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Questions?

Type in the question box 
during the presentation 

or at the end!
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Outline
• COVID-19/MIS-C
• Long COVID 
• Cultural Considerations

COVID-19 and
Long COVID in Kids

• Acute Infection/MIS-C
• Long COVID

Neurological Impact of
COVID

• Neuropsychological Findings
• Proposed Battery 
• Recommendations

Neuropsychological Impact
of COVID in Kids
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SARS-CoV-2
• The corona virus responsible for the COVID-19 pandemic.

COVID-19 infection
• The disease state associated with the invasion and growth of SARS-CoV-2 variants in the human body.

Neuropsychiatric-PASC syndrome
• Cognitive and behavioral symptoms arising after COVID-19 infection, lasting at least 2 months, due to 

direct or indirect mechanisms injuring or disrupting brain functions.

Neuropsychological-PCC
• Cognitive and behavioral symptoms arising and persisting 4+ weeks after COVID-19 infection, due to 

brain injury/disruption (i.e., Neuropsychiatric-PASC), psychological reaction to infection and pandemic, 
or other unclear mechanism.

Long-COVID 
• Less specific term often preferred by patient advocates and families. 
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COVID-19 in Kids

• Children under 20 make up around ~19% of reported cases
• 15.5 million children reported since the start of the pandemic
• Acute illness à hospitalization rates between 0.1-2%; mortality 

~0.03-0.07% (much lower compared to adults/elderly) 
• Most children have mild (or no) symptoms and recover fully
• But…a small group develops severe COVID-19 

• MIS-C
• COVID and severe illness and hospitalization 
• Long COVID

Pediatric cases (American Academy of Pediatrics) 
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Multisystem 
inflammatory 
syndrome in 
children (MIS-C)

• Children with fever 
• Inflammation 
• Severe illness à

hospitalization 
• At least 2 organ systems 
• Symptoms vary 
• COVID exposure/no other 

alternative 
• More common in school 

aged children, males, and 
certain ethnicities 
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COVID-19 and MIS-C 

COVID-19 
infection

Recovery of 
initial 

symptoms

Onset of 
MIS-C 

symptoms

Treatment/ 
Hospitalization

Recovery 
(length of 

time 
depends on 

multiple 
factors) 
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Important Points
Vast majority of children recover, but some require weeks of treatment 
and intensive care 

Impact for children may be significant because of periods of 
neurodevelopment 

Early identification, diagnosis, and effective treatment are critical (IVIG, 
steroids, etc.) 

Outcomes are still largely unknown 
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Long COVID

• Post COVID-19 Condition (WHO consensus study)
• History of probable or confirmed SARS-CoV-2 infection
• 3 months from the onset of COVID-19 with symptoms that 

last for at least 2 months and cannot be explained by an 
alternative diagnosis 

• Common symptoms = fatigue, shortness of breath, cognitive 
dysfunction, and others 

• Impact everyday functioning 
• Symptoms may be new onset, following initial recovery, or 

persist from the initial illness
• Symptoms may fluctuate or relapse 

• *Separate definition may be applicable for children 
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Long COVID in Kids 
• Early reports: 25-58% of children with PCCS
• Molteni et al., 2021: 4% of hospitalized children with PCCS at 

28 days; 2% at 56 days
• Some studies have not found differences in rates of children 

with a history of SARS-CoV-2 and controls 

Research is 
mixed 

Lots of limitations in previous studies 
(lack of control group, biased sample, etc.) 
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Long COVID in Kids: Review
2021

2022
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Long COVID in Kids: Review

2021

• 14 studies 
• 5 with control groups 
• Rates: 4-66%

2022

• 27 studies
• 9 with control groups 
• Rates: <4%-58%
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Long COVID in Kids: Review Findings
Rates of long COVID varies significantly 

• Headache
• Fatigue 
• Sleep disturbance 
• Abdominal pain 
• Myalgia 
• Congested/runny nose
• Cough
• Chest pain/tightness 
• Disturbed smell 

Common symptoms varied 
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Long COVID in Kids: Review Findings 

Significant limitations make it hard to interpret the findings 

• Hard to distinguish between COVID and pandemic related issues 
• Lockdown measures 
• Social isolation 
• Virtual school 
• Pandemic related stress (illness and deaths of loved ones) 

• Psychosomatic and physical symptoms are higher in ALL children 
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Long COVID in Kids: Review

Limitations 
• Lack of clear definition
• Variable follow-up
• Self or parent reported symptoms only 
• Differing symptom measures 
• Hard to find an appropriate control group
• Response bias
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Long COVID in Kids: What do we actually know?

