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The recent pandemic by severe acute respiratory syndrome coronavirus-2 (SARS-CoV-2) causing Coronavirus disease-
2019 (COVID-19) affects mainly adults and to a lesser extent children. The major route of spread is via droplets where the 
virus is released into the air in the form of droplets by an infected individual during coughing and sneezing. The virus 
primarily infects the respiratory tract epithelium. Its spike protein interacts via ACE-2 receptor and facilitates the entry of 
the virus into the cells by membrane fusion. The activated Cytotoxic T cells and other cells cause an exaggerated 
inflammatory response releasing huge amounts of pro-inflammatory cytokines like interleukins and interferon. Due to this 
surge in the cytokine levels leading to a storm like state, there is significant endothelial injury causing hyper-coaguable state 
and disseminated intravascular coagulation. The common presentation in children include involvement of respiratory system 
leading to pneumonia, severe pneumonia, acute respiratory distress syndrome and rarely multiorgan involvement.  
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Introduction 
The worldwide spread of novel Coronavirus 

disease-19 (COVID-19) has created an unprecedented 
panic among common people as well as the healthcare 
workers. As per the latest data on 18 May, 2020 
WHO reported worldwide 4628903 confirmed cases 
and 312009 deaths1. On same dates in India a total of 
102032 confirmed cases and 3167 deaths had been 
reported2. The spread of this novel virus started as a 
small outbreak in Wuhan, China in December 2019, 
which has now evolved as a pandemic affecting 
individuals of all ages. COVID-19 is caused by a 
respiratory virus named as severe acute respiratory 
syndrome coronavirus-2 (SARS-CoV-2) which 
belongs to coronaviruses family (CoV)3. It affects 
individual of all ages, especially adults and elderly, 
relatively sparing the children. It enters via the upper 
respiratory tract epithelium and causes flu like illness- 
fever cough, sore throat, difficulty in breathing, 
headache, myalgia and gastro-intestinal symptoms. 
Mild symptoms are present in majority of cases, 
however, it can progress to cause severe pneumonia 
requiring oxygen and other forms of respiratory 
support, both invasive and non-invasive support4. The 
disease can progress to cause varied complications 
like Acute Respiratory Distress Syndrome (ARDS), 

septic shock, multiorgan dysfunction, myocardial 
injury and acute kidney injury (AKI)5. This virus has 
similarity with viruses causing Severe Acute Respiratory 
Syndrome (SARS) and Middle East Respiratory 
Syndrome (MERS), whose immune-pathogenesis is 
known6. Because of this peculiar similarity, a possible 
pathogenesis of SARS-CoV-2 has been explained in 
various literatures. Various case reports and case series 
of atypical presentations in children has gained curiosity 
for in-depth understanding of the pathogenesis in 
children. There have been meticulous efforts to 
understand the clinicopathological presentation of this 
disease in children. This review is aimed at highlighting 
various different possible pathophysiological aspects in 
children and the shift of the pathogenesis as new 
literature is evolving.  
 

Virology 
SARS-CoV-2 belongs to the -coronaviruses  

(-CoV) family of enveloped, positive single-stranded 
Ribo-nucleic acid (RNA) viruses which can cause 
respiratory, enteric, hepatic, and neurologic diseases6,7. 

These include hundreds of members that infect 
humans and other animals such as bats, snakes,  
birds, and other3. SARS coronavirus (SARS-CoV)  
and MERS coronavirus (MERS-CoV) also belongs to 
-CoV6. Phylogenetic analysis show that SARS-CoV-2 
shares 79.5% sequence identity to SARS-CoV  
and 50% sequence identity to MERS-CoV8-10.  

—————— 
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SARS-CoV-2 is a round or oval shaped virus with a 
diameter of 60-100 nm and a genomic size of 29.9 kb. 
Its nucleocapsid is buried inside phospholipid bilayers 
and is covered by 2 different types of protein. The 
Spike protein is present in all the viruses of coronavirus 
family giving it crown like appearance and hence the 
name; another Haemaglutinin-esterase protein is 
present in some members of the family. Other proteins 
are Membrane protein (M protein) and Envelope protein 
(E protein)10. Human angiotensin converting enzyme-2 
(ACE–2) receptors facilitates its entry into the cell by 
interacting with the spike protein9,11. These receptors are 
present on cells of human organs including lung, kidney, 
liver, nervous system, and skeletal muscle12. 
 
