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What have we learned during the COVID-19 
epidemic?

~400,000 articles



Time



Why do children have milder disease than adults?
-some theories-

• fewer comorbidities (obesity, diabetes, etc)
• pre-existing protective antibodies against seasonal coronaviruses
• competition with other respiratory viruses
• BCG and MMR vaccination (off target effect of live vaccines)
•more robust innate immune systems (neutrophils, cytokines, IFNg)
• differences in respiratory tract microbiota
• lower intensity of exposure to SARS-CoV-2
• less ACE2 receptors in respiratory tract (esp lower tract)

Zimmermann P, Curtis N. Arch Dis Child 2021;106:429–439 



Less ACE2 receptors in upper respiratory tract

Yonker J Peds 2020



Children have potent innate immune systems



COVID-19 Epidemiology in Children <18 years



Low childhood COVID-19 death rates: CT



How did non-pharmaceutical interventions 
impact other respiratory viruses in children?



Influenze-like-illness (ILI) incidence in CT 
by season



Korean Surveillance System 
Monthly inpatient viral rates
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Have numbers of MIS-C cases decreased and if so why?



Multisystem inflammatory Syndrome in Children
(MIS-C) up to 60 days after COVID-19 infection

Surveillance definition:

Any illness in a person <21 years that meets:
•The clinical AND the laboratory criteria (Confirmed), 
OR
•The clinical criteria AND epidemiologic linkage criteria 
(Probable)



MIS-C Epidemiology in Children <18 years



MIS-C by Race and Ethnicity



MIS-C by Age



Did rates of Kawasaki Disease change?





MIS-C: spectrum of severity



JAMA Pediatr. 2022;176(12):1217-1224

What happened to KAWASAKI DISEASE during the 
COVID-19 pandemic? Japan experience 



Is COVID-19 infectivity linked to virulence?





Circulating SARS-CoV-2 variants in the U.S.



=R0



Viral Fitness



o Lineages 
diversify and 
sub-lineages 
compete

o If successfulà
antigenically 
distinct strain

o If failà extinct

Survival of the fittest



20, pages251–252 (2022)



Can we forecast respiratory viral seasons 
accurately in future?



COVID-19 forecasting: 
inexact science



Does long COVID-19 affect children and 
adults similarly?



Long COVID (PASC)

PASC: Post-
acute sequelae 
of COVID-19



Children



5 identical outcomes in children and adults: cough, 
fever, headache, malaise/fatigue/exhaustion, and 

throat/chest pain

Adults



Alice Burns

ADULTS

https://www.kff.org/person/alice-burns/


Alice Burns

ADULTS

https://www.kff.org/person/alice-burns/


Management of Long Covid ©

Relaxation techniques: massage, meditation, yoga, visualization, etc

Identify /address racial, ethnic, socioeconomic disparities
Social interaction: in-person 

Exclude mood and other organic disorders
&
Sleep hygiene: limit daytime naps; aim for 8-10 hours sleep

Hydration: set goals; manage POTS with water and electrolytes

internet: limit time; avoid use before bed

Nutrition: balanced diet; high fiber; fruit; vegetables

Exercise: graded reconditioning



Are inactivated COVID-19 vaccines as 
effective as other types?





Table 1:  Countries included in the study and vaccine utilization.
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Austria
Bahrain >60 b

