Pediatric Long
COVID

Lael Yonker, MD

Chief, Division of Pulmonary and Sleep Medicine

Department of Pediatrics, University of Texas
Southwestern Medical Center

Director, Division of Pulmonary and Sleep
Medicine, Children’s Health

Pogue Distinguished Chair in Pediatric Pulmonary
Medicine



Question:

* How do we recognize Long COVID in children?

e How common is it?



Challenges in diagnosing long COVID

* Likely under recognized

* Social stigmata: Kids with Long COVID worry that:
* People don’tthink Long COVID is areal disease
* Long COVID is a sign of weakness
* Kids are embarrassed due to physical limitations
* Kids feel different from others due to Long COVID 7

Buonsenso D et al, Children, 9/2023

* Overlap with other etiologies

* Unclear benefit of diagnosing with Long COVID




Characterizing Long COVID in Children

* RECOVER-pediatrics study

5367 children sent survey between March 2022 and December
2023

* Infected vs not infected (confirmed by nucleocapsid)
* Infected group: >500 days post infection

* Symptoms compared across cohorts

* 1in 5 children experience symptoms of long COVID

Gross et al, JAMA 8/2024



& |[school-age children (5-11y) |

No. (%)
Infected  Uninfected
(n=751) (n=147)

Adjusted risk
difference (95% C1). %

Adjusted odds
ratio {95% CI)

Trouble sleeping

Daytime tiredness, sleepiness, or low energy

96(12.8) 8(54)
83(11.1) 5(3.4)

74(29t011.9)
7.7(4t011.4)

257(1.29t05.87)
3.96(1.56 to 10.28)

64 (8.5) 3(2) 6.3(3.1t09.5) 4.38(1.59t0 18.14) - >
4 []-% A8 o 12.68) - -
Eve, ear, nose, and throat
Dark circles 51 (6.8) 5(3.4) 38(0.3t07.2) 2.20(0.94 to 6.42)
Stuffy nose 81(108) 8&(54) 4.2(-0.1t08.5) 1.86(0.92 to 4.29) .
Chapped lips 51 (6.8) 4(2.7) 3.4(0.2 to 5.6) 2.33(0.93to 7.82)
Heart and lungs
Dry cough 64(8 6(4.1 9(021t07.7) 2.05(0.94t05.41) .
Palpitation during exercise 41 (5.5} 21(1.4) 4(1.5106.5) 4.11(1.24 to 25.43) *
Feeling lightheaded or dizzy 43 (5.7) 1(0.7) 5.2 (310 7.3) 9.16(1.96 to 163.19) >
Stomach _ _
Stomach pain T2(9.6) 2(1.4) B3(54t011.2) T84 {2.42t048.1) L
Mausea or vomiting 52 (6.9) 1(0.7) 6.2 (3.9t08.5) 10.81 (2.34 t0 192.13) -
onstipation 38(5.1) B(41) D9(-27 1043 1.27(0.54 t0 3.28)
Skin, hair, and nails
ltchy skin or skin rash &0 (8) 3(2) 58(28t088) 408(1.48t016.9) - -
Body, muscle, or joint pain 91{12.2) 5(34) BB (51t 12.5) 3.97{1.75t0 11.43) .
| Back or neck pain 49 (6.6) 1(0.7) 59(3.6tw8.2) 10.38 (2.24t0 184.71) pal
Mervies and brain - _
Headache 102{13.6) 6&({4.1) 9.5(5.4t0 13.6) 3.74{1.74t09.75) -
| Trouble with memory or focusing 67 (9) 2(1.4) 7.5(4.7 to 10.3) 707(2.18t043.4) L
1 |
Feeling depressed 64(8.6) 4(2.7) 5.6(2.3t08.9) 3.26(1.31 to 10.87) =
Fealing anxiaus 1DB(14.4) 12(8.2) 66{15tall.7) 1.97(1.089 to 3.88) &
Fear about specific things L3{7r.1) 3(2) 2.2(2.3t8.2) 3.82(1.38 to 15.86) - >
Fear of crowds or enclosed spaces 39(5.2) 2(1.4) 4 (1.4 106.6) 4.16(1.25t0 25.81) * =
Refusing to go to school 38(5.1) 1{0.7) 4.3(2.2w06.3) 7.66(1.64 to 136.69) -
TgnLMmares A6(0.1)  2(3.4) 26 -0.0 g 18J(0/Bto .30 .
Hyperactive 54(7.2) 7 (4.8) 24(-1.5106.3) 1.55{0.73 to 3.81)
Refusing to follow rules 48 (6.4) 7(4.8) 1.6(-2.31055) 1.36 (0.64 to 3.36)
0.6 2 &4 10

