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INTRODUCTION 
 

Coronaviruses (CoVs) belong to a large family of 

enveloped, positive single-stranded RNA viruses. They 

have the ability to infect a vast group of organisms, 

including humans, rodents, birds, chiropters, carnivores 

and other mammals.
[1,2]

 They are divided into four 

subfamilies: alpha-, beta-, gamma- and delta-

coronavirus.
[3]

 Alpha- and beta-coronaviruses arise from 

mammals, principally bats, causing more severe and fatal 

diseases to humans, whereas gamma- and delta- 

coronaviruses mainly arise from birds and pigs causing 

asymptomatic or mild disease to humans.
[4,5]

 

 

CoVs have been known for many years as viral sources 

responsible for respiratory diseases. Until recently, 

HCoV-229E, HCoV-OC43, HCoV-HKU1, HCoV-NL63, 

MERS-COV, SARS-CoV are recognized as human 

coronaviruses; four of them (HCoV-229E, HCoV-

HKU1, HCoV-NL63) caused mild infections. They 

caught the attention of the entire world again in 

December 2019, when acute respiratory syndrome 

coronavirus 2 (SARS-COV-2) was reported in Wuhan, 

China.
[1,3,6-9]

  

 

By time, SARS-CoV-2 spread to all continents of the 

world, which forced WHO to declare the pandemic state 

on March 11
th

.
[4,10]

 To date, more than 204 million cases 

have been reported and almost 4.3 million deaths.
[11]

 

Pandemic COVID-19 is easily transmissible between 

humans through respiratory droplets (reproduction 

number R0: 2–3, which means one sick person could 

infect three), and may spread through asymptomatic or 

minimally symptomatic individuals. It has a mean 

incubation period of five-to-six days and the period of 

infectivity extend from two days before symptom appear 

to 15 days after disease onset in severe cases.
[12,13]

 Of 

note, this virus could be transmitted through fecaloral 

route mainly in infants and children who are not trained 

to use toilet.
[13]

 

 

The Structure of Sars-COV-2  

CoVs possess the largest genomes (26–32 kb) among all 

RNA virus families.
[14]

 SARS-CoV-2 is one of the 

Orthocoronavirinae subfamily`s viruses with the ―crown-

like‖ spikes on their surfaces.
[15]

 It shares approximately 

75–80% of its viral genome with SARS-CoV.
[4]

 

 

SARS-CoV-2 virion has a spherical form, with some 

exceptions for pleomorphic and oval ones.
[14]

 It contains 

four structural proteins (spike (S), membrane (M), 

envelope (E) and nucleocapsid (N)) and sixteen 

nonstructural proteins (nsp1−16) (Fig. 1). S protein (S1 

and S2 subunits) interacts with angiotensin-converting 

enzyme 2 (ACE2) receptor on the host cell and mediates 

the viral entry in it. The most abundant membrane 

protein in SARS-CoV-2 is M protein, while the smallest 

one is protein E. Protein M alongside with E protein are 

responsible for the formation of the virus envelope. As 

for N protein, it combines with the genome RNA to form 

the helical nucleocapsid and contribute in the increasing 

transcription assembly of the virus. On the other hand, 

the nonstructural proteins usually interfere with the host 

innate immune response.
[4,10,16-21] 
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ABSTRACT 
 

COVID-19 is an illness caused by severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2), which belongs 

to beta-coronaviruses.  SARS-CoV-2 has caused a pandemic since it was reported in December 2019 in Wuhan, 

China. The data about the severity of this viral infection in children increased gradually with the appearance of the 

new variants, but they are still limited compared to the data of adults. Generally, Children with COVID-19 are 

asymptomatic or have mild symptoms. The most common symptoms include fever, headache, cough, rhinorrhea, 

sore throat, myalgias, fatigue and gastrointestinal manifestations. 

 

KEYWORDS: Children, IL-6, Pandemic, SARS-COV-2, Variant. 
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Fig. 1: SARS-CoV-2 structure.

[19]
 

 

Sars-Cov-2 Replication and Variants  

After cell entry, the viral RNA is released into the host 

cell cytoplasm and undergoes translation and replication 

to form progeny genomes and sub-genomic mRNAs. 

mRNAs translates into S, M, E ,N and other proteins. 

