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To the Editor,
COVID-19 appears to be less common in 

children, with a typically moderate and non-
fatal course. On the other hand, children could 
be seriously impacted in rare situations, and 
clinical signs may differ from those seen in adults. 
Children with COVID-19 demonstrated signs of an 
immunological response to the virus, were older, 
had a greater likelihood of cardiac involvement, and 
exhibited Kawasaki disease-like symptoms (KD). 
Kawa-COVID-19 is a novel systemic inflammatory 
illness in children that is temporally linked to 
SARS-CoV-2 infection. To corroborate these 
findings and further understand the pathogenesis 
of Kawa-COVID-19, more prospective worldwide 
investigations are needed.

Children and younger people appear to be less 
affected by COVID-19 than adults; pediatric cases 
make up only 2.1-7.8% of confirmed cases in Europe, 
North America, and Asia. Respiratory involvement 
also appears to have a more benign outcome, with 
almost no fatalities.

Only a few cases with severe and fatal results have 

been described in the pediatric series. Nonetheless, it 
appears that the respiratory tract is not the only organ 
susceptible to SARS-CoV-2 infection (1). 

According to accumulating evidence, COVID-19 
tissue damage is mostly mediated by the host’s innate 
immunity. Reports from the United Kingdom in April 
2020 described a clinical presentation in youngsters 
that resembled Kawasaki disease (KD) or toxic shock 
syndrome. Since then, there has been an upsurge in 
the number of children from other regions world-wide 
that have been afflicted in the same way. However, 
it’s still unclear if these symptoms belong to the same 
disease spectrum or a collection of separate post-
infectious disorders. Kawasaki disease (KD) is a self-
limiting and acute vasculitis of medium and small 
vessels with uncertain causes. KD affects children as 
young as two years old, with 75% of those affected 
under the age of five; boys are 1.5 times more likely 
than girls to have the condition. Fever, abdominal 
ache, red eyes, vomiting or diarrhea, and a rash on 
the trunk are the first symptoms. Some youngsters 
get a large red lip and tongue, while others develop 
swollen neck glands. Because of its potential 
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thoroughly examined. In order to diagnose life-
threatening problems, some investigations should 
be conducted regularly. These include tests for 
myocarditis (troponin, NT-proBNP, ECG), MAS 
(white blood cells, fibrinogen, ferritin, albuminaemia), 
and renal impairment (white blood cells, fibrinogen, 
ferritin, albuminaemia) (creatinine, urea, proteinuria). 
Because of the potential of rapidly progressing Kawa-
COVID-19 and heart failure, clinicians should be 
especially cautious with patients over the age of 5 
who have increased ferritin levels (over 1400 g/L).  

Patients should have SARS-CoV-2 RT-PCR testing, 
at least in nasopharyngeal secretions and stool, as well 
as SARS-CoV-2 serology, as RT-PCR may be negative 
due to the late development of this condition after 
initial COVID-19 signs of exposure and other viral 
investigations to rule out alternative diagnoses (4).

Because of the rapid progression of the disease, 
patients should be closely monitored and treated as soon 
as possible. Myocarditis and dilated coronary arteries 
were seen in 44% and 19% of patients, respectively. 
As in classic KD, treatment with IVIg 2 g/kg should be 
given quickly and appeared to be efficacious in most 
cases (5). Associated anti-inflammatory medication, 
such as steroids or biologics, was required in 31% 
of patients and should be explored if a severe course 
is noted or factors that predict a severe outcome, 
such as age over 5 years and increased ferritin levels 
(>1400 g/L). Several more therapeutic options may be 
investigated based on KD literature data. 

Although it has been more than half a century since 
T. Kawasaki initially reported his 50 cases in Japan12, 
the origin of Kawasaki disease is still unknown (6). 

