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Objectives

Discuss the 
incidence of 

COVID-19 
infection in 

children

Understand 
the pulmonary 
manifestations 
of COVID-19 in 

children

Be able to 
evaluate 

COVID-19 and 
MIS-C in 
children

Evaluate the 
long-term 
pulmonary 

consequences 
of COVID-19 
infection in 

children



SARS-CoV-2 S spike protein binds to the ACE2 receptor, which leads to proteolytic cleavage by 
TMPRSS2, cathepsin L, and furin in the epithelial cell of the respiratory tract. 

Amy H Attaway et al. BMJ 2021;372:bmj.n436

©2021 by British Medical Journal Publishing Group



Pathogenesis

Ni W, et al Crit Care 2020

• ACE2 receptors are found
in large quantities on the 
surfaces of these organs.

• ACE2 receptors are up-
regulated in diabetes, 
obesity, male sex, advancing
age, smokers. Theses same 
risk factors associate with
impaired immune response.



Pathogenesis

Ni W, et al Crit Care 2020
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Symptoms in Children 

• Begin 2-14 days after exposure
• Fever and chills
• Cough
• Shortness of breath or difficulty breathing
• Headache
• Sore throat
• New loss of taste or smell
• Congestion or runny nose
• Diarrhea



Symptoms with Positive Swab

King JA et al CMAJ 2021



+swab
+swab

-swab
-swab

King JA et al CMAJ 2021



King JA et al CMAJ 2021



Maltezou HC et al 
Pediatr Infect Dis 2020



Multisystem Inflammatory Syndrome in 
Children (MIS-C) Criteria
<21 years

Fever >/= 38.0 degrees C for >/= 24 hours

Evidence of inflammation: elevated CRP, ESR, fibrinogen, procalcitonin, D-dimer, 
ferritin, LDH or IL-6 or low lymphocytes or albumin
Multisystem involvement (cardiac, renal, respiratory, hematologic, gastrointestinal, 
dermatologic, neurologic)

No alternative diagnosis

Positive SARS-CoV-2 infection or exposure to confirmed COVID-19 case within the 
4 weeks prior to symptom onset

cdc.gov



MIS-C Phenotypes

Three groupings:

Type 1—multisystem involvement with cardiovascular and 
gastrointestinal involvement and higher prevalence of abdominal pain, 
shock, myocarditis, lymphopenia and inflammatory markers
Type 2—respiratory system involvement with cough, shortness of 
breath, pneumonia and ARDS and case fatality rate over 5%

Type 3– younger, more like Kawasaki with rash, mucosal lesions, 
lowest prevalence of complications and lower inflammatory markers

Godfred-Cato S et al MMWR Morb Mortal Wkly Rep 2020



cdc.gov

Total cases: 4404
Total deaths: 37



Confounders—
the ACE2 
Receptor

ACE2 is a receptor protein on epithelial 
cells
Breaks down large protein angiotensin II 
which causes inflammation and 
bronchoconstriction
In smokers and likely vapers, ACE2 is 
upregulated—more receptors
ACE2 is also the target of the SARS-CoV-2 
virus, so more ACE2 means more sites 
for virus to bind
Rates of ICU hospitalization and 
ventilator need in COVID-19 are 2 times 
higher in smokers



Brar E et al Front Pediatr 2021



Giaha SM, et al J Adol Health 2020

Children and youth 13-24 yrs

More common symptoms if smoked and vaped – cough, fever, fatigue, difficulty breathing

And more likely to get a COVID-19 test

But even more likely to have a POSITIVE COVID-19 test

HELP YOUR ADOLESCENTS STOP VAPING



Long-term Symptoms in Adults

• Symptom report in 
the Netherlands during 
infection and 79 days 
later—2001 people
not hospitalized, 112 
hospitalized

Goetz D, et al ERJ Open Res 2020



Long COVID (Adults and Children)

Bloomberg B et al Nat Med 2021



Buonsenso D et al 
Acta Paediatr 2021

Italian Study of 
Persistent Symptoms
In Children



Possible Treatments for Hospitalized Children

Attaway AH, at al BMJ 2021



Pulmonary Acute Therapy Potential



NIH Treatment Guidelines in Children

• No RCT’s to reference
• COVID 19 is generally milder in children and requires no specific 

therapies
• Children with special health care needs and risk factors may be at 

more risk for severe disease
• Most mild COVID are managed w/ supportive care alone



Remdesivir in Children

• Hospitalized children >/= 12 y.o. w/ severe risk factors for severe 
disease or increasing O2 need

• Hospitalized children >/= 16 y.o. w/ increasing O2 need
• Consult ID for use in younger hospitalized children 



Dexamethasone in Children

• Hospitalized children with HFNC O2/NIV/INV Ventilation/ECMO



Convalescent Plasma

• Against use in hospitalized children not requiring ventilation



Persistent Symptoms Post-COVID in Children

UK data—500,000 infections in children

12.9% of children 2-11 y.o. still have symptoms 5 weeks after infection

14.5% of children 12-16 y.o. still have symptoms 5 weeks after 
infection
Symptoms include fatigue, muscle and joint pain, headache, insomnia, 
respiratory problems, heart problems, gastrointestinal problems, 
nausea, dizziness, seizures, hallucinations, testicular pain

Thomson H et al New Scientist 2021



Respiratory Sequelae in Adults

• Adults 3 months
post severe COVID-
19 infections -- PFTs

Truffaut L, et al Respir Rev 2021



Respiratory Sequelae in Adults

• Adults 3 months
post severe COVID-
19 infections—CT 
findings

Truffaut L, et al Respir Rev 2021



Truffaut L, et al Respir Rev 2021



Adults with 
COVID-19 
Pneumonia

Minimum 3 month follow 
up
57.7% with full resolution 
(top)
42.3% with residual 
disease (bottom)

Tabatabaei SMH, et al Emerg Radiol 2020



Pulmonary Sequelae in Children
• No data
• Symptoms clearly persist in some children
• Children are at risk for MIS-C
• Data from adults suggest we should be watchful, especially if 

underlying conditions

December January April



American Academy of Pediatrics 
Recommendations
• All patients who test positive for SARS CoV-2 infection need at least 

one follow up with primary care—after quarantine is over and before 
returning to physical activities

• If moderate to severe symptoms, should follow up in person. If mild 
symptoms, follow up virtually is o.k.

• Encourage vaccination
• Facilitate return to learning and activity with plan for extra supports 

and time as necessary.  Educational make-up plans, communication



More Recommendations

• If a child had moderate to severe COVID, should have a screening EKG, 
American Heart Association screening or cardiology evaluation

• Watchfulness for MIS-C as typically this does not occur until 2 to 4 
weeks after infection

• Monitor for ongoing symptoms:
Respiratory: chest pain, cough, exercise induced dyspnea
• If ongoing for 3 months, get a CXR
• If 6 years or older, refer for pulmonary function testing
• Consider cardiopulmonary evaluation, thromboembolic evaluation 



What Else--Control in Schools

• Frequent cleaning of surfaces
• Good ventilation
• Hand hygiene
• Face mask use
• Exclusion of sick children
• Vaccines

Ismail SA, Lancet Inf Dis 2021



References cdc.gov

COCA presentations (many of the slides)

State health offices

aap.org
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