Gross et al, JAMA 8/2024

Adjusted odds ratio (35% CI)



B Adolescents (12-17y) | No. (%)
Infected Uninfected
Symptoms (n=3109) (n=1369)

Adjusted risk

difference (95% Cl), %

Adjusted odds
ratio (95% Cl)

General symptoms

aytime tiredness, sleepiness, or low energy . . A0 ; 99 to 3.09) -
Trouble sleeping 360(11.6) 75(5.3) 2.9(4.3t07.6) 2.23(1.73to 2.90) —
Tired after walking 200(6.4) 19(1.4) 48(3.7t05.8) 4.63(2.95t0 7.69) —
195 10.3]  a213.3) PRV E]) T o5 (1.50 10 2.00) —
Eye, ear, nase, and throat
Stuffy nose 217 (7) 56 (4.1) 29(1.5t04.2) 1.75(1.31to0 2.39) *
! Change or loss in smell or taste 162(5.2) 4(0.3) 4E(4t05.6) 18.16 (7.6/t059.11) — |
eart and lUngs
Eeellng lightheaded or dizzy 235005) 32(23) 1B (36t006) 322 (22410 4.79) —— ]
omac
CIoMmacn pain 18312.9] Aa313.1) 261300 3.8) T8/(1.35102.66) —
I Nausea or vomiting 173(56) 33(24) 29(18to4) 2.26(1.57 to 3.36) - I
Muscles and bones
Body, muscle, or joint pain 342(11.1) 50(3.7) 7.1(5.7t08.68) 3.20(2.35 t0 4.38) * I
Back or neck pain 231(7.5) 30(2.2) 49(3.7tw6.1) 3.42(2.36105.14) S
MNerves and brain
eanacne JI10113.2] E316.2) EEISSI0E.3) 2.23(1./610 2.28) —
I Trouble with memory or focusing 296 (9.6) 50(3.7) 5.7({4.3t07.1) 2.73(2.021t03.75) . I
eelings a AVIOT
Feeling depressed 418(13.6) 132(9.7) 3.3(1.3t05.3) 1.39(1.13t01.72) -
Feeling anxious 533(17.2) 171{(126) 39(18to6.1) 1.38(1.14 10 1.67) -
Fear of crowds or enclosed spaces 182(5.9) 48(3.3) 2.2(0.910 3.4) 1.65(1.201t0 2.31) ——
Panic attack 162(5.3) 40(29) 2(0.9103.2) 1.74(1.2310 2.51) —
Menstruation
Heavy periods 108 (7.9) 35(6.7) 09({=0_2 ta 2) 1.19(0.81t0 1.79) i
— ———r—rrr :
o7 1 10 20
Gross et al, JAMA 8/2024 Adjusted odds ratio (95% CI)



Characterizing Long COVID in Infants/Toddlers

* RECOVER-pediatrics study

* 472 infants/toddlers ages 0-5 years, between March 2022 and July
2024

* No blood confirmation of infection
« Symptoms compared across cohorts

* Infected children ~twice as likely to experience prolonged
symptoms

Gross et al, JAMA Pediatrics 5/2025



Table 2. The Long COVID (LC) Research Index?

Age group Symptom Log odds ratio Score
Poor appetite 0.47 5.0
Trouble sleeping 0.34 3.5

Infants/toddlers (0-2 y) Wet cough 0.32 3.5
Dry cough 0.27 3.0
Stuffy nose 0.05 0.5
Daytime tiredness/sleepiness or low 0.64 6.5

Preschool-aged children (3-5 y) energy
Dry cough 0.28 3.0

4 To fit a logistic regression model to identify which symptoms could be used to
identify which participants have LC-probable vs LC-unspecified status, least
absolute shrinkage and selection operator (LASSO) was used, resulting in
these log odds ratio estimates. In this model, the symptoms were the
exposures, and the outcome was infection status. The log odds ratio estimates
were divided by 0.10 and rounded up to the nearest 0.5 to calculate individual

symptom scores. An individual's LC research index is calculated by summing
the scores for each prolonged symptom a participant reported. A prolonged
symptom is defined as a symptom that the participant experienced for at least
4 weeks since the beginning of the COVID-19 pandemic and is still
experiencing at the time of enrollment. The index is derived separately for
infants/toddlers and preschool-aged children.

Gross et al, JAMA Pediatrics 5/2025



Long COVID happens when a child continues to have
symptoms =3 months after having a COVID-19 infection.