Then, mediated by endoplasmic reticulum and Golgi 

apparatus of the host cell, newly comprised proteins 

assemble and form virus particles. Finally, the virus is 

transported to the plasma membrane and released out of 

the host cell through exocytosis.
[4,22,23] 

 

Taking into account that SARS-CoV-2 is an RNA virus, 

so it has high mutation rates, which are related with 

enhanced virulence and evolvability.
[24]

 In fact, recent 

studies identified several SARS-CoV-2 variants, which 

carry deleterious mutations in the S protein, S1 unit in 

particular, which include the receptor-binding domain 

(RBD) which bind to ACE2 receptor. It is also the 

principal target of neutralizing antibodies (Ab) against 

SARSCoV-2. Thus, S1 is considered a hotspot for 

mutations that are predicted or known to avoid host 

immune recognition, diagnostic or therapeutic escape 

causing the aggravation of pathogenicity and 

transmissibility of COVID-19, including.
[9,20,25-27]

 

 Variants of concern (VoC): They are associated with 

an increase in transmissibility or virulence, or a 

decline in vaccines and/or therapeutics 

effectiveness: 

 Alpha (B.1.1.7) was first reported in the United 

Kingdom in Sep. 2020 

 Beta (B.1.351, B.1.351.2, B.1.351.3) was first 

reported in South Africa in May 2020. 

 Gamma (P1, P1.1, P1.2) was first documented in 

Brazil in Nov. 2020. 

 Delta (B.1.617.2, AY.1, AY.2, AY.3) was first 

reported in India in Oct. 2020. 

 Variants of Interest (VoI): They are important but 

don`t meet the criteria for VoC: 

 Eta (B.1.525) was first reported in multiple countries 

in Dec. 2020 

 Iota (B.1.526) was first reported in the USA in Nov. 

2020 

 Kappa (B.1.617.1) was first reported in India in Oct. 

2020 

 Lambda (C.37) was first reported in Peru in Dec. 

2020 

 

Up to date, Alpha variant was reported in 185 countries, 

Beta variant was documented in 136 countries, Gamma 

variant is reported in 81 countries, while Delta variant is 

reported in 142 countries.
[28]

 The S1 mutations markedly 

increases the binding affinity to ACE2 while lowers the 

affinity to neutralizing antibodies.
[20,29-31]

 suggesting a 

possible explanation for their higher transmissibility and 

virulence even among children.
[20]

 

 

In addition to the features of variants mentioned above, 

Delta variant is twice contagious and has a potentially 

higher rate of transmission compared to other variants. It 

is characterized by increased secondary attack rate and 

hospitalization risk and similar transmissibility between 

vaccinated and unvaccinated individuals, although the 

latter pose a greater concern.
[28,32,33]

 

 

Sars-Cov-2 Infections Among Children 

The real burden of paediatric SARS-CoV-2 infection is 

still unclear, but the undoubtable thing is that children 

can be infected with this virus and transmit it to others. 

The data about the pathogenesis and severity of this viral 

infection in children increased in the last year but are still 

limited compared to the data in adults.
[13,27]

 

 

Since the pandemic began, children represented 14.3% of 

total cumulated cases in the USA. Of them, 0.1-1.9% of 

the cases that needed hospitalization and 0.00- 0.26% of 

total deaths in the USA.
[34]

 

 

In general, children have the same risk of SARS-CoV-2 

infection as the general population, with the most severe 

cases among newborns.
[7,35-38]

 However, since the 
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outbreak of COVID-19, it was reported that children had 

a milder infection than adults had, in the absence of 

concomitant diseases, and rarely required 

hospitalization.
[27,38- 40]

 This could be a result to the loss 

of immune protection due to aging, causing cellular and 

molecular dysregulation of the innate immune system. 

Besides, it was confirmed that the number and function 

of ACE2 receptors are less in children compared to 

adults, having less ACE2 receptors in nasal and 

bronchial epithelial cells.
[38,41]

 This expression increases 

from the age of 40, with a peak between 60–80.
[38]

 

 

The majority of children with SARS-CoV-2 will not 

need any specific therapy, with the exception of those 

who have a history of medical complexity. Children 

patients with obesity, developmental delays, neurologic 

impairment, genetic syndromes (such as trisomy 21), 

chronic cardiopulmonary disease, or who are 

immunocompromised may be at increased risk for severe 

disease.
[27]

 

 

Symptoms of Sars-Cov-2 Among Children 

It`s worth noting that signs and symptoms of COVID-19 

may overlap markedly with those of other viral 

infections like influenza.
[27]

 Normally, children infected 

with SARS-CoV-2 are asymptomatic or have mild 

symptoms.
[13,27,42]

 The most common symptoms are 

fever, headache, cough (mostly dry cough, followed by 

productive cough), myalgias, fatigue, shock, hypoxia, 

tachypnea, shortness of breath, rhinorrhea, sore throat 

and gastrointestinal manifestations, such as nausea, 

vomiting and diarrhea.
[13,27,35,43,44]

