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Long COVID

Q Post-Acute COVID
:
What is long COVID and

Long-haul COVID

h ow d o we d i a g nose it? WHO: Post COVID-19 condition in children and Post-COVID Conditions

adolescents occurs in individuals with a history of
confirmed or probable SARS-CoV-2 infection,

when experiencing symptoms lasting at least CDC: post-COVID conditions as an umbrella term
2 months which initially occurred within 3 months of for the wide range of health consequences that are
acute COVID-19. present four or more weeks after infection with
SARS-CoV-2.
NIHR/UK Research: Long COVID is a condition in which a child or young person has
symptoms (at least one of which is a physical symptom) that: Have continued or developed
after a diagnosis of COVID-19 (confirmed with one or more positive COVID tests), 2
ﬂ& Impact their physical, mental or social wellbeing, Are interfering with some aspect of M&
daily living, and Persist for a minimum duration of 12 weeks after initial testing for .
Kennedy Krieg COVID-19 (even if symptoms have waxed and waned over that period). Kennedy
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Symptom pattern in Pediatric Long COVID

Long COVID

« Clinical Diagnosis
« Epidemiological link to SARS-CoV-2 infection
« Symptom or constellation of symptoms that are

Unconfirmed but  Pre-eaisting Ko pre-exhting

200 un )
new or worsened by the infection Constant symptoms, n (%) 129 25.3) s 50045 340163 7% Q65) 3238
Alternating recovery/symptoms, n (%) 252 (49.0) 71(50) 61455 108(51.7) 144 (50.2) 108 (48.4)
Long period of weliness followed by 97(19) 1y 21168 52049 %06 51.229)

Ran sB4 1502 noxn a9
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Have you had a COVID-19 infection? i T
Have you noticed any new or worsened T
symptoms since the infection?  &&

Kennedy K

Buonsenso et al. 2022
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Long COVID Symptoms In Children And Adolescents Are

Clinic Demographics Similar To Adults

Systemic: fatigue

Pain: headaches,

: Dysgeusia,
abdominal, chest

age distribution sex hospitalized ; .
parosmia/anosmia

50% (acute phase)

40%
308 Orthostatic Palpitations, dyspnea
fgx . o intolerance, dizziness P - Gysp
—mal
? o 0 .40 ;E&e =§:§ ", . .
59 59\)\0:\1\‘! Ao . ) Cognitive fatigue, “brain
Depression, anxiety foq” .
& o9 A
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Most Common Pediatric Long COVID Symptoms at KKI
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How common is
111 pediatric long COVID?
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Prevalence of Long COVID in Pediatrics

Prevalence estimates:
Individual studies: 4-66%

Larger estimates: 1-25%

Long WD i e

Sh
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Prevalence of Long COVID in Pediatrics
Percent of Children
Long COVID was defined as: “Any symptoms with Long COVID
lasting 3 months or longer that you did not 3
have prior to having COVID-19?" among
those who reported receiving either a positive o,
test or a doctor’s diagnosis of COVID-19 and E 2 13 1.'6 6.9% of
were symptomatic. I " adults
& 09
. . . 1
73 million children in the US >
950,000 children that had or l
currently have PCC Tota| ‘Boys. Girls
SOURCE: National Center for Health Statistics, &
National Health Interview Survey, 2022 wee—". 4 1. 8 .. S
Kennedy Krieger Institute

Lopez:Leon et al. 2022

Zimmerman et al. 2021
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Differences In Pediatric Long COVID Evaluation

« Assessment of children is different than adults:
« Inability of younger children or children with
developmental disabilities to verbalize symptoms

« Children have fewer preexisting chronic health
conditions - may not require the same laboratory

Developmental Trajectories

o Nomal

i
/// liness Trauma
Pt

H e 7 Sedoaman e or radiographic tests

5 S e AesuStagaton

£ = » Long COVID can represent a stark departure
_ Regression

from baseline
» Assessments dependent on expected
developmental milestones M

Tean et al. 2014

&
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What impact does long
COVID have on children?