Sometimes symptoms change, or symptoms may

reappear after feeling better.

Signs and symptoms of long COVID are variable

in children of different ages.

Infants and toddlers (0-2y)
Trouble sleeping
Poor appetite
Stuffy nose
Dry or wet cough

School-aged children (6-11y)
Trouble with memory or focusing
Feeling lightheaded or dizzy
Back or neck pain

Headaches

Trouble sleeping

Stomach pain

Nausea or vomiting

Fear of specific things
Refusing to go to school

Itchy skin or rash

@ There is no cure for long COVID, but physicians may recommend medicine

to help with some symptoms and guidance on avoiding symptom flares.

Preschool-aged children (3-5y)
Daytime tiredness or sleepiness
Low energy
Dry cough

Adolescents (12-17y)

Trouble with memory or focusing
Feeling lightheaded or dizzy
Back or neck pain

Headaches

Change or loss in smell or taste
Body, muscle, or joint pain
Daytime tiredness or sleepiness
Low energy

Tired after walking

JAMA Pediatrics Patient Page



Question:

* What causes Post acute sequalae of COVID
e ***(or what do we know so far)

* What can kids teach us?



Table 1| Identification of SARS-CoV-2 RNA and protein after COVID-19 SARS-CoV-2 Viral Reservoirs

RMNA Protain PASC symptoms Location

Tissua (biopsy)
Goh et al.® v 5N 4 Appendix, skin and breast tissues 163 and 426d after COVID-19
Zollner at al.*® . Gut mucosafepithelium tissue ~7 months after COVID-19
deMelo at al.” . N o Olfactory neuroepithalium tissus 110-196 d after COVID-19
Gaebler etal™ v N No Intestinal tissue ~4 months after COVID-19
Cheung et al™ ¥ SN NM Colon, appendix, ileum, hemorrhoid, liver, gallbladder and lymph nodes 8-180d after COVID-19
Hany et al™ M M MM Gastric and gallbladder tissues 274-380d after COVIDA19
Miura et al.*” ) M Mo Adenoid tonsil, adencid tissua, nasal cytobrush and nasal wash from children with no
documented COVID-19 or upper aineay infection in the month before collection
Xuetal™ v NM No Child adenoid and tonsil tissue up to 303d after COVID-19
Paluso et al™ v MM + Coloractal lamina propria tissue 168-676 d after COVID-19
Yao et al.= ) SN + Fungiform papillag tongue tissue 6-63 weeks aftor COVID-12
Tissua (autopsy)
Stein ot al™ v M MM Dozens of human body and brain tissue types at least 31d and up to 230d after COVID-19
Roden at al® v MM MM Lung tissue up to 174 d after COVID-13
Rendiero et al.® M g MM Lung tizsue up to 359d after COVID19
Stool
Matarajan et al™ . NM N Stool up to 230d after COVID-19
Yonker at al.® ) S N + RMA in stool of children with MIS-C 13-62 d after COVID-18, 5 and N protein in plasma
Jimat al™ ) 1 MM Meonatal stool in infants bom to mothers whose COVID-19 symptoms resolved more than 10
wieoks bofore delivary
Blood
SchultheiB at al*” NM 51 N Plasma at a madian time of 8 months after COVID-19
Swank et al.” M 551N Plasma up to 12 months after COVID-19
Pelusoetal.™ MM SLN 4 Plasma neuron-derived EVs 35-84d after COVIDA9
Peluso et al.* MM SL5N 4 Plasma up to 16 months after COVID-19
Craddock et al.= . 5 o Spike linked to EVs in samples obtained at least 8-12 weeks (up to 1 year) after COVID12 Proal et a l_’ Nat
Tejerina et al'™ v MM + Efnin;?r:é median time of 55d after COVID-19 (also found in stoolfurine at the same madian | mmuno logy, 2024

< whansfiad: B meed rrecong- MED mint maacirad- S and ©1 cnibo nrofsm



Post-Acute Sequelae of COVID spectrum:
MIS-C < » Lo

Exposure to SARS-CoV-2

Multisystem Inflammatory Syndrome in Children (MIS-C)

é SARS-CoV-2 in the Gl tract Increased zonulin release —p» SARS-CoV-2 spike influx =  Hyperinflammatory )

response
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%00
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o
IFN-y, TNF-q, IL-6, IL-10, IL-1B

Loss of tight junctions Exposure to Superantigen motifs J

Yonker LM et al, Journal of
Clinical Investigation, 7/2021

Multiple studies show

SARS-CoV-2in gut Every unitincrease in Spike proteins detected
in PASC zonulin = 44% increased in blood of adults with
risk of PASC PASC

