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* Core Framing: Review vaccine
preventable diseases through de-
Identified patient cases.

 Key Elements to Cover: Healthcare
Impact of vaccine preventable illnesses
In the setting of declining vaccine
coverage.
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Figure 1: Global and super-regional estimates of vaccine coverage over time.



This is the same trend we see
in the United States
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Bald, Anthony et al. “State Repeal of Nonmedical Vaccine Exemptions and Kindergarten Vaccination
Rates.” JAMA pediatrics vol. 180,1 (2026): 56-63. doi:10.1001/jamapediatrics.2025.4185



Non-medical vaccine exemption rates have
risen in kindergarteners in the United
States since 2020
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A similar trend is seen in South Dakota

School Year School Year
2014 - 2015 2014 - 2015
2015 - 2016 2015 - 2016
2016 - 2017 2016 - 2017
2017 - 2018 2017 - 2018
2018 - 2013 2018 - 2019

W 2019 - 2020 2019 - 2020
2020 - 2021 2020 - 2021
2021 - 2022 2021 - 2022
2022 - 2023 2022 - 2023
2023 - 2024 2023 - 2024
2024 - 2025 W 20242025

Kindergarten Vaccinations Kindergarten Vaccinations

Number of Students
96% (11845) 96% (11851) 959 (11755) 90% (10120) 90% (10153)
% Polio % MMR % Varicella EElTat % Polio

93% (11449) 86% (10566) 0.1% (1) 2.6% (318) 92% (10441 88% (3969) 0.1% (7). 2.7% (756)
% Hep B % Hep A % Medical Examption % Religious Exemption =IEDE AIRETA P B e S

96% (11836)
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Case 1

* A previously healthy unvaccinated 6-year-old male
presenting for evaluation of one day of neck pain after
using an electronic massager (“massage gun”) on his neck

e ED course: He is observed to have intermittent, self
limited episodes of excruciating abdominal pain and
bilateral leg pain. Physical exam is remarkable for a well-
healed 1cm long superficial abrasion on the bottom of his
right foot. His mother is not sure how the abrasion was
obtained but notes that he is often barefoot on their
farm.

 Admitted to pediatric medicine floor.
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* On day 2 of admission, he developed painful
episodes of back arching and difficulty
breathing.

* His mother reported that any stimulus (bright
light, loud noise, changing bedsheets, physical
exam) seemed to provoke these episodes
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6 year old
with
generalized

tetanus
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Reporte de un caso” [Tetanus, a current disease in pediatric population: Case report]. Revista chilena de pediatria vol.
88,4 (2017): 507-510. doi:10.4067/S0370-41062017000400010



Hospital Course

Day 2 of hospitalization. Develops opisthotonic posturing and respiratory failure
due to severe muscle spasms. Transferred to PICU. Intubated, sedated, and medically

paralyzed to control muscle spasms.

|

L= y S) 10 15 20* 25
Day 3 CK Peaks at 2,614 (30-200) Day 21 extubated to room air
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During hospitalization, the patient's siblings
received their tetanus vaccines

The patient survives and was discharged to
rehabilitation facility. At time of discharge, he was
not yet ambulating independently and required
supplementation via a nasogastric tube to fulfill
caloric requirements.

He required 7 days of inpatient rehabilitation

n PM&R follow up 9 months after hospitalization,
e had a mildly abnormal gait due to joint
contractures but otherwise was doing well ﬁéﬁ
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Estimated cost of 20 days in the
pediatric ICU on mechanical ventilation:
$50,000 (assuming $2500 per day)

Estimated cost of 7-day inpatient
rehabilitation stay: $7000 ($1000-2000
per day)
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Cost of a tetanus vaccine without insurance:
$75 ($50 for vaccine, $25 administration fee)
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The Wounded following the Battle of Corunna: Tetanus Following Gunshot

Wounds (1809) by Sir Charles Bell

Sir Charles Bell, detail of a
portrait by John Stevens, oil
on canvas, c. 1821; in the
National Portrait Gallery,
London
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Clostridium tetani and its spores live in soll, in
animal intestines/feces, and on rusted surfaces
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An Assessment of the Presence of Clostridium tetani AA L
in the Soil and on Other Surfaces .n-
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Spore of clostridium tetani »
germinates into l

Clostridium tetani bacterium %

which releases

Tetanospasmin (AKA tetanus S
neurotoxin) "
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In the United States, the AAP Childhood
Immunization schedule includes 6 tetanus vaccines
In childhood, then Tdap booster every 10 years.