Research is mixed, likely because of heterogeneity and 
limitations

Long COVID symptoms may have an impact…but the 
pandemic also has a significant impact on kids (and all of us!) 

Psychosocial follow-up and neurodevelopmental monitoring 
is important, especially for high-risk groups 
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What about the effect of the pandemic??
Increase in mortality from non-COVID causes (widespread disruption in healthcare) 

Increased poverty rates 

Lockdown measures and limited access to remote learning, socialization, work, etc.  

80 million children under 1 without routine vaccinations 

Stress related to uncertainty about the future, loss of loved ones, illness, etc.  

Reduction in in-person learning has likely impacted academic gains

Over half of children report physical and psychological symptoms 
STRES

S
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COVID-19 Cultural Considerations

Kaiser Fam ily Foundation
https://w w w.kff.org /coronavirus-covid-19/issue-brief/covid-19-cases-and-deaths-by-race-ethnicity-current-data-and-changes-over-tim e/
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COVID-19 Cultural 
Considerations

Saatci et al., 2021

• Population-based study
• Race-specific disparities

• Positive test results
• Hospital contact
• Hospital admission
• Hospitalization duration
• ICU admission

• Important implications for public health and policy
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Outline
• COVID-19
• Complicated COVID
• Cultural Considerations

COVID-19 and
Long COVID in Kids

• What do we know?
• What don’t we know?
• Neurodevelopmental Considerations

Neurological Impact of
COVID in Kids

• Neuropsychological Findings
• Case Example
• Recommendations

Neuropsychological Impact
of COVID in Kids
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COVID-19 and Neurological Impact
• Studies of the neurological impact of acute COVID-19 

infection are rapidly evolving
• Around 1% may have neurological involvement 

– Can be mild or severe 
– Can include non-specific symptoms or more severe impact 
– Rates in those with more

severe infection (e.g., MIS-C)
are considerably higher, ~20-35%
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COVID-19 and Neurological Outcomes

Stafstrom & Jantzie, 2020
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Mechanisms in Neurological Impact

Several theories 

Hypoxia, 
hypotension and 

liver/renal 
insufficiency 

COVID-19 may infect 
olfactory neurons 

and invade 
brainstem, basal 

ganglia, cortex and 
lead to damage 

Depletion of ACE-2 
enzyme which 

ultimately increases 
the risk for impaired 

blood flow and 
subsequent stroke 

Immune 
dysregulation à

autoimmunity and 
hyperinflammation

Could be due to the infection itself 
or results of severe systemic illnesses 
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COVID-19 and Neurological Impact

• 208 consecutive non-neurological 
*adult* cases

• 165 re-assessed after 6 months
• Used logistic regression – best predictors 

of long-term neurological abnormalities 
(on exam) were length of hospitalization 
and premorbid conditions
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COVID-19 and Neurological Outcomes 

• Review of patients with COVID-19 seen at 
hospital in Chile 

• 90 total patients 
• 13 patients with new-onset neurologic 

manifestations associated with COVID-
19 infection 

• 4 patients showed exacerbation of 
epilepsy 

Most relevant: encephalopathy, seizures, muscle weakness
Neurologic sx were more common in MIS-C and resolved 
when systemic illness resolved 
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Neurological 
Outcomes 

Can range from mild (neuromotor 
deficits) to severe (cognitive 
impairment) 

May not initially be apparent and 
may appear over time with 
increasing demands as children age 

Even mild difficulties can have a 
huge impact on a child’s functioning 
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COVID-19 and Neurological Involvement

3 “at-risk” groups for severe COVID-19 and 
neurological impact 

Children with underlying medical conditions 

Younger children (infants and toddlers) 

Children who develop multisystem inflammatory syndrome in 
children (MIS-C) 

27
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MIS-C and Severe Neurological Impact 

20-35% of children with MIS-C may 
have more severe neurological 

involvement 

MIS-C and cerebrovascular disease 
à more microvascular infarcts in 

deep brain structures (compared to 
those without MIS-C) 
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COVID-19 and Neurological Impact

Lancet Child Adolesc Health 2021

- 46 youth with MIS-C
- 52% still had abnormal 

neurological exam at 6 
weeks, and 39% at 6 
months

29

………………..……………………………………………………………………………………………………………………………………..

