–6. doi: 10.1097/INF.0000000000002949

 35. Kuiken T, Fouchier RA, Schutten M, Rimmelzwaan GF, van Amerongen G, van Riel D, et al. Newly discovered coronavirus as the primary cause of severe acute respiratory syndrome. Lancet. (2003) 362:263–70. doi: 10.1016/S0140-6736(03)13967-0

 36. Dong Y, Mo X, Hu Y, Qi X, Jiang F, Jiang Z, et al. Epidemiology of COVID-19 among children in China. Pediatrics. (2020) 145:e20200702. doi: 10.1542/peds.2020-0702

 37. Heald-Sargent T, Muller WJ, Zheng X, Rippe J, Patel AB, Kociolek LK. Age-related differences in nasopharyngeal severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) levels in patients with mild to moderate coronavirus disease 2019 (COVID-19). JAMA Pediatr. (2020) 174:902–3. doi: 10.1001/jamapediatrics.2020.3651

 38. Bunyavanich S, Do A, Vicencio A. Nasal gene expression of angiotensin-converting enzyme 2 in children and adults. JAMA. (2020) 323:2427–9. doi: 10.1001/jama.2020.8707

 39. Huang C, Wang Y, Li X, Ren L, Zhao J, Hu Y, et al. Clinical features of patients infected with 2019 novel coronavirus in Wuhan, China. Lancet. (2020) 395:497–506. doi: 10.1016/S0140-6736(20)30183-5

 40. EsmaeiliDooki M, Mehrabani S, Sorkhi H, Nikpour M, Tabatabaie M, Mohammadi M, et al. COVID-19 and digestive system in children: a retrospective study. Arch Iran Med. (2020) 23:782–6. doi: 10.34172/aim.2020.104

 41. Bassareo PP, Calcaterra G, Fanos V. Coronavirus disease 2019 Kawasaki disease, and multisystem inflammatory syndrome in children. J Pediatr. (2020) 224:184. doi: 10.1016/j.jpeds.2020.06.033

 42. Koné-Paut I, Cimaz R. Is it Kawasaki shock syndrome, Kawasaki-like disease or pediatric inflammatory multisystem disease? The importance of semantic in the era of COVID-19 pandemic. RMD Open. (2020) 6:e001333. doi: 10.1136/rmdopen-2020-001333MLA

 43. Chen H, Guo J, Wang C, Luo F, Yu X, Zhang W, et al. Clinical characteristics and intrauterine vertical transmission potential of COVID-19 infection in nine pregnant women: a retrospective review of medical records. Lancet. (2020) 395:809–15. doi: 10.1016/S0140-6736(20)30360-3

 44. Liu W, Wang J, Li W, Zhou Z, Liu S, Rong Z. Clinical characteristics of 19 neonates born to mothers with COVID-19. Front Med. (2020) 14:193–8. doi: 10.1007/s11684-020-0772-y

 45. Schwartz DA. An analysis of 38 pregnant women with COVID-19, their newborn infants, and maternal-fetal transmission of SARS-CoV-2: maternal coronavirus infections and pregnancy outcomes. Arch Pathol Lab Med. (2020) 144:799–805. doi: 10.5858/arpa.2020-0901-SA

 46. Zeng L, Xia S, Yuan W, Yan K, Xiao F, Shao J, et al. Neonatal early-onset infection with SARS-CoV-2 in 33 neonates born to mothers with COVID-19 in Wuhan, China. JAMA Pediatr. (2020) 174:722–5. doi: 10.1001/jamapediatrics.2020.0878

 47. Raschetti R, Vivanti AJ, Vauloup-Fellous C, Loi B, Benachi A, De Luca D. Synthesis and systematic review of reported neonatal SARS-CoV-2 infections. Nat Commun. (2020) 11:5164. doi: 10.1038/s41467-020-18982-9

 48. Gale C, Quigley MA, Placzek A, Knight M, Ladhani S, Draper ES, et al. Characteristics and outcomes of neonatal SARS-CoV-2 infection in the UK: a prospective national cohort study using active surveillance. Lancet Child Adolesc Health. (2020). doi: 10.1016/S2352-4642(20)30342-4. [Epub ahead of print].