Recommended Child and Adolescent Immunization Schedule

American Academy of Pediatrics {G~
Table' for ages 18 vears o Younger, United states, 2026 ican Academy of Pediatrics |

b
DEDICATED TO THE HEALTH OF ALL CHILDREN® i

Vaccing and other | mmunizing agents | | 1 mas 2 v e  mas o | P moE 2 Mo 5 i

Respiratory syncytial virus (REV-mAb [nirsevimab, |
clesrovimabl)

Hepatitis B (Hepl)

Rotavirus (AV): RV (2-dose series),

Diphtheria, tetanus, and acellular pertussis
[DTaP <7 yrs)

Hasmpphiles inflsnzar Type o (HIiD

Preumococcal conjugate (PCV15. PCVYD)

Inactivated poliowines (IPV)

COVID-1% (TvCOV-mRNA, 1vCOV-aPS) Tormore doses of 2025-2026 veecinn (SeMates) =~ N ns o 7075 207F vaccime [Saa Metng) = = " =
wen (@RI

. - : ' " 1 ] 1 | pEE——
Tetanus, diphtheria, and acellular pertussis 1
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Measles, mumps, and rubella (MM |

Varicella (VAR

Hepatitis A (Heph)
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FIGURE 3. Annual incidence* of and deaths attributable to tetanus — United States, 1947-2016
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Sources: National Notifiable Diseases Surveillance System and passive reports to the U.S. Public Health Service.
* Per 100,000 population.
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Cases 2 and 3
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Case 2

A 12 month old unimmunized Native American
male is admitted to the hospital with 1 week of
cough, dehydration, and respiratory distress
requiring 1 L oxygen via nasal cannula.

Respiratory panel is positive for Respiratory
syncytial virus and Bordetella pertussis

He is weaned to room air in 24 hours.

He continues to have coughing paroxysms with
iInspiratory "whoop"

The patient's mother asks how long the cough will
last. AAA
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The cough from pertussis can last
for 3 months

* Bythe time to cough appears, antibiotics will not
shorten duration of cough.

* Antibiotics will make the index patient less
contagious
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Recommended Child and Adolescent Immunization lgt[ejiiaés American Academy of Pediatrics

Schedule for Ages 18 Years or Younger

DEDICATED TO THE HEALTH OF ALL CHILDREN® s

Respiratory syncytial virus (RSV-mAb) immunization
(minimum age: birth [nirsevimab, Beyfortus; clesrovimab, Eflonsia])

T h | S C h | l d 'S Special situations

« Age 8-19 months of age at high risk of severe RSV disease

1 1 1 and entering their second RSV season, regardless of the RSV

h 0S p I ta l IZ at 1on vaccination status of the pregnant parent or the child's prior
receipt of nirsevimab or clesrovimab when <8 months of

wou l-d h ave age in their first RSV season: administer 1 dose nirsevimab

shortly before start of second RSV season.” High-risk criteria

been include the following:

« Children with chronic lung disease of prematurity who

p reven te d h a d required medical support (chronic corticosteroid therapy,

diuretic therapy, or supplemental oxygen) at any time
1 during the 6-month period before the start of the second
he received ; v
« Children with severe immunocompromise,
« Children with cystic fibrosis who have either
th e rou tl ne hospitalization for pulmonary exacerbation in the first
year of life or abnormalities on chest imaging that persist

RSV season,
vVacclines on
manifestations of severe lung disease (previous
SC h e d u l_e when stable) or weight-for-length that is less than the 10 x

- American Indian or Alaska Native children. American n
Indian and Alaska Native Children are included in the high- ' -
risk category, because they experience significantly higher p .
rates of severe RSV disease and hospitalization associated S A N F S a R D
with social drivers of health, with children living in rural Ch ,dr.e 'S

and reservation communities most impacted.




There are 3 stages of pertussis
[in non-infants]:

1. Catarrhal- common cold
— |lasts 1-2 weeks

2. Paroxysmal- cough
paroxysms interrupted
by inspiratory "whoop" -
lasts weeks to months

Photo credit: American Academy

3. Convalescent — begins Thomas Schienker, Vb, MPH,
When SymptOmS Sta rt to Children's Hospital of Wisconsin ‘
. _ Ay A
improve-can last for sl
months SANF#®RD
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Pertussis in infants younger than 6 months does
not present in 3 distinct stages.

In young infants, a short catarrhal stage is
followed by gagging, gasping, apnea, or
bradycardia.

Infants who survive pertussis complications have
prolonged convalescent stage.
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A 4 week old boy born
at 39 weeks gestation is
admitted to the hospital
with increased work of
breathing

CBC shows WBC 55K, Hg
8.4, platelets 467,
absolute neutrophil
count 24,000, absolute
lymphocyte count

21,000

His respiratory status * Chest x-ray with diffuse

detel.rlora.tes, angl bilateral opacities AAA
requires intubation and »  CSF analysis unremarkable.  SIEIE
mechanical ventilation SANF3DRD
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Comprehensive respiratory panelis
positive for Bordetella pertussis and
rhino/enterovirus.
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Echocardiogram reveals
suprasystemic
pulmonary hypertension

Respiratory illness progresses to
ARDS

WBC count peaks at 55K with
absolute neutrophil count of 25K

and absolute lymphocyte count of
21K

He undergoes exchange transfusion in
an effort to improve leukocytosis-
induced pulmonary hypertension

His respiratory status continued to
worsen, requiring escalation to
oscillator ventilation

He developed pneumothorax
secondary to elevated pulmonary
pressures, requiring chest tube
placement

AKA
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He was cannulated to ECMO due to progressive
respiratory failure

Despite cannulation to ECMO, no improvement to
oxygen saturation was seen.

