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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.



Global childhood 
immunization 

rates rose 
steadily from 

1980 to 2019, 
declined during 
the COVID-19 
pandemic, and 

have not 
recovered



This is the same trend we see 
in the United States 

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

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



A similar trend is seen in South Dakota

https://doh.sd.gov/health-data-reports/data-dashboards/school-immunization-dashboard/



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 

• 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.



• 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



6 year old 
with 

generalized 
tetanus

Photo credit: Cejudo-García de Alba, María Del Pilar et al. “Tétanos, una enfermedad vigente en población pediátrica: 
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





• 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
• In PM&R follow up 9 months after hospitalization, 

he had a mildly abnormal gait due to joint 
contractures but otherwise was doing well



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)



Cost of a tetanus vaccine without insurance: 
$75 ($50 for vaccine, $25 administration fee)



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

https://www.google.com/search?sca_esv=a02f3e9b87f4a5a7&sxsrf=ANbL-n6H5xhRitGN_rjjLmRjR79-X2EpCQ%3A1774712194803&q=The+Wounded+following+the+Battle+of+Corunna%3A+Tetanus+Following+Gunshot+Wounds&source=lnms&fbs=ADc_l-aHJKCxetkbp8HihrVlWP2E1iNtw1c6Bqm2EL8gFYaWSYxrIPO0Uw9d1XjTJ7RJppJWyMhP2rGvEGdNo5ktmaxz2Yt_hpPBGHW15Aq9ojrzmGQ7HbLJeWcY7BFzjZqFoVlGeVDCGRcJ90OxhOYjIXWhZTCXupT4PhshyuoDijyoRC9aF8z-rzIe3I1zkptQf2i0nl4HWb9zoBQPESpUbIUnvRntiRqAqSa_UnZ83jijYht6CLc&sa=X&ved=2ahUKEwib4rqT9sKTAxVjLzQIHdYRND4QgK4QegQIARAC&biw=1003&bih=1009&dpr=1&mstk=AUtExfD16TQ3S66XLdDdbtkoplrhksjJu5rDUYf_TWrvTjc25FntmvvYuhfZGmWtiT6y_QoFhjM_Vb9sixxQtnYXHAp447AG25PbEAgv7HLU_PHHlWKKarKK_TmeBh90j6jHUfcDHbZxgeDqfbme_STJHMHeaRROPr6x-iJW9nbYKG5BaTZnN7o4kKHR2YWVnK8zgyDYz7ZARskdLTuBJkoxmBK_f6MuLJqkdFcCNUCfFXY_hFWHyyhx5rC4rsxVRtxEhOZzgTKM4Gzgsf_m9mm2GPjs7GHOFqbgKRpeBJqrWWWsTbPR51cJxifjnUETIU8Qfg&csui=3
https://www.google.com/search?sca_esv=a02f3e9b87f4a5a7&sxsrf=ANbL-n6H5xhRitGN_rjjLmRjR79-X2EpCQ%3A1774712194803&q=The+Wounded+following+the+Battle+of+Corunna%3A+Tetanus+Following+Gunshot+Wounds&source=lnms&fbs=ADc_l-aHJKCxetkbp8HihrVlWP2E1iNtw1c6Bqm2EL8gFYaWSYxrIPO0Uw9d1XjTJ7RJppJWyMhP2rGvEGdNo5ktmaxz2Yt_hpPBGHW15Aq9ojrzmGQ7HbLJeWcY7BFzjZqFoVlGeVDCGRcJ90OxhOYjIXWhZTCXupT4PhshyuoDijyoRC9aF8z-rzIe3I1zkptQf2i0nl4HWb9zoBQPESpUbIUnvRntiRqAqSa_UnZ83jijYht6CLc&sa=X&ved=2ahUKEwib4rqT9sKTAxVjLzQIHdYRND4QgK4QegQIARAC&biw=1003&bih=1009&dpr=1&mstk=AUtExfD16TQ3S66XLdDdbtkoplrhksjJu5rDUYf_TWrvTjc25FntmvvYuhfZGmWtiT6y_QoFhjM_Vb9sixxQtnYXHAp447AG25PbEAgv7HLU_PHHlWKKarKK_TmeBh90j6jHUfcDHbZxgeDqfbme_STJHMHeaRROPr6x-iJW9nbYKG5BaTZnN7o4kKHR2YWVnK8zgyDYz7ZARskdLTuBJkoxmBK_f6MuLJqkdFcCNUCfFXY_hFWHyyhx5rC4rsxVRtxEhOZzgTKM4Gzgsf_m9mm2GPjs7GHOFqbgKRpeBJqrWWWsTbPR51cJxifjnUETIU8Qfg&csui=3


Clostridium tetani and its spores live in soil, in 
animal intestines/feces, and on rusted surfaces





Spore of clostridium tetani 
germinates into 

Clostridium tetani bacterium 
which releases

Tetanospasmin (AKA tetanus 
neurotoxin)



In the United States, the AAP Childhood 
immunization schedule includes 6 tetanus vaccines 

in childhood, then Tdap booster every 10 years.