 In addition, the 

radiologic test in infected young patients show a bilateral 

ground glass opacity.
[37]

 

 

As for some children with severe cases, they show lower 

absolute neutrophil count (ANC), higher level of D-

dimer and cytokine (particularly IL-6, IL-10, and TNFα), 

hypoxia, shock and some of them may need a 

mechanical ventilation.
[13,37]

  

 

SARS-CoV-2 infection normally causes extrapulmonary 

manifestations in children, such as multisystem 

inflammatory syndrome (MIS-C), cardiovascular and 

hematological manifestations. Hence, it is important to 

consider the extrapulmonary manifestations a differential 

diagnosis of the infection of SARS-CoV-2 in paediatric 

patients. Therefore, to prevent poor prognosis serum 

levels of creatinine, alanine aminotransferase (ALT), 

aspartate aminotransferase (AST), inflammatory markers 

and myocardial enzymes should be used to identify any 

nonpulmonary manifestations of this viral infection, 

especially in critically ill children.
[13]

 

 

CONCLUSION 
 

Previous COVID-19 infections included high rates of 

adults, with no clear risk factors or significant incidences 

among children, as they were limited to mild infections 

in general. Now, with the emergence of virus variants, 

especially the delta variant, the COVID-19 prevalence 

and incidences rates has increased a lot among children, 

alongside with the increments of symptoms`s severity 

and deaths rates. Fever, Upper respiratory and 

gastrointestinal symptoms are the most frequent in 

children. Despite the fact that children have a milder 

infection compared to adults, and rarely require 

hospitalization, some children experience severe cases of 

COVID -19. They experience a decline in absolute 

neutrophil count, increments in D-dimer and cytokines, 

hypoxia, shock and may need a mechanical ventilation. 

 

CONFLICTS OF INTEREST 
 

The authors declare that they have no conflicts of 

interest. 

 

FUNDING TESTAMENT 
 

No funding. 

 

REFERENCES 
 

1. Rehman MF, Fariha C, Anwar A, Shahzad N, 

Ahmad M, Mukhtar S, et al. Novel coronavirus 

disease (COVID-19) pandemic: A recent mini 

review. Computational and Structural Biotechnology 

Journal, 2021; 19: 612–623. 

2. Al-Tameemi, K, Khudhur HR, Dayoob H, Youssef 

S, Zuzu T. SARS-COV-2 pandemic in Syria: 

symptoms and treatments. British Journal of 

Medical and Health Research, 2021; 7(8). 

3. Yin Y, Wunderink RG. MERS, SARS and other 

coronaviruses as causes of pneumonia. Respirology, 

2018; 23: 130–137. DOI: 10.1111/resp.13196. 

4. Chams N, Chams S, Badran R, Shams A, Araji A, 

Raad M, et al. COVID-19: a multidisciplinary 

review. Frontiers in public health, 2020; 8: 383. 

5. Velavan TP, Meyer CG. The COVID‐19 epidemic. 

Tropical medicine & international health, 2020; 

25(3): 278 - 280.  

6. Ali SA, Baloch M, Ahmed N, Ali AA, Iqbal A. The 

outbreak of Coronavirus Disease (COVID-19)—An 

emerging global health threat. Journal of Infection 

and Public Health, 2020; 13: 644–646. 

7. 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: 355–368. DOI: 

10.1097/INF.0000000000002660. 

8. Jha NK, Jeyaraman M, Rachamalla M, Ojha S, Dua 

K, Chellappan DK, et al. Current Understanding of 

Novel Coronavirus: Molecular Pathogenesis, 

Diagnosis, and Treatment Approaches. Immuno, 

2021; 1: 30–66. DOI: 10.3390/immuno1010004. 

9. Raman R, Patel KJ, Ranjan K. COVID-19: 

Unmasking Emerging SARS-CoV-2 Variants, 

Vaccines and Therapeutic Strategies. Biomolecules, 

2021; 11: 993. DOI: 10.3390/biom11070993. 

10. Salahshoori I, Mobaraki-Asl N, Seyfaee A, 

Nasirabad NM, Dehghan Z, Faraji M, et al. 

Overview of COVID-19 Disease: Virology, 



www.wjpmr.com        │         Vol 7, Issue 10, 2021.          │         ISO 9001:2015 Certified Journal         │ 

Al-Tameemi et al.                                                              World Journal of Pharmaceutical and Medical Research 
 

263 

Epidemiology, Prevention Diagnosis, Treatment, 

and Vaccines. Biologics, 2021; 1: 2–40. DOI: 

10.3390/biologics1010002.  