Patients with Kawasaki illness diagnosed 
during the COVID-19 pandemic had clinical and 
biochemical traits different from our previous cohort 
of patients; thus, we classified them as Kawasaki-
like diseases. They were elderly, with respiratory and 
gastrointestinal involvement, meningeal symptoms, 
and symptoms of cardiovascular involvement from 
a clinical standpoint. According to biochemical 
results, they developed leucopenia with significant 
lymphopenia, thrombocytopenia, and elevated 
ferritin, as well as indications of myocarditis. Patients 
with COVID-19 have similar clinical characteristics. 
Furthermore, these patients exhibited a more severe 

ocular involvement, the KD is of great interest to 
ophthalmologists. Iridocyclitis, punctate keratitis, 
vitreous opacities, papilledema, subconjunctival 
hemorrhage, and conjunctival injection are the most 
common ocular symptoms. In most cases, the latter is 
bilateral, painless, nonexudative, and limbic sparing.
Patients with KD may experience haemodynamic 
instability during the acute phase of the disease, a 
condition known as KD shock syndrome (KDSS). 

Kawa-Covid-19
Kawa-COVID-19 represents a new systemic 

inflammatory syndrome mimicking KD associated 
with SARS-CoV-2 in children. In 44% of the cases 
of Kawa-COVID-19, severe illness necessitated 
intensive care. Although all patients had complete or 
incomplete KD, pretty apparent deviations from usual 
KD have been described that should call attention 
to this disease and suggest that it is a distinct entity 
consistent with the series of Verdoni et al. (2, 3).

First, the median age at presentation is higher 
than in classical KD, with higher age (>5 years) 
indicating the need for ICU care. Second, myocarditis 
is distinct from conventional KD in incidence and 
severity. Third, stomach pain and/or diarrhoea were 
observed more frequently (81%) than in traditional 
KD (approximately one out of three patients). 
Finally, the cytokine storm was more common in the 
illness we describe, as evidenced by heart failure, 
pneumonia, gastrointestinal, neurological, and renal 
symptoms, all of which were related to higher CRP 
levels, ferritin, and cytokines (particularly IL-1, TNF, 
and IL-6). Apart from heart failure, these symptoms 
are also common in people with severe COVID-19 
(4). However, in contrast to severe adult COVID-19, 
our patients rarely showed respiratory symptoms, 
implying that children had a different underlying host 
immunological response. 

In the context of the SARS-CoV-2 pandemic, 
doctors should suspect Kawa-COVID-19 in any 
kid presenting with unexplained high fever and a 
rise in CRP, especially if mild signs of COVID-19 
or proven exposure to SARS-CoV-2 were reported 
in the previous four weeks. In such circumstances, 
the classic clinical indicators of KD and digestive 
problems and respiratory characteristics should be 
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This model of complex disease pathophysiology is 
observed in different pediatric conditions in which 
both genetic and non-genetic factors interact closely, 
highlighting how molecular etiological mechanisms 
underlying a wide group of paediatric conditions are 
important to be identified to dissect both contributory 
and causative factors (13-21). 

In the last decade, genome (or exome) sequencing 
and omic-related technologies have been relevant and 
important to understanding many rare and neglected 
pediatric diseases (22-31). The advances from these 
genes or biomarker discovery studies gave us a deeper 
knowledge of the subtle molecular huts that cause 
rare conditions or rare complications in pediatric 
age. In addition, they led us to better understand the 
intricate interplay between genetic and non-genetic 
(e.g., immunomediated, endocrinological, metabolic) 
factors (32-40).

REFERENCES

1. Cuppari C, Ceravolo G, Ceravolo MD, et al. Covid-19 
and cardiac involvement in childhood: state of the art. 
J Biol Regul Homeost Agents. 2020;34(4 Suppl. 2). 

2. Verdoni L, Mazza A, Gervasoni A, et al. An outbreak 
of severe Kawasaki-like disease at the Italian epicentre 
of the SARS-CoV-2 epidemic: an observational 
cohort study. Lancet. 2020;395(10239):1771-1778. 
doi:10.1016/S0140-6736(20)31103-X.

3. Mastrangelo A, Morello W, Vidal E, et al. Impact 
of COVID-19 Pandemic in Children with CKD 
or Immunosuppression. Clin J Am Soc Nephrol. 
2021;16(3):449-451. doi:10.2215/CJN.13120820).

4. Conti G, Giannitto N, De Luca FL, et al. Kawasaki 
disease and cardiac involvement: an update on the state 
of the art. J Biol Regul Homeost Agents. 2020;34(4 
Suppl. 2).