A4
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Effects on child’s quality of life

Peds QL Scores

« Minimal clinically meaningful difference:
4-5 points (Varni et al. 2007, Hilliard et
al. 2013)

Core Chen, Morrow & Malone, AJPMR, 2023

HAé
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Effects on child’s quality of life
Peds QL Scores 100
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Scaled Score

Long COVID has effects on the child and
their family

Peds QL Scores

Chen, Morrow & Malone, AJPMR, 2023

Core Family Impact

4R
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Trajectories vary but most children

improve over time

Improve Stable
- 21 patients (575%) 10 patients (27%)
o 5 10 15 F 5 0
tima (morths) time fmonths)

Chen, Morrow & Malone, AJPMR, 2023

Worsen
& patients (16%)

0
time fmonths)
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How do we treat
pediatric long COVID?

Kennedy Krieger Institute
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Kennedy Krieger Institute
Pediatric Post COVID-19 Rehabilitation Clinic

« Multidisciplinary team-based approach:

Physical Me: \cwnemc”; Rehabillitation

* Medical

« Psychosocial s &tssues v CHE  Colletions v Video  For uthors v Journl Info v
« Cognitive

. Physical ANALYSIS & PERSPECTIVE: POF OMLY.

Post-Acute/Long-COVID in pediatrics

development of a mult-disciplinary rehabilitation clinic and
preliminary case series

+ Goal to improve patients’ overall functioning:
« Day to day tasks
« Physical activity
« School

Aot ofornaton ©
v ol of i e et S 2, il ke
P

« Extracurricular activities & social
engagement

21
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Treatment approach

« Evaluate for other etiologies of symptoms (e.g., anemia for

fatigue) Biopsychosocial framework
* Symptom management ﬁ"_‘ ',-:

« Primary with lifestyle and rehabilitation-based interventions
« Hydration
« Regular meals, sodium

Vs 0@

« Exercise & physical activity (physical therapy referrals) 5 z";_
« Sleep =y > %
« Stress management (therapist, counselor referrals)
« Nonpharmacologic therapies (yoga, acupuncture,

relaxation therapies with deep breathing exercises) % &

* Medications as needed to treat symptoms (e.g., pain, N Y A 5 R
POTS) Kennedy Krieger Institute
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Treatment approach

TSR
T
PM&R O S
i e prme A LB
- ooy
] D —
cinca cudance N TN, - prinis
Multi-disciplinary collaborative consensus guidance statement it Owemsovmnod Betiocels
on the assessment and treatment of postacute sequelae of oAty e s spee
SARS-CoV-2 infection (PASC) in children and adolescents Mrﬁ:ﬂnmmmamm Dificulty with activitylexercise.
Ao . oy
o Domsowae e
e e L.
[ — R e S
Neurological (Table Headache. ‘Geawointestnal
e Tremulousness (Table 1), Abdominal pain
e (- —
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Fatigue

« Characterization/patterns and

Post-exertional malaise (PEM)

screening for **Crashes**

« Evaluate sleep

* Rule out other medical causes of fatigue

of after minor
physical, cognitive, or emotional exertion

o fepents 052 101184
oot 603 14

ADOLESCENT MEDICINE (MA GOLOSTEI, SECTION EOITOR)
Long-Term COVID 19 Sequelae in Adolescents: the Overlap
with Orthestatic Intolerance and ME/CFS

Amands . Morrow - Lauwa A Maiare . st Kokorss'? Lindeay 5. Peracek ., Easin”
Katio L Lobeer".Lune Neusndorf” - Peter C Rows®

HAé
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Fatigue Treatment Strategies

« Optimize physical activity through g g

PACING Bttty

+ Energy conservation/energy )

bucket )

+ Gradual increase in exercise a5 wev
tolerated

« AVOID PEM or post-exertional

symptom exacerbation
« Support mental health

« Validate symptoms

« It's NOT “all in your head”

« CBT may help with comorbid
mood concerns, coping with
physical symptoms, structuring
routine, prioritizing activities

6/25/2024
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Dizziness/Lightheadedness

Orthostatic

- With standing

- Worse with standing in line, hot
environments

- Improves with sitting or lying
down

Screen for Ol and POTS

Vestibular

With standing

Worse with positional head changes
Gait/balance difficulties

Tinnitus or hearing loss

!