Epidemiology: Origin and natural host 

SARS-CoV-2 was first isolated from Bronchoalveolar 
lavage fluid of three COVID-19 infected patients from 
Wuhan, China8. Moreover, these are zoonotic viruses 
with bats as the primary natural host13. The possible 
origin of this virus was from seafood market in Huanan, 
China. It has been seen that Pangolin origin CoVs have 
99% similarity with SARS-CoV-214. Animal to human 
transmission of infection is rare, however this 
transmission can occur if the infective dose is very high, 
called the spillover phenomena15. 
 
Mode of transmission and spread 

SARS-CoV-2 is transmitted from person to person 
mainly by respiratory droplets, resembling the spread 
of influenza and other respiratory viruses, and seldom 
by contact transmission. The virus is released into the 
air in the form of tiny droplets by an infected 
individual during coughing and sneezing. These 
droplets loaded with virus can spread upto 1-2 meters 
and can deposit on distant surfaces16. The virus can 
remain viable on surfaces for days in favourable 
atmospheric conditions, but are destroyed in less than a 
minute by common disinfectants like sodium 
hypochlorite, hydrogen peroxide etc17. A healthy 
individual can get infected by coming in direct contact 
with COVID-19 positive individual. Also one can 
acquire infection if the person touches contaminated 
surface with hands and then touches his eye, nose or 
mouth. The incubation period is quite variable with a 
median incubation period of approximately 4 (2-7) 
days and range up to approximately 14 days18,19. The 
exact duration of viral shedding is still not known. 
However, the viral shedding occurs predominantly in 
first week but may persist for few weeks even in an 

asymptomatic individual. The SARS-CoV-2 virus has 
also been isolated from the stool samples and thus 
subsequent transmission via feco-oral route has also 
been hypothesized, but has not been proven till date. 
These stool samples detected the viral ribo-nucleic acid 
(RNA) even after nasopharyngeal reverse-transcriptase 
polymerase-chain-reaction (RT-PCR) was negative20. 
 
Clinical presentation and spectrum of illness 

It infects predominantly adults and elderly with  
co-morbidities. Children are less commonly affected 
by this virus, many reasons have been postulated for 
the same. Among those with COVID-19, children 
comprised just 2% of the diagnosed cases in China21, 
1.2% of cases in Italy22 and 5% cases in the United 
States23. The most common symptoms were cough 
and pharyngeal erythema in 48.5% and 46.2% cases, 
respectively. Other symptoms include fever (41.5%), 
diarrhoea (8.8%), fatigue (7.6%), rhinorrhoea (7.6%) 
and vomiting (6.4%).In children the median age of 
presentation was 7 years24. Among children infected 
with COVID-19, almost 90% cases were asymptomatic 
or had only mild to moderate disease, 5.2% cases had 
severe illness and only 0.6% presented with critical 
illness requiring intensive care unit (ICU) 
admission25. The prevalence of severe and critical 
disease was 10.6% in infants, 7.3% in 1-5 years, 4.2% 
in 6-10 years,4.1% in 11-15 years and 3% in children 
of 16-17 years of age25. During first 5-7 days, children 
with hyper-acute course presented with severe 
hypoxemia and respiratory distress requiring 
ventilatory support. In the more indolent disease 
children with moderate hypoxemia and respiratory 
distress requiring oxygen therapy improved gradually 
over the week. These patients with indolent course 
may have acute worsening in the form of clinical 
deterioration and hyper-inflammation in the second 
week also known as biphasic illness. Thus the 
spectrum of illness caused by COVID-19 includes 
asymptomatic cases to mild upper respiratory illness 
(URI) like symptoms, severe pneumonia, ARDS, multi-
organ involvement, hyper-inflammatory syndromes like 
Kawasaki Disease (KD), KD shock syndrome, Toxic 
Shock Syndrome, and Macrophage activation 
Syndrome26. Varied complications like myocardial 
injury, acute kidney Injury, disseminated intravascular 
coagulation (DIC) and multiorgan dysfunction 
syndrome can also be seen5. Most of the children 
infected with COVID-19 recover in 2 weeks and 
mortality is rare27. 
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Pathogenesis 
SARS-CoV2 virus primarily infects the epithelium 