Compassionate extubation was offered and
accepted by family.

The baby passed away quickly in mother's arms on
day 3 of hospitalization AA L
sl
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About 90% of deaths from pertussis in the United
States occur in infants who develop intractable
pulmonary hypertension

Pathology and Pathogenesis of Fatal Bordetella
pertussis Infection in Infants

Christopher D. Paddock,' Gary N. Sanden,’ James D. Cherry,’ Anthony A. Gal,* Claire Langston,” Kathleen M. Tatti,’
Kai-Hui Wu," Cynthia S. Goldsmith,' Patricia W. Greer,' Jeltley L Montague,' Mark T. Eliason,' Robert €. Holman,
Jeannette Guarner,’ Wun-Ju Shieh,' and Sherit R. Zaki'

"Infectious Disease Pathalogy Branch and “Office of the Director, Division of Viral and Rickettsial Dissases, and Meningitis and Vactine-
Pravantable Disaases Branch, Conters for Disease Contral and Prevantion, and “Department of Pathology, Emory University Schoal of Medicing,
Atlanta, Georgia, *Department of Pediatrics, Davd Geffen School of Medicine, University of California, Los Angeles: and "Depariment of
Pathology, Texas Children's Hospital and Baylar Collage of Madicine, Houstan

~Coukooyions )

B e o " il
S N
Pertussis toxin The Process of Leukocyte accumulation 3
Leukocyte
\ Transendothelial Migration RD

Graphic: PMID 41448551
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ACOG recommends that all pregnant patients receive Tdap
vaccine each pregnancy to protect infants from pertussis

OBSTETRICS Committee Opinion No. 718 Summary: Update on

GYNECOLOGY == Immunization and Pregnancy: Tetanus, Diphtheria, and

Pertussis Vaccination

The American College of Obstetricians and Gynecologists (ACOG) makes the following
recommendations:

« Obstetric care providers should administer the tetanus toxoid, reduced diphtheria toxoid, and acellular pertussis
(Tdap) vaccine to all pregnant patients during each pregnancy, as early in the 27-36-weeks-of-gestation window as
possible.

« Pregnant women should be counseled that the administration of the Tdap vaccine during each pregnancy Is safe
and important to make sure that each newborn receives the highest possible protection against pertussis at birth.

. ENCEAM—gYyNecologisls are encolrage OCK and adminisier tne 1dap Vaccine 1 ineir oimces.

« Partners, family members, and infant caregivers should be offered the Tdap vaccine if they have not previously been
vaccinated. Ideally, all family members should be vaccinated at least 2 weeks before coming in contact with the

newborm. D

Committee Opinion No. 718 Summary: Update on Immunization and Pregnancy: Tetanus, Diphtheria, and Pertussis Ch dre S
Vaccination. Obstetrics & Gynecology 130(3):p 668-669, September 2017. | DOI: 10.1097/A0G.0000000000002293



Pertussis cases have declined since the
introduction of pertussis vaccines.

FIGURE 1. Number of reported pertussis cases — United States, 1922-2016
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Abbreviations: DTaP = diphtheria and tetanus toxoids and acellular pertussis vaccine; DTP = diphtheria toxoid, tetanus toxoid and whole-cell pertussis vaccine;

Tdap = tetanus toxoid, reduced diphtheria toxoid and acellular pertussis vaccine.
Sources: National Notifiable Diseases Surveillance System and Supplemental Pertussis Surveillance System and 1922-1949, passive reports to the U.S. Public S

Health Service.
Liang JL, Tiwari T, Moro P, et al. Prevention of Pertussis, Tetanus, and Diphtheria with Vaccines in the United States: Recommendations of the Advisory
Committee on Immunization Practices (ACIP). MMWR Recomm Rep. 2018;67(2):1-44. Published 2018 Apr 27. doi:10.15585/mmwr.rr6702al



Case 4

* Anunimmunized 20 month old female presents to
the ED with 2 weeks of congestion, 4 days of fever,
cough, decreased oral intake, ill appearance.

* On exam, she was tachycardic and tachypneic.
Auscultation revealed crackles in right lower
quadrant.

 Laboratory evaluation: CRP 549 mg/L, WBC 14K,
(absolute neutrophil count 9300), comprehensive
respiratory panel +human metapneumovirus
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Chest x-ray with patchy
bilateral multifocal
pneumonia

Ceftriaxone initiated

Blood culture obtained in
the ED grows
Streptococcus
pheumoniae at 11 hours
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Ultrasound reveals large pleural effusion with septations.
Chest tube placed on day 5 of admission.

Daily chest x-rays reveal persistent pleural effusion, and
persistent air leak is present from the chest tube.

She is narrowed to ampicillin as Strep pneumoniae isolate in
blood culture is susceptible to amoxicillin.

As air leak did not resolve, and she was otherwise stable for
discharge home, she is discharged home with a chest tube
after a 2-week hospitalization.