Hearing/vestibular evaluation

and vestibular PT

Kennedy Krieger Institute
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Standing Tolerance Test

Dizziness Headache (n/10) | BTV Vision

Blood Pressure wi10) Wi0)

SUPINE Heart Rate

Fatigue
(N/10)

Other
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Standing

Postural Orthostatic

A Postural Orthostatic
I o I e ra n ce - Tachycardia Syndrome Tachycardia Syndrome
17 supine standing supine i
0 e 0
ests g g
) )
Orthostatic intolerance: (siewari 2015) @ & symptos
« Abnormal autonomic response
+ Symptoms develop in an pright posture and improve in
supine position
Postural orthostatie tachyeardia syndrome (POTS): b =
+ Diagnostic criteria <20 years of age (Roma2015): g e
- Within 10 minutes ofstaning T DR S SRS o e
Heart rate increase of >=40 beats per minute (bpm) | £ L .
OR af —~ T T wf o
-An upright heart rate of a least 120 bpm A m
PLUS 0 2 4 6 8 10 12 1w 6w 0 2 4 5 8 10 2 1 16w
minute minute
“Worsening of orthostatic symptoms. :

Morrow, Villatoro, Kokorelis, Rowe &
Malone, Clinical Pediatrics, In Press

Kennedy Krieger Institute
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OI/POTS Management

« Lifestyle Interventions (Fu 2018, Bryarly 2019):
« Increase fluid (2-3L) and salt intake (4-8g)
« Compression garments (30mmHg)
« Physical countermeasure maneuvers

« Exercise training
+ Medications (Miler 2018)
« No FDA approved medications
« First line considerations
« Increase blood volume (fludrocortisone)
« Increase vasoconstriction (midodrine)
« Decrease HR (beta blockers)

! | !‘
£ ummnmuumml
R S

Leg Crossing vy
Maneuver
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Cognitive difficulties

+ “Brain fog":
Concentration — [EETLEEAAE
difficulties iy Y — —

* Memory ~ irtmetir | Theh o O IRGSL  T e Corirgond
Pty e
problems = S s

P Vbt Pumnty

Attention issues
Declining school M:LILIEES
performance

swanog

184 yours

« Semi-flexible brief
neuropsychological Chidhacd L5 earne]

screening protocol -

was administered

et Wl s
REMAS 3615 7 year, WAL e,
e L Bk )

oy

Ng, Vargas, Jashar, Morrow & Malone, Arch Clin Neuropsychol, 2022
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Cognitive evaluation

Neuropsychological Test Results.

£ Many children
Eu will score in
5 average range,
& but still be

é symptomatic in
& daily life.

A 0™ os o @ péﬁ
s»"ﬂ ‘N‘DOM ‘.\\ <,o wp M wgn o E,‘ (@\ &
a‘y)‘\e o \!“ ‘ﬁ“ﬂz‘ .“ L QPL Pt i k 5

Luedke, Vargas, Jashar, Malone, Morrow, Ng. The Clinical Neuropsychologist, 2024
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Cognitive evaluation

Conners CBRS

100 ¢

0 ¢
0 ¢
0
M‘\««v o oo @oo (‘, Wt_‘

parents reported at-risk to clinically
significant concerns for:
inattention (66%),
cognitive regulation (53%),
depression (95%),
and anxiety (85%)

8 E 8

Percentage of Sample

WL (To60)  [TIARsk(Te60-69)  EN Clinkcally Significant (T>69) &

Kennedy Krieger Institute

Luedke, VarEaS,Jashal’, Malone, Morrow, Neg. The Clinical Neuropsychologist, 2024
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Mood/psychological symptoms

Mental Health Measures

« Important to screen for comorbid
mood/psychological concerns

W Very Elevated
« Anxiety and depressive symptoms {T-score 70+)
A = Shightly Elevated
COMMON iN: (Boud et al 2011, Anderson et al. 2014, g (T-score 60-69)
Viondiet 2. 2017) & Average
+ ME/CFS g (Tscore <60)
+ OIPOTS 2
g
«+ Mild traumatic brain injury &
+ Multiple underlying mechanisms may
contribute to mental health a e PROCHE o
sequelae (Brackel et al., 2021; Uzunova, 2021) MASC Total DI Total &

Kennedy Krieger Institute
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How does school factor
into the treatment of
pediatric long COVID?