of upper respiratory tract and further replication may 
occur in lower respiratory tract as well. The spike 
protein interacts via ACE-2 receptor and facilitates the 
entry of the virus into the cells by membrane fusion. 
The viral RNA genome is then released into the 
cytoplasm and is translated into 2 polyproteins and 
structural proteins, this triggers the viral replication 
leading to viremia28. Other entry mechanisms  
includes clathrin-dependent and clathrin-independent 
endocytosis29. In high viral load, replication of virus 
starts in lower respiratory tract especially bronchioles 
and alveoli causing severe pneumonia3. Since many 
other organs also express ACE-2 receptor, hence 
symptoms suggesting other organs involvement may 
also be present30. Due to COVID-19 infection, 
lymphopenia especially decrease in CD4+ and CD8+  
T cells have been reported in adults. The level of fall in 
CD8+ T cells predicts the severity of the illness31. 
However no such findings have been seen in the 
children. A large case series in children demonstrated 
only 3.5% children presented with lymphopenia25. 
These viral antigenic peptides are presented by major 
histocompatibility complex especially MHC-132, and 
then gets recognized by virus-specific cytotoxic T 
lymphocytes (CTLs). Various HLA polymorphisms 
have been seen to be associated with susceptibility to 
SARS-CoV-2 infection such as HLA-B*4601, HLA-
B*0703, HLA-DR B1*120233 and HLA-Cw*080134. 
These peptides stimulate virus-specific B and T cells. 
The SARS-specific IgM antibodies disappear at the 
end of week 12, while the IgG antibody can last for 
long time. The SARS-specific IgG antibodies 
primarily are S-specific and N- specific antibodies35. 
Rapid viral replication induces cellular damage and 
antibody dependent enhancement (ADE), leading to 
aggressive inflammation36. The activated Cytotoxic  
T cells and other cells cause an exaggerated 
inflammatory response releasing huge amounts of 
pro-inflammatory cytokines (IFN-, IFN-, IL-1b,  
IL-6, IL-12, IL-18, IL-33, TNF-, TGFb, etc.) and 
chemokines by effect or immune cells causing 
interstitial inflammation, exudates and severe 
pneumonitis37. The pathological T cells also release 
granulocyte monocyte colony stimulating factor  
(GM-CSF) that attract circulating CD14+ and CD16+ 
monocytes that expresses interleukin, IL-6, which is 
responsible for accelerating inflammatory responses38. 
Although the exact pathogenesis in children is  

not known, this violent cytokine storm triggers a 
systemic inflammatory response causing multiorgan 
involvement, ARDS and shock. Among the studies 
from critically ill patients with ARDS requiring 
mechanical ventilation, it has been observed that in 
spite of managing ARDS adequately there is higher 
mortality in those with COVID-1939. The surprising 
fact is that these patients with ARDS demonstrate a 
relatively spared lung compliance and higher 
alveolar-arterial oxygen gradient as compared to 
conventional ARDS cases40,41. Lung histopathology 
revealed findings of diffuse pulmonary micro-
vascular thrombi which are consistent with these 
ARDS cases suggesting a vascular occlusive cause  
of ARDS as compared to a low compliance cause  
of ARDS. A large autopsy series of COVID-19 
infected patients showed pattern of exudative  
and early proliferative phases of diffuse alveolar 
damage with diffuse thrombosis of the peripheral 
small vessels on histopathological examination42.  
The suggested etio-pathogenesis can be cytokine 
storm leading to significant endothelial injury  
causing hyper-coaguable profile. A study by  
Tang et al. showed that a procoagulant profile was 
observed in severe cases of COVID-19 with elevated 
D-dimer and fibrin degradation products (FDPs) 
levels. It further demonstrated coagulopathy as  
a hallmark finding in severe COVID-19 cases  
with 71.4% of non-survivors having disseminated 
intravascular coagulation (DIC)43.  
 