 49. Costa S, Posteraro B, Marchetti S, Tamburrini E, Carducci B, Lanzone A, et al. Excretion of SARS-CoV-2 in human breast milk. Clin Microbiol Infect. (2020) 26:1430–2. doi: 10.1016/j.cmi.2020.05.027

 50. Fox A, Marino J, Amanat F, Krammer F, Hahn-Holbrook J, Zolla-Pazner S, et al. Robust and specific secretory iga against SARS-CoV-2 detected in human milk. iScience. (2020) 23:101735. doi: 10.1016/j.isci.2020.101735

 51. Buonsenso D, Valentini P, Moscato U, Ricciardi W, Roland D. A pediatric strategy for the next phase of the SARS-CoV-2 pandemic. Front Pediatr. (2020) 8:582798. doi: 10.3389/fped.2020.582798

 52. Zaigham M, Andersson O. Maternal and perinatal outcomes with COVID-19: a systematic review of 108 pregnancies. Acta Obstet Gynecol Scand. (2020) 99:823–9. doi: 10.1111/aogs.13867

 53. Ghosh R, Dubey MJ, Chatterjee S, Dubey S. Impact of COVID−19 on children: special focus on the psychosocial aspect. Minerva Pediatr. (2020) 72:226–35. doi: 10.23736/S0026-4946.20.05887-9

 54. Li W, Liao J, Li Q, Baskota M, Wang X, Tang Y, et al. Public health education for parents during the outbreak of COVID-19: a rapid review. Ann Transl Med. (2020) 8:628. doi: 10.21037/atm-20-3312

 55. Drouin M, McDaniel BT, Pater J, Toscos T. How parents and their children used social media and technology at the beginning of the COVID-19 pandemic and associations with anxiety. Cyberpsychol Behav Soc Netw. (2020) 23:727–36. doi: 10.1089/cyber.2020.0284

 56. Cluver L, Lachman JM, Sherr L, Wessels I, Krug E, Rakotomalala S, et al. Parenting in a time of COVID-19. Lancet. (2020) 395:e64. doi: 10.1016/S0140-6736(20)30736-4

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.

Copyright © 2021 Tang, Alam, Rakib and Li. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) and the copyright owner(s) are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.



OPS/xhtml/Nav.xhtml




Contents





		Cover



		COVID-19: Considerations for Children and Families During the Pandemic



		Introduction



		Mechanisms of SARS-CoV-2 Infection



		Investigation in Pediatric Epidemiology



		Clinical Manifestations



		Transmission of COVID-19: Mother to Neonates



		Warning and Caution for Parents



		Conclusion



		Author Contributions



		Funding



		Acknowledgments



		References

















OPS/images/cover.jpg
’ frontiers
in Pediatrics

COVID-19: Considerations for
Children and Families During the
Pandemic





OPS/images/fped-08-600721-g001.gif





OPS/images/fped-08-600721-t001.jpg
covID-19
Epidemiology

Clinical manifestations

Transmission mode/route

Prevention

Therapy

Prognosis

Adults

To date (December 5 2020), Worldwide more than 65 million have
been infected and 1.5 million have died according to the WHO (22).
May be asymptomatic.

Fever, cough, and shortness of breath are most common.

Other symptoms include headache, myalgia, sore throat, and
digestive symptoms.

High fever, chest tightness, ARDS, and MODS can be seen in severe
preumonia (7).

By respiratory droplets, close contact, surface contact, and secretion
(eye, nose).

Isolation of patient.

Social distancing, using a mask and hand sanitizer, and washing
hands. The most effective is undoubtedly the specific vaccine now
in research.

Supportive and symptomatic therapies in mild to moderate cases.
Corticosteroids and potential antiviral drugs such as remdesivir,
favipiravir, INFe, and lopnavir/rtonavir are altematives (6-14).
Mechanical ventilation and/or other advanced life supports ke GRRT
or ECMO may be necessary in severe cases.

Depends on the viral load and virulence, human immunity, and
treatment.

Children

About 2, 12, and 1.2% Children infected in China, USA, and Italy,
respectively (23-25).

Mild or asymptomatic dlinical symptoms in most cases.

Fever, cough, and sore throat are most common.

Myalgia, fatigue, digestive symptoms, and rhinorrhea are relatively
rare (26, 27).

The decrease of lymphocyte count in children is usually milder
than in adult patients (27).

Serious condition characterized by MIS-C or Kawasaki-ike
disease (21).

In addition to general transmission routes in aduls, intrauterine
transmission has also been proven in several cases (3).
Although SARS-CoV-2 has been detected in the feces of
COVID-19 chidren (28), there is no clear evidence of
fecal-oral transmission.

Similar to general prevention measures in adults. Additionally, for
newborns delivered by SARS-CoV-2 positive mothers, initiate
newborn prophylaxis immediately and undertake preventive
precautions when breastfeeding (29).

Supportive and symptomatic therapies in mild to moderate cases.
Corticosteroids and potential antiviral drugs are used with caution
(15). Seldom use of advanced life supports.

‘COVID-19 patients, once diagnosed with concurrent KD should
be treated with intravenous immunoglobuin (VIG) and high-dose
aspirin (ASA) (30).

Generally, good.
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