MIS-C and Neurological Outcomes 

• Most research on neurological changes 
focuses on severe COVID-19 infection, 
particularly MIS-C

• Bova et al., August 2022 – retrospective 
analysis of 62 children with MIS-C 
hospitalized between October 2020 and 
March 2022, Frontiers in Pediatrics
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MIS-C and Neurological Outcomes 

• Bova et al., August 2022
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MIS-C and Severe Neurological Impact 
Acute flaccid 

paralysis

Acute disseminated 
encephalomyelitis 

(ADEM)
Stroke 

Seizures (simple 
febrile most 

common) 

Encephalopathy Encephalitis Pseudotumor cerebri 

Cytotoxic lesions of 
deep brain 

structures (thalami 
and corpus callosum) 

Altered mental 
status 

Neuro-psychiatric 
symptoms 

(confusion, agitation) 

Cranial nerve palsies 
associated with 

elevated ICP

Neuroimaging 
abnormalities 
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“Characteristic” Neuroimaging Features
Verdict: MRI features vary greatly and 
align with neurological symptoms, e.g.:

- ADEM is usually associated with 
cerebral white matter lesions in 
addition to subcortical lesions

- Acute necrotizing encephalopathy 
shows frank thalamic changes

- Vasculitis with infarction will depend 
on the site of the lesion

This also affects the type of sequences 
you want to acquire, and location of the 
images (e.g., spinal MRI for GBS or 
transverse myelitis)
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Some Good News?

• Very small number who have 
follow up MRI suggest resolution 
of structural brain abnormality

Is it 
permanent?!

Lots of limitations in previous studies 
(lack of control group, biased sample, etc.) 
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Acute COVID/MIS-C: What do we know?

Research is mixed, and pediatric literature lags far
behind adult evidence base

A small percentage of kids with COVID-19 have severe 
neurologic symptoms, and most appear to resolve*

The very few MRI studies suggest particular changes 
in subcortical gray matter and white matter

*but, new neurologic symptoms can emerge post-acute recovery…
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Long COVID Mechanisms

• Cells and tissues controlling blood flow get damaged à tiny blood clots 
leftover from the virus à disrupt circulation à lingering symptoms (minute 
clots) 

• COVID virus lasts in the body and continues to persist in many areas of the 
body (lingering virus) 

• Immune system gets out of whack even months after infection (immune 
abnormalities)

Potential physiological mechanisms  

Could be a combination of all of these (or something else) 
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Long COVID-19 and Neurological Outcomes

Monje & Iwasaki, 2022; Neuron 
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What the Internet Tells Us:
Long COVID and the Brain
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My Reading List: Long COVID and the Brain
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Long COVID Literature

• Growing quickly, though the quality is still inconsistent 
and we still need to extrapolate from adult literature

• Eclipsing research in MIS-C
• Staying on top of it can be challenging

Where are we now?

A quick review…
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Long COVID and Symptom Burden
• It’s not just those hospitalized/severely ill 

with COVID-19
– 23.3% hospitalized, 3.0% in ICU

• It’s not just those with pre-existing 
neurologic complaints
– 86.4% of symptoms were new-onset
– The remaining 13.6% were pre-existing but 

exacerbated

Caveat:
103 consecutively referred adults
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Long COVID and Symptom Burden

41/103 underwent MRI
- Over 90% had normal MRI

So, the link between 
neurologic symptoms and 
brain structure isn’t as clearCaveat:

103 consecutively referred adults
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Long COVID and the Brain

Caveat:
More research in adults

Longitudinal follow up of 50-70yo 
patients, without neurologic symptoms, 
10-months post-dx
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Long COVID and the Brain

Caveat:
More research in adults

Longitudinal follow up of 50-70yo 
patients, without neurologic symptoms, 
10-months post-dx
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Long COVID and the Brain: But why?