Atypical presentations associated with COVID-19 
in children 

There are few reports of hyper-inflammatory shock 
like illness in children which is probably due to 
cytokine storm. There were eight children who 
presented with fluid refractory shock requiring 
inotropes like noradrenaline and milrinone. In these 
children, the laboratory parameters showed elevated C 
reactive protein (CRP), erythrocyte sedimentation rate 
(ESR), elevated procalcitonin and high serum ferritin 
levels suggestive of a hyper-inflammatory state44. 
Other inflammatory manifestations in children 
includes Kawasaki disease (KD) like illness (typical 
or atypical), KD shock syndrome45 and cutaneous 
vasculitis chilblain like lesions46. There are various 
reports of KD and toxic shock syndrome (TSS) like 
illness in children from Italy47 and New York City48. 
From India one published case report of KD like 
illness with hyper-inflammatory shock had been 
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reported. This report highlights the use of 
Tocilizumab, IL-6 antagonist (under clinical trials) in 
cases not responding to IVIG49. Some of the adult 
reports suggest an immune based response in the form 
of Guillian-Barre syndrome (GBS) associated with 
COVID-19, however no such reports have been 
identified in children50. 
 

Why Children have milder illness than Adults? 
Children have milder illness as compared to adults 

with COVID-19. The exact reason for this is not 
known but a possible explanation can be given owing 
to the characteristics of the immunity in children. 
There could be multiple reasons playing a role in 
decreasing the severity of illness in children. The first 
possibility is that children may have less viral loads as 
compared to adults. It is also hypothesised that  
the epithelial cells may have reduced expression of 
ACE-2 receptors due to immaturity. It is due to the 
fact that ACE-2 receptors are fully expressed on well 
differentiated epithelial cells. The third possibility is 
that children have a stronger innate response and a 
relatively weak adaptive response. The strong innate 
response can be due to the fact that children have 
exposure to influenza and many other viruses due to 
recurrent viral infections. The adaptive response is 
naïve and lacks memory cells like adults, so is unable 
to mount a vigorous inflammatory response. Fourth 
possibility could be the simultaneous presence of 
other viruses which let SARS-CoV-2 virus compete 
with them and limit its growth.  
 
Conclusion 

SARS-CoV-2 is an enveloped RNA virus which 
belongs to the -coronaviruses (-CoV). It has a high 
affinity to ACE-2 receptors in humans. It is transmitted 
mainly by droplets and primarily infects the respiratory 
epithelium. The spectrum of illness caused by  
COVID-19 ranges from asymptomatic cases, mild to 
moderate illness, severe pneumonia, ARDS, multi-organ 
involvement, to hyper-inflammatory syndromes like 
Kawasaki Disease (KD), KD shock syndrome, Toxic 
Shock Syndrome, and Macrophage activation 
Syndrome. Rapid viral replication induces cellular 
damage and aggressive inflammation which causes 
release of myriad of cytokines and chemokines. This 
cytokine storm leads to significant endothelial injury 
causing hyper-coaguable profile culminating into 
widespread thrombi formation44. Children can also 
present with Kawasaki Disease (KD) like illness (typical 
or atypical), KD shock syndrome and cutaneous 

vasculitis and chilblain like lesions. Pediatric population 
overall has a milder clinical course as compared to 
adults. 
 
References 
1 WHO Coronavirus Disease (COVID-19) Dashboard 

[Internet]. [cited 2020 May 19]. Available from: https:// 
covid19.who.int/. 

2 Coronavirus in India: Latest Map and Case Count [Internet]. 
[cited 2020 May 19]. Available from: https://www. 
covid19india.org. 

3 Gorbalenya AE, Baker SC, Baric RS, de Groot RJ, Drosten C, 
Gulyaeva AA, Haagmans BL, Lauber C, Leontovich AM, 
Neuman BW, Penzar D, Perlman S, Poon LLM, Samborskiy D, 
Sidorov IA, Sola I & Ziebuhr J, The species severe acute 
respiratory syndrome-related coronavirus : classifying 2019-nCoV 
and naming it SARS-CoV-2. Nat Microbiol, 5 (2020) 536.  