Universal tetanus 
vaccination begins 
in the mid-1940s in 
the United States



Cases 2 and 3



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 

inspiratory "whoop"
• The patient's mother asks how long the cough will 

last.



The cough from pertussis can last 
for 3 months

• By the time to cough appears, antibiotics will not 
shorten duration of cough.

• Antibiotics will make the index patient less 
contagious



This child's 
hospitalization 

would have 
been 

prevented had 
he received 
vaccines on 
the routine 
schedule



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

3. Convalescent –  begins 
when symptoms start to 
improve-can last for 
months

Photo credit: American Academy 
of Pediatrics Redbook, Courtesy of 
Thomas Schlenker, MD, MPH, 
Children's Hospital of Wisconsin



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. 



Case 3
• 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 
deteriorates, and 
requires intubation and 
mechanical ventilation

• Chest x-ray with diffuse 
bilateral opacities

• CSF analysis unremarkable.



Comprehensive respiratory panel is 
positive for Bordetella pertussis and 

rhino/enterovirus. 



• 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 



• 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



About 90% of deaths from pertussis in the United 
States occur in infants who develop intractable 

pulmonary hypertension

Graphic: PMID 41448551



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

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



Pertussis cases have declined since the 
introduction of pertussis vaccines.

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.rr6702a1



Case 4
• An unimmunized 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



• Chest x-ray with patchy 
bilateral multifocal 
pneumonia

• Ceftriaxone initiated

• Blood culture obtained in 
the ED grows 
Streptococcus 
pneumoniae at 11 hours



• 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.

• Chest tube remained in place for 5 weeks. 
• 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





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

• 2000: PCV7
• 2010: PCV13 replaced PCV7
• 2022: PCV15 is 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.

FIG 1 Changes in invasive pneumococcal disease incidence (1998 
to 2007) by serotype among U.S. children aged 5 years



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 
of the frontal bone with subperiosteal abscess (Pott 
puffy tumor)



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



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



SARS-CoV-2 can induce a profound 
hypercoagulable state and has been found to 

induce cerebral venous thromboses



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

• Supratentorial intracranial abscess and 
subdural empyema were drained



Boy 1

• Cultures from the operating room grew 
Streptococcus intermedius

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

• MRI after 6 weeks of antibiotics demonstrated 
resolution of infection



• 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 
beneficial.



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



• 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



• He completes 6 weeks of IV ceftriaxone and 
oral metronidazole

• Unable to play sports while PICC line is in 
place





There are case reports of pediatric patients Strep intermedius brain 
abscess preceded by SARS-CoV-2 infection



COVID-19 vaccine 
uptake is low in the 

pediatric population



• 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

• Cardiac MRI revealed late gadolinium enhancement characteristic of 
myocarditis 

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

• Symptoms resolved completely in all 7 patients



COVID-19 illness causes 
adverse events at a much 

higher rate than the COVID-
19 vaccine. Every choice has 

some inherent risk. What 
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)



• 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



Case 7
• 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 
contacts



• She tests positive for measles by PCR testing 
from nose and throat. Measles IgM is 
positive.

• She is hospitalized for 2 days for dehydration

• Oral Vitamin A administered x2



The immune system suffers 
after measles infection

• The patient will have a suppressed immune 
system for years 

• 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

Mina MJ, Metcalf CJ, de Swart RL, Osterhaus AD, Grenfell BT. Long-term measles-induced immunomodulation increases 
overall childhood infectious disease mortality. Science. 2015;348(6235):694-699. doi:10.1126/science.aaa3662



"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 
overall childhood infectious disease mortality 
after the introduction of vaccination."



• She has a 1/1000 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





https://www.cdc.gov/measles/data-research/index.html



At least 95% of the population needs to have 
measles immunity to achieve herd immunity



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

Kindergarten Vaccination Rates in the 
United States have declined since 2020



Where do we go from here?



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.



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. 

After the intervention, significant vaccine coverage was increased for inactivated influenza 
vaccine and hib. No improvement in uptake of  other vaccines. 

Motivational interviewing has been found to 
increase vaccine acceptance



Opel et al 
provided 
vaccine-
hesitant 

caregivers 
with a list of 
18 questions 

to guide 
vaccine 

discussions



There are billing codes for standalone 
immunization counseling. 

Codes can be used even if 
immunizations are not administered after 

you counsel.



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



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."



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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