At time of discharge, she is transitioned from ampicillin to

high dose amoxicillin.

A,
o .

Chest tube remained in place for 5 weeks.
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She received 7 weeks of antibiotics.



The strep pneumoniae isolate is sent to the
Minnesota state lab for serotyping. Results become
available 2 weeks after hospital discharge.

The Streptococcus pneumoniae serotype that
caused her illness is serotype 3, which is included in
PCV13, PCV15, and PCV20 vaccines
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Vaccine and other immunizing agents

clesrovimab))

Respiratory syncytial virus (RSV-mAb [nirsevimab,

| Birth | 1 mos i mos | 4 mos Gmos |Emos| Fmos 12 mos 15 mos | 18 mos |15l--'..

1 S Y o Eoposiog o st 1dose nirsevimab during RSV season {See Notes)

Hepatitis B (HepB)

Rotavirus (RV): RV (2-dose series),
RVS (3-dose series)

Diphtheria, tetanus, and acellular pertussis
(DTaP <7 yrs)

Haemophilus influenzae type b (Hilb)

Inactivated poliovirus (IPV)

. i W 22« W 3n
[—T - ;. ) .. G -

= 1

i 3 dose

COVID-12 (1wCOV-mRNA, TvCOV-aP5)

Influenza

Measles, mumps, and rubella (MMR)

1 or 2 doses annually [See Notes)
dose

See Notes

Varicella (VAR)

Hepatitis A (HepA)

| QTR

Tetanus, diphtheria, and acellular pertussis
(Tdap =7 yrs)

Human papillomavirus (HPY)

Meningococcal (MenACWY-CRM 22 mos,
MtnA-gM-TT =2years)

Meningococcal B (MenB-4C, MenB-FHbp)

Respiratory syncytial virus vaccine
[RSV [Abrysval])

Dengue (DEN4CYD: 9=16 yrs)

Mpox




Routine pneumococcal vaccination began in the
United States in 2000 and has evolved since then

ACMA

Pediatric Invasive Pneumococcal Disease in the United States in the
Era of Pneumococcal Conjugate Vaccines

PCVT introduced®

G

&ﬂ -
| =
2 70
_E_ &0 | . Serotype group
& -8= POV type
= 50— .
2 non-PCVYT type
= 40 == 194
i
w30
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FIG 1 Changes in invasive pneumococcal disease incidence (1998
to 2007) by serotype among U.S. children aged 5 years

2000: PCV7
2010: PCV13replaced PCV7

2022: PCV15is licensed by
FDA. ACIP recommends
PCV15 or PCV13 for
childhood immunization
series.

2023: PCV20 licensed by
FDA. ACIP recommends
PCV15 or PCV20 for

childhood immunization

series. k
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Cases 5 and 6

Two adolescent boys with severe CNS infections preceded by SARS-
CoV-2 infection. Neither boy had received COVID-19 vaccine

Both patients presented after 2024

Boy 1: primary bacterial sinusitis, secondary COVID-19 infection,
tertiary brain abscess with sinus venous thrombosis

Boy 2: Primary SARS-CoV-2 infection complicated by
bacterial sinusitis complicated by orbital cellulitis,

orbital abscess, frontal pachymeningitis, osteomyelitis ﬁnﬁ
of the frontal bone with subperiosteal abscess (Pott SANFBRD

puffy tumor) Children’s




Boy 1

* Presented with 3 weeks of worsening
headaches, fever, and new onset unsteady gait

* Shortly after hospital admission, he develops
bradycardia and lethargy

* He tested positive for SARS-CoV-2 on
admission
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Boy 1

Brain MRI: Diffuse
meningitis, bifrontal epidural
abscess, bilateral subdural
empyemas.

"These findings are secondary to
intracranial spread of infection
from left frontal, ethmoid, and
maxillary sinusitis."

Thrombus throughout the
anterior and portions of the mid
segment of the superior sagittal
sinus

Thrombus at presentation and
after 12 months
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SARS-CoV-2 can induce a profound
hypercoagulable state and has been found to
induce cerebral venous thromboses

High Incidence and Unique Features of Cerebral
Venous Sinus Thrombosis in Hospitalized Patients
With COVID-19 Infection

Margy E. McCullough-Hicks®, MD; Daniel J. Halterman®, MS; David Anderson®=, BSAE; Kenneth Cohen'®, MD;
Kamakshi Lakshminarayan®>, MBBS, PhD

Cerebral venous thrombosis and severe acute respiratory
syndrome coronavirus-2 infection: A systematic review and

meta-analysis

Tommaso Baldini' | Gian Maria Asioli' | Michele Romoli?®@ % | Mariana Carvalho Dias® |
Eva C. Schulte*>® | Larissa Hauer’ | Diana Aguiar De Sousa®® | Johann Sellner®”1°¢ |