4 Abdulamir AS & Hafidh RR, The possible immunological 
pathways for the variable immunopathogenesis of  
COVID-19 Infections among healthy adults, elderly  
and children. Electron J Gen Med, 17 (2020) 1. 
https://doi.org/10.29333/ejgm/7850. 

5 Wang D, Hu B, Hu C, Zhu F, Liu X, Zhang J, Wang B, 
Xiang H, Cheng Z, Xiong Y, Zhao Y, Li Y, Wang X &  
Peng Z,, Clinical Characteristics of 138 Hospitalized Patients 
With 2019 Novel Coronavirus–Infected Pneumonia in 
Wuhan, China. JAMA, 323 (2020) 1061.  

6 Weiss SR & Leibowitz JL, Chapter 4-Coronavirus 
Pathogenesis. Adv Virus Res, 81 (2011) 85. http:// 
www.sciencedirect.com/science/article/pii/B9780123858856
000092. 

7 de Wilde AH, Snijder EJ, Kikkert M & van Hemert MJ, Host 
factors in coronavirus replication. Curr Top Microbiol. 419 
(2018) 1. https://doi.org/10.1007/82_2017_25. 

8 Zhu N, Zhang D, Wang W, Li X, Yang B, Song J, Zhao X, 
Huang B, Shi W, Lu R, Niu P, Zhan F, Ma X, Wang D,  
Xu W, Wu G, Gao GF & Tan W, A Novel Coronavirus from 
Patients with Pneumonia in China, 2019. N Engl J Med, 382 
(2020) 727.  

9 Zhou P, Yang XL, Wang XG, Hu B, Zhang L, Zhang W,  
Si HR, Zhu Y, Li B, Huang CH, Chen HD, Chen J, Luo Y, 
Guo H, Jiang RD, Liu MQ, Chen Y, Shen XR, Wang X, 
Zheng XS, Zhao K, Chen QJ, Deng F, Liu LL, Yan B,  
Zhan FX, Wang YY, Xiao GF & Shi ZL, A pneumonia 
outbreak associated with a new coronavirus of probable bat 
origin. Nature, 579 (2020) 270.  

10 Wu F, Su S, Yu B, Chen YM, Wang W, Hu Y, Song ZG, 
Tao ZW, Tian JH, Pei YY, Yuan ML, Zhang YL, Dai FH, 
Liu Y, Wang QM, Zheng JJ, Xu L, Holmes EC & Zhang YZ, 
Complete genome characterisation of a novel coronavirus 
associated with severe human respiratory disease in Wuhan, 
China. bioRxiv, (2020) 1. doi: https://doi.org/10.1101/ 
2020.01.24.919183. 

11 Li W, Moore MJ, Vasilieva N, Sui J, Wong SK, Berne MA, 
Somasundaran M, Sullivan JL, Luzuriaga K, Greenough TC, 
Choe H & Farzan M, Angiotensin-converting enzyme 2 is a 
functional receptor for the SARS coronavirus. Nature, 426 
(2003) 450. 

12 Zou X, Chen K, Zou J, Han P, Hao J & Han Z, Single-cell 
RNA-seq data analysis on the receptor ACE2 expression 



INDIAN J. BIOCHEM. BIOPHYS., VOL. 57, JUNE 2020 
 
 

268

reveals the potential risk of different human organs vulnerable 
to 2019-nCoV infection. Front Med, 14 (2020) 185.  

13 Vijaykrishna D, Smith GJD, Zhang JX, Peiris JSM, Chen H 
& Guan Y, Evolutionary insights into the ecology of 
coronaviruses. J Virol, 81 (2007) 4012.  

14 Lam TTY, Shum MHH, Zhu HC, Tong YG, Ni XB,  
Liao YS, Wei W, Cheung WYM, Li WJ, Li LF, Leung GM, 
Holmes EC, Hu YL & Guan Y, Identification of 2019-nCoV 
related coronaviruses in Malayan pangolins in southern 
China. bioRxiv, (2020) 1. doi: https://doi.org/10.1101/ 
2020.02.13.945485. 