5. Ronconi G, Tete G, Kritas SK, Gallenga CE, Caraffa 
A, Ross R, et al. (2020) SARS-CoV-2, which induces 
COVID-19, causes Kawasaki like disease in children: 
role of pro-inflammatory and anti-inflammatory 
cytokines. J Biol Regul Homeost Agents.

6. Carucci NS, Marseglia L, De Luca FL, et al. Kawasaki 
Disease Shock Syndrome Presenting as Septic Shock 
in a Child With Incomplete Kawasaki Disease. J Clin 
Rheumatol. 2021;27(7):e274-e275. doi:10.1097/

disease course, requiring supplementary steroids 
with resistance to intravenous immunoglobulin and 
biochemical evidence of MAS and clinical symptoms 
consistent with KDSS. SARS-CoV-2 has been shown 
to have a pro-inflammatory effect in individuals 
with the most severe respiratory complications of 
COVID-19. 

In line with MAS, many of these patients develop 
a constellation of symptoms known as a cytokine 
storm, including fever, lymphopenia, increased 
transaminases, lactate dehydrogenase, D-dimer, and 
ferritin. Similarly, MAS is a cytokine storm that may 
affect Kawasaki illness patients (7-10).

CONCLUSION

The present literature’s review suggests that SARS-
CoV-2 infection is connected to an auto-inflammatory 
disease similar to KD (Kawa-COVID-19). This 
disease, however, varies from classical KD in that it 
develops at an older age and has a higher incidence 
of severe myocarditis and/or pericarditis. Age higher 
than 5 years and high ferritin (>1400 g/L) are both 
indicators of a severe course. Furthermore, only 5 out 
of 16 patients (31%) had remission of inflammatory 
symptoms with a single IVIg, while 10 patients (62%) 
required a second line of treatment. To properly 
comprehend this novel disease entity, more prospective 
international collections of Kawa-COVID-19 are 
needed and the investigation of immunological and 
host genetic variables. 

When contemplating social reintegration programs 
for the pediatric population, the link between 
SARS-CoV-2 and Kawasaki-like disease should be 
considered. However, the Kawasaki-like disease 
described here is uncommon, affecting only around one 
out of every 1000 infants infected with SARS-CoV-2. 
This estimate is based on the limited information 
available from case studies in this area. Interestingly, 
both genetic and immunomediated emerged recently 
as potential contributors of Kawacovid (11, 12). 
In this context, we may speculate that intricated 
immunoregulatory pathways and genetic components 
of disease interact and make some children prone 
to different cardiovascular and other complications 
following Kawasaki disease and Covid19 infection. 



68 (S1)

Probiotics and Helicobacter pylori infection in 
children. J Biol Regul Homeost Agents. 2012;26(1 
Suppl):S69-S76. 

17. Sheldon CA, Paley GL, Xiao R, et al. Pediatric 
Idiopathic Intracranial Hypertension: Age, Gender, 
and Anthropometric Features at Diagnosis in a Large, 
Retrospective, Multisite Cohort. Ophthalmology. 
2016;123(11):2424-2431. doi:10.1016/j.
ophtha.2016.08.004.

18. Chirico V, Rigoli L, Lacquaniti A, et al. Endocrinopathies, 
metabolic disorders, and iron overload in major and 
intermedia thalassemia: serum ferritin as diagnostic and 
predictive marker associated with liver and cardiac T2* 
MRI assessment. Eur J Haematol. 2015;94(5):404-412. 
doi:10.1111/ejh.12444.

19. Pedullà M, Miraglia Del Giudice M, Fierro V, et al. 
Atopy as a risk factor for thyroid autoimmunity in 
children. J Biol Regul Homeost Agents. 2012;26(1 
Suppl):S9-S14. 

20. Salpietro V, Ruggieri M, Sancetta F, et al. New 
insights on the relationship between pseudotumor 
cerebri and secondary hyperaldosteronism in children. 
J Hypertens. 2012;30(3):629-630. doi:10.1097/
HJH.0b013e32834f9bd2.