Andrea Zini'
Cerebral Venous Thrombosis in COVID-19: A New York x "
HE

Metropolitan Cohort Study

ﬁ
F. Al-Mufti, ““ K. Amuluru, ““'R. Sahni, ““K. Bekelis, ““'R. Karimi, **). Ogulnick, **). Cooper, "“'P. Overby, ““R. Nuoman, SAN F ‘BRD®
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A. Tiwari, ““K. Berekashvili, ““'N. Dangayach, *“'). Liang, ““'G. Gupta, " P. Khandelwal, “~).F. Dominguez, “~'T. Sursal,
H. Kamal, “~ K. Dakay, “~'B. Taylor, ““E. Gulko, “*M. El-Ghanem, “*'S.A. Mayer, and “* C. Gandhi Ch d




* He underwent bifrontal decompressive
craniotomy with expansile duraplasty for
intracranial pressure crisis

e Supratentorial intracranial abscess and
subdural empyema were drained
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Boy 1

* Cultures from the operating room grew
Streptococcus intermedius

e He was treated with 6 weeks of intravenous
ceftriaxone and oral metronidazole

e MRI after 6 weeks of antibiotics demonstrated
resolution of infection
A
AlE
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 He was started on heparin drip for venous
thrombosis of superior sagittal sinus, then
transitioned to enoxaparin (lovenox)
subcutanous injections twice daily.

* He continued lovenox for 12 months per
pediatric hematology

 There was continued occlusion of the
anterior third of the superior sagittal sinus
after 12 months of anticoagulation.
Additional coagulation would not be L
beneficial. A&
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Boy 2

* Day 1-3 of illness: sore throat, myalgias, tests
positive for SARS-CoV-2

* Day 4: swelling above left eye

* Day 7: CT head with left frontal sinusitis, left
orbital cellulitis with extraconal subperiosteal

abscess
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* Day 8: transferred to Sanford Children's for
surgical management

* Undergoes left frontal sinusotomy, left total
ethmoidectomies, left sphenoid sinusotomy,
incision and drainage of left forehead abscess

* Cultures from the OR grow Strep intermedius
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* He completes 6 weeks of IV ceftriaxone and
oral metronidazole

* Unable to play sports while PICC line is in
place
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There are case reports of pediatric patients Strep intermedius brain
abscess preceded by SARS-CoV-2 infection

RESEARCH ARTICLES | JUNE 30 2023

Intracranial Empyemas in the COVID-19 Era:
A New Phenomenon? A Paediatric Case
Series and Review of the Literature ¢

Subject Area: 3 Neurology and Neuroscience , IAf Surgery , 38 Women's and Children's Health

Special Collection: Karger e-Journal Backfile Collection 2023

Benjamin ). Hall 53; John C. Duddy; Katerina Apostolopoulou; Raenette David; Arthur Kurzbuch;
Abhishek Nadkarni; Sandhya Trichinopoly Krishna; Ben Cooper; Hayley Gouldbourne;

Dawn Hennigan @; William Dawes; Jonathan Ellenbogen; Christopher Parks;

Benedetta Pettorini; Ajay Sinha; Conor Mallucci
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ANNALS OF MEDICINE Tayl &F .
2023, VOL. 55, NO. 1, 2232818 e aylor rancis
Taylor & Francis Group

https://doi.org/10.1080/07853890.2023 2232818
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Disparities in child and adolescent COVID-19 vaccination coverage and
uptake is low in the
p Kimberly H. Nguyen® (@, Ariella Levisohn®*, Cheyenne McChesney®*, Lavanya Vasudevan®,
Robert A. Bednarczyk®< and Laura Corlin®¢

parental intent toward vaccinations for their children and adolescents

. . .
2Department of Public Health & Community Medicine, Tufts University School of Medicine, Boston, MA, USA; PHubert Department of
Global Health, Emory University Rollins School of Public Health, Atlanta, GA, USA; “Department of Epidemiology, Emory University

Rollins School of Public Health, Atlanta, GA, USA; “Emory Vaccine Center, Emory University, Atlanta, GA, USA; *Department of Civil and
Environmental Engineering, Tufts University School of Engineering, Medford, MA, USA

12-17

® Child already received at least one dose

hild (vears)

3.0%

.|

Definitely vaccinating

= Unsure/probably vaccinating

Age of (

B Probably not/definitely not vaccinating

12.6% -

0% 20% 40% 60% 80% 100%

Vaccination coverage and parental intent to vaccinate child (%)

Figure 1. Child/adolescent vaccination coverage (= 1 dose) and parental intent to get children vaccinated, by child age/adoles- D
cent group, United States, household Pulse Survey, September 14-November 14, 2022.
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Symptomatic Acute Myocarditis in 7 Adolescents After Pfizer-
BioNTech COVID-19 Vaccination &

Mayme Marshall, MD; lan D. Ferguson, MD; Paul Lewis, MD, MPH; Preeti Jaggi, MD; Christina Gagliardo, MD;

James Stewart Collins, MD; Robin Shaughnessy, MD; Rachel Caron, BA; Cristina Fuss, MD; Kathleen Jo E. Corbin, MD, MHS;
Leonard Emuren, MBBS, PhD; Erin Faherty, MD; E. Kevin Hall, MD; Cecilia Di Pentima, MD, MPH; Matthew E. Oster, MD, MPH;
Elijah Paintsil, MD; Saira Siddiqui, MD; Donna M. Timchak, MD; Judith A. Guzman-Cottrill, DO &=