15 Hui DS, Azhar EI, Madani TA, Ntoumi F, Kock R, Dar O, 
Ippolito G, Mchugh TD, Memish ZA, Drosten C, Zumla A & 
Petersen E, The continuing 2019-nCoV epidemic threat of 
novel coronaviruses to global health — The latest 2019 novel 
coronavirus outbreak in Wuhan, China. Int J Infect Dis, 91 
(2020) 264. 

16 Bahl P, Doolan C, de Silva C, Chughtai AA, Bourouiba L & 
MacIntyre CR, Airborne or droplet precautions for health 
workers treating COVID-19? J Infect Dis, (2020) doi: 
10.1093/infdis/jiaa189.  

17 Kampf G, Todt D, Pfaender S & Steinmann E, Persistence of 
coronaviruses on inanimate surfaces and their inactivation 
with biocidal agents. J Hosp Infect, 104 (2020) 246.  

18 Li Q, Guan X, Wu P, Wang X, Zhou L, Tong Y, Ren R, 
Leung KSM, Lau EHY, Wong JY, Xing X, Xiang N, Wu Y, 
Li C, Chen Q, Li D, Liu T, Zhao J, Liu M, Tu W, Chen C, 
Jin L, Yang R, Wang Q, Zhou S, Wang R, Liu H, Luo Y,  
Liu Y, Shao G, Li H, Tao Z, Yang Y, Deng Z, Liu B, Ma Z, 
Zhang Y, Shi G, Lam TTY, Wu JT, Gao GF, Cowling BJ, 
Yang B, Leung GM & Feng Z, Early Transmission 
Dynamics in Wuhan, China, of Novel Coronavirus–Infected 
Pneumonia. N Engl J Med, 382 (2020) 1199.  

19 Guan WJ, Ni ZY, Hu Y, Liang WH, Ou CQ & He JX, 
Clinical Characteristics of Coronavirus Disease 2019 in 
China. N Engl J Med, 383(2020) 1708.  

20 Cheung KS, Hung IF, Chan PP, Lung KC, Tso E, Liu R,  
Ng YY, ChuMY, Chung TW, Tam AR, Yip CC, Leung KH, 
Fung AYF, Zhang RR, Lin Y, Cheng HM , Zhang AJ,  
To KK, Chan KH Yuen KY & Leung WK, Gastrointestinal 
Manifestations of SARS-CoV-2 Infection and Virus Load in 
Fecal Samples from the Hong Kong Cohort and Systematic 
Review and Meta-analysis. Gastroenterology, S0016-5085 
(2020) 30448. doi: 10.1053/j.gastro.2020.03.065.2020. 

21 Zang Y, The Novel Coronavirus Pneumonia Emergency 
Response Epidemiology Team, The Epidemiological 
Characteristics of an Outbreak of 2019 Novel Coronavirus 
Diseases (COVID-19) — China, 2020. China CDC Weekly, 
2 (2020) 113.  

22 Livingston E & Bucher K, Coronavirus Disease 2019 
(COVID-19) in Italy. JAMA, 323 (2020) 1335. 

23 Bialek S, Boundy E, Bowen V, Chow N, Cohn A, Dowling N, 
Ellington S, Gierke R, Hall A, MacNeil J, Patel P, Peacock G, 
Pilishvili T, Razzaghi H, Reed N, Ritchey M & Sauber-Schatz E, 
Severe Outcomes Among Patients with Coronavirus Disease 
2019 (COVID-19) — United States, February 12–March 16, 
2020. MMWR, 69 (2020) 343.  

24 Lu X, Zhang L, Du H, Zhang J, Li YY, Qu J, Zhang W, 
Wang Y, Bao S, Li Y, Wu C, Liu H, Liu D, Shao J, Peng X, 
Yang Y, Liu Z, Xiang Y & Zhang F, SARS-CoV-2 Infection 
in Children. N Engl J Med, 382 (2020) 1663.  