One theory: a white-matter hypothesis

Aligns with the higher proportion of 
subcortical and white matter abnormalities
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Long COVID and the Brain: But why?

My opinion: we should view this with some degree of 
urgency – reminder of the prevalence of long COVID in kids:

We don’t know the level of impact on developing brains
We don’t know how much abnormalities resolve over time
We don’t know how these fill in gaps in neurologic symptoms
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Outline
• COVID-19/MIS-C
• Long COVID 
• Cultural Considerations

COVID-19 and
Long COVID in Kids

• Acute Infection/MIS-C
• Long COVID

Neurological Impact of
COVID

• Neurodevelopment  
• Cognitive Outcomes 
• Recommendations

Neurodevelopmental 
Considerations of COVID
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Neurodevelopmental Considerations

Neurodevelopmental assessment/surveillance 

School and academic development 

New things to address in evaluations 

52

………………..……………………………………………………………………………………………………………………………………..

Neurodevelopmental Surveillance

Scoping review of COVID-19 in children 
• 31 COVID-19 articles and 21 describing other coronaviruses
• Guidance for neurodevelopmental monitoring and surveillance  

53
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Neurodevelopmental Surveillance
Scoping review findings 
• Evidence of neurological impact associated with almost all 

coronaviruses in children 
• Despite evidence of neurological involvement, little research on long-

term neurodevelopmental outcomes/neuropsychological functioning 

“Critical gap in knowledge of the long-term 
effects on child neurodevelopment in these 
infections”
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Neurodevelopmental Surveillance

• Ask about the above areas 
• If areas of difficulty are identified, consider further follow-up (i.e., neuropsychology) 

Singer et al., 2021 
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Neurodevelopmental Surveillance 

Populations to 
pay special 

attention to

• Acute flaccid paralysis (any etiology) 
• Seizures – status epilepticus 
• ADEM 
• Encephalitis 
• Cerebrovascular disease/stroke 
• MIS-C 
• Severe systemic illness/PICU admission 

• Psychosocial impact 
• Stress and trauma of severe illness 
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Neurodevelopmental Surveillance 
“to achieve optimal functional outcomes and 
quality of life, children who experience severe 

neurological illness due to coronaviruses, including 
all those who require intensive care, should receive 

longitudinal neurodevelopmental monitoring to 
detect overt and subtle deficits and guide therapy” 

(Singer et al., 2021)
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COVID-19 Cognitive Outcomes – Adults
Short Term  

EMR review 
of 236,379 
patients 
Taquet et al. 
(2021) 

High rates of 
psychiatric 
diagnoses (e.g., 
depression, anxiety)

Are high rates directly related to 
COVID-19 infection? 

Are high rates related to experience 
of significant psychosocial stressors, 
which includes severe illness? 

Higher rates of 
stroke in patients 
who were 
hospitalized

ICU = 6.92%

Encephalopathy/delirium = 9.35%

No hospitalization = 1.33% 
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COVID-19 Cognitive Outcomes – Adults
Short Term   

3 PMR 
patients 
Whiteside 
et al., 
(2021)

Patients tested 1-2 months after diagnosis

Working memory and executive functioning 
weaknesses

29 
patients 
Zhou et al., 
(2020) 

1 measure of sustained attention related to COVID-
19

No PVT, memory, or EF testing 
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COVID-19 Cognitive Outcomes – Adults 
Short Term 

Medically 
stable 
inpatients 
Jaywant et al., 
(2021)

Attention and executive functioning weaknesses 

40% reported psychiatric symptoms (anxiety, depression) 

Hospitalized 
patients with 
severe COVID-
19 Almeira et 
al., (2020); 

Evidence of disruption in memory, attention, executive 
functions 
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COVID-19 Cognitive Outcomes – Adults
Long Term  

Soraas et 
al., (2021)

High incidence of self-reported memory complaints 

No objective testing 

Hampshire 
et al., (2021)

Cognitive deficits based on 1 online test 

No controls or PVT 

Becker et 
al., (2021) 