Address correspondence to Judith Guzman-Cottrill, DO, Department of Pediatrics, Oregon Health and Science University, 707
W Gaines Rd, Mail Cade CDRC-P, Portland, OR 97235, E-mail: guzmanco@aohsu.edu

e 7 cases pf acute myocarditis in healthy male adolescents who presented
with chest pain all within 4 days after the second dose of Pfizer-BioNTech
COVID-19 vaccination

* All patients had elevated troponin

e Cardiac MRI revealed late gadolinium enhancement characteristic of
myocarditis

* Three patients were treated with NSAIDS only, and 4 patients received IVIG
and corticosteroids k

A
B

A

o |

* Symptoms resolved completely in all 7 patients SANF3DRD
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COVID-19 illness causes
/_\l e NEW ENGLAND
adverse events at a much () JOURNAL i MEDICINE
higher rate than the COVID- " cineina

Safety of the BNT162b2 mRNA Covid-19 Vaccine in a
19 vaccine. Every choice has  Nationwide Setting

Authors: Noam Barda, M.D., Noa Dagan, M.D. & , Yatir Ben-Shlomo, B.Sc., Eldad Kepten, Ph.D., Jacob Waxman, M.D.,
Reut Ohana, M.Sc., Miguel A. Herndn, M.D. @ | Marc Lipsitch, D.Phil. © |, Isaac Kohane, M.D., Doron Netzer, M.D.,

L] L]
some inherent risk. What S S
Published August 25, 2021 | N Engl | Med 2021;385:1078-1090 | DOI: 10.1056/NE]Moa2110475 | VOL. 385 NO. 12
I I P
risk will you take:

SARS-CoV-2 infection risks:
o Long covid (5000 per 100,000)
o Cardiac arrhythmia (166 events per 100,000)
o Acute kidney injury (125.4 per 100,000)
o Pulmonary embolism (61.7 per 100,000)
o Deep vein thrombosis (43 per 100,000)
o Myocardial infarction (25 per 100,000)
o Vaccine associated with risk of myocarditis (11
events per 100,000 persons)

A,
HE

A

o

SANF3DRD
Childrens




Vaccine Effectiveness Against Long
COVID in Children

Hanieh Razzaghi, PhD, MPH.® Christopher B. Forrest, MD, PhD.*" Kathryn Hirabayashi, MPH.® Qiong Wu, PhDt

tndrea J. Allen, MS,® Suchitra Rao, MEBS, MSCS." Yong Chen, PhD, H. Timothy Bunnell, PRD.® Elizabeth A. Chrischilles, PRD
Lindsay G. Cowell. PhD, MS® Mollie B Cummins, PhD, BN.” David & Hanauer, MD, MS' Miranda Higginbotham, MSHA®
Benjamin 0. Horne, PhD, MStat, MPH! Caral RB. Horowitz, MD, MPH* Ravi Jhaveri, MD,' Susan Kim, MD, MMSc,™

Aaron Mishkin, MD," Jennifer A Muszynski, MD, MPH,® Susanna Naggie, MD, MHS,F Nathan M. Pajor. MD, M85

Anuradha Paranjape, MD, MPH." Hayden T. Schwenk, MD, MPH," Marion R. Sills, MD, MPH*® Yacob G. Tedla, PhD!

David A Williams, PhD " L. Charles Bailey, MD, PhD,*" on behalf of the RECOVER CONSORTIUM

* Long Covid occurs in 10% of children infected with SARS-CoV

2, and long covid is uncommon in patients who received the
SARS-CoV-2 vaccine

* Vaccination is highly protective against long covid

* Protection against Long Covid wanes 18 months after
Immunization AA
B
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o
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Case /

A 2-year old unimmunized
female presents with 1 week
of fever, 2 days of rash,
decreased oral intake and
dehydration

At time of presentation, she
was very tired and did not
resist peripheral IV
placement

The family lives in Texas and
was vacationing in the

Midwest. No known measles AIA
contacts . |0
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* She tests positive for measles by PCR testing
from nose and throat. Measles IgM is
positive.

 Sheis hospitalized for 2 days for dehydration

e QOralVitamin A administered x2
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The immune system suffers
after measles infection

* The patient will have a suppressed immune
system for years

e Acute phase: Measles directly infections and
depletes T cells and memory B cells

* Long term "immune amnesia:" measles
depletes B cells, resulting in 2-3 years of
depleted immunity
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Mina MJ, Metcalf CJ, de Swart RL, Osterhaus AD, Grenfell BT. Long-term measles-induced immunomodulation increases Ch dre S
overall childhood infectious disease mortality. Science. 2015;348(6235):694-699. doi:10.1126/science.aaa3662



Published in final edited form as:
Science. 2015 May 8; 348(6235): 694-699. doi:10.1126/science.aaa3b62.