21. Salpietro V, Ruggieri M. Pseudotumor cerebri 
pathophysiology: the likely role of aldosterone. 
Headache. 2014;54(7):1229. doi:10.1111/head.12381.

22. Bell S, Rousseau J, Peng H, et al. Mutations in 
ACTL6B Cause Neurodevelopmental Deficits and 
Epilepsy and Lead to Loss of Dendrites in Human 
Neurons. Am J Hum Genet. 2019;104(5):815-834. 
doi:10.1016/j.ajhg.2019.03.022.

23. Salpietro V, Chimenz R, Arrigo T, Ruggieri M. Pediatric 
idiopathic intracranial hypertension and extreme 
childhood obesity: a role for weight gain. J Pediatr. 
2013;162(5):1084. doi:10.1016/j.jpeds.2013.01.048.

24. Steel D, Salpietro V, Phadke R, et al. Whole exome 
sequencing reveals a MLL de novo mutation associated 
with mild developmental delay and without ‘hairy 
elbows’: expanding the phenotype of Wiedemann-
Steiner syndrome. J Genet. 2015;94(4):755-758. 
doi:10.1007/s12041-015-0578-x.

25. Piard J, Umanah GKE, Harms FL, et al. A homozygous 
ATAD1 mutation impairs postsynaptic AMPA receptor 
trafficking and causes a lethal encephalopathy. Brain. 
2018;141(3):651-661. doi:10.1093/brain/awx377.

RHU.0000000000001434.
7. Albitar O, Ballouze R, Ooi JP, Sheikh Ghadzi 

SM.(2020), Risk factors for mortality among 
COVID-19 patients. Diabetes Res Clin Pract; 
166:108293.

8. Wolfler A, Osello R, Gualino J, et al. The Importance 
of Mortality Risk Assessment: Validation of the 
Pediatric Index of Mortality 3 Score. Pediatr Crit 
Care Med. 2016;17(3):251-256. doi:10.1097/
PCC.0000000000000657) HMGB1 serum level may 
be altered.

9. Stein E, Elbadawi LI, Kazmierczak J, et al. Babesiosis 
surveillance - Wis¬consin, 2001-2015. MMWR Morb 
Mortal Wkly Rep. 2017; 66(26): 687-691. Different 
concentration of human cord blood HMGB1 according 
to delivery and labour: A pilot study .

10. D’Angelo, G., Marseglia, L., Granese, R., Reiter, 
R.J., Gitto, E. Cytokine, 2018, 108, pp. 53–56.. 
High mobility group box 1 and markers of oxidative 
stress in human cord blood. D’Angelo, G., Granese, 
R., Marseglia, L., Corsello, G., Gitto, E. Pediatrics 
International, 2019, 61(3), pp. 264–270.

11. de Cevins C, Luka M, Smith N, et al. A monocyte/
dendritic cell molecular signature of SARS-CoV-2-
related multisystem inflammatory syndrome in children 
with severe myocarditis. Med (N Y). 2021;2(9):1072-
1092.e7. doi:10.1016/j.medj.2021.08.002.

12. Sancho-Shimizu V, Brodin P, Cobat A, et al. SARS-
CoV-2-related MIS-C: A key to the viral and 
genetic causes of Kawasaki disease? J Exp Med. 
2021;218(6):e20210446. doi:10.1084/jem.20210446

13. Pedullà M, Miraglia Del Giudice M, Fierro V, et al. 
Atopy as a risk factor for thyroid autoimmunity in 
children. J Biol Regul Homeost Agents. 2012;26(1 
Suppl):S9-S14. 

14. Khan MU, Khalid H, Salpietro V, Weber KT. 
Idiopathic intracranial hypertension associated 
with either primary or secondary aldosteronism. 
Am J Med Sci. 2013;346(3):194-198. doi:10.1097/
MAJ.0b013e31826e3635.

15. Salpietro V, Efthymiou S, Manole A, et al. A loss-of-
function homozygous mutation in DDX59 implicates 
a conserved DEAD-box RNA helicase in nervous 
system development and function. Hum Mutat. 
2018;39(2):187-192. doi:10.1002/humu.23368.