11. https://www.worldometers.info/coronavirus/ (Last 

updated Aug. 10
th

), 2021. 

12. Balkhair AA. COVID-19 Pandemic: A New Chapter 

in the History of Infectious Diseases. Oman Medical 

Journal, 2020; 35(2): e123. DOI: 

10.5001/omj.2020.41. 

13. Saleh NY, Aboelghar HM, Salem SS, Ibrahem RA, 

Khalil FO, Abdelgawad AS, et al. The severity and 

atypical presentations of COVID-19 infection in 

pediatrics. BMC Pediatrics, 2021; 21: 144. DOI: 

10.1186/s12887-021-02614-2.  

14. Grudlewska-Buda K, Wiktorczyk-Kapischke N, 

Wałecka-Zacharska E, Kwiecinska-Piróg J, Buszko 

K, Leis K, et al. SARS-CoV-2—morphology, 

transmission and diagnosis during pandemic, review 

with element of meta-analysis. J. Clin. Med, 2021; 

10: 1962. DOI: 10.3390/jcm10091962. 

15. Wua YC, Chena CS, Chana YJ. The outbreak of 

COVID-19: An overview. J Chin Med Assoc, 2020; 

83: 3. DOI: 10.1097/JCMA.0000000000000270. 

16. Al-Tameemi K, Kabakli R. Novel coronavirus 

(2019-nCoV): Disease briefings. Asian Journal of 

Pharmaceutical and Clinical Research, 2020; 13(5): 

22-27. 

17. Wang MY, Zhao R, Gao LJ, Gao XF, Wang DP, 

Cao JM. SARS-CoV-2: Structure, Biology, and 

Structure-Based Therapeutics Development. Front. 

Cell. Infect. Microbiol, 2020; 10: 587269.DOI: 

10.3389/fcimb.2020.587269. 

18. Salahshoori I, Mobaraki-Asl N, Seyfaee A, 

Nasirabad NM, Dehghan Z, Faraji M, et al. 

Overview of COVID-19 Disease: Virology, 

Epidemiology, Prevention Diagnosis, Treatment, 

and Vaccines. Biologics, 2021; 1: 2–40. DOI: 

10.3390/biologics1010002.  

19. Belmehdi O, Hakkour M, El Omari N, Balahbib A, 

Guaouguaou FE, Benali T, et al. Molecular 

Structure, Pathophysiology, and Diagnosis of 

COVID-19. Biointerface Research in Applied 

Chemistry, 2021; 11(3): 10215 – 10237. DOI: 

10.33263/BRIAC113.1021510237. 

20. Khateeb J, Li Y, Zhang H. Emerging SARS‑CoV‑2 

variants of concern and potential intervention 

approaches. Critical Care, 2021; 25: 244. DOI: 

10.1186/s13054-021-03662-x. 

21. Mousavizadeh L, Ghasemi S. Genotype and 

phenotype of COVID-19: Their roles in 

pathogenesis. Journal of Microbiology, Immunology 

and Infection, 2021; 54: 159-163.  

22. Guo, YR, Cao QD, Hong ZS, Tan YY, Chen SD, Jin 

HJ, et al. The origin, transmission and clinical 

therapies on coronavirus disease 2019 (covid-19) 

outbreak—An update on the status. Mil. Med. Res., 

2020; 7: 11. 

23. V’kovski P. Kratzel A, Steiner S, Stalder H, Thiel V. 

Coronavirus biology and replication: Implications 

for SARS- CoV-2. Nature Reviews- Microbiology, 

2021; 19: 155- 170. DOI: 10.1038/s41579-020-

00468-6. 

24. Duffy S. Why are RNA virus mutation rates so 

damn high?. PLOS Biology, 2018; 16(8): e3000003. 

DOI: 10.1371/journal.pbio.3000003.  

25. Mishra S, Mindermann S, Sharma M, Whittaker C, 

Mellana TA, Wiltonf T, et al. The COVID-19 

Genomics UK (COG-UK) Consortium. Changing 

composition of SARS-CoV-2 lineages and rise of 

Delta variant in England. EClinicalMedicine, 2021; 

39: 101064.  

26. World health organization: https://www.who.int 

/en/activities/tracking-SARS-CoV-2-variants/ 

(accessed Aug. 12), 2021. 

27. COVID-19 Treatment Guidelines Panel. 

Coronavirus Disease (COVID-19) Treatment 

Guidelines. National Institutes of Health. Available 

at https://www.covid19treatmentguidelines.nih.gov / 

(Accessed Aug.8, 2021), 2019. 

28. World health organization. COVID-19 Weekly 

Epidemiological Update. Edition 52, published 10 

August, 2021; 22. 