Long-term measles-induced immunomodaulation increases
overall childhood infectious disease mortality

Michael J. Minal2", C. Jessica E. Metcalf! 3, Rik L. de Swart*, A. D. M. E. Osterhaus?, and
Bryan T. Grenfell'-

'Department of Ecology and Evolutionary Biology, Princeton University, Princeton, NJ, USA
?Medical Scientist Training Program, School of Medicine, Emory University, Atlanta, GA, USA
3Fogarty International Center, National Institutes of Health, Bethesda, MD, USA “Department of
Viroscience, Erasmus University Medical Center, Rotterdam, Netherlands

"When measles was common, measles virus
(MV) infections could have been implicated in
as many as half of all childhood deaths from
infectious disease... The reduction of MV
infections was the main factor in reducing A‘A
overall childhood infectious disease mortalit .
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* She has a1/1000 chance of developing SSPE

* 95% of patients with SSPE die within 5 years of |
diagnosis

* Proposed mechanism of action: the virus lays
dormant in neurons for years. Two to 10 years after
measles infection, the virus presumably comes
out of dormancy, resulting in the clinical
manifestations of SSPE: personality changes,
myoclonic twitches, mutism AA L
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California child dies from measles-related complications

September 11, 2025
Steve Schering, Staff Writer
Article type: Mews

Topics: Infectious Diseases, Vaccine/lmmunization

A school-age child in California died of complications from a measles infection acquired during infancy,
according to health officials in Los Angeles County.

The Los Angeles County Department of Public Health said the child was infected with measles before being
eligible to receive a measles-mumps-rubella (MMR) vaccine, the first dose of which typically is given at

around 1 year of age.

The: child recovered from the initial measles illness but developed and died from subacute sclerosing
panencephalitis (SSPE), a rare but universally fatal complication that can oceur in individuals who had
measles early in life.
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Map of measles cases among U.S.
residents

as of March 26, 2026
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At least 95% of the population needs to have
measles immunity to achieve herd immunity
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Kindergarten Vaccination Rates in the
United States have declined since 2020

A | Vaccination rates . ~ DTap
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Bald, Anthony et al. “State Repeal of Nonmedical Vaccine Exemptions and Kindergarten Vaccination
Rates.” JAMA pediatrics vol. 180,1 (2026): 56-63. doi:10.1001/jamapediatrics.2025.4185



Where do we go from here?
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The American Academy of Pediatrics recommends
presumptive format for initiating the vaccine discussion.

The AAP acknowledges that this approach does not result in
vaccine uptake for all patients, and that additional
communication including motivational interviewing is needed.

FROM THE AMERICAN ACADEMY OF PEDIATRICS | CLINICALREPORT | FEBRUARY 26

2024

Strategies for Improving Vaccine Communication and
Uptake @

Sean T. O'Leary, MD, MPH, FAAP & ; Douglas J. Opel, MD, MPH; Jessica R. Cataldi, MD, FAAP;

Jesse M. Hackell, MD, FAAP; COMMITTEE ON INFECTIOUS DISEASES,;

COMMITTEE ON PRACTICE AND AMBULATORY MEDICINE; COMMITTEE ON BIOETHICS
il N
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Motivational interviewing has been found to
increase vaccine acceptance

Motivational interviewing and vaccine acceptance in children: The .
MOTIVE study e

Justin W. Cole *”*, Aleda M.H. Chen?, Kalista McGuire ?, Sarah Berman?, Julia Gardner?, Yamini Teegala "

2 Cedarville University School of Pharmacy, 251 N. Main Street, Cedarville, OH 45314, United States
® Rocking Horse Community Health Center, 651 S Limestone St, Springfield, OH 45505, United States

Pediatric and family medicine providers participated in modules to become equipped with
evidence-based information in patient-friendly language

When a caregiver expressed vaccine hesitancy, the provider asked open-ended questions and

educated caregivers. .
Table 2
ACIP/CDC Vaccination Coverage Rates for All Children.
BASE INT n" 0dds Ratio (95% C1)
n (%) n (%)
Combined series” 1600 (68.8) 1278 (68.7) 0.98 1.00 (0.88-1.14)
HepB 2229 (95.8) 1776 (95.5) 0.64 0.93 (0.69-1.23)
DTaP 1877 (82.1) 1512 (83.1) 0.40 1.07 (0.91-1.27)
Hib 1979 (86.6) 1572 (86.4) 0.89 0.99 (0.83-1.18)
PCV13 1775 (77.6) 1399 (76.9) 0.58 0.96 (0.83-1.11)
1PV 2029 (88.8) 1605 (88.2) 0.60 0.95 (0.78-1.15)
MMR 1717 (90.3) 1274 (91.1) 0.43 1.10 (0.87-1.40)
VAR 1705 (89.7) 1263 (90.3) 0.54 1.08 (0.85-1.36)
HepA 1773 (93.3) 1308 (93.6) 0.74 1.05 (0.79-1.39)
nv 667 (32.4) 716 (43.9) <0.001° 1.63 (1.42-1.86)
RV 1852 (81.0) 1497 (82.3) 0.29 1.09 (0.93-1.28)
Combined + IV 497 (24.1) 541 (33.1) <0.001° 1.56 (1.35-1.80)"
Combined + IV + RV 451 (21.9) 506 (31.0) <0.001° 1.60 (1.38-1.86)"