25 Dong Y, Mo X, Hu Y, Qi X, Jiang F, Jiang Z &  
Tong S, Epidemiology of COVID-19 Among Children  
in China. Pediatrics, 145 (2020) 1. doi:10.1542/peds. 
2020-0702. 

26 Deza Leon MP, Redzepi A, McGrath E, Abdel-Haq N, 
Shawaqfeh A, Sethuraman U, Tilford B, Chopra T, Arora H, 
Ang J & Asmar B, COVID-19 Associated pediatric multi-
system inflammatory syndrome. JPIDS, XX (2020) 1. doi: 
10.1093/jpids/piaa061. 

27 Tezer H & Demirdağ TB, Novel coronavirus disease 
(COVID-19) in children. Turk J Med Sci, 50 (2020) 592.  

28 Perlman S & Netland J, Coronaviruses Post-SARS:  
update on replication and pathogenesis. Nat Rev Microbiol,  
7 (2009) 439.  

29 Wang H, Yang P, Liu K, Guo F, Zhang Y, Zhang G & 
Jianget C, SARS Coronavirus entry into host cells through a 
novel clathrin- and caveolae-independent endocytic pathway. 
Cell Res, 18 (2008) 290.  

30 Xiao F, Tang M, Zheng X, Liu Y, Li X & Shan H, Evidence for 
gastrointestinal infection of SARS-CoV-2. Gastroenterology, 
158 (2020) 1831.e3.  

31 Wang F, Nie J, Wang H, Zhao Q, Xiong Y, Deng L, Song S, 
Ma Z, Mo P & Zhang Y, Characteristics of Peripheral 
Lymphocyte Subset Alteration in COVID-19 Pneumonia.  
J Infect Dis, 221 (2020) 1762. doi: 10.1093/infdis/jiaa150. 

32 Liu J, Wu P, Gao F, Qi J, Kawana-Tachikawa A, Xie J, 
Vavricka CJ, Iwamoto A, Li T & Gao GF, Novel 
Immunodominant Peptide Presentation Strategy: a Featured 
HLA-A*2402-Restricted Cytotoxic T-Lymphocyte Epitope 
Stabilized by Intrachain Hydrogen Bonds from Severe Acute 
Respiratory Syndrome Coronavirus Nucleocapsid Protein.  
J Virol, 84 (2010) 11849.  

33 Keicho N, Itoyama S, Kashiwase K, Phi NC, Long HT,  
Ha LD, Ban VV, Hoa BK, Hang NTL, Hijikata M, Sakurada S, 
Satake M, Tokunaga K, Sasazuki T & Quy T, Association of 
human leukocyte antigen class II alleles with severe acute 
respiratory syndrome in the Vietnamese population. Hum 
Immunol, 70 (2009) 527.  

34 Chen YMA, Liang SY, Shih YP, Chen CY, Lee YM & 
Chang L, Epidemiological and Genetic Correlates of Severe 
Acute Respiratory Syndrome Coronavirus Infection in the 
Hospital with the Highest Nosocomial Infection Rate in 
Taiwan in 2003. J Clin Microbiol, 44 (2006) 359.  

35 Guo X, Guo Z, Duan C, Chen Z, Wang G, Lu Y, Li M &  
Lu J, Long-Term Persistence of IgG Antibodies in  
SARS-CoV Infected Healthcare Workers. MedRxiv, 2020. 
doi: https://doi.org/10.1101/2020.02.12.20021386. 

36 Takada A & Kawaoka Y, Antibody-dependent enhancement 
of viral infection: molecular mechanisms and in vivo 
implications. Rev Med Virol, 13 (2003) 387. 

37 Channappanavar R & Perlman S, Pathogenic human 
Coronavirus infections: causes and consequences of cytokine 
storm and immunopathology. Semin Immunopathol, 39 
(2017) 529.  

38 Li X, Geng M, Peng Y, Meng L & Lu S, Molecular immune 
pathogenesis and diagnosis of COVID-19. J Pharm Anal, 10 
(2020) 102.  