Executive functioning, processing speed, encoding, retrieval deficits

7.6 months after diagnosis 

No PVT
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Long COVID-19 Cognitive Outcomes –
Adults 

• Large battery of tests 
• Very few scores in impaired range (>2 SD below mean) 
• Some scores in the borderline performance range (1-2 SDs below mean) 
• Elevated mood symptoms 
• Correlation between cognition and mood/anxiety measures (but not disease 

severity)
à Psychological distress was related to cognitive performance but objective cognitive 
performance was not related to cognitive complaints 
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Long COVID-19 Cognitive Outcomes –
Children 

Long-COVID 
clinical 
sample versus 
healthy 
controls 
Morrow et al., 
(2021)

Decreased quality of life scores 

Subset of patients with difficulties with sustained 
auditory attention and divided attention – but 
most had preexisting attention/mood concerns 

Self-reported elevated depression and anxiety 
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COVID-19/Long COVID Deficits(?)  
*research is mixed!

Attention and Executive Functions 

Learning and Memory 

Processing Speed 

Psychiatric Symptoms 

Quality of Life 

64
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Long COVID in Kids – Management 

Multiple symptoms impacting lots of body systems

• Specific Long COVID multidisciplinary clinics
• Existing specialty clinics that will see children with Long COVID 
• Individual providers who see children with Long COVID
• Other??

Many providers can be involved (in isolation or together)

65
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14 Pediatric Long COVID Clinics in US

Some have found that parents will visit 
multiple clinics

Some have waitlists several months long

Specifically aimed at addressing Long COVID

Multidisciplinary clinics made up of multiple 
providers in a single location

Connecticut

California 

Colorado 

Kentucky

Louisiana

Maryland 

Massachusetts

Michigan 

Minnesota

New Jersey

New York 

Ohio

Texas

Washington, DC
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Long COVID in Kids – Individual 
Providers 

Infectious Disease  

Physical Medicine and Rehabilitation 

Pulmonology 

Cardiology

Neurology 

67

………………..……………………………………………………………………………………………………………………………………..

Long COVID Management Key 
Components 

VALIDATION, VALIDATION, 
VALIDATION 

• Acknowledge reality of 
symptoms 

• Acknowledge the range of 
possible causes 

Well-rounded approach to 
manage multiple symptoms 

• Symptom management 
(pain, fatigue, etc.) 

• Activity recommendations 
(pacing, breaks, build 
endurance, etc.)

• Coping and adjustment 
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COVID-19 and Educational Disruption

69
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COVID-19 and School: Most at Risk Groups 

Marginalized 
Groups 

Early 
Learners 

Children 
with 

Disabilities

70

………………..……………………………………………………………………………………………………………………………………..

10 New Considerations in Cognitive Assessment and Intervention 

Reduced instruction and exposure to academic material

Absenteeism, delays in starting school, etc. 

Educational technology issues (lack of access, inconsistent access, etc.) 

Variable plans to address learning loss (special education, grade retention, etc.) 

Special education disruptions (disrupted assessment, implementation, and access) 

Delays in evaluation, diagnosis, and treatment of learning issues 

Mental and physical health impact on cognitive performance 

Impact of COVID-related stressors on Adverse Childhood Experiences (ACE) 

Validity of remote evaluations and those using PPE/safety precautions 

Prolonged educational disruption and the impact on developmental trajectories 

Colvin, Reesman, & Glen 2021

71

………………..……………………………………………………………………………………………………………………………………..

Practice Implications for Cognitive Assessment and Intervention 

Factors related to a child’s instruction (curriculum, access, type of instruction, etc.) may impact their 
development/cognitive test performance 

Existing norms may or may not currently (or in the future) apply to certain children or certain groups of children 

Attendance and absenteeism (or delay of school for young children) may impact academic skill development 

Students most at risk, and with the least access to resources, are often most likely to be enrolled in distance learning 

Current diagnostic criteria may not apply (consistent exposure to instruction, symptoms in more than one environment, 
etc.) 