Belgium
Bhutan
Canada
Chile 78 c

Croatia
Cyprus
Czechia
Denmark
Dominican Republic ~95 d

Estonia
Finland
France
Germany
Greece
Hungary 21 c

Ireland
Israel
Italy
Latvia
Lithuania
Maldives ~35 e

Mauritius >50 f

Mongolia 87 g

Netherlands
Norway
Poland
Portugal
Qatar
Serbia >50 h

Singapore
Slovakia
Slovenia
Spain
Sweden
Switzerland
Turkey >90 i

United Kingdom
Uruguay 74 c

USA

Footnotes
a McGill Covid-19 Vaccine Tracker Team, June 26, 2021; country-specific approved vaccines: https://covid19.trackvaccines.org/trials-vaccines-by-country/#approvals
b Wall Street Journal, June 2, 2021; https://www.wsj.com/articles/bahrain-facing-a-covid-surge-starts-giving-pfizer-boosters-to-recipients-of-chinese-vaccine-11622648737
c Our World in Data, June 26, 2021; https://ourworldindata.org/covid-vaccinations
d Dominican Today. May 16, 2021; https://dominicantoday.com/dr/local/2021/05/16/more-than-95-of-the-vaccines-contracted-by-the-country-come-from-the-chinese-company-sinovac/
e The Times of India, June 2, 2021; https://timesofindia.indiatimes.com/india/sii-unable-to-supply-covishield-vaccine-maldives-looks-elsewhere/articleshow/83132944.cms
f LeMatinal, July 5, 2021; https://english.lematinal.media/mauritius-receives-500000-doses-of-sinopharm-vaccine/; also used Covaxin (Bharat Biotech; inactivated whole virus vaccine)
g CNBC, May 1, 2021;  https://www.cnbc.com/2021/07/08/five-vaccinated-countries-with-high-covid-rates-rely-on-china-vaccines.html
h Republic of Serbia, May 27, 2001: https://www.srbija.gov.rs/vest/en/173298/42-million-sinopharm-vaccines-delivered-to-serbia-to-date.php
i NikkeiAsia, April 13, 2021; https://asia.nikkei.com/Spotlight/Coronavirus/COVID-vaccines/Turkey-says-China-s-Sinovac-vaccine-is-significantly-effective
Colors denote approval and utilization of corresponding vaccine; IVV, inactivated virus vaccines

Sources: Our World in Data; publications; newspaper articles
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Was there a change in rates of 
secondary bacterial infections?



Rates of secondary bacterial infections: intracranial

CT Children’s

J Neurosurg-
Pediatr (in press)



Change in microbiology of intracranial infections

J Neurosurg-
Pediatr (in press)



How did COVID-19 impact routine 
childhood vaccines?



COVID-19 disrupted delivery of childhood vaccinations
2020 2-18 yrs<2 yrs



MMR  vaccine rates 
in kindergarteners 
in US states for 
2020-21 school year 

CT
2021-22: 
95.7%



Widened racial, ethnic and socioeconomic disparities 



Do RNA or DNA viruses pose a greater 
pandemic threat?



Emerging infectious Diseases



DNA

RNA >> DNA viruses cause zoonoses and outbreaks
they are have error-prone replication and high mutation rates



What’s new in RSV vaccine development?



Long saga of RSV vaccine development 
Formalin-
inactivated RSV 
vaccine caused 
deaths 

50+ years with no 
vaccine until now



o CDC: RSV causes 60,000-120,000 hospitalizations and    
6,000-10,000 deaths among adults ≥ 60 years annually

o 2 major subtypes: RSV A and B that may co-circulate 
o Infection does not confer long-term immunity 
o Reinfection is common at all ages 
o mild colds to pneumonia and respiratory failure

May 3, 2023



OA= Older Adults



RSV fusion (F) glycoprotein 

Vaccine=stabilized prefusion 
F protein trimer 

Barney Graham
Jason McLellan



Structure of RSV fusion (F) glycoprotein 



Function of RSV fusion (F) glycoprotein 



RSVPreF vaccine protects against clinical disease

RSV-LRTI







Severe Adverse Events (SAE)



Post-marketing enhanced surveillance is planned 



Post-marketing enhanced surveillance is planned 

Potential immune-mediated diseases



o Phase 3, double-blind RCT
o 18 countries
o Seasons: 2 in northern/2 in southern hemisphere
o Single IM vaccine (RSV A + B)
o 24-36 weeks gestation
o Infant follow-up: 1-2 years
o Primary outcome: medically-attended RSV LRTI



PreF vaccine reduced rate of severe RSV-LRTI in 
infants by 82% within 90 days 



What’s new in pneumococcal vaccine 
development?



Trends in invasive pneumococcal disease <5 yrs



Trends in invasive pneumococcal disease 19-64 yrs



Trends in invasive pneumococcal disease >64 yrs



This approval expands existing adult coverage (2021)

Streptococcus pneumoniae vaccine



We need a universal protein-based 
pneumococcal vaccine!



imichelow@connecticutchildrens.org

Thank you

“Life or death for a young child too often depends 
on whether they are born in a country where 
vaccines are available or not…”   Nelson Mandela