HAé

Kennedy Krieger Institute
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Chronic ilinesses with school
absenteeism have long term impacts

» Worse academic performance and/or long-term
education attainment occurs in children with
chronic medical conditions

« Absenteeism alone partially explains poorer
academic attainment

« Absenteeism in early education can have
educational and socioeconomic effects in
adulthood

3 months = 1/3 of a school year

Kennedy Krieger Institute
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School & Activity Accommodations

Important to have a meeting with school to discuss accommodations & obtain
collateral from multiple sources (e.g., 504, individualized education program
[IEP], individualized health plan)

Pacing both

: : with physical What causes long
Possible Interventions and cognitive
Prioritizing academic demands & excuse/limit nonessential

classwork/homework aCtiVity! C OVI D ?

Increased time for exams or assignments (i.e., x1.5, x2.0) & rest. Make Iifestyle
breaks during instruction

* Copies of teacher notes prior to start of class/note taker in class |nterver.1t|ons
* Adjusted school days (i.e., shortened/alternative) accessible at
* Adapted PE or reduced demands during physical activity school

Allow access to water/salty snacks

4Ré Ahé
Kennedy Krieger Institute Kennedy Krieger Institute
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Possible Long COVID Mechanisms Conclusions

Acute COVID-19 Full recovery

» Most children recover completely with SARS-CoV-2 infection, but some
children will develop long COVID.

o— « Pediatric long COVID can affect the physical, mental, and social well-being
‘”“” -/ of children’s lives. Early recognition is key!

Long COVID

* Many children improve over time but need treatment and support
throughout recovery.

+ Schools can help identify children struggling.
Peluso and Deeks. Early clues regarding the
is of long-COVID: Trends in

« School accommodations may be necessary for some children.

(cell.com) 2022 » The mechanism underlying long COVID is still being researched but it is
ﬂ & likely multifactorial. m é
Proposed contributing mechanisms Kennedy itute Kermedy Krieser Inodivate

Kennedy Krieger Institute
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e Pediatric Long COVID Research Study

Project ECHO® Kennedy Krieger Institute
Pediatric Long COVID ECHO We would like to learn more about school

2 . - . . .
Profst SCHO: Koty K bt o8y v el navigation experiences for children with long
—e Meeting time: Fall 2024 (dates TBD) AN

COVID. We are interested in talking to educational
Venue: Zoom live videoconference professionals

Luarmng Otyactiows Target audience: Primary care providers If chosen to be in the study, you will be paid $50 for participating in a virtual interview or focus group, lasting between

Al aliening ey chvly. e inarrer =l domcraiale P sl (MD, DO, PA, NP), school nurses, school N
T T ———— ’ educators, physical therapists, 45 to 90 minutes.
- A occupational therapists, and mental health
providers (psychologists, social workers) If interested, please contact our research assistant at
villatoroc@kennedykrieger.org.
;. P - 2

Kennedy Krieger ECHO Pediatric Long COVID website: This work is supported by the A‘gencyfo‘r Hea/‘thc.are Research and Quality (AHRQ) ur.vder av‘vard

. - N number 1U18HS029920-01, Mid-Atlantic Pediatric Long COVID Network: Implementing patient-
Dittps://www.kennedykrieger.ora/training/prodrams/ project-echo/current-echo- Kennedy K centered and multi-disciplinary practices to improve pediatric long COVID. Kenned
series/pediatric-long-covid-echo ennedy Kriegs plinary pf prove p 9 g ennedy
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Thanks to the team
members at the Kennedy
Krieger Institute!
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Grant number 1U18H5029920-01 from the Agency for
Healthcare Research and Quality (AHRQ), U.S.
Department of Health and Human Services (HHS)
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