16. Lionetti E, Francavilla R, Castellazzi AM, et al. 

G. CERAVOLO ET AL.



(S1) 69Journal of Biological Regulators & Homeostatic Agents

homozygous loss-of-function mutation in PDE2A 
associated to early-onset hereditary chorea. Mov 
Disord. 2018;33(3):482-488. doi:10.1002/mds.27286.

34. Chelban V, Wilson MP, Warman Chardon J, et al. 
PDXK mutations cause polyneuropathy responsive to 
pyridoxal 5’-phosphate supplementation. Ann Neurol. 
2019;86(2):225-240. doi:10.1002/ana.25524.

35. Chirico V, Cannavò S, Lacquaniti A, et al. Prolactin 
in obese children: a bridge between inflammation and 
metabolic-endocrine dysfunction. Clin Endocrinol 
(Oxf). 2013;79(4):537-544. doi:10.1111/cen.12183.

36. Chirico V, Lacquaniti A, Salpietro V, et al. High-
mobility group box 1 (HMGB1) in childhood: from 
bench to bedside. Eur J Pediatr. 2014;173(9):1123-
1136. doi:10.1007/s00431-014-2327-1.

37. Miraglia Del Giudice M, Maiello N, Decimo F, et 
al. Airways allergic inflammation and L. reuterii 
treatment in asthmatic children. J Biol Regul Homeost 
Agents. 2012;26(1 Suppl):S35-S40. 

38. Cuppari C, Manti S, Chirico V, et al. Sputum high 
mobility group box-1 in asthmatic children: a 
noninvasive sensitive biomarker reflecting disease 
status. Ann Allergy Asthma Immunol. 2015;115(2):103-
107. doi:10.1016/j.anai.2015.06.008.

39. Ruggieri M, Polizzi A, Strano S, et al. Mixed 
vascular nevus syndrome: a report of four new cases 
and a literature review. Quant Imaging Med Surg. 
2016;6(5):515-524. doi:10.21037/qims.2016.10.09.

40. Salpietro V, Lin W, Delle Vedove A, et al. Homozygous 
mutations in VAMP1 cause a presynaptic congenital 
myasthenic syndrome. Ann Neurol. 2017;81(4):597-
603. doi:10.1002/ana.24905.

26. Granata F, Morabito R, Mormina E, et al. 3T Double 
Inversion Recovery Magnetic Resonance Imaging: 
diagnostic advantages in the evaluation of cortical 
development anomalies. Eur J Radiol. 2016;85(5):906-
914. doi:10.1016/j.ejrad.2016.02.018.

27. Ruggieri M, Polizzi A, Strano S, et al. Mixed 
vascular nevus syndrome: a report of four new cases 
and a literature review. Quant Imaging Med Surg. 
2016;6(5):515-524. doi:10.21037/qims.2016.10.09.

28. Niccolini F, Mencacci NE, Yousaf T, et al. PDE10A 
and ADCY5 mutations linked to molecular and 
microstructural basal ganglia pathology. Mov Disord. 
2018;33(12):1961-1965. doi:10.1002/mds.27523

29. Efthymiou S, Salpietro V, Malintan N, et al. Biallelic 
mutations in neurofascin cause neurodevelopmental 
impairment and peripheral demyelination. Brain. 
2019;142(10):2948-2964. doi:10.1093/brain/awz248.

30. Salpietro V, Zollo M, Vandrovcova J, et al. The 
phenotypic and molecular spectrum of PEHO syndrome 
and PEHO-like disorders. Brain. 2017;140(8):e49. 
doi:10.1093/brain/awx155.

31. Salpietro V, Efthymiou S, Manole A, et al. A loss-of-
function homozygous mutation in DDX59 implicates 
a conserved DEAD-box RNA helicase in nervous 
system development and function. Hum Mutat. 
2018;39(2):187-192. doi:10.1002/humu.23368.

32. Giacobbe A, Granese R, Grasso R, et al. Association 
between maternal serum high mobility group box 1 levels 
and pregnancy complicated by gestational diabetes 
mellitus. Nutr Metab Cardiovasc Dis. 2016;26(5):414-
418. doi:10.1016/j.numecd.2016.02.007.

33. Salpietro V, Perez-Dueñas B, Nakashima K, et al. A 