39 Ruan Q, Yang K, Wang W, Jiang L & Song J, Clinical 
predictors of mortality due to COVID-19 based on an 
analysis of data of 150 patients from Wuhan, China. 
Intensive Care Med, 3 (2020) 1.  



GUPTA et al.: CLINICO-PATHOGENESIS OF COVID-19 IN CHILDREN 
 
 

269

40 Möhlenkamp S & Thiele H, Ventilation of COVID-19 
patients in Intensive Care Units. Herz, (2020) 1. doi: 
10.1007/s00059-020-04923-1.  

41 Gattinoni L, Chiumello D, Caironi P, Busana M, Romitti F, 
Brazzi L & Camporota L, COVID-19 pneumonia: different 
respiratory treatments for different phenotypes? Intensive 
Care Med, (2020). https://doi.org/10.1007/s00134-020-
06033-2. 

42 Carsana L, Sonzogni A, Nasr A, Rossi R, Pellegrinelli A, 
Zerbi P, Rech R, Colombo R, Antinori S, Corbellino M,  
Galli M, Catena E, Tosoni A, Gianatti A & Nebuloni M, 
Pulmonary post-mortem findings in a large series of  
COVID-19 cases from Northern Italy. Medrxiv, 2020. 
https://doi.org/10.1101/2020.04.19.20054262.  

43 Tang N, Li D, Wang X & Sun Z, Abnormal coagulation 
parameters are associated with poor prognosis in patients 
with novel coronavirus pneumonia. J Thromb Haemost, 18 
(2020) 844. 

44 Riphagen S, Gomez X, Gonzalez-Martinez C, Wilkinson N 
& Theocharis P, Hyperinflammatory shock in children 
during COVID-19 pandemic. Lancet, 6736 (2020) 31094. 
https://doi.org/10.1016/ S0140-6736(20)31094-1. 

45 Viner RM & Whittaker E, Kawasaki-like disease: emerging 
complication during the COVID-19 pandemic. Lancet,  
6736 (2020) 31129. https://doi.org/10.1016/S0140-6736(20) 
31129-6. 

46 Piccolo V, Neri I, Filippeschi C, Oranges T, Argenziano G, 
Battarra VC, Berti S, Manunza F, Fortina AB, Lernia VD, 

Boccaletti V, Bernardis GD, Brunetti B, Mazzatenta C & 
Bassi A, Chilblain-like lesions during COVID-19 epidemic: 
a preliminary study on 63 patients. J Eur Acad Dermatol 
Venereol, (2020). https://onlinelibrary.wiley.com/doi/abs/ 
10.1111/jdv.16526. 

47 Verdoni L, Mazza A, Gervasoni A, Martelli L, Rugger M, 
Ciuffreda M, Bonanomi E & D’Antiga L, An outbreak of 
severe Kawasaki-like disease at the Italian epicentre of the 
SARS-CoV-2 epidemic: an observational cohort study. 
Lancet, 6736 (2020) 31103-X. https://doi.org/10.1016/ 
S0140-6736(20)31103-X. 

48 Chiotos K, Bassiri H, Behrens E M, Blatz A M, Chang J, 
Diorio C, Fitzgerald JC, Topjian A & John A, Multisystem 
Inflammatory Syndrome in Children during the COVID-19 
pandemic: a case series. JPIDS, (2020). https://doi.org/ 
10.1093/jpids/piaa069.  

49 Balasubramanian S, Nagendran TM, Ramachandran B & 
Ramanan AV, Hyper-inflammatory Syndrome in a Child 
With COVID-19 Treated Successfully With Intravenous 
Immunoglobulin and Tocilizumab. Indian Pediatr, (2020) 
PII: S097475591600180. https://pubmed.ncbi.nlm.nih.gov/ 
32393681.  

50 Toscano G, Palmerini F, Ravaglia S, Ruiz L, Invernizzi P, 
Cuzzoni MG, Franciotta D, Baldanti F, Daturi R, Postorino P, 
Cavallini A, Micieli G & Guillain–Barré, Syndrome 
Associated with SARS-CoV-2. N Engl J Med, 17 (2020) 
null. doi: 10.1056/NEJMc2009191.  

 