29. Ali F, Kasry A, Amin M. The new SARS-CoV-2 

strain shows a stronger binding affinity to ACE2 due 

to N501Y mutant. Medicine in Drug Discovery. 

2021; 10: 100086. 

30. Kirola L. Genetic emergence of B.1.617.2 in 

COVID-19. New Microbe and New Infections. 

2021; 43: 100929. 

31. Starr TN, Greaney AJ, Addetia A, Hannon WW, 

Choudhary MC, Dingens AS, et al. Prospective 

mapping of viral mutations that escape antibodies 

used to treat COVID-19. Science, 2021; 371: 850–

854. 

32. https://www.cdc.gov/coronavirus/2019-

ncov/variants/delta-variant.html (Accessed Aug.13), 

2021. 

33. Dougherty K, Mannell M, Naqvi O, Matson D, 

Stone J. SARS-CoV-2 B.1.617.2 (Delta) Variant 

COVID-19 Outbreak Associated with a Gymnastics 

Facility — Oklahoma, April–May 2021. Morbidity 

and Mortality Weekly Report, 2021; 70(28): 1004-

1007. 

34. Children and COVID-19 state data report. A joint 

report from the American Academy of pediatrics 

and the children`s hospital association (updated 

Aug. 5), 2021. 

35. 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(6): e20200702. DOI: 

10.1542/peds.2020-0702. 

36. Lee B, Raszka WV. COVID-19 Transmission and 

Children: The Child Is Not to Blame. Pediatrics, 

2020; 146(2): e2020004879. DOI: 

10.1542/peds.2020-004879. 

37. Safadi MAP. The intriguing features of COVID-19 

in children and its impact on the pandemic. J Pediatr 

(Rio J), 2020; 96(3): 265-268. 

38. Dioguardi M, Cazzolla AP, Arena C, Sovereto D, 

Caloro GA, Dioguardi A, et al. Innate Immunity in 

https://doi.org/10.3390/biologics1010002
https://www.worldometers.info/coronavirus/
https://doi.org/10.3390/jcm10091962
https://doi.org/10.3390/biologics1010002
https://www.who.int/en/activities/tracking-SARS-CoV-2-variants/
https://www.who.int/en/activities/tracking-SARS-CoV-2-variants/
https://www.covid19treatmentguidelines.nih.gov/
https://www.cdc.gov/coronavirus/2019-ncov/variants/delta-variant.html
https://www.cdc.gov/coronavirus/2019-ncov/variants/delta-variant.html


www.wjpmr.com        │         Vol 7, Issue 10, 2021.          │         ISO 9001:2015 Certified Journal         │ 

Al-Tameemi et al.                                                              World Journal of Pharmaceutical and Medical Research 
 

264 

Children and the Role of ACE2 Expression in 

SARS-CoV-2 Infection. Pediatr. Rep., 2021; 13: 

363–382. DOI: 10.3390/pediatric13030045. 

39. Cao Q, Chen YC, Chen CL, Chiu CH. SARS-CoV-2 

infection in children: Transmission dynamics and 

clinical Characteristics. Journal of the Formosan 

Medical Association, 2020; 119: 670e673. 

40. Wiersinga WJ, Rhodes A, Cheng AC, Peacock SJ, 

Prescott HC. Pathophysiology, Transmission, 

Diagnosis, and Treatment of Coronavirus Disease 

2019 (COVID-19)- A Review. JAMA, 2020; 324(8): 

782-793. DOI:10.1001/jama.2020.12839. 

41. Balasubramanian S, Rao NM, Goenka A, Roderick 

M, Ramanan AV. Coronavirus Disease 2019 

(COVID-19) in Children - What We Know So Far 

and What We Do Not. Indian Pediatrics, 2020; 57: 

435-442. 

42. Li W, Cui H, Li K, Fang Y, Li S. Chest computed 

tomography in children with COVID-19 respiratory 

infection. Pediatric Radiology, 2020; 50: 796–799. 

DOI: 10.1007/s00247-020-04656-7.  

43. Guo CX, He L, Yin JY, Meng XG, Tan W, Yang 

GP, et al. Epidemiological and clinical features of 

pediatric COVID-19. BMC Medicine, 2020; 18: 

250. DOI: 10.1186/s12916-020-01719-2. 

44. Pavone P, Ceccarelli M, Taibi R, La Rocca G, 

Nunnari G. Outbreak of COVID-19 infection in 

children: fear and serenity. European Review for 

Medical and Pharmacological Sciences, 2020; 24: 

4572-4575. 

View publication stats

https://www.researchgate.net/publication/354364069