Can last >1 year

Proal at al, Nature Imm, 2023 Mouchati at al, Front Imm, 2023 Swank at al, JID, 2023

Swank et al, Clin Microb Inf, 2024
Long COVID



Larazotide treatment for MISC: 1) Open Label
2) Double Blind placebo controlled trial

Exposure to SARS-CoV-2

Multisystem inflammatory syndrome in children (MIS-C)

\

b 3
Gl tract Hyperinflammatory
response
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&

Yonker LM et al, Journal of Clinical Investigation, 7/2021
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Viral spike antigen clearance and augmented recovery
in children with post-COVID multisystem inflammatory
syndrome treated with larazotide
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Chadi El Saleeby'?, David R. Walt®**, Alessio Fasano'**¢



Larazotide for Long COVID: Study design

* Goal: enroll 150 patients

* Mass General Hospital
* Ages /-50 years

e 2:1 randomization

e 21-day treatment period + 28-day follow up period
* Two in-person visits: Day 1 and Day 21

Scan me for
more info!

Screening Treatment Period (21 days) Safety Follow-up (1 month)
Day-30t0 0: || Day1: Weeks 1, 2: Week 3: Weeks 4-7; Week 8:
Screening Full consent. Start Virtual visits. In-person. Complete Weekly Virtual End of Study Visit,
consent, treatment. Clinical Continue treatment, || treatment. Clinical visits, AE survey assessment
Spike testing, || assessment, CPET, weekly clinical assessment, CPET, assessments, AE assessments,

SBQ surveys, blood tests || assessments surveys, blood tests review con meds review con meds
Screening Visit 1 Visits 2-3 Visit 4 Visit 5-8 Visit 9

Visit



Equity in Research: A Global Consensus
Statement on the Urgency of Including
Children in Long COVID Trials

@ EUROPEAN RESPIRATORY journal

OFFICIAL SCIENTIFIC JOURNAL OF THE ERS

Similar long COVID Persistent Dysregulated Significant impact on
symptoms in children and ~ SARS-CoV-2 inflammation in health and well being
adults reservoirs children and adults in children

Equity in Research: A Global Consensus Statement on the
Urgency of Including Children in Long COVID Clinical Trials
Inclusion of children in long COVID clinical trials

Journal: | European Respiratory Journal

Manuscript ID | ERJ-00092-2025.R1

RATIONALE

SOLUTIONS

Pretorius, resa; Stellenbosch University, Physiological Sciences
Putrino, David; Icahn School of Medicine at Mount Sinai, Department of
Rehabilitation and Human Performance
McFarland, Sammie; Long COVID Kids Foundation
M = . . . . . M . Brodin, Petter; Karolinska Institute

PEd| atric PEdlatr’lc Subgrﬂup Determine If Es.tabl IShEd Phar’r‘naCE}kIHEIIES zimmerman, kanecia; Duke University School of Medicine

. . . . = Munblit, Daniel; King's College London, ; Sechenov University,
adaptable PROs analyses safety profile in children  Allometric scaling Rowe, Peter; Johns Hopkins School of Medicine
Vos, Theo; University of Washington, IHME
g s M Warburton, David; Saban Research Institute, Childrens Hospital Los
Mandate proposals Facilitate regulation and funding Angeles, DEvelopmental Biology Porgram
: " " " a " Stephenson, Terence; UCL
I n':-lLIdE ':h ||d'ren fﬂr tr|a|s | nElLIdIr'Ig Eh| |d ren Buonsenso, Danilo; Fondazione Policlinico Universitario A. Gemelli,
IRCCS, Pediatrics

s g
=
.0 v 'IW'I'
Manuscript Type: | Viewpoint
» [ ] =
Date Submitted by the
#’ T * T Author: n/a
Complete List of Authors: | Yonker, Lael; Massachusetts General Hospital, Pediatric Pulmonary
Kane, Binita; Manchester University NHS Foundation Trust

.. —

J

Key Words: | long COVID, pediatric, SARS-CoV-2, PASC

Abstract:




Thank you!

)

E—

Collaborators: Team:
Alessio Fasano Lauren Guthrie
Daniel Irimia Sergio Monares Ortiz
David Walt Bryan Alvarez
Mike VanElzakker Carly Steifman
Amy Proal Tori Kenyon
Moshe Sade-Feldman Ronan McCarthy
Faith Taliaferro

Funding:

Polybio Research

NIH/NHLBI

Children’shealt&

UT Southwestern
Medical Center

Y&NKER LAB

Long COVID

Larazotide study:
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