Development of a survey to identify

vaccine-hesitant parents

The Parent Attitudes about Childhood Vaccines survey

Douglas J. Opel-** Rita Mangione-Smith,"? James A. Taylor,! Carolyn Korfiatis,? Cheryl Wiese,* Sheryl Catz?

and Diane P. Martin®

"Dapartment of Pediatrics; University of Washington School of Medicine; “Treuman Katz Center for Pediatric Bioethics; *Seattla Children's Research Institute;
‘Group Health Research Institute; and *Department of Health Services; University of Washington School of Public Health; Seattle, WA USA

Table 2. Descriptive characteristics and content of the PACV

Content domain

Immunization
Behavior

Beliefs about
Vaccine Safety and
Efficacy

Attitudes about
Vaccine Mandates
and Exemptions

Trust

Item

Hawve you ever delayed having your child get a shot for reasons other than
illness or allergy?

Have you ever decided not to have your child get a shot for reasons other than
iliness or allergy?

How sure are you that following the recommended shot schedule is a good
idea for your child?

It is my role as a parent to question shots.

If you had ancther infant today, would you want him/her to get all the
recommended shots?

Owerall, how hesitant about childhood shots would you consider yourself to be?
Children get more shots than are good for them.
| believe that many of the illnesses shots prevent are severe.
It is better for my child to develop immunity by getting sick than to get a shot.
It is better for children to get fewer vaccines at the same time.
How concerned are you that your child might have a serious side effect froma
shot?

How concerned are you that any cne of the childhood shots might not be safe?

How concemned are you that a shot might not prevent the disease?

Do you know of anyone who has had a bad reaction to a shot?

The only reason | have my child get shots is so they can enter daycare or school.

| trust the information | receive about shots.

| am able to openly discuss my concerns about shots with my child’s doctor.

All things considered, how much do you trust your child's doctor?

Response format

Y/N/DK

Y/N/DK
0 {Not at all sure} to 10
{Completely sure)

*SAASNS/DYSD
Y/N/DK

"MAH/NTH/NS/SH/VH
SA/A/NS/DVSD
SA/A/NS/DVSD
SA/A/NS/DVSD
SA/A/NS/DVSD

ENAC/NTC/NS/SC/VC

NAC/NTC/NS/SC/VC

NAC/NTC/NS/SC/VC
Y/N/DK

Y/N/DK

SA/A/NS/DI/SD
SA/A/NS/DVSD

0 (Do not trust at all)
to 10 (Completely
trust)

Source (refs)”

18

18

Novel item
Novel item
18

Nowvel item
3,19,21
3,19
21,25
21

4

3, 4,9, 17-20, 25

4,25

Nowvel item

16, 18, 20, 22

20,22
3,20,22

22,23

‘Bolded references indicate that the survey item was only minimally altered from this survey source. "Yes/No/Don’t Know. *Strongly Agree/Agree/
Not sure/Disagree/Strongly Disagree. "Not at all hesitant/Not too hesitant/Not sure/Somewhat hesitant/Very hesitant. ®Not at all concerned/Not too
concerned/Not sure/Somewhat concerned/Very concerned.

Opel et al
provided
vaccine-
hesitant
caregivers
with a list of
18 questions
to guide
vaccine
discussions
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There are billing codes for standalone
iImmunization counseling.

Codes can be used even if
immunizations are not administered after
you counsel.

m Descriptor

Immunization counseling by physician or

other QHP when immunization(s) is not

administered by provider on the same

DOS; 3 minutes up to 10 minutes X

; : ARA
90483 greater than 10 minutes up to 20 minutes mED

90484 greater than 20 minutes SANF3RD
Childrens




Sanford Children's
Vaccine Education Clinic

Starting September 2026
1 Thursday per month

Goals: address parental concerns, increase rates of vaccine
uptake

MyChart visits available. The child must be present at the
MyChart visit.

Refer to Sanford Children's pediatric infectious diseases. Write
"Vaccine Education Clinic" in the comments A
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Case Series of Vaccine Hesitancy Encountered at
the Pediatric Emergency Department

Kensuke Shoji |, Yoshiko Uchida -, Satoko Uematsu -, Tatsuki Ikuse ', Isao Miyairi -

1. Division of Infectious Diseases, National Center for Child Health and Development, Tokyo, [PN 2. Department of
Emergency and Transport Medicine, National Center for Child Health and Development, Tokyo, [PN 3. Department of
Pediatrics, Hamamatsu University School of Medicine, Hamamatsu-shi, [PN

31 patients with their caregivers

"More than 90% of parents who attended our
vaccination education clinic answered that
they gained a positive view of vaccination after the
session.” ARA
L *] -
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Sanford Children's
Vaccine Education Clinic

Enroll consenting families in longitudinal
prospective study to determine if education
they receive has an impact on the child's
immunization uptake
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