Mental/physical challenges, financial stress, etc. have increased during COVID-19 and may impact testing performance 
and development overall 

Colvin, Reesman, & Glen 2021
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AAPM&R Recommendations

Recommendations developed by 
multidisciplinary team 

• Cognitive screening
• Common symptoms and 

referrals 
• Neurocognitive assessment 

tools and interventions 
• Treatment recommendations
• Health equity considerations 

https://www.aapmr.org/docs/default-source/news-and-
publications/covid/cognitive-symptoms-guidance-tables-
030222.pdf?sfvrsn=e38e287c_0
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COVID-19 Learning disorders

74
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COVID-19 and Learning Disorders

• Academic skills are below age expectations on comprehensive assessment 
• Academic impairments interfere with everyday functioning 
• Learning problems >6 months even with intervention 
• Not related to psychosocial factors or lack of exposure

LD Diagnostic Criteria (DSM-V summary) 

• If an LD is missed because it is attributed to lack of exposure/psychosocial 
factors à delayed services 

• If an LD is incorrectly diagnosed à misdiagnosis and unnecessary intervention

Diagnostic Errors 

75
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Solutions from Colvin et al.

Colvin, Reesman, & Glen 2022

• LDs are brain based disorders that occur during development 
• Understand other factors which may signal an LD (speech delays in reading LD)

Improve recognition of clinical symptoms and risk factors 

• Can initiate interventions sooner
• Document COVID-19 school interruption
• Consider pre-pandemic academic functioning  
• Eliminate >6 month intervention criteria 

Consider a provisional diagnosis 

• Advocate for children who are the greatest risk 
• Consider IDEA criteria which slightly differ from DSM-V (no formal diagnosis needed for services)

Prioritize the most vulnerable students for assessment and intervention 
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New things to consider
Type of academic instruction, quality, duration, etc. 

Chronic absenteeism during pandemic?  

Overall development and pre-pandemic school performance 

Reports from multiple informants of child’s development and functioning

Pandemic specific questions 
• New stressors? 
• Coping and adjustment? 

Colvin, Reesman, & Glen 2021
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COVID-19 and School: Most at Risk Groups 

Marginalized 
Groups 

Early 
Learners 

Children 
with 

Disabilities
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Proposed battery / Domains to consider

See table on next slide. 
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Morrow et al., 2021 
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General Recommendations 

Return to school 
• Encourage regular attendance 
• Consider gradual return (if prolonged absence) 
• Consider modified schedule 
• Understand there may be “good days and bad days” 
• Have a place for breaks when symptoms flare 
• Focus on attendance NOT academic success  
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General Recommendations 

Physical symptoms 
• Focus on successes (even small) to build confidence 
• Do not conduct repeated symptom assessments 
• Express understanding, support, and a shared belief that the child will 

get better
• Physical therapy 
• Sometimes medication 
• Eat healthy and stay hydrated 
• Rescue plan for symptom flares 
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General Recommendations 
Pacing 

• Stand up, stretch, move around during the day 
• Schedule breaks during the day 

• Modify schedule during the day 
• Stick to breaks to avoid “overdoing” it 

• Modify assignments 
• Reduce workload volume 
• Provide oral reports versus written 
• Give copies of notes or use a scribe 
• Extended time 
• Help create a schedule if staying on top of work is hard
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General Recommendations 
Sleep (which can be disrupted after COVID-19)

• Stop using electronics 30-60 minutes before bed
• Shoot for 8 hours of sleep each night 
• Keep a regular schedule 
• Avoid naps (if possible) 
• Don’t stay in bed more than 10 minutes without falling asleep 
• Only sleep in bed 
• Avoid caffeine after noon 
• Exercise regularly 
• Have a quiet, dark, cool sleep space 
• Try a relaxing bedtime routine 
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General Recommendations 
Emotional health

• Focus on functioning
• Gradual return to activities
• Behavior activation
• Maintain a routine and schedule
• Acknowledge and address worries/thoughts

• e.g., instead of "I'm never going to feel better", "This won't last forever, I am going 
to have a good day no matter what".

• Mindfulness-based strategies
• Recognize that pre-existing anxiety and/or mood concerns may be exacerbated by 

COVID and more formal interventions may be necessary (therapy, medication)
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Questions?
Contact Christine.Koterba@nationwidechildrens.org

Kristen.Hoskinson@nationwidechildrens.org

Thank you! 
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